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Analytical summary

Sumario analítico

EDITORIAL / EDITORIAL

THE MOST SIGNIFICANT PAPERS PUBLISHED IN RACI 
DURING 2022

Alfredo E. Rodríguez

Here comes that time of the year when we analyze all the things 
we have done during the year that is about to end.
I would like to take some time and go overwhat we Iconsider the 
most relevant papers published in RACI.
In 2022, we published three review articles on relevant topics for 
our medical specialty authored by world renown experts.
Therefore, the working group led by Dr. George Dangas from Mount 
Sinai in New York published the first review article in 2022 inRACI 
issue #1 entitled“Percutaneous coronary intervention for left main 
coronary artery disease”, a hot topic of discussion for all our readers.
The MedStar Institute working group (Washington, DC) led by Dr. 
Ron Waksman published a review paper in RACI issue #2on coro-
nary lithotripsy entitled “The emergence of coronary intravascular 
lithotripsy”, another interesting topic of discussion for everyone.
Finally, one of the world leaders on unstable and vulnerable coro-
nary plaque,Dr John Ambrose, published in RACI issue #4 an ex-
tensive review paper on this issue entitled “Local or systemic thera-
peutics for the management of vulnerable atherosclerotic plaque” 
including pathophysiology and therapeutic options—invasive 
and/or conservative—available. Dr. Ambrose draws a thorough 
analysis of ongoing studies on local invasive treatment.

REVIEW ARTICLE / ARTÍCULO DE REVISIÓN

LOCAL AND SYSTEMIC THERAPIES FOR VULNERABLE 
ATHEROSCLEROTIC PLAQUES

John A Ambrose, Avinash V Sharma

Acute coronary syndromes including ST-segment elevation acute 
myocardial infarction (STEMI) type 1, non ST-elevation acute myo-
cardial infarction (NSTEMI), and a large percentage of sudden co-
ronary deaths in adults are due to atherothrombosis. Autopsy 
and imaging data in living patients indicate that in most patients, 
thrombus forms on a disrupted atherosclerotic plaque termed 
thin-cap fibroatheroma or TCFA. With their large necrotic core, thin 
fibrous caps, abundance of inflammatory cells and extensive vasa 
vasorum TCFAs have also been described as vulnerable or high-risk 
plaques. While traditionally, cardiologists have focused on treating 
significant coronary obstruction, over the past two decades, the-
re has been great interest trying to prevent thrombotic causes of 
myocardial infarction by identifying and stabilizing these vulnera-
ble plaques which, at least on the angiography, are often non-obs-
tructive. This article discusses the identification and management 
of these thrombus-prone lesions with the potential for local or re-
gional invasive approach and/or non-invasive detection and stabi-
lization with appropriate medical therapies. 

ORIGINAL ARTICLE / ARTÍCULO ORIGINAL

FIVE-YEAR FOLLOW-UP OF THE ERACI IV-SCORE STUDY 
OF MODIFIED SYNTAX AS THE ERACI RISK SCORE OF 
PATIENTS WITH MULTIVESSEL AND LEFT MAIN CORONARY 
ARTERY DISEASE

Hernán Pavlovsky, Carlos Fernández-Pereira, Juan Mieres, Omar Santaera, 
Carlos Haiek, Juan Lloberas, Miguel Larribau, Ricardo Sarmiento,  
Ignacio Rifourcat, Antonio Pocoví,  Alfredo M. Rodríguez-Granillo,  
Zheng Ming, Alfredo E. Rodríguez; on behalf ERACI IV Registry investigators

Objective: To compare the long-term follow-up ofa population with 
coronary artery disease treated conservatively with percutaneous co-
ronary intervention (PTA) with second-generation drug-eluting stents 
(DES 2) compared to first-generation drug-eluting stents (DES 1).
History: Although DES 2 improved the safety and efficacy profile 
compared to DES 1, the disease progression of patients with multi-
vessel coronary artery disease (MVD) including the left main coro-
nary artery treated with PTA is still controversial
Methods: A total of 225 patients with MVD and a 72-month follow-up 
were prospectively included in a registry. These patients were treated 
with DES 2 and represented the ERACI IV registry. They were com-
pared to 225 patients treated with DES 1 from the ERACI III trial. Pa-
tients with a clinical indication for myocardial revascularization with 
PTA with DES were included in the study. The study primary endpoint 
was a composite ofmajor adverse cardiovascular and cerebrovascular 
events (MACCE) including all-cause mortality, acute myocardial in-
farction (AMI), stroke, and new revascularization. The PTA strategy in 
the ERACI IV registry excluded small vessels and the management of 
intermediate lesions. Keeping up with this PTA strategy, a new angio-
graphic risk score called ERACI score (ES) was built. Baseline and resi-
dual data were compared tothe Syntax score (SS). The study primary 
endpoints were used in a crude and adjusted comparison.
Results: ES was significantly lower compared to the SS (22.2 and 
27.7;P =.0004). Residual ES and SS were also < 3.5 vs 8.7, respecti-
vely; P = .003. The 5-year composite endpoint of death, AMI, stroke, 
new revascularization, and MACCE was significantly lower in the 
ERACI IV compared to the ERACI III in a non-adjusted (P = .001; P 
= .01 andP < .001, respectively), and population adjusted way (P < 
.001; P < .01; andP < .001 respectively).
Conclusions: Patients with complex lesions treated with DES 2 as 
part of a conservative implantation strategy showed a significantly 
lower rate of adverse events at 5-year follow-up.

CASE REPORTS / CASOS CLÍNICOS

PARTIAL SPLENIC EMBOLIZATION IN PERSISTENT IDIO-
PATHIC THROMBOCYTOPENIC PURPURA

Macarena Mathus de la Parra, Alejandra Martí, Xavier Taype,  
Raúl Solernó, Ricardo Aquiles Sarmiento

Immune thrombocytopenic purpura (ITP) is characterized by plate-
let destruction mediated by antibodies directed against the surfa-

Analytical summary | Revista Argentina de Cardioangiología Intervencionista | October - December 2022 | Year 13 | Number 4



164     Revista Argentina de Cardioangiología Intervencionista 2022;13(4):163-164

ce of the platelets. Corticosteroids are the first line of treatment of 
ITP. Thrombopoietin-receptor agonists have been recently introdu-
ced for a second-line treatment. Likewise, splenectomy is also con-
sidered a second-line therapeutic strategy in adults with steroid-re-
sistant ITP. However, despite its low mortality, there is a tendency to 
avoid splenectomy due to its complications. Partial splenic emboli-
zation (PSE) has been used as an alternative to splenectomy, being 
a minimally invasive, safe and effective procedure. We present a case 
of patient with persistent ITP, who was treated with PSE prior to sple-
nectomy, with the aim of improving platelet levels prior to surgery.

ACUTE OCCLUSION OF THE SUPERFICIAL FEMORAL AR-
TERY. INTRATHROMBUS ENDOVASCULAR  
PHARMACOINVASIVE RESOLUTION

David Parraga Meza, Cristiano Sturmer Ramos, Diego Martín Barbetta, 
Joaquín Etcheverre, Pablo Nicolás Luna

Acute arterial ischemia is defined as a sudden reduction in the 
blood perfusion of a limb that can compromise its function and 
viability, even causing the death of the patient if it is not treated in 
time, with an incidence of 1.5 cases per 10,000 people.
We present the case of a 75-year-old patient who was admitted 
due to sudden pain, paleness, coldness and absence of a pulse in 
the right lower limb of 24 hours of evolution. Using complemen-
tary methods, acute occlusion of the right superficial femoral artery 
was diagnosed, resolving with an endovascular strategy.

EMERGENCY ATRIAL SEPTOSTOMY IN SEVERE  
PULMONARY HYPERTENSION AND SHOCK

Demis Federico Picone, Eduardo Gustavo Barrera, Fernando Di Tommaso, 
Susana Beatriz Taboada, Enrique Domine

This is a rare case report of a patient with refractory shock and se-
vere pulmonary hypertension in whom atrial septostomy was per-
formed as a salvage procedure and bridging therapy to lung trans-
plant. A literature review of similar cases was performed.

ANTERIOR INFARCTION AS THE CLINICAL PRESENTATION 
OF A 53-YEAR-OLD WOMAN WITH SPONTANEOUS CORO-
NARY ARTERY DISSECTION

A. Matías Rodríguez Granillo, Camila Correa-Sadouet, Miguel Rosales, 
Nadia Jorge, Alejandro Moreno, Darío Vita, Carlos Fernández Pereira, 
Juan Mieres
Spontaneous coronary artery dissection (SCAD) is a not-well 
known entity that is common in women between 45 and 55 years 
old. No randomized clinical studies have been conducted to know 
what is the best treatment and strategy that should be used in the 
acute setting to impact long-term prognosis. This is the case re-
port with a 5-months follow-up that should trigger a review. The-
refore, we propose an extended classification of the one current-
ly accepted.

LETTER FROM THE PRESIDENT / CARTA DEL PRESIDENTE

LETTER FROM THE PRESIDENT OF CACI

Martín Cisneros

Dear colleagues and friends, once again it is my pleasure to ad-
dress you through this prestigious journal, the pride and joy of our 
college.
We are about to finish 2022, a year that was not easy to tran-
sitby since post-pandemic difficulties were too many. However, 
thanks to the effort made by the Board of Directors and the di-
fferent working commissions we travelled through 2022 suc-
cessfully meetingall of our compromises both academic and fi-
nancial. To top it all off, we held our successful 32nd National 
Congress from December 2 to December 4 in Ciudad de Termas 
de Río Hondo, Santiago del Estero, Argentina. As always, atten-
dance was great, as well as the scientific and social program dis-
cussed in this meeting
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Here comes that time of the year when we analyze all the things we have done during the year that is about to end.
I would like to take some time and go over what we I consider the most relevant papers published in RACI.
In 2022, we published three review articles on relevant topics for our medical specialty authored by world renown 
experts.
Therefore, the working group led by Dr. George Dangas from Mount Sinai in New York published the first review 
article in 2022 in RACI issue #1 entitled “Percutaneous coronary intervention for left main coronary artery disease”, a 
hot topic of discussion for all our readers.
The MedStar Institute working group (Washington, DC) led by Dr. Ron Waksman published a review paper in 
RACI issue #2 on coronary lithotripsy entitled “The emergence of coronary intravascular lithotripsy”, another interes-
ting topic of discussion for everyone.
Finally, one of the world leaders on unstable and vulnerable coronary plaque, Dr John Ambrose, published in 
RACI issue #4 an extensive review paper on this issue entitled “Local or systemic therapeutics for the management of 
vulnerable atherosclerotic plaque” including pathophysiology and therapeutic options—invasive and/or conservati-
ve—available. Dr. Ambrose draws a thorough analysis of ongoing studies on local invasive treatment.
Also, in almost all the issues we’ve published one or more original articles of great interest. Therefore, in RACI is-
sue #1 we published an article on interventional vascular radiology authored by Hospital Posadas working group 
from Buenos Aires, Argentina. Also, an article on the utility of lidocaine to prevent radial spasm during coronary 
angioplasty from Hospital Pedro Orellana de Trenque Lauquen in Buenos Aires, Argentina.
In RACI issue #3 we published three original articles, the first one on the importance of hypoalbuminemia during 
TAVI authored by the Buenos Aires Italian Hospital working group, the second one was the multicenter RADAC 
Registry on coronary angioplasty, and the third one, an original article on the early experience in Argentina and 
the region with the Vita-Flow self-expanding valve for TAVI procedures.
In RACI issue #4 we publish the > 5-year follow-up data of the ERACI IV multicenter registry, an article that had 
been previously published in international journals with 1-, 2-, and 3-year follow-ups data.
Also, we published case report presentations, and fully original brief communications extremely useful for our cli-
nical practice, some of them the first reports ever published in our country.
In conclusion, the readers of our journal will find an assorted menu of updated articles and publications on our me-
dical specialty authored both by local and world renown experts.
During the year that is about to end, together with CACI, the first Annual Prize was awarded to the best original 
article and case report published in RACI during 2022. We thought we owed all specialists who have been suppor-
ting our journal from day one.
This prize will be awarded during the annual CACI meeting and/or closing ceremony of 2022. This event will be 
covered in the CACI newsletter and RACI journal.
There is no doubt that with your collaboration and CACI support 2023 will see the same success we’ve had in 
2022.

Alfredo E Rodríguez MD,PhD,FACC
Editor-in-chief
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Review article

Local and systemic therapies for vulnerable 
atherosclerotic plaques

Tratamiento local y sistémico de placas ateroscleróticas vulnerables

John A Ambrose1, Avinash V Sharma1

ABSTRACT
Acute coronary syndromes including ST-segment elevation acute myocardial 
infarction (STEMI) type 1, non ST-elevation acute myocardial infarction (NS-
TEMI), and a large percentage of sudden coronary deaths in adults are due to 
atherothrombosis. Autopsy and imaging data in living patients indicate that 
in most patients, thrombus forms on a disrupted atherosclerotic plaque ter-
med thin-cap fibroatheroma or TCFA. With their large necrotic core, thin fi-
brous caps, abundance of inflammatory cells and extensive vasa vasorum 
TCFAs have also been described as vulnerable or high-risk plaques. While tra-
ditionally, cardiologists have focused on treating significant coronary obs-
truction, over the past two decades, there has been great interest trying to 
prevent thrombotic causes of myocardial infarction by identifying and stabi-
lizing these vulnerable plaques which, at least on the angiography, are often 
non-obstructive. This article discusses the identification and management of 
these thrombus-prone lesions with the potential for local or regional invasi-
ve approach and/or non-invasive detection and stabilization with appropria-
te medical therapies.

Keywords: vulnerable plaque. high-risk plaque.

RESUMEN
La aterotrombosis es responsable del síndrome coronario agudo incluido el 
infarto de miocardio con elevación del segmento ST (IAMCEST), el infarto de 
miocardio sin elevación del segmento ST (IAMSEST) tipo 1 y muchas de las 
muertes coronarias súbitas que se producen en adultos. Los datos proceden-
tes de autopsias e imágenes de pacientes vivos indican que, en la mayoría, el 
trombo se forma en una placa aterosclerótica alterada que se denomina fi-
broateroma de casquete fino o FACF. Con su núcleo necrótico grande, cas-
quetes fibrosos finos, abundancia de células inflamatorias y extensos vasa va-
sorum, los FACF se han dado en llamar placas vulnerables o de alto riesgo. 
Aunque tradicionalmente, los cardiólogos se han centrado en tratar la obs-
trucción coronaria significativa, durante las últimas dos décadas, se han mos-
trado enormemente interesados en prevenir las causas trombóticas del infarto 
de miocardio mediante la identificación y estabilización de estas placas vul-
nerables que, al menos, en las angiografías, suelen no ser obstructivas. El pre-
sente artículo versa sobre la identificación y manejo de estas lesiones propen-
sas a la formación de trombos con el potencial de un abordaje invasivo local 
o regional y/o detección invasiva y estabilización con los tratamientos médi-
cos apropiados.  

Palabras clave: placa vulnerable. placa de alto riesgo.
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INTRODUCTION

Nearly 50 years ago, pathologists convened at a Natio-
nal Institutes of Health workshop along with cardiolo-
gists, researchers and hematologists and agreed in con-
sensus that coronary thrombosis was the primary cau-
se of transmural myocardial infarction (MI) and most 
cases of sudden cardiac death [1]. Pathologically, it had 
been shown that a tear in a lipid-rich atherosclerotic 
plaque was the main cause for thrombus formation and 
these plaques became known as thin-capped fibroathe-
romas or TCFAs for short [2,3]. Additional data ba-
sed on pathologic analysis at autopsy indicated that the 
TCFA, a combination of a large lipid-rich necrotic core 
covered by a thin fibrous cap (<65 μm) infiltrated with 
macrophages and lymphocytes, was the culprit in most 
cases of fatal MIs described above while another mecha-
nism called plaque erosion could be seen in up to 1/3 
of cases [4,5]. While pathologists had reached consen-
sus, it took until 1980 for De Wood et al. to conclusi-
vely show that thrombus caused acute transmural MI in 

living patients [6]. The terminology for MI has, of cour-
se, changed since then but clinicians routinely are con-
fronted with ST-elevation MI (STEMI) and Type 1 non 
ST-elevation MI (NSTEMI) caused by atherothrombo-
sis [7]. But what type of plaque was responsible in-vi-
vo for the MI? Prior to the utilization of intravascular 
imaging, there was only speculation but no definitive 
answer. The TCFA was suspected based on the patholo-
gical data, but unproven.
In 1989, Muller et al introduced the concept of a vul-
nerable plaque (VP) as one prone to disruption and 
thrombosis [8]. A later definition for a VP or high risk 
plaque (HRP) which were considered equivalent terms 
indicated that not every intracoronary thrombus caused 
by plaque disruption necessarily led to a symptomatic 
event but to plaque progression [9]. A VP was originally 
coined by Muller et al. to explain why certain plaques in 
patients led to acute coronary syndromes. Why was MI 
more prevalent in the early morning hours or after some 
type of stress? Furthermore, patients experiencing fatal 
or non-fatal myocardial infarction were not just those 
at high risk as defined by the presence of conventional 
risk factors [10]. Other investigators showed that MIs 
often evolved on angiography from plaques that were 
non-obstructive prior to the event [11,12]. What was 
the angiogram hiding?
Traditionally, cardiologists were more concerned with 
significant obstructive rather than non-obstructive di-
sease on angiography as in early angiographic studies, 
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prognosis was related to the number of diseased vessels 
with significant, angiographic luminal disease [13]. Yet 
treating significant disease even with revascularization 
in some randomized trials reduced angina and impro-
ve quality of life but did not always decrease subsequent 
death or infarction [14,15]. This article discusses the in 
vivo identification of these thrombosis-prone, vulnera-
ble atherosclerotic plaques as well as the potential thera-
pies/strategies that are available or might be available in 
the future to prevent subsequent acute coronary events.

INTRAVASCULAR IMAGING

While coronary angiography continues to be the usual 
method for the invasive detection of coronary anatomy, 
it cannot detect VP given its inability to define the ana-
tomical vessel wall being only a “lumenogram” of the 
coronary artery. The in-vivo identification of TCFAs as 
potential VPs has been possible and greatly facilitated 
by intracoronary, catheter-based imaging as well as by 
non-invasive coronary CT imaging which will be cove-
red in the next section. All established invasive techni-
ques have been validated experimentally to define cer-
tain aspects of plaque anatomy. A brief discussion of 
each device is contained in the following section.
Angioscopy was the first technique miniaturized and 
able to define the internal surface of the coronary ar-
tery. Light emitted by a f lexible fiber bundle endoscope, 
passed over an angioplasty wire (as are all devices) could 
interrogate the surface anatomy of the coronary artery 
when the catheter was f lushed with saline and tempo-
rary proximal balloon occlusion of the lumen carried 
out. Yellow plaques and particularly glistening yellow 
plaques were representative of TCFAs [16].
Intravascular ultrasound (IVUS) provided a cross sec-
tion of the coronary artery and did not require a blood 
free field of view. It defined plaque burden, vessel size, 
positive/negative remodeling and vessel wall calcifica-
tion [17]. Its resolution of 100 to 150 μm and negati-
ve signal with a lipid core make it incapable of defining 
TCFA lipid and a thin cap. The IVUS signal was mo-
dified and VH (virtual histology) IVUS was developed 
and utilized in the PROSPECT study to identify TC-
FAs [18]. This technique has been subsequently critici-
zed as inaccurate for TCFA identification and is no lon-
ger utilized for this purpose [19].
Optical coherence tomography (OCT) uses infrared li-
ght to define plaque anatomy with a higher resolution 
(10 to 15 μm) than IVUS but lower penetration to de-
fine vessel size in larger arteries. While it requires con-
trast f lush to visualize plaque structures, it can accura-
tely identify intracoronary thrombus, plaque rupture 
versus plaque erosion, fibrous cap thickness and presu-
mably plaque lipid and inf lammation [20].
Near Infrared Spectroscopy (NIRS) is the most accu-
rate for defining plaque lipid by detecting the chemi-
cal signal of cholesterol and its esters [21]. NIRS can-
not generate a 3 dimensional image so it has been co-re-
gistered with IVUS in a combined catheter which has 
been used in natural history studies [22]. Lipid-rich pla-
ques are defined by a maximum lipid-core burden ima-
ge. While IVUS-NIRS is the only Federal Food and 
Drug Administration approved intracoronary imaging 

technique for detecting VPs, it cannot accurately mea-
sure cap thickness. An investigational combination ca-
theter of OCT and NIRS is in development. There are 
other concept catheters in various stages of development 
including micro OCT and near infrared f luorescence 
[23].

NON-INVASIVE IMAGING

The advent of newer, sophisticated non-invasive tech-
nology has led to the early identification of coronary ar-
tery disease (CAD) and coronary ischemia before ad-
verse events occur. Coronary computerized tomogra-
phic angiography (CCTA) has been at this forefront 
by providing rapid, accurate anatomical assessment in 
patients with suspected CAD. In addition to its abili-
ty to detect the degree of coronary artery stenosis, seve-
ral high-risk CCTA plaque features have been associa-
ted with adverse outcomes, independent of the degree 
of anatomic obstruction. These features include low at-
tenuation plaque (LAP), positive remodeling (PR), ‘na-
pkin ring’ sign, and/or the presence of spotty calcifica-
tions [24,25]. We describe several studies that demons-
trate this relationship.
Motoyama et al. examined the relationship of HRP on 
CCTA with the incidence of acute coronary syndro-
me (ACS), both with and without significant coronary 
artery stenosis [26]. Over a mean period of 3.9 years, a 
2.8% overall ACS event occurred. Those with high-risk 
CCTA features were more likely to have an ACS event 
(16.3% vs 1.4%). Furthermore, when stratified to pa-
tients with high risk CCTA features and no signifi-
cant coronary artery stenosis (< 70%), ACS occurred 
in 14.9% of patients versus 0.6% without any high risk 
features or significant stenosis (adjusted hazard ration 
[HR] 13.13; 95% CI: 3.80-82.66). Nested observatio-
nal data from over 4,415 patients in the PROMISE trial 
via core lab adjudication looked specifically at HRP fea-
tures on CCTA, as described above [27]. Patients with 
high risk features had significantly higher major adver-
se cardiovascular events (MACE) on follow-up, 6.4% vs 
2.4% with HR 2.73. This was still present despite con-
trolling for atherosclerotic cardiovascular disease (AS-
CVD) risk scoring and the presence of significant co-
ronary artery stenosis, HR 1.72 (95% CI: 1.13-2.62). 
High risk CCTA characteristics also were a significant 
strong predictor of worse outcomes in women and youn-
ger individuals. It is worth noting that overall event ra-
tes were low in data from the PROMISE trial, totaling 
to 3% or just 131 events over the study media time pe-
riod of 25 months. More recently, the SCOT-HEART 
trial compared the use of CCTA to the usual standard 
of care in the low to intermediate risk population with 
chest pain [28]. Post-hoc analysis of this trial with 1,769 
patients followed for a median length of 4.7 years de-
monstrated LAP as the strongest predictor for MI with 
HR of 1.60 [29]. This was irrespective of ASCVD risk 
score, coronary calcium score, or coronary artery steno-
sis. Patients with a > 4% LAP burden had almost five ti-
mes increased risk of MI, HR 4.65 (95% CI: 2.06-10.5).
The uptake of CT fractional f low reserve (FFR) has 
been observed in the last few years as a hemodynamic 
alternative to traditional invasive assessment in the car-
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diac catheterization lab. Sub-analysis from the 3V FFR 
FRIENDS study [30] examined 772 vessels by CCTA, 
CT-FFR and invasive FFR. A subsequent analysis com-
pared HRP features and their relationship to adverse 
outcomes [31]. These researchers found that when revas-
cularization was deferred, due to invasive FFR > 0.80, 
if three or more HRP features were seen on CCTA, a 
fourfold significant increase in composite adverse out-
comes was observed at 5 years (odds ratio 4; 95% CI: 
1.464-10.920). These subsequent outcomes were pa-
tient-related and primarily ischemic revascularization 
rather than MI or cardiac death.
While HRP on CCTA identifies vulnerable patients 
i.e. those at high risk for a subsequent acute event, can 
CCTA identify the actual plaque at high risk of the 
thrombotic event? There are only limited data to ad-
dress this question. The ICONIC study, a nested case 
control study with a cohort of over 25000 patients un-
dergoing CCTA with a follow up period of 3.4 years 
identified 234 patients with a subsequent ACS [32]. 
These were propensity matched 1:1 for several risk fac-
tors and CCTA obstructive disease. More than 65% of 
patients with ACS had non obstructive disease at base-
line and 52% had high risk plaque. However, of 129 cul-
prit lesion precursors of ACS identified by comparing 
the location of the ACS event on subsequent angiogra-
phy to the CCTA lesion site at baseline, three-fourths 
were non obstructive on CCTA but only 31% exhibi-
ted a baseline HRP. More data are needed in this area 
as this will be critical in the identification of the ac-
tual vulnerable plaque if a local approach could ever be 
contemplated.
Another aspect of CT technology that has been adap-
ted into clinical practice is the ability to quantify ove-
rall coronary artery calcium (CAC) score, typically in 
Agaston units (AU). The presence of CAC itself, even 
in relatively younger, asymptomatic patients can por-
tend an increased risk for ACS and sudden cardiac 
death [33]. In a prospective observational study where 
CAC scoring was added to the Framingham Risk Score 
(FRS) to estimate a patient’s risk for ASCVD, CAC > 
300 was predictive for a significant increased risk of ad-
verse outcomes in patients across all ASCVD risk levels 
> 10%, when using the FRS algorithm [34]. Some of our 
largest data on CAC and its implication for cardiovas-
cular events in asymptomatic patients comes from the 
Multi-Ethnic Study of Atherosclerosis (MESA). 10 year 
follow up data from this population based, prospective 
cohort study shows an incremental increase in adverse 
events (cerebrovascular accident, cardiovascular death, 
or non-fatal MI) with higher amounts of CAC [35]. At 
10 years, CAC ≥ 100 and CAC > 300 were associated 
with approximately 7.5% and 13.1-25.6% risk for these 
adverse outcomes.
On the other hand, almost all patients with CAC = 0 
had < 5% risk for these events [34]. Thus, giving way 
to the ‘power of zero’ concept. This is mirrored in ano-
ther 10 year follow up study from the MESA cohort 
where CAC of 0 was the strongest ‘negative risk fac-
tor’ when compared to other potential favorable charac-
teristics for ASCVD [36]. These favorable characteris-
tics included an absence of carotid plaque, low carotid 
intima-media thickness, normal ankle-brachial index, 

and normal serum biomarkers associated with ASC-
VD. Therefore, cardiac CT demonstrating a CAC sco-
re of 0 can play a powerful role in primary prevention 
and identify those at the lowest risk for cardiovascular 
events. However, there are still patients with CAC of 0 
who incur cardiovascular events where the presence of 
traditional risk factors such as weight loss, activity, and 
tobacco cessation should be aggressively managed to mi-
tigate subsequent risk [37].
CCTA will likely continue to evolve and play an im-
portant role in further identifying at risk patients be-
fore adverse cardiovascular events occur. This moda-
lity can highlight the importance of plaque morpho-
logy, composition, and extra-luminal findings that are 
not appreciated using traditional angiography without 
intravascular imaging. Therefore, CCTA data support 
the concept of the vulnerable plaque, which is prone to 
subsequent adverse events even in a non-obstructive di-
sease. Other imaging techniques have been utilized in 
the hunt for high risk coronary plaques including car-
diac magnetic resonance imaging (CMR) and positron 
emission tomography (PET), but the data are limited 
and particularly with CMR, its sensitivity for detection 
is inferior to that of CCTA imaging [38].

LOCAL VS. SYSTEMIC THERAPY 
FOR VULNERABLE PLAQUE

There has been great interest in the literature concer-
ning the best treatment for VPs or vulnerable patients 
to prevent future significant adverse coronary events. 
As mentioned in the introduction, how should one best 
prevent thrombotic events? Should one either just pro-
mote life-style modifications in primary or primordial 
prevention, combine this with medications such as sta-
tins administered as per guidelines or prescribed ear-
lier in the natural history of coronary disease? In cer-
tain patients primarily in secondary prevention, could 
there be a hybrid interventional/medication approach?

INTERVENTIONAL APPROACH 
TO VULNERABLE PLAQUE

The interventional approach is based on the presump-
tion that local or regional therapy with modern stent 
platforms or some other technology to a vulnerable 
plaque could potentially prevent subsequent thrombo-
tic events. But this hypothesis demanded randomized 
trial data. In 2008, Ambrose proposed prerequisites for 
this approach. This needed three requirements: 1) de-
fine a VP based on its natural history, 2) prove that an 
interventional approach reduced subsequent events be-
tter that optimal medical management alone, and 3) 
define the number needed to treat to indicate that his 
approach was reasonable and cost effective [39].
Prior to considering an interventional approach to VP, 
there have been multiple natural history studies pu-
blished over the last several years in which non cul-
prit invasive interrogation of one or more coronary ar-
teries was attempted during percutaneous intervention 
of a culprit lesion [16,18,22,40-42]. In each case, inte-
rrogation was performed with different intravascular 
imaging techniques and the patients followed up (Ta-
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TABLE 1. Current studies using various intravascular imaging modalities to identify vulnerable plaque and subsequent patient and lesion related outcomes.

Study: Year: Intravascu-
lar Imaging 
Technique:

Primary End Points: Plaque Related Events: Comments:

Uchida et al. 1995 Angioscopy ACS (unstable angina or acute MI) in 
stable angina patients at 12 months 

follow up (n=15 events/230 plaques)

Higher events in 'glistening' yellow pla-
ques (n=9/11, 68.4%) vs. non-glistening 
yellow plaques (n=2/11, 7.6%) p < 0.05

- Medical management was not 
addressed nor mentioned.

PROSPECT I 2011 VH-IVUS 3 year MACE incidence from NC le-
sions in patients undergoing PCI for 

ACS   
(11.6% events from 104 NC le-
sions in 74/697 patients, but 
55 lesions imaged byIVUS)

Higher incidence of MACE in NC lesions if
1. ≥ 70% plaque burden (n=25, 9.6%) 
2. MLA ≤ 4 mm2 (n=30, 5.3%) 
3. TCFA (n=26, 4.9%)  

If all present, 18.2% vs. 1% event rate 
(based off of  a total of 595 TCFAs with 

only 55 lesions imaged via VH IVUS)

- Number of events low  
(74patients).  

- Majority of events due to wor-
sening angina (n=69) with very 
few MI (n=6).

PROSPECT II 2021 NIRS IVUS 4 year incidence of MACE related to 
NC lesions (n=66 events from 898 

patients), in patients after recentre-
vascularization for MI [≤ 4 weeks] 

Out of 3500 untreated lesions, 374 (11%) 
had both PB ≥ 70% and high lipid burden 

(maxLCBI4mm> 324.7).    

If both of these present, 7% event rate at 
4 years vs. 0.2% if neither were present.

- Non-culprit MI not defined (STE-
MI vs. NSTEMI), and included 
type II MI. 

- 66 events and 38 were progressi-
ve angina, but only 12 (32%) had 
plaque progression. 

- 93.5% of patients on statin du-
ring followup, but no followup li-
pid levels available.

Lipid Rich 
Study

2019 NIRS IVUS 2 year incidence of MACE in NC le-
sions of patients undergoing an-

giography for suspected CAD
(103 events, out of 1271 patients)

664 lesions with maxLCBI4mm> 400 mm 
with 3% event rate at 2 year follow up.

- Low non-culprit plaque level 
 events.  
- 10 of 57 (18%) plaque level 
 events were non-fatal MI.  
 - Type of MI not clearly defined.

CLIMA 2020 OCT 1 year incidence of composite event 
(cardiac death or target segment 
MI) involving the proximal LAD 

(n=37/1003 patients)

Higher incidence of events when all of 
the following present (n=7/26, 18.9%): 

1. MLA < 3.5 mm2 
2. FCT < 75 μm 
3. Lipid arc extension > 180º 
4.  OCT evidence for macrophage infiltration 

- Low event rate from total sample 
size (3.7% of N=1003). 

- Low positive predictive value 
(19%) for all four characteristics 
present.  

- Type of MI not specified.

Kubo et al. 2021 OCT 6 year incidence of ACS in NC le-
sions assessed via OCT 

(n=72 ACS events from 1,909 li-
pid plaques imaged)

Higher incidence of ACS if NC lesions had 
1. LRP, > 180º lipid arc (n=60, 11%) 
2. TCFA, FCT < 65 μm (n=31, 19%) 
3. if both present (n=27, 33%) 

- Good long follow-up period. 
- Limitations: single center, non-ran-

domized and retrospective.  
- 68% patients on statin, average LDL 

~105.  
- Medical therapy on follow up not 

clarified. 
- High number of STEMIincluded 

in outcomes (n=25, 35% of ACS 
events from lesions assess via OCT).

COMBINE 
OCT-FFR

2021 OCT  
(with FFR)

18 month incidence of composite out-
come in patients with DM with normal 
FFR (> 0.80) and (+) TCFA, n=13 events 
in 98 (+) TCFA patients: 
- CV death 
- target vessel 
- MI clinically driven revascularization
- UA requiring admission

Higher incidence of following events in pa-
tients with TCFA (defined as < 65 μm FCT &> 
90º lipid arc) and normal FFR: 
1. Composite outcome, n=13/98 (13.3%) 
2. CD-TLR, n=11/98 (11.2%) 
3. Spontaneous MI,n=8/98 (8.2%) 

- Lower statin uptake in patients 
with TCFA (75.51%) vs. no TCFA 
(85.27%), p =0.03.

 - Type of MI not specified  

Abbreviations: ACS – acute coronary syndrome, CAD – coronary artery disease, CD-TLR – clinically driven target vessel revascularization, CV – cardiovascular, DES 
– drug eluting stent, FCT – fibrous cap thickness, FFR – fractional flow reserve, GDMT – guideline directed medical therapy, iFR – instantaneous wave-free ra-
tio, IVUS – intravascular ultrasound, LAD – left anterior descending, LRP – lipid rich plaque, maxLCBI4mm – 4 mm segment with maximum lipid core burden in-
dex,  MACE – major adverse cardiovascular events, MI – myocardial infarction, MLA – minimal luminal area, NC – non-culprit, NSTEMI – non ST-segment elevation 
MI, OCT – optical coherence tomography, OMT – optimal medical therapy, PB – plaque burden, PCI – percutaneous coronary intervention, STEMI – ST-segment 
elevation MI, TCFA – thin capped fibrous atheroma, TLF – target lesion failure, UA – unstable angina, VH-IVUS – virtual histology IVUS, VP – vulnerable plaque
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ble 1 for plaque-related events). Plaque and patient-re-
lated events were recorded. Plaque-related events (ad-
verse event at the lesion site) required repeat angiogra-
phic analysis. End points were not exclusively throm-
botic events and varied between trials but could inclu-
de progressive or unstable angina. The type of MI was 
not always categorized (STEMI vs. NSTEMI, or even 
which type of NSTEMI 1 to 5). Medical management 
varied in the trials with higher events noted in trials 
with less attention to optimal lipid levels on follow up. 
Follow up also varied from 1 year in CLIMA and Uchi-
da et al. to about 6 years in Kubo et al. (Table 1).
The following conclusions can be drawn from these trials:

1. In patients not optimally managed post procedure 
by present standards, a VP will often cause myocar-
dial infarction at the lesion site on follow up. This 
was seen in both Uchida et al. and Kubo et al. trials.

2. In other trials, thrombotic events (MI or cardiac 
death) at VP sites were documented in only a very 
small percentage of the total number of VPs (<5%) 
but may be slightly higher when plaque burden or 
lipid arc was large or minimal lumen area small. In 
CLIMA, the thrombotic event rate at the lesion 
site on 1 year follow-up was 19.4% (7 of 36) when 
all 4 high risk OCT criteria were present but the 
specific criteria required were seen in only 3.7% of 
the total population.

3. In general, the presence of a VP anywhere, similar 
to what has been reported with CT angiography, 
increased the number of patient-related events on 
follow up.

New interventional trials are presently on-going [44-
46] and include PREVENT, COMBINE-INTERVE-

TABLE 2. interventional randomized controlled studies to assess vulnerable plaque/lesions. Sample size is either projected or targeted estimate (Est.), or final upon comple-
tion of the study.

Study/Trial: Years: Sample 
Size:

Intravascular 
Imaging:

Vulnerable Plaque Criteria: Intervention 
Performed:

Study End Point(s): Other Comments:

PROSPECT-
ABSORB

2014-2019 182 IVUS Lesions < 70% steno-
sis, not indicated for re-

vascularization (by FFR or 
iFR) but with plaque bur-

den ≥ 65% by IVUS

PCI using BVS 
(Abbott Ab-

sorb) with GDMT 
(n=93) vs. GDMT 

alone (n=89)

- Increased MLA with 
BVS (6.9mm2 vs. 
3mm2) 25 months 

- TLF with BVS 4.3% 
(n=4) vs. 4.5% (n=4) 
at 24 months 

- MACE 4.3% (n=4) with 
BVS vs. 10.7% (n=9), OR 
0.38(p=0.12) at 4.1 years

- Trial not powered 
for clinical outco-
mes (only for MLA).

- First generation Ab-
sorb BVS used, unk-
nown impact of 
other stent designs.

PREVENT 2015-
ongoing

1.608 *IVUS, 
VH-IVUS

NIRS 
either/or OCT

Stenosis > 50% with 
FFR > 0.80, and two 

of the following:
1. MLA <4 mm2

2. Plaque burden > 70%
3. Lipid rich, maxLCBI4mm > 315
4. TCFA (by OCT < 65 μm, 
 VH-IVUS > 10% necrotic 
 core)

PCI with BVS (Ab-
bott Absorb) or 
Everolimus elu-

ting stent vs. 
OMT alone 

- Target vessel fai-
lure at 2 years. 

- Defined as composi-
te of CV death, target 
vessel MI, ischemia 
driven revasculariza-
tion, unplanned hos-
pitalization for angina

- Projected final data co-
llection in Fall 2023

INTERCLIMA 2021-
ongoing

Est. 1.420 OCT 
(vs. iFR/FFR)

Stenosis > 50% with 
FFR > 0.80, and two 

of the following::
1. MLA < 4mm2 <3,5 mm2

2. Lipid arc > 180º extension
3. Presence of ma-

crophages

if intracoronary throm-
bus present, irrespecti-
ve of above criteria, PCI 

with DES to be performed 
at operator's discretion

1:1 randomiza-
tion of non-cul-
pritlesions with 

PCI using DES ba-
sed off of OCT cri-
teria vs.PCI if phy-

siologic assess-
ment (iFR<0.89 or 

FFR < 0.80) met 

Composite outcome 
of CV death or spon-
taneous non-fatal MI 
of target vessel at 2 

years and 5 years

- Projected comple-
tion date 2025

COMBINE-
INTERVENE

2022-
ongoing

Est. 1.222 Combined 
OCT and FFR 
(vs. FFR with 
sham OCT)

FFR ≤ 0,75 and one 
OCT criteria::
1. TCFA (thickness ≤ 75 μm)
2. Ruptured plaque
3. Plaque erosion with 

> 70% area steno-
sis or MLA < 2.5 mm2

PCI with DES for le-
sions meetingOCT 

VP criteria & FFR 
≤ 0.75 vs.PCI trea-
ted solely by FFR 
(0.80) and sham 
OCT performed

Composite end point of 
CV death, any MI, or cli-
nically driven revascu-
larization at 24 months

-  Projected comple-
tion date 2026

*PREVENT: sub-analysis arms to be performed for each intravascularimaging modality listed.
Abbreviations: BVS – bioresorable vascular scaffold,CV – cardiovascular, DES – drug eluting stent,FFR – fractional flow reserve, GDMT – guideline directed medical therapy, iFR – instan-
taneous wave-free ratio, IVUS – intravascular ultrasound, MACE – major adverse cardiovascular events,MI – myocardial infarction, MLA – minimal luminal area,OCT – optical cohe-
rence tomography, OMT – optimal medical therapy, PCI – percutaneous coronary intervention, TCFA – thin capped fibrous atheroma, TLF – target lesion failure, VH-IVUS – virtual his-
tology IVUS, VP – vulnerable plaque 
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NE and INTERCLIMA to assess if stenting and opti-
mal medical therapy vs. optimal medical therapy alone 
will reduce subsequent events (Table 2). Even drug elu-
ting balloons are being assessed as a no stent option to 
treat vulnerable lesions [47]. Already, a pilot study has 
randomized a small number of patients to an interven-
tional vs. conservative management strategy. In a sub 
study of PROSPECT 2 called PROSPECT ABSORB, 
182 patients with VPs and a high plaque burden (≥65%) 
but non obstructive on angiography were randomized to 
a bioabsorbable vascular scaffold and guideline-direc-
ted medical therapy vs medical therapy alone and restu-
died at 2 years with imaging [48]. The scaffold was as-
sociated with neointimal thickening and reduced lipid 
plaque content on imaging follow-up. There was also a 
>50% reduction in adverse events at the 4 year follow-up 
with the scaffold (4.3% vs. 10.7%) vs. medical manage-
ment alone although not statistically significant.
One would hope that all future trials or natural history 
studies would be large enough, have long term (several 
years) follow up for events and similar end points. We 
believe that the end points should be primarily either 
STEMI, Type 1 NSTEMI or cardiovascular death (all 
presumed thrombotic events) in order to convince the 
cardiology community that an interventional approach 
might be warranted on non-culprit, VPs that are 
non-obstructive and require invasive imaging to diag-
nose. It is debatable whether a Type 2 NSTEMI without 
documented evidence of lesion progression should be an 
appropriate end point for a VP trial as Type 2 infarcts 
can be seen even without significant coronary artery di-
sease [49].
Finally, can a local or regional interventional strategy 
be a first line approach to prevent subsequent serious 
events? The answer is likely no. Even if the on-going 
interventional approaches are positive with reduced 
events in the interventional arm, there are several rea-
sons why we believe its use would be limited. These in-
clude the following:
The initial presentation of CAD if often STEMI or su-
dden death [50]. Presently, there is nothing to support 
an interventional approach in primary prevention.
Given the overall number of TCFAs, based on the pu-
blished natural history studies with optimum medical 
management on follow-up, the number needed to treat 
will likely be too high (only a small percentage will ma-
nifest a symptomatic thrombotic event) to routinely in-
tervene on all such plaques [39].
Plaque erosions are responsible for at least 1/3 of STE-
MI and Type 1 NSTEMI patients and the underlying 
plaque type is not a TCFA [50]. Thus, finding a subse-
quent plaque erosion will be challenging and not pre-
sently possible.
Convincing interventionalists to routinely perform and 
interpret imaging of non-culprit vessels for TCFA identi-
fication during percutaneous coronary intervention of an 

index culprit lesion is, in our opinion, a significant cha-
llenge based on imaging reimbursement issues, fear of 
imaging complications, duration of index procedure etc.
The development and use of better non-invasive tech-
niques and medical strategies for vulnerable plaque de-
tection/therapy will limit the interventional approach.

SYSTEMIC THERAPY FOR VULNERABLE 
PLAQUES

Can systemic therapy alone stabilize a VP or prevent a 
VP from forming? There are several studies which have 
shown that lipid lowering with high dose statins and/
or PCSK-9 inhibition can increase fibrous cap thickness 
and possibly even reduce lipid content of plaques consi-
dered vulnerable [51]. However, are we treating patients 
too late in the natural history of coronary artery disea-
se to make a difference [52]? Even PCSK-9 trials indi-
cated no more than a 15% reduction in events on follow 
up [53]. The answer may be in the timing of our inter-
ventions. Trials and guidelines encourage an optimum 
life style but consider lipid lowering only at age ≥40 un-
less baseline LDL is ≥190 mgs/dl [54]. However, asymp-
tomatic atherosclerosis precedes by decades the symp-
tomatic manifestations of disease. Perhaps, non-invasi-
ve imaging with coronary artery calcium scores or some 
other non-invasive technique could be used as a sim-
ple screening test to identify sub clinical disease in pa-
tients <40 years of age in those deemed at high risk. It 
has been suggested in a large cohort of young patients in 
the CAC Consortium, 30 to 50 years of age undergoing 
non contrast CT with or without risk factors that the 
ideal age for detecting a CAC>0 in men with risk fac-
tors was about 37 years of age and in women with dia-
betes at age 50 [55]. Lipid lowering would be considered 
if scores were >0. Of course, this is only hypothesis ge-
nerating and a score of 0 might still under estimate co-
ronary artery disease burden. Such a proposal would re-
quire a large randomized trial with long term follow up 
to assess a reduction in adverse events.

CONCLUSIONS

The recent data support the concept that VPs are an 
important cause of subsequent symptomatic thrombo-
tic events. While on-going trials are exploring a locali-
zed or regional approach, it is more likely that a non-in-
vasive approach will be more efficacious in most pa-
tients. This non- invasive approach is yet to be precise-
ly defined but should include early diagnosis (perhaps 
imaging) and appropriate medical and lifestyle manage-
ment. However, a limited role for a localized strategy is 
still possible pending trial results. With the current in-
terest in this subject, the next several years should pro-
vide greater insight and hopefully more evidence-based 
solutions.
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Five-year follow-up of the ERACI IV-score study of 
modified SYNTAX as the ERACI risk score of patients with 
multivessel and left main coronary artery disease

Cinco años de seguimiento del estudio ERACI IV - score de SYNTAX 
modificado como score de riesgo ERACI para pacientes con enfermedad 
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ABSTRACT
Objective: To compare the long-term follow-up ofa population with coronary ar-
tery disease treated conservatively with percutaneous coronary intervention (PTA) 
with second-generation drug-eluting stents (DES 2) compared to first-generation 
drug-eluting stents (DES 1).
History: Although DES 2 improved the safety and efficacy profile compared to DES 1, 
the disease progression of patients with multivessel coronary artery disease (MVD) in-
cluding the left main coronary artery treated with PTA is still controversial
Methods: A total of 225 patients with MVD and a 72-month follow-up were pros-
pectively included in a registry. These patients were treated with DES 2 and repre-
sented the ERACI IV registry. They were compared to 225 patients treated with DES 
1 from the ERACI III trial. Patients with a clinical indication for myocardial revascula-
rization with PTA with DES were included in the study. The study primary endpoint 
was a composite ofmajor adverse cardiovascular and cerebrovascular events (MAC-
CE) including all-cause mortality, acute myocardial infarction (AMI), stroke, and new 
revascularization. The PTA strategy in the ERACI IV registry excluded small vessels and 
the management of intermediate lesions. Keeping up with this PTA strategy, a new 
angiographic risk score called ERACI score (ES) was built. Baseline and residual data 
were compared tothe Syntax score (SS). The study primary endpoints were used in a 
crude and adjusted comparison.
Results: ES was significantly lower compared to the SS (22.2 and 27.7;P =.0004). Re-
sidual ES and SS were also < 3.5 vs 8.7, respectively; P = .003. The 5-year composi-
te endpoint of death, AMI, stroke, new revascularization, and MACCE was significant-
ly lower in the ERACI IV compared to the ERACI III in a non-adjusted (P = .001; P = .01 
andP < .001, respectively), and population adjusted way (P < .001; P < .01; andP < 
.001 respectively).
Conclusions: Patients with complex lesions treated with DES 2 as part of a conser-
vative implantation strategy showed a significantly lower rate of adverse events at 
5-year follow-up.
 
Keywords: coronary artery disease, DES, drug-eluting stent, MVD, multivessel coronary 
artery disease, SYNTAX score, ERACI score, PTA, percutaneous transluminal angioplasty, 
complete revascularization. 

RESUMEN
Objetivo. Comparar el seguimiento a largo plazo en una población con enfermedad 
coronaria entre una estrategia conservadora de intervención percutánea coronaria 
(ATC) con stents con drogas de segunda generación (DES 2) y otra con stents con 
drogas de primera generación (DES 1).
Antecedentes. Aunque los DES 2 mejoraron la seguridad y eficacia comparados con 
los DES 1, en la evolución de los pacientes con enfermedad de múltiples vasos (EMV) 
incluyendo el tronco de la coronaria izquierda, el tratamiento con ATC sigue siendo 
controvertido.
Métodos. Se incluyeron prospectivamente 225 pacientes con EMV con un seguimien-
to de 72 meses en un registro. Estos pacientes fueron tratados con DES 2 y represen-
taron al registro ERACI IV y fueron comparados con 225 pacientes tratados en DES 1 
que fueron pacientes del estudio ERACI III. Los pacientes fueron incluidos con indica-
ción clínica de revascularización miocárdica con ATC con DES. El punto final primario 
fue la incidencia de eventos cardiovasculares mayores (MACCE), definido como mor-
talidad de cualquier causa, infarto agudo de miocardio (IAM), accidente cerebrovas-
cular (ACV) y nueva revascularización. La estrategia de la ATC en el registro ERACI IV 
excluyó pequeños vasos y el tratamiento de lesiones intermedias. Siguiendo con esta 
estrategia de ATC, se construyó un nuevo score de riesgo angiográfico llamado ERACI 
score (ES), los datos basales y residuales se compararon con el SYNTAX score (SS). Los 
puntos finales primarios fueron comparados en forma cruda y ajustada.
Resultados. El ES fue significativamente menor que el SS (22,2 vs. 27,7; p=0,0004). El 
score residual de ES fue también menor que el de SS (3,5 vs. 8,7; p=0,003). A 5 años, 
el punto final combinado de muerte/IAM/ACV, nueva revascularización y MACCE 
fue significativamente menor en el ERACI IV que en el ERACI III en forma no ajustada 
(p=0,001; p<0,01 y p=<0,001, respectivamente) y en población ajustada (p=<0,001; 
p<0,01 y p<0,001, respectivamente).
Conclusiones. Los pacientes con lesiones complejas con DES 2, con una estrategia de 
implantación conservadora, presentaron en forma significativa una incidencia menor 
de eventos adversos a 5 años de seguimiento.

Palabras clave: enfermedad coronaria, DES, enfermedad de múltiples vasos, SYNTAX 
score, ERACI score, ATC, revascularización completa.
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INTRODUCTION

Over the past few years, the revascularization strategy of 
patients with multivessel coronary artery disease has been 
the center of attention of multiple controlled clinical trials 
(CCT) to define the best therapeutic alternative between 
percutaneous coronary procedures and myocardial revas-
cularization surgery (MRS). Several CCTs compared PTA 
with drug-eluting stents (DES) vs MRS in several subgroups 
of patients with complex disease like 3-vessel coronary ar-
tery disease, unprotected left main coronary artery disease, 
and in diabetic patients. (1-7)
Several CCTs compared second-and-third generation vs 
first-generation DES. All these trials showed a significant re-
duction of late cardiovascular events including cardiac death 
and/or acute myocardial infarction (AMI), late and very late 
thrombosis with new-generation stents (8-10). One of these 
studies major limitations is that they were conducted in a se-
lected population. Also, that there was limited information 
on whether these devices could improve disease progression 
in the patients included in the SYNTAX and FREEDOM 
clinical trials with MVD, unprotected left main coronary 
artery, in diabetic patients, and in those with intermediate 
or high SS. The long-term results of CCT between DES and 
MRS were controversial in the PTA group including a hi-
gher mortality rate in some subgroups of patients. (11)
The results favorable to MRS did not change with the intro-
duction of DES 2 and new-generation stents as the BEST, 
NOBLE, and EXCEL trials confirmed. Regardless of the 
design of DES, these CCT revealed an aggressive strategy of 
PTA followed by stratification using SS to achieve complete 
revascularization.
As a matter of fact, the SYNTAX (DES 1) and BEST clini-
cal trials (new-generation DES 2) included all intermedia-
te and small-vessel lesions as part of a revascularization stra-
tegy, which is suggestive that the design of the stent was not 
the only reason for this unfavorable progression(12-14).
The ERACI IV was a prospective, multicenter, observatio-
nal trial of patients with DES 2 treated with a conservative 
PTA strategy in stent implantation compared to the ERACI 
III, a similar population study where patients were treated 
with DES 1. During the trial patient recruitment process, 
a new anatomical angiographic score was built, the ERA-
CI risk score—both baseline and residual RES—by modif-
ying the Syntax score from www.syntaxscore.org, both base-
line and residual (SS and RSS). This re-categorized patients 
into a lower risk anatomical angiographic class turning PTA 
into a more viable option compared to MRS for many more 
patients.
The 2- and 3-year follow-up short-and-mid-term results pu-
blished revealed low rates of adverse events (15-17).
The objective of this study is to expose the long-term fo-
llow-up clinical outcomes (up to 5 years) and assess whether 
the conservative strategy of reaching reasonable yet incom-
plete revascularization after residual score-based PTA was 
associated with acceptable results at long-term follow-up.

MATERIALS AND METHODS

The ERACI IV is a prospective and multicenter clinical trial 
to assess a cobalt-chromium rapamycin-release stent (Fire-
bird2™, Shanghai MicroPort Medical (Group) Co., Ltd., 
Shangahi, China). The Firebird2™ is a second-generation 

stent mounted on a cobalt-chromium platform. Patients 
met the inclusion criteria in the presence MVD including 
left main coronary artery disease, an indication for myocar-
dial revascularization, evidence of overt myocardial ische-
mia, and evidence of severe coronary obstruction (stenosis ≥ 
70% through visual estimation) in the culprit vessel. The pa-
tients’ exclusion criteria were previous PTA over the past 6 
months with bare metal stent (BMS), patients with previous 
PTA with DES in the culprit and non-culprit vessel, acute 
myocardial infarction 72 hours prior to admission, poor left 
ventricular ejection fraction ≤ 35%, 2 or more chronic total 
coronary occlusions, severe valve disease, previous stroke, in-
tolerance to aspirin and thienopyridines, blood dyscrasia or 
patients ineligible to receive long-term antiplatelet therapy, 
patients treated with non-cardiac surgery due to brief or low 
life expectancy. The study protocol (18) was previously pu-
blished with the study design and is shown on the supple-
mentary data.
Eleven months later, 4030 patients were assessed for pros-
pective inclusion in the study. A total of 1917 patients 
were initially selected and, finally, 233 patients were in-
cluded in the registry. However, 8 patients who did not 
meet the study clinical or angiographic criteria were ex-
cluded. Therefore, a total of 225 patients were selected 
according to the population of the ERACI III that inclu-
ded a similar number of patients treated with DES 1 like 
the Cyher™, Cordis, Johnson & Johnson, Miami Lakes, 
FL, and Taxus Express™ (Boston Scientific, Boston, MA, 
United StatesI (figure 1).
The study primary endpoint was the presence of major ad-
verse cardiovascular and cerebrovascular events (MACCE) 
with DES 2 and then a comparison with patients from the 
ERACI III registry, DES 1.
Each composite endpoint of MACCE was also reported as 
secondary endpoints.
All patients received a 100 mg oral aspirin formulation in-
definitely 1 hour prior to cardiac catheterization with a load 
dose of a thienopyridine (P2Y12), which could be clopidogrel 

 

1684 patients without clinical or 
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PTA with chrome-cobalt everolimus-
eluting stent 

ERACI III                                                                                                        
225 patients (10.5%)                                          

PTA con first-generation 
DESPatientswith MVD and LMCAD  

Primary endpoint  

MACE (Death, AMI, stroke, TVR) 

ERACI IV                                                         
4030 patients selected during 

study recruitment 

Figure 1. Study population and design. AMI, acute myocardial infarction; an-
gioplasty;DAPT, dual antiplatelet therapy; DES, drug-eluting stent; MACE, ma-
jor adverse cardiovascular events; PTA, percutaneous transluminal.
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600 mg, prasugrel 60 mg or ticagrelor 180 mg. During PTA, 
the patients received 100 U/kg of unfractionated heparin. 
Patients could also receive enoxaparin or bivalirudin in an-
ticoagulant doses depending on their routine prescriptions 
and on the treating interventional cardiologist.
In the ERACI IV, dual antiplatelet therapy (DAPT) was 
mandatory for 6 months. However, it was strongly advised 
for the entire follow-up period with clopidogrel 75 mg/day, 
prasugrel 10 mg/day or ticagrelor 90 mg every 12 hours. As 
part of the protocol, prasugrel or ticagrelor should be the 
first choice in patients with diabetes, left main coronary ar-
tery disease or high ERACI scores.
The primary endpoint was recorded at 30-day, 6-,12-,18-,36- 
and 60-month follow-up.
Secondary endpoints included the rate of target vessel re-
vascularization (TVR) and target lesion revascularization 
(TLR), and the presence of stent thrombosis (ST). The fo-
llow-up of the patients was conducted within the first fo-
llow-up year through personal visits and, then, also throu-
gh personal visits, phone calls or contact with the general 
practitioner.

Definitions of endpoints
MACCE was defined as a composite of all-cause mortality, 
acute myocardial infarction, stroke, and repeat target vessel 
revascularization (TVR) or non-target vessel revasculariza-
tion (non-TVR). During the index PTA, only STEMI was 
registered. Target lesion failure (TLF) was defined as cardiac 
death (when death could not be defined exactly it was assu-
med as cardiac death), AMI, and target lesion revasculariza-
tion (TLR). TVR stands fro target vessel revascularization. 
ST was defined based on the definition established by the 
Academic Research Consortium. DAPT was mandatory for 
all the study patients. A blind independent committee adju-
dicated all the MACCE and events reported including ST. 
An independent data monitoring committee was responsi-
ble for the follow-up of all adverse event reports, and assess-
ment of data safety.
The study completed all regulatory steps based on the requi-
rements established by the Argentine regulatory authorities. 
The study was approved by each participant center ethics 
committee. All patients signed the informed consent form 
before being included in the study(18).
The study was sponsored by Microport Inc, Shangai, China 
during the 3-year follow-up. However, the 5-year follow-up 
was conducted by investigators.

ERACI Risk Score-based PCI strategy
The ERACI IV registry revascularization strategy was 
planned before each procedure to achieve complete 
functional revascularization. PTA was considered func-
tionally complete in the absence of residual lesion ≥ 70 
% in a major epicardial vessel, and all stenoses initially 
considered severe were successfully treated with stents. 
Lesions with chronic total coronary occlusions of an 
akinetic territory of the compromised ventricular sector 
were not approached. The staged approach strategy was 
allowed. Management of an unscheduled coronary ves-
sel in the early strategy after the baseline PTA was left 
to the operator’s discretion. Intermediate lesions (50% 
up to 69%) were not approached regularly, and stents 
were only indicated in severe lesions through visual es-
timation. In all bifurcation lesions, the use of provisio-

nal stenting was advised. Management of severe lesions 
in vessels ≤ 2.0 mm was strongly ill-advised and often 
not attempted.
In patients from the ERACI IV we estimated the anato-
mical risk score SS using the calculator from the SS websi-
te. Let’s remember that the SS calculator requires entering 
all coronary lesions including lesions ≥ 50% in vessels ≥ 1.5 
mm. We used a modified definition method where we only 
scored lesions ≥ 70% in vessels > 2 mm and defined this new 
strategy as the risk score of our ERACI (ERS) cath lab. Bi-
furcations, trifurcations, and chronic total coronary occlu-
sions were also included. Restenosis was scored as a heavily 
calcified lesion. All the remaining anatomical variables were 
included in the early SS procedure and then incorporated to 
our cath lab new anatomical score like the ESR. This score 
has already been described above (19-20).
With this new score in the ERACI IV, 82.7% of the patients 
were included in the low or intermediate ES while only 
17.2% had a high-risk score. However, in the baseline SS the 
elevated risk score reached up to 33.8%. We used a post-hoc 
analysis to assess the predictive value of residual lesions in 
complete revascularization using the value of the angiogra-
phic residual risk score defined with cut-off values < 6 in re-
sidual SS scores and < 8 in residual ES scores. 
Complete functional revascularization was defined post-hoc 
when the angiographic residual score was < 6 in RES or < 
8 in RSS that was classified as reasonable incomplete revas-
cularization. Arbitrary agreement between residual SS and 
residual ES scores was agreed of no more than 2 points of 
difference. All the risk scores were reported to our core lab 
where each angiographically scored lesion was independent-
ly studied (HP, JM, and AER).

Statistical analysis
The ERACI IV sample size was estimated based on a si-
milar population included in the ERACI III registry 
in the DES branch. In this study, a rate of primary en-
dpoint of MACCE at 1-year follow-up in patients trea-
ted with DES 1 was reported (where the rates of MAC-
CE and composite endpoint of death/AMI/stroke were 
12% and 7%, respectively). We should mention that, 
compared to DES, DES 2 like the Xcience V (Abbott, 
Chicago, Illinois, United States), the Promus Element 
(Boston Scientific, Marlborough, Massachusetts, United 
States), and the Endeavor Resolute (Minneapolis, Min-
nesota, United States) reported, in many cases, a lower 
rate of MACCE of 50% within the first and second years 
in a two-tailed test due to differences in the independent 
bimodal proportion with P values of .05. We estima-
ted that if we included 225 patients, the study statisti-
cal power should have been 80% to detect differences in 
that class of stents. Continuous variables were compared 
using the ANOVA test with Bonferroni correction. Ca-
tegorical variables were compared using the chi-square 
test or Fisher’s exact test. Continuous variables were ex-
pressed as means of SD while categorical variables were 
expressed as percentages. Event-free survival at follow-up 
was obtained using the Kaplan-Meier curves and com-
pared using the long-rank test. Since comparison of the-
se treatments was not randomized, we used multivariate 
statistical methods to adjust for all the possible confoun-
ding factors. We conducted a propensity score analysis 
to study results in a homogeneous population. Propensi-
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TABLE 1. Baseline demographic, clinical, angiographic, and procedural 
characteristics.

ERACI III ERACI IV P value
Age 65.5 ± 10.6 63.9 ± 0.06
Masculine sex 83.6 85.6 0.89
Previous myocardial infarction 32.4 33.3 0.68
Diabetes mellitus 20.9 30.7 0.02
Previous revascularization 22.7 34.7 0.007
Arterial hypertension 79.6 78.7 1.00
Dyslipidemia 79.1 66.7 0.04
Peripheral vascular disease 11.6 6.7 0.07
Unstable angina 40.7 64.2 <0.001
Left main coronary artery disease 5.8 9.8 0.11
3-vessel + LMCAD 38.2 54.3 0.003
Number of stents per patient 1.79±0.7 1.80±0.9 0.8
Syntax Score NA 27.7±11.3 NA
Low and intermediate Syntax score NA 66.2 NA
High Syntax score NA 33.8 NA
Modified ERACI score NA 22.2±11 NA
Low and intermediate ERACI score NA 82.7 NA
High ERACI score NA 17.2 NA
Residual Syntax score < 8 NA 48 NA
Residual ERACI score <8 NA 93.5 NA
Residual Syntax score <6 NA 35 NA
Residual ERACI score <6 NA 80 NA

ty score matching was conducted using a logistics model. 
Logistics model included independent predictors such as 
age, sex, diabetes, hypertension, dyslipidemia, smoking, 
previous infarction, damage to the proximal third of 
left anterior descending coronary artery, three-vessel di-
sease, left main coronary artery disease, previous revas-
cularization, and unstable angina. We used an intense 
matching algorithm to identify pairs of patients, one of 
whom received DES 1 and the other received the DES 2.
To assess the predictive value of incomplete revascula-
rization determined by residual ES, a Cox regression 
analysis (uni and multivariate) was conducted using 
SPSS version 17.0 to determine independent predictors 
of results at follow-up (all the variables introduced en 
bloc in one step). Statistically significant variables after 
the univariate analysis and clinically significant covaria-
bles including all demographic, clinical, angiographic, 
and procedural variables were included in the model.

RESULTS

The clinical, demographic, angiographic, and procedural cha-
racteristics of the studies are shown on table 1. In a brief com-
parison between the 2 registries, the ERACI IV DES 2 had 
more diabetic patients (P = .01), more patients with angina 
IIB/IIIC according to Braunwald classification (P < .001), 
more 3-vessel disease and left main coronary artery disease 
(P = .003), and longer stents per patient (P < .001). Compa-
red to the ERACI III DES 1 there were more elderly patients 
(P = .02) and with dyslipidemia (P = .04). All the remaining 
clinical, demographic, angiographic, and procedural varia-
bles were similar between both studies. The ERACI IV used 
1.8 stents per patient. A total of 27.2% of the patients recei-
ved overlapping stents while 14.2% of the patients were trea-
ted in bifurcation. Angiographic complete revascularization 
was achieved similarly in both groups (48% in the ERACI III 
and 50.2% in the ERACI IV; P = .63).
In the ERACI IV registry, patients were categorized as low, 
intermediate, and high-risk patients in 33.8%, 32.4%, and 
33.8%, respectively. However, with the ES was used, pa-
tients with low scores went up to 54.9%, the intermediate 
group dropped down to 27.9% while only 17.2% remained 
at high risk. All patients from both registries were on DAPT 
at hospital discharge. In the ERACI III, clopidogrel was the 
only P2Y12 receptor inhibitor available. In the ERACI IV, 
clopidogrel, prasugrel, and ticagrelor were used in 58.7%, 
27.2%, and 14.1% of the patients.

1-, 2-, and 3-year follow-up
1-, 2-, and 3-year follow-up periods were reported in the 
ERACI IV compared to the ERACI III (15-17) previous-
ly reported. DES 2 had significantly lower rates of all-cau-
se mortality, death/AMI/stroke, new revascularization, and 
MACCE compared to patients from the ERACI III treated 
with DES at 1 year (P = .03; P = .001; P < .001; P < .001, 
respectively).
At 2-year follow-up, DES 2 had lower rates of death/AMI/
stroke (P = .01), new revascularization (P = .003), and 
MACCE (P = .001).
At 3-year follow-up, DES 2 had lower rates of AMI, compo-
site endpoint of death/AMI/stroke, new revascularization, 
and MACCE (P = .01; P < .001; P < .001, and P < .001, 
respectively).

ST was not significantly different between the ERACI III 
and the ERACI IV (3.1% and 0.9%; P = .18). Very late ST 
was not reported in patients from the ERACI IV.

Final follow-up results
At 5-year follow-up, patients from the ERACI III had lon-
ger follow-ups (93.3% vs 81.2%, P = .02). However, duration 
of follow-up was longer in the ERACI IV (60 ± 16.8 mon-
ths in the ERACI III, and 72.6 ± 18.2 months in the ERA-
CI IV; P < .001).
At 5-year follow-up, the survival curves of death/AMI/
stroke and MACCE were significantly better with the DES 
2 (figure 2). Since these studies were not randomized, homo-
genization was attempted using propensity score matching 
to control for the differences between patients treated with 
DES 2 and those treated with DES 1. We ended up pairing 
108 patients who received DES 2 with other 108 patients 
who received DES 1. All primary endpoints and each com-
ponent were significantly lower in the ERACI IV with DES 
2 (death, AMI, death/AMI/stroke, and MACCE), which 
means that less event progression was seen in both an adjus-
ted and unadjusted way in the population (table 2) where we 
can also see the progression of events in both groups at 1-, 2-, 
3-, and 5-year follow-up.
The rate of new revascularization was 19.6% vs 12%, the 
composite endpoint of death/AMI/stroke was 22.7% vs 
9.3% (P = .001), and the rate of MACCE was 33.8% and 
18.7% (P < .001). All these rates were significantly lower 
in the ERACI IV with DES 2 compared to the ERACI III 
with DES 1. When homogenization of the population was 
attempted using propensity score matching, the composite 
endpoint of death/AMI/stroke was seen in 25.9% vs 5.6% 
(P < .001), the rate of repeat revascularization was 22.2% vs 
9.3% (P = .01), and the rate of MACCE was 38.9% vs 13.9% 
(P < .001), all statistically significant in favor of ERACI IV 
with DES 2 (table 2).
Table 3 details cardiovascular event progression at 1-, 2-, 3-, 
and 5-year follow-up.
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Diabetic patients
At 1-, 2-, and 3-year follow-up significant differences of ad-
verse events were reported among diabetic patients from the 
DES 2 and the DES 1 groups. Differences that were repor-
ted at 5-year follow-up (figure 3). Patients treated with DES 
2 had significantly lower rates of death, the composite en-
dpoint of death/AMI/stroke, new revascularization, and 
MACCE compared to DES1 (P = .002, P = .002, P = .014, 
and P < .001, respectively).

Multivariate analysis
We analyzed independent predictors of primary endpoints 
(MACCE) using a multivariate Cox regression analysis. 
The 2-year univariate analysis confirmed previous revascu-
larization, hypertension, peripheral vascular disease, family 
history, and hereditary family history. Groups treated with 
DES were associated with MACCE and included in a Cox 
regression model.
At 2-year follow-up, DES 1 (ERACI III) (OR, 2.46; CI, 
1.25-4.75; P = .08) was the only predictor of poor disease 
progression. At 5-year follow-up—as shown on table 4—the 
DES group (OR, 3.24; CI, 1.82-5.78; P < .001), presence of 
diabetes (OR, 054; CI, 0.30-0.97; P = .04), and 3-vessel di-
sease (OR, 0.60; CI, 0.34-1.03; P = .06) were independent 
predictors of poor disease progression.
Although we only analyzed DES 2 group, we included 21 
different demographic, clinical, angiographic, and pro-
cedural variables into a model that included baseline and 

residual SS and ES scores. No independent predictors 
of poor disease progression in the multivariate analysis 
were found.

Complete revascularization
Residual SS and residual ES were significantly different. 
This study mean residual SS was 8.7 ± 5.9, which is signi-
ficantly higher compared to residual ES of 3.5 ± 4.6 (P = 
.003). In addition, concordance was found in only 34.4% of 
residual SS and ES. Also, only 35% of the patients had resi-
dual SS < 6 compared to 80% if residual ES was used (P < 
.001). Also, if cut-off values < residual 8 were used, 48% of 
the patients were included with SS, which went up to 93.5% 
if ES was used (P = .002) (figure 4).
The number of residual SS of the ERACI IV mat-
ched the degree of complete angiographic revascula-
rization obtained after the PTA. On the contrary, re-
sidual ES was consistent with complete functional 
revascularization.

TABLE 3. Cumulative events at 1-, 2-, and 5-year follow-up. 

ERACI III n=225 (%) ERACI IV n=225 (%) P value
All-cause mortality

1 year 7 (3.1) 1 (0.4) .03
2 years 7 (3.1) 5 (2.2) .56
3 years 13 (5.7) 6 (2.7) .07
5 years 31 (13.8) 12 (5.3) .002

Acute myocardial infarction
1 year 6 (2.7) 1 (0.4) .057
2 years 10 (4.4) 3 (1.3) .049
3 years 14 (6.2) 4 (1.8) .01
5 years 23 (10.2) 8 (3.6) .005

Nonfatal stroke
1 year 5 (2.2) 0 (0) .07
2 years 7 (3.1) 1 (0.4) .07
3 years 7 (3.1) 2 (0.9) .23
5 years 9 (4.0) 2 (0.9) .03

Death/Acute myocardial infarction/Stroke
1 year 15 (6.7) 2 (0.9) .001
2 years 21 (9.3) 8 (3.6) .013
3 years 31 (13.7) 11 (4.9) < .001
5 years 51 (22.7) 21 (9.3) < .001

Target vessel revascularization
1 year 20 (8.9) 4 (1.8) .001
2 years 26 (11.6) 9 (4.0) .003
3 years 32 (14.2) 12 (5.3) < .001
5 years 44 (19.6) 27 (12) .01

Major adverse cardiovascular events
1 year 27 (12) 5 (2.2) < .001
2 years 38 (16.9) 15 (6.7) .001
3 years 51 (22.7) 21 (9.3) < .001
5 years 76 (33.8) 42 (18.7) < .001

Figure 2. Curves showing the 5-year follow-up of MACCE and composite en-
dpointsof death, AMI, and stroke. AMI, acute myocardial infarction, stroke; 
MACCE (major adverse cardiovascular and cerebrovascular events, all-cause 
mortality acute myocardial infarction, stroke, and TVR); TVR, target vessel re-
vascularization.

TABLE 2. Propensity score analysis (matched population).

%
ERACI III 

n=108 (%)
ERACI IV  

n=108 (%)
P value

All-cause mortality 18 (16.7) 4 (3.7) .002
Acute myocardial infarction 14 (13.0) 2 (1.9) .002
Nonfatal stroke 3 (2.8) 0 (0.0) .12
Death, AMI or stroke 28 (25.9) 6 (5.6) <.001
Unscheduled revascularization 24 (22.2) 10 (9.3) .009
MACCE 42 (38.9) 15 (13.9) <.001

MACCE (death, acute myocardial infarction, stroke, and unscheduled revascularization).
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TABLA 4. Análisis de regresión logística en el seguimiento a largo plazo para 
análisis de predictores de MACCE.

Variables P value Odds ratio (95%CI)
ERACI III vs ERACI IV < .001 3.24 (1.82-5.78)
Population of non-diabetic patients .040 0.54 (0.30-0.97)
3-vessel disease .067 0.60 (0.34-1.03)
Dyslipidemia .30 0.70 (0.35-1.38)
Arterial hypertension .34 0.69 (0.33-1.44)
Previous AMI .42 1.27 (0.70-2.27)
Acute coronary syndrome at presentation .96 1.01 (0.58-1.77)
AMI, acute myocardial infarction; ACS, acute coronary syndrome; MACCE, major adver-
se cardiovascular and cerebrovascular events (death, AMI, stroke or target vessel revas-
cularization).

DISCUSSION

The main results of this prospective, multicenter, and ob-
servational study of patients with MVD including the left 
main coronary artery demonstrated a low rate of MAC-
CE, composite endpoint of death/AMI/stroke, and 
new revascularization in patients treated with DES 2 at 
5-year-follow-up.
However, although the rates of MACCE went up at fo-
llow-up, they remained lower compared to a cohort study 
of high-risk patients, and these advantages were seen in 
non-adjusted and adjusted patients.
When DES 2 were included in the routine clinical practice, 
they improved safety significantly compared to DES 1 regar-
ding poor stent apposition and stent strut coverage, which 
were soon removed due to a significant low rate of late and 
very late ST and need for long-term DAPT (7-10).
However, despite this improvement, when DES 2 were com-
pared to MRS, the rate of long-term cardiovascular adver-
se events was higher compared to surgery as seen by the 
high rate of spontaneous AMI seen in all randomized clini-
cal trials between DES 2 and MRS like the BEST, NOBLE, 
and EXCEL trials. (5-7,12)

The presence of early neoatherosclerosis could be associa-
ted with a high rate of spontaneous AMI reported in this 
observational study of new-generation DES (21-23)
Therefore, if the advanced designed of DES is not enou-
gh to improve long-term results, we may want to chan-
ge our PTA and stent strategy like we did in the ERA-
CI IV study.
It seems logical somehow to think that, if we prevent un-
necessary stenting, we can minimize the rate of future 
complications associated with the biology of stents.
When fractional f low reserve (FFR) joined routine cli-
nical practice it was used with conservative strategy like 
in the FAME and SYNTAX II trials where, in the FFR 
groups, the authors used fewer DES and obtained better 
results compared to the angiography-guided groups.
It is well known that FFR has become the gold standard 
of functional assessment during PTA (24-26). Also, it is 
known that FFR is not available while PCI is being per-
formed in many cath labs across the world due to finan-
cial constraints. Also, some anatomical constraints have 
been associated with FFR with controversial results (27-
29). In addition, not treating small vessel disease and in-
termediate lesions in the revascularization strategy resul-
ted in better disease progression, which is suggestive that 
FFR is not necessary for a delayed strategy in most angio-
graphically assessed intermediate lesions.
Although we found no predictors of poor progression in 
the ERACI IV, which may have been due to the sample 
size, the low rate of events, few revascularizations per-
formed in treatment-naïve vessels (5.7%) at 72-month fo-
llow-up added to the low frequency of adverse events su-
pport our therapeutic strategy for the management of le-
sions with PTA. Similarly, the large number of patients 
who reached reasonably incomplete revascularizations 
determined by residual ES also points in this direction.
Additionally, recently, a landmark randomized clinical 
trial could become an indirect validation of our new and 
redefined score, the ERS. The EXCEL trial—that was 
one of the largest randomized clinical trials that com-
pared DES to MRS for the management of left main co-
ronary artery disease—excluded, per protocol, patients 
with high SS. The authors reported high discrepancies 
in score measurement when they compared the deter-
minations made by the operator and those made at the 
study core lab. As a matter of fact, in the determinations 
made in the field no patient with high SS was considered. 
However, when analyzed by the core lab, 25% of the pa-
tients selected had high SS, and the main reason for this 
is that operators did not count all small-vessel lesions like 
we did. (7,33)

Figure 3. Primary and secondary endpoints at 5-year follow-up. AMI, acute 
myocardial infarction; MACCE, major adverse cardiovascular and cerebrovas-
cular events.

Figure 4. Complete revascularization based on the residual score after angio-
plasty.



180     Revista Argentina de Cardioangiología Intervencionista 2022;13(4):174-181

STUDY LIMITATIONS

This study had some limitations. The first thing we should 
consider is that it was not a randomized clinical trial con-
ducted among patients with DES 2 who were followed and 
included prospectively compared to patients with DES 1 
years ago. During that time, DAPT therapies like prasugrel 
or ticagrelor improved significantly while for patients from 
the ERACI III clopidogrel was the only P2Y12 receptor inhi-
bitor available. (30-32) Actually, we could not discard that 
these new P2Y12 receptor inhibitors were, in part, responsi-
ble for the differences seen in disease progression between 
both groups. As a matter of fact, per protocol, prasugrel and 
ticagrelor were the first DAPT indicated in patients with 
diabetes, left main coronary artery disease or angiographi-
cally high-risk scores.
Despite the study was statistically powered regarding the 
primary endpoint of MACCE, the study sample was very 

small, and, therefore, propensity score matching groups 
were also small. The baseline and angiographic characteris-
tics between the two groups were not identical. Even after 
propensity score matching, all the characteristics of poor 
progression were more common in the ERACI IV group. 
Also, many of the patients contacted from the ERACI IV 
at long-term follow-up were contacted by phone or by their 
GP, meaning we cannot discard a small rate of NSTEMI or 
TVR-AMI that may have gone unnoticed or inadequately 
interpreted.
Finally, a huge number of patients were followed for a long 
time in the ERACI III. However, in patients from the ERA-
CI IV, follow-up was much longer with P values < .001.
In conclusion, this multicenter, prospective, observational 
registry of patients with MVD including left main coro-
nary artery stenosis demonstrated a significantly low rate of 
MACCE and each primary component at 5-year follow-up.

0REFERENCES

1. Serruys PW, Morice MC, Kappetein AP, et al.; SYNTAX Investigators. Percu-
taneous coronary intervention versus coronary-artery bypass grafting for 
severe coronary artery disease. N Engl J Med 2009 Mar 5;360(10):961-72.

2. Head SJ, Davierwala PM, Serruys PW, et al. Coronary artery bypass graf-
ting vs. percutaneous coronary intervention for patients with three-ves-
sel disease: final five-year follow-up of the SYNTAX trial. Eur Heart J 2014 
Oct 21;35(40):2821-30.

3. Mäkikallio T, Holm N, Lindsay M, et al. NOBLE study investigators. Percuta-
neous coronary angioplasty versus coronary artery bypass grafting in treat-
ment of unprotected left main stenosis (NOBLE): a prospective, randomi-
zed, open-label, non-inferiority trial. Lancet 2016 Dec 3;388(10061):2743-52.

4. Dangas GD, Farkouh ME, Sleeper LA, et al.; FREEDOM Investigators. Long-
term outcome of PCI versus CABG in insulin and non-insulin-treated dia-
betic patients: results from the FREEDOM trial J Am Coll Cardiol. 2014 Sep 
23;64(12):1189-97.

5. Park SJ, Ahn JM, Kim YH, et al.; BEST Trial Investigators. Trial of everoli-
mus-eluting stents or bypass surgery for coronary disease.N Engl J Med 
2015 Mar 26;372(13):1204-

6. Holm NR, Mäkikallio T, Lindsay MM, et al.; NOBLE investigators. Per-
cutaneous coronary angioplasty versus coronary artery bypass graf-
ting in the treatment of unprotected left main stenosis: updated 5-year 
outcomes from the randomised, non-inferiority NOBLE trial. Lancet 
2020;395(10219):191-9.

7. Stone GW, Kappetein AP, Sabik JF, et al.; EXCEL Trial Investigators. Five-Year 
Outcomes after PCI or CABG for Left Main Coronary Disease. N Engl J Med 
2019;381(19):1820-30.

8. Windecker S, Serruys PW, Wandel S, et al. Biolimus-eluting stent with bio-
degradable polymer versus sirolimus-eluting stent with durable polymer 
for coronary revascularisation (LEADERS): a randomised non-inferiority 
trial. Lancet 2008 Sep 27;372(9644):1163-73.

9. Christiansen EH, Jensen LO, Thayssen P. et al.; Scandinavian Organiza-
tion for Randomized Trials with Clinical Outcome (SORT OUT) V inves-
tigators: Biolimus-eluting biodegradable polymer-coated stent versus 
durable polymer-coated sirolimus-eluting stent in unselected patients 
receiving percutaneous coronary intervention (SORT OUT V): a rando-
mised non-inferiority trial. Lancet 2013; 381:661-9.

10. Byrne RA, Kastrati A, Massberg, et al.; ISAR-TEST 4 Investigators: Biodegrada-
ble polymer versus permanent polymer drug-eluting stents and everolimus- 
versus sirolimus-eluting stents in patients with coronary artery disease: 3-year 
outcomes from a randomized clinical trial. J Am Coll Cardiol 2011;58:1325-31.

11. Head SJ, Milojevic M, Daemen J, et al. Mortality after coronary artery 
bypass grafting versus percutaneous coronary intervention with stenting 
for coronary artery disease: a pooled analysis of individual patient data. 
Lancet 2018 Mar 10;391(10124):939-48.

12. Chang M, Ahn JM, Lee CW, et al. Long-term mortality after coronary re-
vascularization in nondiabetic patients with multivessel disease. J Am Coll 
Cardiol 2016;68(1):29-36.

13. Fernández-Pereira C, Mieres J, Rodríguez AE. Long-Term Mortality After Co-
ronary Revascularization in Nondiabetic Patients with Multivessel Disea-
se. J Am Coll Cardiol 2017 Jan 3;69(1):116-7.

14. Rodriguez AE, Pavlovsky H, Del Pozo JF. Understanding the Outcome of 
Randomized Trials with Drug-Eluting Stents and Coronary Artery Bypass 
Graft in Patients with Multivessel Disease: A Review of a 25-Year Journey. 
Clin Med Insights Cardiol 2016 Dec 7;10:195-9.

15. Rodriguez AE. Second versus first generation DES in multiple vessel disea-
se and unprotected left main stenosis: insights from ERACI IV Study. Mi-
nerva Cardioangiol 2015 Aug;63(4):317-27.

16. Haiek C, Fernández-Pereira C, Santaera O, et al. Second vs. First generation 
drug eluting stents in multiple vessel disease and left main stenosis: Two-
year follow-up of the observational, prospective, controlled, and multi-
center ERACI IV registry. Catheter Cardiovasc Interv. 2017 Jan;89(1):37-46.

17. Rodriguez AE, Santaera O, Larribau M, et al,; ERACI IV Investigators. Second 
vs. First-generation drug-eluting stents in complex lesions subsets: 3 years’ 
follow-up of ERACI IV study. Minerva Cardioangiol 2017 Feb;65(1):81-90.

18. Rodríguez AE, Fernández-Pereira C, Santaera O et al, Revascularization 
strategies for patients with multiple vessel coronary disease and unpro-
tected left main. A prospective, multicenter and controlled Argentina regis-
try with a cobalt-chromium rapamycin eluting stent, FIREBIRD 2™: proto-
col design and methods of the ERACI IV Registry. Revista Argentina de Car-
dioangiología Intervencionista 2014;(01):0019-0025.

19. Rodríguez AE, Fernández-Pereira C, Mieres J, Santaera O, Antoniucci D; 
ERACI IV investigators. Modifying angiographic SYNTAX score according 
to PCI strategy: lessons learnt from ERACI IV Study. Cardiovasc Revasc Med 
2015 Oct-Nov;16(7):418-20.

20. Rodríguez AE, Fernández-Pereira C, Mieres J, Mendoza J, Sartori F. Can We 
Improve the Outcomes of Multivessel Disease Using Modified SYNTAX and 
Residual SYNTAX Scores? Curr Cardiol Rep 2017 Mar;19(3):20.

21. King SB 3rd. Neoatherosclerosis: fooling mother nature. JACC Cardiovasc 
Interv 2014 May;7(5):579-80.

22. Nakazawa G, Otsuka F, Nakano M, et al, The pathology of neoatheroscle-
rosis in human coronary implants bare-metal and drug-eluting stents. J 
Am Coll Cardiol 2011 Mar 15 ;57(11):1314-22.

23. Nakamura D, Dohi T, Ishihara T, et al. Predictors and outcomes of neoa-
therosclerosis in patients with in-stent restenosis. EuroIntervention 2020 
Sep 29: EIJ-D-20-00539.

24. Tonino PA, Fearon WF, De Bruyne B, et al. Angiographic versus functional seve-
rity of coronary artery stenoses in the FAME study fractional flow reserve versus 
angiography in multivessel evaluation. J Am Coll Cardiol 2010;55(25):2816-21.

25. Fearon WF, Nishi T, De Bruyne B, et al. FAME 2 Trial Investigators. Clinical 
Outcomes and Cost-Effectiveness of Fractional Flow Reserve-Guided Per-
cutaneous Coronary Intervention in Patients With Stable Coronary Artery 
Disease: Three-Year Follow-Up of the FAME 2 Trial (Fractional Flow Reser-
ve Versus Angiography for Multivessel Evaluation). Circulation 2017 Nov 
2.117.031907.



Pavlovsky H et al., on behalf ERACI IV Registry investigators | Five-year follow-up of the ERACI IV    181

26. Escaned J, Collet C, Ryan N, et al. Clinical outcomes of state-of-the-art percuta-
neous coronary revascularization in patients with de novo three vessel disease: 
1-year results of the SYNTAX II study Eur Heart J 2017 Nov 7;38(42):3124-3134.

27. Shah T, Geleris JD, Zhong M, Swaminathan RV, Kim L, Feldman D. Fractio-
nal flow reserve to guide surgical coronary revascularization. J Thorac Dis 
2017 Apr;9(Suppl 4):S317-S326.

28. Soares A, Brown DL. The fallacies of fractional flow reserve. Int J Cardiol 
2020 Mar 1;302:34-5.

29. Puymirat E, Cayla G, Simon T, et al.; FLOWER-MI Study Investigators. Multi-
vessel PCI Guided by FFR or Angiography for Myocardial Infarction. N Engl 
J Med 2021 May 16. doi: 10.1056/NEJMed2104650.

30. Wallentin L, Becker RC, Budaj A, et al.; PLATO Investigators, Freij A, Thor-
sén M. Ticagrelor versus clopidogrel in patients with acute coronary syn-
dromes. N Engl J Med. 2009 Sep 10;361(11):1045-57.

31. Rodríguez AE, Rodríguez-Granillo AM, Ascarrunz SD, Peralta-Bazán 
F, Cho MY. Did Prasugrel and Ticagrelor Offer the Same Benefit in 
Patients with Acute Coronary Syndromes after Percutaneous Coro-
nary Interventions Compared to Clopidogrel? Insights from Rando-
mized Clinical Trials, Registries and Meta-analysis. Curr Pharm Des 
2018;24(4):465-77.

32. Schüpke S, Neumann FJ, Menichelli M, et al.; ISAR-REACT 5 Trial Inves-
tigators. Ticagrelor or Prasugrel in Patients with Acute Coronary Syn-
dromes. N Engl J Med 2019 Oct 17;381(16):1524-34.

33. Stone Gregg. Discrepancies between on site and core laboratory as-
sessment of Syntax Score in EXCEL trial. Personal communication, 
June 1st 2021.



Case report

Partial splenic embolization in persistent idiopathic 
thrombocytopenic purpura

Embolización parcial esplénica en púrpura trombocitopénica idiopática 
persistente

Macarena Mathus de la Parra1, Alejandra Marti2, Xavier Taype3, Raúl Solernó4, Ricardo Aquiles Sarmiento5

ABSTRACT
Immune thrombocytopenic purpura (ITP) is characterized by platelet destruction me-
diated by antibodies directed against the surface of the platelets. Corticosteroids are 
the first line of treatment of ITP. Thrombopoietin-receptor agonists have been recent-
ly introduced for a second-line treatment. Likewise, splenectomy is also considered 
a second-line therapeutic strategy in adults with steroid-resistant ITP. However, des-
pite its low mortality, there is a tendency to avoid splenectomy due to its complica-
tions. Partial splenic embolization (PSE) has been used as an alternative to splenec-
tomy, being a minimally invasive, safe and effective procedure. We present a case of 
patient with persistent ITP, who was treated with PSE prior to splenectomy, with the 
aim of improving platelet levels prior to surgery.

Keywords: immune thrombocytopenia purpura, partial splenic embolization, sple-
nectomy, steroids.

RESUMEN
La púrpura trombocitopénica inmune (PTI) se caracteriza por la destrucción plaque-
taria autoinmune. Los corticosteroides son la primera línea de tratamiento. Los ago-
nistas de los receptores de trombopoyetina se han introducido como tratamiento de 
segunda línea. La esplenectomía se considera una estrategia terapéutica de segun-
da línea en PTI resistente a esteroides. Sin embargo, a pesar de su baja mortalidad, 
existe una tendencia a evitar la esplenectomía por sus complicaciones. La emboli-
zación esplénica parcial (PSE) se ha utilizado como alternativa a la esplenectomía, y 
es un procedimiento seguro y eficaz. Presentamos un caso de PTI persistente, trata-
do con PSE previo a la esplenectomía, con el objetivo de mejorar los niveles plaque-
tarios antes de la cirugía.

Palabras clave: púrpura trombocitopénica inmune, embolización esplénica parcial, 
esplenectomía, esteroides.
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INTRODUCION

Immune thrombocytopenic purpura (ITP) is a condition 
characterized by isolated thrombocytopenia of autoimmu-
ne origin. Its clinical signs can be asymptomatic, mild mu-
cocutaneous hemorrhage or severe bleeding. Corticosteroids 
are the first-line therapy to treat ITP. As a second-line the-
rapy other drugs like rituximab or thrombopoietin recep-
tor agonists (TPO-RAs) have been proposed. Splenectomy 
is still considered a second-line therapy to treat corticoid-re-
sistant ITP in adults since its response rate is around 60% to 
80%. However, despite its low mortality rate, there is a ten-
dency to avoid splenectomy due to its complications (infec-
tions, postoperative bleeding). Partial splenic embolization 

(PSE) has been used as an alternative to splenectomy since 
it is a minimally invasive procedure that does not require ge-
neral anesthesia or laparotomy. Togasaki E. et al. described a 
case series where PSE was safe and effective.
This is the case report of a woman diagnosed with persistent 
ITP who remained unresponsive to multiple drug therapies. 
Since her platelet count was low, and risk of bleeding was 
high, a PSE was performed as a treatment prior to splenec-
tomy to optimize platelet levels, reduce the need for transfu-
sion support, and the risk of postoperative bleeding.

CASE REPORT

This is the case of a 19-year-old woman with a past medical 
history of treated tuberculosis. She remained on ongoing 
monitoring by the hematology unit following asymptoma-
tic ITP after treatment with corticoids, gammaglobulines, 
romiplostim, rituximab, mycophenolate, vincristine, and 
cyclophosphamide. Since she remained unresponsive to the-
se drugs, splenectomy was decided. The patient had been 
vaccinated against Streptococcus pneumoniae, Haemophylus 
influenzae, and meningococcus bacteria. Given the patient’s 
low platelet count and risk of postoperative bleeding partial 
splenic embolization was performed to improve platelet le-
vels prior to surgery. The percutaneous procedure was per-
formed 7 days earlier.

Embolization technique
Local anesthesia and sedation were administered. Femo-
ral arterial access was attempted using Seldinger techni-
que. A 6-Fr introducer sheath (Terumo Corporation, Tok-
yo, Japan) was inserted. A Simmons Sidewinder 2 catheter 
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(Terumo Medical Corporation, Tokyo, Japan) was advan-
ced through the introducer sheath. A selective arteriography 
of the celiac trunk splenic artery was performed to identi-
fy the target branches (figure 1). Afterwards a 2.7-Fr Maes-
tro® microcatheter (Merit) was advanced until it reached 
the most distal and inferior portion (super-selective) of the 
splenic artery. Embolization started with polyvinyl alcohol 
(PVA) Contour® particles (Boston Scientific, Marlborough, 
Massachusetts, United States) sized 500 microns to 700 mi-
crons until achieving a lack of distal splenic flow (figure 2). 
After the procedure, 1 unit of platelets was transfused be-
fore removing the arterial introducer sheath followed by 20 

min manual compression to achieve local hemostasis at the 
puncture site.

Evolution
No vascular complications were reported. Postoperative 
analgesia with opioids was administered for 48 hours. No 
signs of hypotension or fever were reported. The patient was 
treated with ceftriaxone for 48 hours. Afterwards, the pa-
tient was transferred to the operating room 7 days later with 
a platelet count of 160 000 platelets/mm3. Postoperative ble-
eding was minimum. At hospital discharge, the patient’s 
platelet count was 400 000 platelets/mm3 (figure 3).

Figure 1. Baseline angiography of splenic artery. The target distal branches 
can be seen here.

Figure 2. Distal embolization of splenic artery. Selective angiography from 
microcatheter after embolization with particles. Lack of distal splenic blush 
confirmed.

Figure 3. Chart of platelet count across time. During drug treatment: 25 000 platelets/mm3 (red arrow). After PSE: 160 000 platelets/mm3 (blue arrow). After sple-
nectomy: 180 000 platelets/mm3 (yellow arrow). At hospital discharge: 400 000 platelets/mm3 (green arrow).
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DISCUSSION

Immune thrombocytopenic purpura (ITP) is a syndrome cha-
racterized by multiple causal mechanisms that occur in diffe-
rent genetic settings, which determine the heterogeneous res-
ponse to the treatments available. Thrombocytopenia is media-
ted by platelet destruction due to antibodies against platelet an-
ti-glycoprotein , and CD T-cell-induced cytotoxicity (1).
Clinical signs of ITP can be asymptomatic or persistent mu-
cocutaneous hemorrhage. Internal bleeding and hemarthro-
sis are rare (2).
Primary ITP presents with thrombocytopenia (platelet 
count < 100 000 platelets/mm3) for the lack of an under-
lying systemic disease and is associated with a normal me-
gakaryocyte count in the bone marrow. On the other hand, 
secondary ITP presents with thrombocytopenia (platelet 
count < 100 000 platelets/mm3) and is associated with a re-
cognizable condition (1).
The incidence rate of ITP is between 3.3 and 10 cases/100 
000 inhabitants/year in adults (3).
Therapeutic target is to keep platelet count > 30 000 plate-
lets/mm3. Although numerous guidelines have been publi-
shed with different expert opinions, there is still no consen-
sus on the most adequate management of this condition (1).
In our country, clinical practice guidelines suggest the use 
of corticosteroids as first-line therapy plus gammaglobulines 
given the imminent risk of severe bleeding. The total respon-
se rate with steroids is between 50% and 80%, and it is esti-
mated that 40% of the patients do not experience any relap-
ses (3). 
As second-line therapies, thrombopoietin receptor antago-
nists, romiplostim, and eltrombopag have been suggested. 
They have an overall response rate of 79% to 95% while the 
total response rate of monoclonal antibodies like rituximab 
is 65% (3-4-5).
Other third-line therapeutic options are highly chemothe-
rapeutic immunosuppressant drugs with response rates of 

up to 50%. However, individual responses do not usually ex-
ceed 30%, and the appearance of adverse events complicates 
its prolonged use (3-6).
Splenectomy is a second-line therapy to treat ITP that re-
mains unresponsive to drug therapy (7). Its total response 
rate is between 65% and 80% (8) with a perioperative morta-
lity rate of 0.2% (9).
PSE is a minimally invasive procedure that has been recent-
ly implemented as an alternative to splenectomy in patients 
with steroid-resistant ITP (10). It does not require general 
anesthesia or laparotomy, and reports have not described the 
appearance of serious complications. Emi Togasaki et al. re-
trospectively studied the efficacy profile and long-term re-
sults obtained in 91 patients with corticoid-resistant ITP 
treated with PSE. The total response rate (TRR, platelets > 
100 × 109/L) was 51 % (n = 46) while the overall response 
rate (ORR, platelets > 30 × 109/L) was 84% (n = 76). One 
year after the PSE, 70% of the patients maintained their pla-
telet counts above the therapeutic target No PSE-related 
deaths were reported, which is indicative that the procedure 
was both safe and effective (10).
The most common complication is the so-called post-em-
bolization syndrome due to inflammatory response to tis-
sue necrosis. Its appearance has been reported in up to 30% 
of the patients. It is self-limiting and usually gone within a 
week. Treatment is basically symptomatic. Patients trea-
ted with partial splenic embolization should be vaccinated 
against Streptococcus pneumoniae, Haemophylus influenzae, 
and meningococcus bacteria (11).

CONCLUSION

Case reports and observational trials suggest that partial 
splenic embolization is a safe and effective procedure with a 
low rate of complications. In our case, the therapeutic strate-
gy used increased platelet count and reduced procedural risk 
during splenectomy.
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Case report

Acute occlusion of the superficial femoral artery. 
Intrathrombus endovascular pharmacoinvasive resolution

Oclusión aguda de arteria femoral superficial. Resolución endovascular 
farmacoinvasiva intratrombo

 David Parraga Meza1, Cristiano Sturmer Ramos2, Diego Martín Barbetta1, Joaquín Etcheverre2, Pablo Nicolás Luna3

ABSTRACT
Acute arterial ischemia is defined as a sudden reduction in the blood perfusion of a 
limb that can compromise its function and viability, even causing the death of the 
patient if it is not treated in time, with an incidence of 1.5 cases per 10,000 people.
We present the case of a 75-year-old patient who was admitted due to sudden pain, 
paleness, coldness and absence of a pulse in the right lower limb of 24 hours of evo-
lution. Using complementary methods, acute occlusion of the right superficial femo-
ral artery was diagnosed, resolving with an endovascular strategy.

Keywords: acute femoral artery occlusion, acute arterial ischemia, pulse spray 
thrombolysis, intrathrombus thrombolysis. 

RESUMEN
La isquemia arterial aguda se define como una reducción súbita en la perfusión san-
guínea de una extremidad que puede comprometer su función y viabilidad, inclusive 
llegando a causar la muerte del paciente de no tratarse a tiempo, con una incidencia 
de 1,5 casos por cada 10.000 personas.
Presentamos el caso de un paciente de 75 años que ingresa por dolor súbito, palidez, 
frialdad y ausencia del pulso de miembro inferior derecho de 24 horas de evolución. 
Mediante métodos complementarios se diagnosticó la oclusión aguda de arteria fe-
moral superficial derecha, resolviéndose con estrategia endovascular.

Palabras clave: oclusión aguda de arteria femoral, isquemia arterial aguda, pulse 
spray trombólisis, trombólisis intratrombo.
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CLINICAL CASE

A 75-year-old patient, hypertensive, dyslipidemic, a hierar-
chical smoker (15 cigarettes per day / 55 years), atrial fibri-
llation (AF) without treatment (Enalapril, Rosuvastatin), 
went to the ward for presenting intense pain in the lower ri-
ght limb for 24 hours of evolution at rest.
Physical examination revealed paleness, coldness, absence of 
popliteal and tibial pulses of the right lower limb, echo-Do-
ppler of the extremity was performed, confirming absence of 
flow from the superficial femoral artery (SFA) throughout 
its entire trajectory, including the popliteal artery (AP) and 
anterior tibial (TA) and posterior tibial (TP) artery.
It is interpreted as critical acute ischemia Rutherford gra-
de IV. Angiography of the lower limb was performed and 
proximal occlusion of the AFS, filling defect in PA due to 
femoral artery thrombosis, absence of infrapatellar flow se-
condary to hypo perfusion (Figure 1) is evidenced.
The viability of the limb was evaluated and after ruling out 
contraindications for thrombolysis, endovascular treatment 
was decided with the intrathrombus “pulse spray” technique 
with 250,000 IU of streptokinase, through a multipurpose 
5 French perforated catheter (6) (Figure  2).

Continuous intrathrombus infusion with 1,250,000 IU of 
streptokinase at 42 ml / h for 12 hours is left through a mul-
tipurpose catheter.
After 12 hours, the pain disappeared and the popliteal and 
tibial pulse returned, a control angiography was performed 
and the patent superficial femoral artery was visualized with 
a lesion in the middle third, for which it was decided to im-
plant 70 x 120 mm self-expanding stents (Figure  3).
After successful resolution, perfusion of the femoral and in-
frapatellar circulation was restored (Figure 3), the patient 
was discharged at 48 hours with enalapril, acetylsalicylic 
acid, clopidogrel, atorvastatin, beta-blockers and anticoagu-
lation for AF.
The quarterly clinical controls after discharge showed that 
the patient is in complete normality, performs asymptoma-
tic daily aerobic physical activity, without limitations. The 
control echo-Doppler at 3 months shows triphasic flow in 
the femoral and infrapatellar region.

DISCUSSION

At present, acute ischemia of the lower limbs is pathology of 
great interest at the public health level, because its incidence 
is increasing and is related to the age of the patient and com-
mon comorbidities that generate thrombosis, such as diabe-
tes mellitus, smoking, arrhythmias, among other.
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TABLA 1.

Categoría Descripción
Viable No amenaza inmediata
Amenazada Salvable si se trata
Marginal Prontamente
Inmediata Revascularización inmediata
Irreversible No salvable
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It has a mortality rate of 5 to 15% and amputation from 10 
to 18% if the patient is treated and treated within the first 
24 hours, however, if the treatment is after 24 hours the 
mortality increases from 20 to 40% and the amputation rate 
of 18 to 50%.
Symptomatic peripheral arterial disease increases with age 
and varies annually, from approximately 0.3% in men aged 40 
to 55 years to approximately 1% in men older than 75 years 
(1), with an annual incidence of ischemia acute of up to 1.5 ca-
ses per 10,000 people per year. (2). the most common cause is 
thrombosis of previously patent arteries or prostheses, but it 
can also occur due to arterial embolism from proximal sour-
ces, dissection, aneurysm, or direct arterial trauma. (3)
Acute ischemia of the lower limb must be treated urgently 
to save the viability of the affected limb and avoid its am-
putation, always evaluating which is the best treatment ac-
cording to its genesis and the degree of ischemia that the pa-
tient presents, the treatment can be endovascular or surgical.
Acute ischemia of lower limbs is a pathology that depen-
ding on its clinical presentation and viability of the affected 
member can be treated in the early hours and up to 14 days 
from the beginning of the symptoms. (Table 1) (7)

Fibrinolysis directed by catheter (FDC) is a technique used 
in acute ischemia of lower limbs, aim is to dilute the throm-
bus in vessels of greater and lesser diameter, reducing the 
risk of sudden reperfusion lesion and endothelial trauma in-
jury generated by the others generated Therapeutic alternati-
ves, in addition to recanalizing occlusion, allows angioplas-
ting the underlying injury if necessary.
For its diagnosis, the Echo-Doppler is very useful because it 
is accessible and non-invasive, it shows the presence or ab-
sence of the arterial and venous pulse. It allows locating the 
arterial occlusion as well as identifying the underlying cau-
se, such as an aneurysm or arteriosclerotic plaque. It should 
be remembered that computed tomography angiography is 
indicated due to its easy use in emergency cases, and it also 
has a specificity and sensitivity of 90%. (4) It helps us to eva-
luate where the obstruction is located, however, the GOLD 
STANDARD continues to be the arteriography that, be-
yond being the best diagnostic mechanism, is also the initial 
means of treatment and in some cases, the definitive treat-
ment with current endovascular methods. Angiography can 
be iodine or carbon dioxide angiography; It has no adverse 
effect on kidney function, although it should be used with 
special care in patients with severe chronic obstructive pul-
monary disease.(5)
The current AHA/AC guides recommend the use of FDC 
as class I, level of evidence A; In the presence of the ische-
mia of lower limbs at viable limbs (Rutherford class), FDC 
revascularization must be carried out within 6 to 24 hours, 
on the contrary, when ischemia is class IIA and Iib (threate-
ned limb) the ideal is ideal do it within the first 6 hours.(8)
The most studied and used fibrinolitics for the FDC is the 
loud, uroquinase and tissue activator of recombinant plas-
minogen (RT-PA). A recent review of fibrinolytics in peri-
pheral vascular disease mentions that selective intra -arterial 
RTPA is more effective than the intra -arterial administra-
tion of reptptoquinase or intravenous RTPA to obtain ar-
terial permeability in acute occlusion. When comparing the 
RTPA with Urookinase there is no evidence that it is more 
effective, but there is certainty that the initial lysis can be 
faster with the RTPA.( 9-10)
Its form of administration by intra -arterial infusion can be 
non -selective; with the catheter proximal to the thrombus 

Figura 1. A. Oclusión proximal de la arteria femoral superficial (AFS). B. Defecto de relleno de arteria poplítea secundario a presencia de trombosis en AFS.

Figura 2. Técnica de pulse spray intratrombo con 250.000 UI de estreptoqui-
nasa, a través de catéter multipropósito multiperforado de 5 french en arteria 
femoral superficial
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without entering the injury; and selective; embodying the 
catheter tip in the thrombus and administer it continuous-
ly by high dose infusion pump in the first hours and then 
maintenance dose for a certain time and by forced infusion 
(pulse spray) is the vigorous infusion intractrombo To the 
same in order to increase the lysis surface, with this method, 
greater penetration of the agent within the thrombus is 
achieved and the infusion period is shortened. Initially the 
catheter is placed a few centimeters above the distal throm-
bus leaving a small occluded part without treated. In this 
way, any possible distal micro embolism would be avoided. 
Forced injection of lithic agent is supplied manually throu-
gh a 2-5 cc syringe, every 20-30 seconds.
There are several protocols in terms of dose, however, these 
are the most used:

1. Uroquinase 240000 IU in bolus, followed by 12000 
IU/ hour per infusion pump. (No more than 48 hours)

2. 2400000 Rueptoquinase in Bolo, followed by 100,000 
IU/ hour per infusion pump.

3. RT-PA 4 mg in bolus, followed by 0.5 mg/h. By infu-
sion pump.

Among the complications that may occur are: Intracranial 
hemorrhage 1.2 %and 2.1 %, greater hemorrhage 5.1 %, mi-
nor bleeding (puncture site) 15 %, anaphylactic reaction 
(more frequent with the right -handed) serum disease reac-
tions at 2 - 3 weeks of treatment with the presence of joint 
fraud, fever, microscopic hematuria.

The global permeability of the FDC is 60 - 70%, secondary 
reinterventions 20%, amputation rate 9.6%; Stile did not 
show differences between complications or efficiency be-
tween UK and RT-PA.

Unique indication:
Only member with a audible venous Doppler signal and wi-
thout total loss of sensitivity and motor capacity, on the con-
trary, if the patient is presented with deep muscle paralysis 
(muscle rigor), sensitive loss and signal of venous doppler in-
audible and absence of hair filling, The indication is surgi-
cal (revascularization or amputation). Intermittent claudi-
cation is not an indication.

Contraindications for thrombolysis directed 
by catheter:
Absolute: Active hemorrhage. Intracranial hemorrhage, 
compartmental syndrome. Severe member ischemia, which 
requires immediate surgery.
Relative: Trauma or non -vascular major surgery within the last 
10 days. Non -controlled HTA (> 180 and/or 110 mmHg). non 
-compressible vessel puncture, intracranial tumor, ocular surgery
Recent, neurosurgery in the last 3 months, a history of seve-
re contrast allergy. Intracranial trauma in the last 3 months, 
digestive bleeding in the last 10 days, liver failure, with coa-
gulopathy, endocarditis, pregnancy/postpartum, bleeding 
in diabetic retinopathy. life expectancy <1 year.

Figura 3. A. Placa ulcerada en el tercio medio de la arteria femoral superficial (AFS). B. Implante de stent autoexpandible en el sitio de lesión de la AFS. C. AFS 
poststent permeable. D. Recuperación de la circulación infrapatelar.
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In conclusion, the FDC is a technique that has been used 
and studied for a long time in several projects such as Natali, 
Stile, among others. Its use has increasingly taken more rele-
vance and is an option in other pathologies such as pulmo-
nary embolism.

In order for this method to be successful in the suggested 
time and the ideal clinical presentation, in this way the stan-
dard Gold method against acute ischemia of lower limbs 
becomes.
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Case report

Emergency atrial septostomy in severe pulmonary 
hypertension and shock

Septostomía atrial de emergencia en hipertensión pulmonar severa  
y shock. A propósito de un caso
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ABSTRACT
This is a rare case report of a patient with refractory shock and severe pulmonary 
hypertension in whom atrial septostomy was performed as a salvage procedure and 
bridging therapy to lung transplant. A literature review of similar cases was perfor-
med.

Key words: septostomy, pulmonary hypertension.

RESUMEN
Presentamos un caso clínico de hallazgo infrecuente donde se realiza septostomía 
atrial de rescate en una paciente en shock refractario e hipertensión pulmonar severa 
como puente a trasplante pulmonar. En base a este caso, realizamos una descripción 
a partir de la bibliografía existente.

Palabras clave: septostomía, hipertensión pulmonar.
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INTRODUCTION

Atrial septostomy (AS) was first described by Rashkind back 
in 1966 as a novel technique for palliative care of congenital 
disorders like large vessel transposition.¹ The objective was 
to create a solution of continuity in the interatrial septum. 
However, it would not be until 1983 when Rich and Lam 
performed this procedure for the first time to treat a patient 
with refractory pulmonary hypertension.² Such procedure 
has barely been described in the medical literature available 
and is performed in adult patients at the cath lab very rarely.

CASE REPORT

This is the case of a 20-year-old woman without known risk 
factors and a past medical history of mixed connective tissue 
disease diagnosed in 2018, Raynaud syndrome, Hashimoto’s 
thyroiditis, and bronchiectasis. She presents with clinical sig-
ns of abdominal pain, nausea, and vomiting of 1-week evolu-
tion. Vital signs at admission are within normal parameters. 
There is presence of abdominal distension, jugular ingurgita-
tion 3/3, painful hepatosplenomegaly, systolic heart murmur 
2/6 in tricuspid focus and mesocardium. The Doppler echo-
cardiogram reveals the presence of severe right chamber di-
latation, ventricular and atrial septum excursion towards the 
left due to pressure and volume overload, severe tricuspid re-
gurgitation, and pulmonary systolic pressure of 85 mmHg es-

timated on the Doppler echocardiogram (Figure 1 and figure 
2). The patient is, then, examined in the cardiology unit with 
clinical suspicion of right decompensated heart failure, and 
admitted to the cardiology unit. Targeted therapy is adminis-
tered, and the patient is examined at the rheumatology unit 
with high diagnostic suspicion of SLE. The right heart cardiac 
catheterization performed (Table 1) confirms the diagnosis of 
pulmonary hypertension. The patient disease progression is 
poor with sustained hypotension. She is then transferred to 
the coronary care unit with signs of oliguria and shock whi-
le remaining unresponsive to vasoactive drugs. The Doppler 
echocardiogram confirms the presence of left chamber com-
pression and a reduced cardiac output. Therefore, an emergen-
cy atrial septostomy is decided. Procedure is performed under 
neuroleptoanesthesia. A 5-Fr valved introducer sheath is in-
serted via right radial access with continuous invasive blood 
pressure monitoring followed by 8-Fr introducer sheath inser-
tion via right venous femoral access. A 0.35 in guidewire was 
inserted and moved upwards towards the innominate vein. 
Afterwards, a transseptal puncture kit was advanced. A dedi-
cated technique was used via transseptal puncture, and the ri-
ght atrium was accessed. Heparinization was performed and 
an Amplatz guidewire was placed inside the left superior pul-
monary vein. Balloon is then ascended towards the septal pla-
ne (figure 3) with successful opening (figure 4). Higher left 
ventricular end-diastolic pressure and far less arterial satura-
tion are confirmed, which is the moment when it was deci-
ded to finish the procedure. Patient progression revealed an 
immediate hemodynamic improvement, and pulmonary va-
sodilation. Afterwards, the patient was referred to a center 
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TABLE 1. Right heart cardiac catheterization.

RAP PSP MPP PADP PVR PCWP CI
11 mmHg 83 mmHg 63 mmHg 53 mmHg 21 UW 10 mmHg 2,95 l/min/m2

CI, cardiac index; MPP, mean pulmonary pressure; PADP, pulmonary artery diastolic pres-
sure; PCWP, pulmonary capillary wedge pressure; PSP, pulmonary systolic pressure; PVR, 
pulmonary vascular resistance; RAP, right atrial pressure.
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specialized in pulmonary hypertension and cardiac trans-
plant where the patient achieved clinical stability. Op-
timal medical therapy was prescribed, and she entered a 
program of cardiopulmonary transplantation.

DISCUSSION

Interventional therapy with percutaneous AS in the adult 
patient is extremely rare. No more than 300 cases have been 
reported in contemporary case series in specialized centers, 
and clinical guidelines on pulmonary hypertension only re-
commend this procedure on rare clinical occasions.³
Different technical variations of this procedure have come 
up since its inception like knife or Park AS,⁴ the use of sten-
ting,⁵ and the stepped approach for balloon inflation.⁶
In the case described here, one single balloon was used gi-
ven the patient’s refractory status. Procedural results were 
excellent.
The mechanism through which the procedure seems more 
beneficial would be flow shunting, right chamber pressu-
re reduction, and left chamber pressure increase to reach in-
creased cardiac output and reduced systemic O2 saturation. 
Mortality rate described is 7.1% within the first 24 hours 
and 14.8% at 1 month. The most relevant variable is perfor-

ming the procedure in experienced centers and avoiding it in 
the presence of poor prognostic indicators (right atrial pres-
sure > 20 mmHg, PCWP > 18 mmHg, severe RV failure, 
and SO2 < 90%).⁶ There seems to be a lower mortality rate 
(2% at 1 month) in today’s procedures thanks to the balloon 
stepped approach,⁷ and the use of fusion imaging.⁵,⁸ In some 

Figure 1. Parasternal view, short axis at papillary muscles level with eviden-
ce of right ventricular dilatation, septal flattening, and eccentricity index > 1, 
“D-sign”, and pericardial effusion.

Figure 3. Amplatz guidewire in left superior pulmonary vein and 10 mm x 40 
mm balloon with septal rebound stretch (black arrow).

Figure 2. 4-chamber apical view showing significant right chamber dilata-
tion and left chamber compression.

Figure 4. Proper position and balloon opening in the septal plane.

Figure 5. Postoperative follow-up, subcostal 4-chamber view on the Doppler 
echocardiography showing right-to-left atrial shunt.
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selected cases and as bridging or bailout therapy, it seems 
like the treatment of choice when the remaining therapies 
have failed or are not available.

CONCLUSION

In this case, septostomy as a bailout procedure brought im-
mediate clinical benefits to the patient and no complications 
at 2-month follow-up. 

This procedure should always be carefully assessed and 
performed by the heart team including specialists in 
pulmonary hypertension and heart transplant. Left-
to-right or right-to-left shunt seems to be a developing 
field of research that will bring new tools to treat our 
patients when properly indicated and supported by 
scientific evidence.
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Anterior infarction as the clinical presentation of a 
53-year-old woman with spontaneous coronary artery 
dissection
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ABSTRACT
Spontaneous coronary artery dissection (SCAD) is a not-well known entity that is 
common in women between 45 and 55 years old. No randomized clinical studies 
have been conducted to know what is the best treatment and strategy that should 
be used in the acute setting to impact long-term prognosis. This is the case report 
with a 5-months follow-up that should trigger a review. Therefore, we propose an ex-
tended classification of the one currently accepted.

Keywords: spontaneous coronary artery dissection, SCAD, myocardial infarction, co-
ronary heart disease in women. 

RESUMEN
La disección coronaria espontánea (SCAD) es una entidad poco conocida pero fre-
cuente en el grupo de las mujeres entre los 45 a 55 años. No existen estudios rando-
mizados que permitan conocer el mejor tratamiento y la estrategia de abordaje en 
agudo modifica el pronóstico a largo plazo. Presentamos un caso clínico con segui-
miento a 5 meses como disparador para una revisión y proponemos una clasificación 
ampliada de la actualmente aceptada. 

Palabras clave: disección coronaria espontánea, SCAD, infarto de miocardio, enfer-
medad coronaria en mujeres.
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INTRODUCTION

Spontaneous coronary artery dissection (SCAD) is a leading 
cause of myocardial infarction in young women and is still 
underdiagnosed. Its management can be different from the 
acute coronary syndrome (ACS) due to ruptured or eroded 
atherosclerotic plaque in epicardial arteries.
This is the case of a young woman with anterior myocardial 
infarction treated with bypass angioplasty revascularization 
with stent and 5-month follow-up.

CASE REPORT

This is the case of a 53-year-old woman without a past me-
dical cardiovascular history or routine medication admit-
ted with typical precordial pain of maximum intensity af-
ter a “once-in-a-lifetime” argument with a relative. The pa-
tient remained alert and normotensive at admission with 
oppressive precordial pain and no traits of heart failure. The 
ECG reveals the presence of ST-segment elevation of V3 to 
V6 and DI and avL that is interpreted as an ST-segment ele-

vation acute coronary syndrome (STEACS). An emergency 
angiography was performed. A 6-Fr introducer sheath was 
inserted via right radial puncture. The cine coronary arte-
riography performed revealed no significant lesions in the ri-
ght coronary artery with total occlusion of the middle third 
of the left anterior descending coronary artery (LAD) and 
spontaneous coronary artery dissection of circumflex arte-
ries (type 2B Yip-Saw classification) and LAD diagnonal 
branch (type 2A) as shown on figure 1. Because of the com-
promised territory and the patient’s hemodynamic status it 
was decided to use a Terumo® Runthrough NS PTCA 0.014 
in guidewire (Tokyo, Japan) towards the LAD. Afterwards, 
three 2.25 mm x 16 mm, 2.5 mm x 16 mm, and 3.0 mm x 16 
mm Translumina® Yukon Chrome PC drug-eluting stents 
(Munich, Germany) were implanted directly and at nomi-
nal pressure from distal to middle third direction to cover 
the entire length of the dissection leaving 5 mm proximal 
and distal with good final outcomes and TIMI grade-3 flow. 
It was decided to use a conservative strategy in the same pro-
cedure with the left circumflex artery and LAD diagonal 
branch lesions to prevent possible complications. Patient’s 
progression was stable with an ejection fraction of 45% and 
apical cap on the Doppler echocardiogram at admission. 
She was discharged from the hospital 5 days later on prasu-
grel 10 mg/day, aspirin 100 mg/day, bisoprolol 2.5 mg/day, 
losartan 50 mg/day, spironolactone 25 mg/day, empagli-
flozin 10 mg/day, and rosuvastatin 40 mg/day.
The patient remained with intermittent, variable, and pre-
cordial pain with different functional class at the outpatient 
follow-up with no ECG changes or elevated cardiac biomar-
kers. The patient started cardiovascular rehabilitation. The 
ECG-gated SPECT performed revealed no signs of ische-
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mia with an improved ejection fraction with respect to in-
farction. Due to the presence of persistent precordial pain, 
a coronary computed tomography angiography was perfor-
med 5 months after the index episode (figure 2) that revea-
led no signs of dissection to the LAD diagonal branch. Due 
to distal stent restenosis located at the LAD, a coronary an-
giography was performed (figure 3) that revealed the presen-
ce of a left circumflex artery without signs of SCAD and a 
partially normal LAD diagonal branch. The patient’s clini-
cal progression was good without any signs of pump failure 
or ECG changes. Currently, she remains on cardiovascular 
rehabilitation with good functional class.

DISCUSSION

SCAD is defined as the acute separation of coronary artery 
layers not due to trauma or iatrogenesis. It is not associated 
with atherosclerotic disease of epicardial arteries and com-
promises coronary flow (1). The prevalence of SCAD is be-
tween 2% and 4% of all acute coronary syndromes (ACS). 
However, when categorized by sex and age group in the re-
gistries already published, it is responsible for 25% to 35% 
of all ACSs diagnosed in women between 45 and 53 years 
old (2).

Although, at the beginning, this entity was associated with 
pregnancy and rarely appeared in a few isolated case re-
ports, the arrival of TUS and early angiography for the ma-
nagement of SCAD facilitated the detection of this condi-
tion (3). Currently, it is widely accepted that only 10% of 
all SCADs reported occur in pregnant or postpartum wo-
men. Within this group, the leading cause of infarction is 
a ruptured plaque even though SCAD would be responsi-
ble for 25% of all acute coronary syndromes reported (4-6). 
The main hypothesis of SCAD is the so-called “outside-in” 
hypothesis where the bleeding of vasa vasorum towards the 
tunica media layer leads to the formation of an intramural 
hematoma and the corresponding compression of the vessel 
lumen that eventually causes the disruption or tear of the in-
tima layer resulting in the classic dissection tear (1,3).
There are several predisposing and triggering factors that 
can be found in almost all the series published to this date. 
Getting to know them allows us to perform the differential 
diagnosis of this entity among the different subgroups of pa-
tients. Age (45 to 55 years-old) and feminine sex are leading 
factors that should be taken into consideration and, althou-
gh certain susceptible genes have been identified, collageno-
pathies (Ehler-Danlos syndrome, Marfan syndrome), syste-
mic diseases (systemic lupus erythematous, Crohn’s disea-

TABLE 1.  Current classification and modification proposal.

Yip-Saw classification (10) New classification Reason

Type 1. Dual lumen seen on the angiography Type 1. The same. NA
Type 2. Type 2. The same. NA

2A. Long (>20 mm), anfractuous, symmetric, and narrow lesion 
that, distally, goes back to itsnormal reference diameters.

2B. Same as before, but it does not go back to itsnormal referen-
ce diameters.

The same.

The same.

NA

Type 3. Overall, they are short and symmetric lesions that simulate a clas-
sic atherosclerotic lesion. Intravascular imaging is required for di-
fferentiation purposes.

Type 3. The same. NA

Type 4. Total acute occlusion 
ending in a “flute lip 
plate” appearance.

Due to the acute episode and compromised territory, if 
possible, catheter-based revascularization should be at-
tempted.

Type 5. Multiple dissections. 
Can be a combination 
of the former. 

Only revascularization of type 4 dissection should be 
attempted with conservative treatment of the remai-
ning types or complete revascularization in the presen-
ce of hemodynamic compromise, persistent ischemia or 
complex arrhythmias #. 

NA: No aplicable. # No existe evidencia del tratamiento de todas las lesiones en pacientes con shock cardiogénico. 

Figure 1. Cine coronary arteriography at baseline and after treatment. Angiography of a 52-year-old woman with anterior ST-segment elevation acute coronary 
syndrome. Panel A shows the total occlusion of the middle segment of the left anterior descending coronary artery (LAD) categorized as type 4, presence of a type 
2A dissection of the LAD diagonal branch, and a type 2B dissection of the left circumflex artery (LCX). Panel B shows the final outcome after stenting the LAD. The 
presence of a 2A dissection can still be seen in the diagonal branch.
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se), and migraine have been discussed as predisposing fac-
tors (1,2,6,7). We should mention that there is a clear asso-
ciation between fibromuscular dysplasia and SCAD. In the 
largest registry published to this date, half the women with a 
diagnosis of SCAD also showed dysplasia in the carotid, re-
nal or femoral territories, which is consistent with the fin-
dings made by former studies. Therefore, screening is advi-
sed (2,7). The main triggering factor is stress—both physical 
and emotional—in over 50% of the cases (2,7)
In all the case series reported, the most common clinical 
sign was precordial pain while the classic presentation is an 
ACS (2, 8). It has been reported that up to 60% of the ca-
ses can be STEACS, and 7% to 8% complex ventricular arr-
hythmias (7,8).
Although epidemiology-based clinical suspicion is required 
to achieve diagnosis, it is often achieved by discard, which 
is why based on the coronary angiography findings, the 
approach can be invasive or conservative (1-3,9). The angio-
graphic classification used was proposed by Yip-Saw. Howe-
ver, not all SCADs fall within this classification. It identi-
fies type 1 (showing dual lumen on the angiography), type 
2A (presence of long, anfractuous, symmetric, and narrow 
lesion that, distally, goes back to its normal diameter), and 
type 2B SCADs (similar but distally continuous without 
going back to its original diameter). Type 3 SCADs mimic 
a classic atherosclerotic lesion. Intracoronary imaging mo-
dalities are required to differentiate it (10). Currently, di-
fferent changes have been proposed to the former classi-
fication because in 25% of the cases, patients present with 
more than just 1 dissection. We hereby propose adding 2 ex-
tra types: type 4 (total occlusions ending in a “flute lip pla-
te” appearance), and type 5 SCADs (occurring in several 
coronary territories where different types of SCADs often 
coexist) (2,5,11). It is our understanding that only types 4 
and 5 should be revascularized—only when type 4 lesions 
are found—and in the absence of hemodynamic instability 
or certain alarming signs shown on table 1. 
Currently, acute treatment is conservative since the diffe-
rent case series published show good long-term results. In-
vasive treatment, however, is spared for cases of total occlu-
sions or TIMI grade-0-1 flow in a vessel compromising most 
of the territory, hemodynamic instability or in situations of 
cardiogenic shock, persistent ischemia or complex ventricu-
lar arrhythmias (3,9). In the real world, the angioplasty is 

the method of choice sparing surgery for bailout situations 
(2,3,7,9). The complications described during invasive proce-
dures are varied including risk of iatrogenic dissection, gui-
dewire passage to false lumen, distal or proximal false lumen 
spread to stenting, persistent distal dissection, and secon-
dary branch occlusion due to hematoma spreading. Among 
other strategies suggested, it is advised to use a Floppy gui-
dewire, avoid guide catheter cannulation, keep coaxiality, li-
mit the strength of contrast injection, try direct stenting at 
nominal pressure to avoid pre- and post-dilatation, and con-
sider that the length of the sent should cover 5 mm pre- and 
post-lesion to avoid hematoma spreading (2,3,9,11). Since in 
an acute episode we run the risk of ACS and SCAD related 
complications per se like new dissections, referral to the co-
ronary care unit for 3 to 5 days is advised. (2)
Long-term prognosis is good. Precordial pain can persist up 
to 3 years, but despite being reported in patients with angio-
graphic follow-up, 95% of the patients heal without invasi-
ve treatment (7,3). There is no consensus on the optimal me-
dical therapy that should be used. The use of dual antipla-
telet therapy is controversial and is associated with stenting 
or the dissection imaging provided by IVUS or OCT (2). 
Anticoagulant drugs should be spared for very specific ca-
ses while the use of ACE inhibitors/ARA2, anti-aldostero-
ne drugs, beta-blockers or calcium channel blockers should 

Figure 2. Coronary computed tomography angiography.  Panel A shows the left coronary artery with stents in the left anterior descending coronary artery and 
without diagonal branch or left circumflex artery occlusion. Panels B and C show the reconstruction of the left circumflex artery (B) and diagonal branch (C) wi-
thout any signs of edema or occlusion.

Figure 3. Angiography at baseline and follow-up. During baseline angio-
graphy, panel A shows dissections at left circumflex artery (LCX) and diago-
nal branch (DB) level of the left anterior descending coronary artery (LAD). Five 
months after the baseline event (panel B), the angiography shows a healed 
LCX and a significantly improved DB.
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be administered based on the myocardial sequela. Their use 
in patients with preserved ventricular function is still more 
controversial. All the current evidence comes from regis-
tries and expert consensus documents (2). The same thing 
happens with the use of statins. Data on medical follow-up 
and pregnancies in women with pregnancy-related SCADs 
are limited, which is why management should be handled by 
a heart team (2,5).
It is our understanding that widening the current angiogra-
phic classification will allow us to establish the existence of 
multiple and simultaneously different types of clinical sig-

ns of the disease to select the most appropriate revasculari-
zation strategy while not always taking the same approach 
in all the lesions.

CONCLUSION

SCAD is a challenging situation when it comes to the clini-
cal and interventional management of this entity regarding 
diagnosis and long-term acute treatment. Getting to know 
this entity is of paramount importance to approach this 
group of young patients.
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Dear colleagues and friends,
Once again it is my pleasure to address you through this prestigious journal, the pride and joy of our college.
We are about to finish 2022, a year that was not easy to transit by since post-pandemic difficulties were too many. 
However, thanks to the effort made by the Board of Directors and the different working commissions we travelled 
through 2022 successfully meeting all of our compromises both academic and financial. To top it all off, we held 
our successful 32nd National Congress from December 2 to December 4 in Ciudad de Termas de Río Hondo, San-
tiago del Estero, Argentina. As always, attendance was great, as well as the scientific and social program discussed 
in this meeting
I would like to share with you some of the things we have done throughout this year that is about to end.
We created an area of contents to strengthen the position and visibility of our college. This office of contents pro-
duces different material aimed at the interventional cardiology community and our members. I wish to mention 
the work done by our webmasters and college students when it comes to analyzing recently published relevant pa-
pers to our medical society and presenting them in a way that is easy to read for our members.
Everybody is welcome to our social medial to keep daily and fluid contact through this means of communication. 
In addition, we have been thinking of updating and modernizing the college official website.
Also, we have created the CACI Registry. Our Board of Directors made it very clear that the title granted by our 
college is very important since it is the only one recognized and accredited by the Argentine Ministry of Health. 
Since ours is a medical subspecialty and the status of specialist cannot be granted, we created the “CACI Registry 
No.” indicative of the number of members affiliated to our college who are holders of CACI specialist title.
The International Day for Interventional Cardiology. In September 2 of 2022, at the WHO plenary session, the 
project presented by the permanent Argentine delegation at United Nations was approved. Therefore, September 
16 was declared the “International Day for Interventional Cardiology” since interventional cardiology has impro-
ved life expectancy and quality of life, and angioplasty saved huge amounts of grams of myocardium at risk across 
the world.
That date commemorates the very first coronary angioplasty performed by Dr. Andreas Grüntzig back in 1977. 
We should mention that this achievement that has elevated our beloved specialty stems from a CACI was initiati-
ve started by Dr. Diego Grinfeld and Dr. David Vetcher and ended during my presidency thanks to the unvalua-
ble support from the Directorate for International Organizations (DIOIN) and the Argentine Ministry of Health.
Therefore, we should be celebrating the present time to strengthen the importance of our medical specialty. Also, 
to reinforce the commitment made by the interventional cardiology community to improve public health.
We were present in the FAC, SAC, PCR, and TCT Congresses. Also, we were present online with China. In addi-
tion, we also held an online session with the Latin American Society of Interventional Cardiology on World Heart 
Day.
Our Commission drafted and approved unanimously our Code of Ethics as the early step towards an actual colla-
borative, scientific college by including the necessary changes our members demand within a strong and self-sus-
tainable college.
This is only part of what the Board of Directors has accomplished throughout 2022 as we’re constantly renewing 
our commitment to keep fighting for a stronger college “we can all be proud of ”.
My best to everyone. Happy Holydays, and Best Wishes for 2023!!!!

Dr. Martín Cisneros
Presidente CACI
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La Revista Argentina de Cardioangiología Intervencionista (RACI) es 
una publicación trimestral editada por el Colegio Argentino de Car-
dioangiólogos Intervencionistas (CACI) con objetivos asentados en 
la divulgación de material científico y educativo para la especialidad. 
La distribución nacional es gratuita y está dirigida a cardioangiólogos 
intervencionistas, cardiólogos clínicos y pediátricos, radiólogos, neu-
rólogos, técnicos en hemodinamia y especialidades afines. La publi-
cación es de tipo impresa y electrónica (www.caci.org.ar).
Los principios editoriales de la revista se basan en las recomenda-
ciones para manuscritos enviados a revistas Biomédicas (Recom-
mendations for the Conduct, Reporting, Editing, and Publication of 
Scholarly Work in Medical Journals) redactados por el Comité Inter-
nacional de Editores de Revistas Médicas (International Committee 
of Medical Journal Editors - ICMJE) en su más reciente actualización, 
disponible en www.icmje.org.
A partir del número 2 volumen 9 año 2018, por razones editoriales, 
los elementos gráficos (figuras, tablas, fotos) se editan a lo sumo 
en dos colores (azul y negro). Aquellos que los deseen a todo color 
deberán pagar un costo adicional por el trabajo de 200 US$.
Los artículos enviados deben ser originales. El Comité Editorial eva-
luará los trabajos y luego de un primer análisis sobre si el artículo 
sigue las normas Editoriales de la Revista, el Director y/o Directores 
Asociados serán los encargados de enviarlos a un arbitraje externo, 
que será simple ciego, que significa que los autores no conocen el 
nombre de los revisores y los revisores a su vez no conocen el nom-
bre de otros revisores. Esta política del RACI se hace siguiendo los 
mismos criterios empleados por el Comité de Revisión y Editorial 
del J Am Coll Cardiol (JACC), que es la revista de cardiología de ma-
yor factor impacto. La decisión final quedará en manos del Comité 
Editorial de acuerdo con las conclusiones del arbitraje. Asimismo, 
el Comité Editorial tendrá la facultad de introducir, con el consen-
timiento de los autores, todos los cambios editoriales exigidos por 
las normas gramaticales y las necesidades de edición de la revista. 
Los artículos de Revisión y Editoriales también serán objeto de la 
misma revisión. Los artículos Editoriales son usualmente pedidos 
por el Comité Editorial.
Luego de la primera revisión, los trabajos pueden ser aceptados en 
la forma en que fue incialmente enviado; Revisiones Menores es 
cuando si bien el trabajo tiene aportes importantes existen limi-
taciones menores que deben ser corregidas antes de su eventual 
publicación; Revisiones Mayores es cuando el trabajo es inacepta-
ble para publicar de acuerdo a como fue presentado. Sin embargo, 
el Comite Editorial consideraría un posible nuevo envío, tambien 
llamado de novo submission, si el trabajo es modificado sustancial-
mente; Rechazo, es cuando los revisores y el Comité Editorial consi-
deran que el trabajo es inapropiado para publicar en la Revista RACI
En casos especiales de consensos de diagnóstico y/o tratamiento 
realizados en conjunto entre el CACI y sociedades científicas afines, 
tal consenso, de común acuerdo entre las mismas y con conocimien-

to del Comité Editorial, podrá ser publicado en forma excepcional por 
las revistas oficiales de ambas sociedades en forma simultánea.

PRESENTACIÓN GENERAL DEL MANUSCRITO
Todos los autores así como los miembros del Comité Editorial de-
ben declarar conflictos de intereses, en caso de que existan, con las 
publicaciones.
Cada artículo debe ser presentado con una primera página que debe 
contener: (a) el título, informativo y conciso; (b) los nombres com-
pletos de los autores y de las instituciones en que se desempeñan; 
(c) un título abreviado para cabeza de página; (d) el número total de 
palabras del artículo, sin las referencias bibliográficas; (e) el nombre 
y dirección completa, con fax y dirección electrónica, del autor con 
quien se deba mantener correspondencia. La segunda página debe 
incluir el resumen (abstract) en español y en inglés, con 3-6 palabras 
clave al final de éstos con términos incluidos en la lista del Index Me-
dicus (Medical Subject Headings - MeSH). Luego, en la tercera página, 
se debe desarrollar el contenido del manuscrito (véase Preparación 
del manuscrito), iniciando una nueva página para cada sección. To-
das las páginas deben ir numeradas desde la portada.
El envío del artículo (texto, tablas y figuras) debe realizarse por 
correo electrónico a revista@caci.org.ar, con una nota firmada por 
todos los autores (véase modelo página web), con la indicación de 
la sección a que correspondería el manuscrito y la aseveración de 
que los contenidos no han sido anteriormente publicados. Una vez 
recibido el material, el Comité Editorial iniciará el proceso de incor-
poración que tiene una duración media de cinco semanas.
Quienes figuren como autores deben haber participado en la in-
vestigación o en la elaboración del manuscrito y hacerse pública-
mente responsables de su contenido.
Para cada artículo se permite un máximo de 8 autores, que deben 
adaptarse a las normas sobre autoría expuestas por la IMCJE. Cada 
manuscrito recibido es examinado por el Comité Editor y por uno 
o dos revisores externos. Posteriormente se notificará al autor res-
ponsable sobre la aceptación (con o sin correcciones y cambios) 
o el rechazo del manuscrito. Aprobada la publicación del trabajo, 
la RACI retiene los derechos de autor para su reproducción total 
o parcial.
Los autores deberan proveer su código de ORCID a los efectos de 
consignar sus datos filiatorios.

SECCIONES

Artículos originales
(véase Preparación del manuscrito)
Son trabajos científicos o educativos de investigación básica o clí-
nica original. Condiciones: a) texto general, hasta 5.000 palabras, 
incluidas las referencias; b) resumen, hasta 250 palabras; c) tablas 
+ figuras, hasta 8; e) autores, hasta 10.
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Comunicaciones breves
Los trabajos de esta sección cumplen con los lineamientos de Artí-
culos originales, pero no tienen la suficiente cantidad de pacientes 
como para ser considerados como tales.
Artículos de revisión
Son artículos sobre temas relevantes de la especialidad solicitados 
por el Comité Editor a autores de reconocida trayectoria (naciona-
les o extranjeros). Puede ser escrito por diferentes tipos de médicos 
(no más de 3 autores). Condiciones: ídem Artículo Original.
Educación básica
Son artículos sobre el manejo racional y protocolizado de diferen-
tes circunstancias que se presentan en la práctica diaria. Son revisa-
dos y consensuados previamente con especialistas en el tema, y se 
culminan con un diagrama de flujo sobre el manejo diagnóstico y 
terapéutico de la patología. Es solicitado por el Comité Editor. Con-
diciones: a) texto general, hasta 2.500 palabras excluyendo referen-
cias; b) resumen, hasta 150 palabras; c) tablas + figuras, hasta 6; d) 
referencias, hasta 20; e) autores, hasta 4.
Caso clínico
Es la descripción de un caso clínico de características inusuales, con 
su abordaje diagnóstico y terapéutico y su resolución final. Debe 
acompañarse de una breve discusión bibliográfica. Condiciones: a) 
texto general, hasta 1.200 palabras; b) resumen, hasta 100 palabras; 
c) tablas + figuras, hasta 4; d) referencias, hasta 10; e) autores, hasta 5.
¿Cómo traté?
Bajo el título “¿Cómo traté?” los autores presentarán un caso de-
safiante y la descripción del tratamiento realizado. El título debe-
rá estar incluido al comienzo del texto, por ejemplo “¿Cómo traté 
un aneurisma en la descendente anterior?”. Luego se incluirán los 
nombres, apellidos, títulos y lugar de trabajo de los autores. Deberá 
indicarse el autor que recibirá la correspondencia, incluyendo su 
dirección postal y e-mail. Todos los autores deberán declarar sus 
conflictos de interés y, en el caso de no tenerlos, indicarlo. Texto, 
figuras y referencias seguirán los criterios del Caso Clínico
Imágenes en intervencionismo
Se aceptarán para publicar imágenes de casos excepcionales, ilus-
trativas, y que el Comité Editorial y los revisores externos consideren 
de sumo interés para su publicacion en la revista. Deben ir acom-
pañadas de una leyenda explicativa y un breve resumen de historia 
clínica. Condiciones: a) texto general, hasta 300 palabras; b) solo 2 
figuras originales; c) referencias, hasta 3; d) autores, hasta 5.
Protocolos de investigación
Como artículos especiales la Revista aceptará la publicacion de Pro-
tocolos de Investigacion Clinica, preferentemente multicéntricos y 
siempre que los mismos no hubiesen reportado antes los resulta-
dos parciales o totales del estudio.
Editoriales
Son análisis y/o comentarios de temas relevantes de la especiali-
dad o de la Cardiología General que tuviesen relación con nuestra 
especialidad. Siempre serán solicitados por el Comité Editor a un 
experto en el tema. Asimismo, pueden solicitarse comentarios so-
bre temas no relacionados a un artículo en particular. Condiciones: 
a) texto general, hasta 2.000 palabras; b) referencias, hasta 40.
Cartas del lector
Es una opinión sobre un artículo publicado en el último número de 
la revista, el cual requiere un arbitraje realizado por miembros del 
Comité Editor. Condiciones: a) texto, hasta 250 palabras; b) se podrá 
publicar una tabla y/o figura; c) referencias, hasta 5. Se aceptarán solo 
aquellas cartas enviadas dentro del mes de haber salido la versión 
impresa del número de la revista donde se publicó el artículo original.

PREPARACIÓN DEL MANUSCRITO
El artículo debe estar escrito en castellano, en un procesador de 

texto Word (Microsoft®) y guardado con extensión *.doc. El tamaño 
de la página debe ser A4 o carta, con doble espacio interlineado, 
márgenes de 25 mm con texto justificado y con tamaño de letra 
de 12 puntos tipo Times New Roman o Arial. Las páginas se nume-
rarán en forma consecutiva comenzando con la portada. El manus-
crito (artículo original) debe seguir la estructura «IMR D», es decir, 
Introducción, Material y métodos, Resultados y Discusión (véanse 
las normas de publicación ICMJE). Además, debe incluir Título, Re-
sumen, Conclusiones, Conflicto de Intereses y Bibliografía. Al final 
de cada artículo original, antes de las referencias, deberá hacerse 
como una tabla destacada de los puntos relevantes del trabajo que 
se llamará Resumen de Puntos Salientes.
En estos 4 o 5 renglones se deberán señalar los problemas y el co-
nocimiento que hay en el tema tratado hasta el momento y ade-
más cuáles serían los interrogantes.
En los dos últimos renglones se destaca el aporte y/o los aportes 
del trabajo más relevantes sobre este tema. Al final de las referen-
cias se escribirán los Agradecimientos y un Apéndice Suplemen-
tario cuando correspondiese en estudios aleatorizados o registros 
multicéntricos que necesiten reportar todos los investigadores in-
cluidos en el estudio.
Como unidad de medida se utilizará el sistema métrico decimal, 
usando comas para los decimales. Todas las mediciones clínicas, 
hematológicas y químicas deben expresarse en unidades del sis-
tema métrico y/o UI. Solo se utilizarán las abreviaturas comunes, 
evitándose su uso en el título y en el resumen. La primera vez que 
se empleen irán precedidas por el término completo excepto que 
se trate de unidades de medida estándar.
Las tablas deben presentarse en hojas individuales, numerándose 
de forma consecutiva utilizando números arábigos (0, 1, 2, etc.) se-
gún el orden en que fueron citadas en el texto, con un título breve 
para cada una de ellas. Todas las abreviaturas de la tabla no estan-
darizadas deben explicarse. Las notas aclaratorias deben ir al pie de 
la misma utilizando los siguientes símbolos en esta secuencia: *, †, 
‡, §, ¶, **, ††, ‡‡, etc.
Las figuras deben tener formato TIFF, PSD o JPEG e ir, cada una, en 
un archivo aparte a 300 dpi en formato final. Cada una de ellas tie-
ne que estar numerada de forma correlativa junto a la leyenda ex-
plicativa en archivo aparte. El tamaño usual de las fotografías debe 
ser de 127 x 173 mm. Los títulos y las explicaciones detalladas se 
colocan en el texto de las leyendas y no en la ilustración misma.
Las referencia s bibliográficas se enumerarán de manera consecu-
tiva con números arábigos entre paréntesis. Se incluirán todos los 
autores cuando sean seis o menos; si fueran más, el tercero será se-
guido de la expresión «, et al.». Los títulos de las revistas serán abre-
viados según el estilo empleado en el Index Medicus. Ejemplos:

1.  Registro de Procedimientos Diagnósticos y Terapéuticos efec-
tuados durante el período 2006-2007. Colegio Argentino 
de Cardioangiólogos Intervencionistas (CACI). Disponible 
en http://www.caci.org.ar/addons/3/158.pdf. consultado el 
01/01/2009.(Página Web.)

2.  Magid DJ, Wang Y, McNamara RL, et al. Relationship be-
tween time of day, day of week, timeliness of reperfusion, and 
in-hospital mortality for patients with acute ST-segment eleva-
tion myocardial infarction. JAMA 2005;294:803-812. (Revis-
tas en inglés.)

3.  Aros F, Cuñat J, Marrugat J, et al. Tratamiento del infar-
to agudo de miocardio en España en el año 2000. El estudio 
PRIAMHO II. Rev Esp Cardiol 2003;62:1165-1173. (Re-
vistas en español).






