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EDITORIAL / EDITORIAL

CRECIMIENTO DE LA REVISTA RACI EN EL PERÍODO 
2017 A 2021
Alfredo E. Rodríguez

If we study theArgentine Journal of Interventional Cardioangio-
logy (RACI) Google analytics and compare the last 5 years we 
will see the growing interest this journal has created within our 
medical specialty both in and out of our country. Interest has 
probably even spread to other medical specialties associated 
with ours, though not necessarily focused on percutaneous co-
ronary interventions.
If we analyze the last 5 years using the same yearly period from 
March through October corresponding to the three annual is-
sues of RACIwe will see a signi�cant growth in the number of 
users and visits to the journal o�cial website.

REVIEW ARTICLE / ARTÍCULO DE REVISIÓN

PERCUTANEOUS CORONARY INTERVENTION FOR LEFT 
MAIN CORONARY ARTERY DISEASE
David A. Power, Anastasios Roumeliotis, Javed Suleman,  
George D. Dangas

Left main coronary artery (LMCA) disease is associated with sig-
ni�cant morbidity and mortality, primarily related to the large 
amount of myocardium it subtends. The medical management of 
left mainstem disease has been associated with dismal outcomes 
approaching 50% mortality at 5 years. Coronary artery bypass 
graft (CABG) surgery historically emerged as the standard of care 
for the revascularization of LMCA disease. Recently, percutaneous 
coronary intervention (PCI) has been established as a alternati-
ve to CABG for LMCA disease. Advancements in stent design, im-
plantation technique, and pharmacotherapy, have occurred over 
time. Large randomized controlled trials comparing CABG to PCI 
for LMCA disease have recently been published in various set-
tings. There have been ongoing e�orts to reconcile certain dis-
parate trial results. Herein, we summarize the data behind LMCA 
revascularization and place the NOBLE and EXCEL trials in clinical 
context alongside current societal guidelines.

ORIGINAL ARTICLES / ARTÍCULOS ORIGINALES

TRANSIENT PERCUTANEOUS BALLOON OCCLUSION VS 
UTERINE ARTERY EMBOLIZATION AS COADJUVANTS IN 
THE MANAGEMENT OF PLACENTA ACCRETA SPEC-
TRUM DISORDERS DURING C-SECTION
Federico Martín Riolo, Andrés Enrique Dini, Gustavo Alberto Tamashiro, 
Derwin Plazas Alvarez, Jorge Orlando Cortez Yáñez,  
Miguel Osvaldo Villegas

Adjuvant treatment through endovascular procedure for the 
management of placenta accreta is useful because it has low 
morbidity and mortality rates. The therapeutic objective is the 
embolization and occlusion of uterine arteries by optimizing 
and reducing the risk of complications associated with C-sec-
tion with preservation of the uterus or subsequent hysterec-
tomy. A total of 38 patients with a diagnosis of placentaac-
creta were admitted to the hemodynamics unit of out center 
between January 2012 and January 2020. After C-section and 
prior to thehysterectomy 28 of these patients were treated with 
gelatin sponge embolization of the uterine arteries. Transient 
percutaneous balloon occlusion of the uterine arteries was per-
formed in 10 patients. The outcomes of our center are presen-
ted here. 

ASSOCIATION BETWEEN VARIATIONS IN THE COM-
BINATION OF LIDOCAINE AND THE PREVALENCE OF 
ARTERIAL SPASM IN PROCEDURES PERFORMED VIA 
RADIAL ACCESS
Marcos Hernández, Sebastián Amicone, Sofía Algañaraz,  
Carolina Fernández

Introduction. Currently in endovascular procedures, mainly the 
coronary ones, the use of radial arterial access is predominant 
as it has replaced the femoral access that is now spared for spe-
ci�c indications only or due to the impossibility of performing 
the former. One of the complications that the operator most of-
ten faces when using the radial artery is spasm, which compli-
cates the procedure and sometimes even prevents completing 
the diagnostic study and/or therapeutic procedure.
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Objectives. 1- To assess the relationship between the adminis-
tration of Lidocaine / Lidocaine + Diltiazem / Lidocaine + Nitro-
glycerin (prior to performing cardiac catheterization procedu-
res) and the prevalence of radial artery spasm in adult patients. 
2- To assess the presence of radial artery spasm based on sex, 
age group, BMI, cardiovascular risk factors, comorbidities, and 
pharmacological treatment at the time of the study.
Material and methods. An experimental, analytical, cross-sec-
tional study was conducted including adult patients with an 
indication for left heart catheterization and/or angiography of 
lower extremities or neck vessels treated with cine coronary ar-
teriography, angiography of the neck vessels, angiography of 
lower extremities and/or angioplasty via radial access. Patients 
were treated with Lidocaine, Lidocaine + Diltiazem or Lidocaine 
+ Nitroglycerin 5 minutes before starting the procedure.
Results. Of the complications described, arterial spasm occu-
rred in 21 patients only (25.3%), more often in women (30.8%) 
compared to men (20.5%). The most a�ected age group was 
> 70 years (33.3%) and patients with overweight (66.7%). Sig-
ni�cantly less prevalence of spasms was found in the Lidocai-
ne + Nitroglycerin group (10.7%) compared to the Lidocaine 
+ Diltiazem group (32.1%; P = .028) and the Lidocaine group 
(33.3%; P = .025). Over 50% were on regular statin medication, 
ACEI-ARAII, aspirin, clopidogrel, and beta-blockers. The most 
common comorbidity was peripheral disease while the cardio-
vascular risk factors were dyslipidemia, sedentary lifestyle, and 
hypertension.
Conclusion. The prevalence of radial artery spasmthrough the 
use ofLidocaine 2% + Nitroglycerin in doses of 200 mcg, admi-
nistered subcutaneously via radial access is lower compared to 
the prevalence reported with the administration of Lidocaine 
alone or Lidocaine + Diltiazem. 

CASE REPORTS / CASOS CLÍNICOS

TAVI IN PATIENT WITH LOW AND ANOMALOUS ORIGIN 
OF LEFT MAIN CORONARY ARTERY. CASE REPORT
Marcelo Menéndez, Alejandro Lezcano Bournissent, Tomás Cúneo

Introduction. TAVI (trans aortic valve implantation) is a widely 
disseminated, well-tolerated intervention with a short hospital 
stay. It is indicated in patients with severe symptomatic aortic 
stenosis. Patients with abnormally low birth from the coronary 
artery ostium are at additional risk, as the �ow of the coronary 
arteries can be compromised when the prosthesis is implanted.
Objective. Case report of TAVI in a patient who presented a low 
birth of the coronary artery ostium.
Method. In this study we present a clinical case of a patient with 
severe aortic stenosis who was a candidate for TAVI who pre-
sented low birth of the coronary arteries, who underwent ba-
lloon sizing.
Conclusion. TAVI in patients with low coronary ostium is a great te-
chnical challenge. Pre-planning and using gestures such as “ba-
lloon sizing” are essential to achieve the success of this intervention. 

VALVE-IN-VALVE DUE TO PROSTHETIC TRICUSPID 
VALVE STENOSIS
Ramiro Acevedo, Pablo Pollono, Ignacio Rifourcat, Fernando Fuertes, 
Diego Grinfeld

Prosthetic tricuspid valve stenosis is an entity whose resolution 
is complex due to the patients’ multiple comorbidities. Endo-
vascular treatment using prosthetic valves designed for implan-
tation in the aortic position recently has been described.
This is the case of a patient with prosthetic tricuspid valve ste-
nosis resolved through valve-in-valve transcatheter aortic valve 
replacement (VIV-TAVR).

ENDOVASCULAR REVASCULARIZATION OF CENTRAL 
VEINS AND SUBSEQUENT CARDIAC CATHETERIZATION 
FOR HEMODIALYSIS IN A PATIENT WITH EXHAUSTION 
OF CONVENTIONAL VASCULAR ACCESSES
Marcel Voos Budal Arins, Antenor Álvarez

Objective. Exhaustion of conventional vascular accesses (ECVA) 
in patients with end-stage renal disease is associated with hi-
gher morbidity and mortality rates. Consequently, maintenan-
ce of existing VA sites is of utmost importance for hemodialysis. 
We describe a technique used for the endovascular revasculari-
zation of central veins and subsequent catheter placement re-
garding hemodialysis in a patient with exhaustion of conven-
tional vascular accesses. 
Methods. This is the case of a patient with exhausted vascular 
access and requirement for emergency dialysis. Endovascular 
revascularization of central veins and subsequent catheter pla-
cement for hemodialysis were successfully performed. 
Results. The patient still remains on hemodialysis at the fo-
llow-up without any complications being reported. 
Conclusion. Endovascular revascularization of central veins for 
hemodialysis is a known and accepted technique that can ex-
tend the use of VAs in complex patients over time.

BILATERAL ILIOFEMORAL DEEP VEIN THROMBOSIS IN 
PATIENT WITH INTERRUPTED INFERIOR VENA CAVA.
Verónica Gonzalez, Alan Sommi, Carlos Giuliani, Fabio Muñoz

The inferior vena cava (IVC) develops from 5 di�erent venous 
systems in a complex embryological process. Problems with 
the IVC give way to developmental abnormalities that can be 
associated, or not, with cardiac malformations and account for 
almost half of all venous malformations. They may go unnoti-
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ced clinically. However, they can generate blood stasis and the 
corresponding formation of thrombosis. In this publication we 
present a case of bilateral iliofemoral deep vein thrombosis in a 
patient with interrupted IVC and azygos and hemiazygos conti-
nuation, and its resolution.

LETTER FROM THE PRESIDENT / CARTA DEL PRESIDENTE

LETTER FROM THE PRESIDENT OF CACI
Martín Cisneros

We have recently initiated a new management in our beloved 
college, a new board of directors takes over that—as the other 
boards that have come before us— will do everything in its 
power to bring bene�ts and advantages to our members and 
medical society alike.
Our focus will be on promoting team e�ort. Therefore, with the 
work, collaboration, and commitment that all of you will bring 
forward in the coming years the progress and improvements 
we long for are guaranteed.
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If we study the Argentine Journal of Interventional Cardioangiology (RACI) Google analytics and compare the last 5 
years we will see the growing interest this journal has created within our medical specialty both in and out of our country. 
Interest has probably even spread to other medical specialties associated with ours, though not necessarily focused on 
percutaneous coronary interventions.
If we analyze the last 5 years using the same yearly period from March through October corresponding to the three 
annual issues of RACI we will see a signi�cant growth in the number of users and visits to the journal o�cial website.
�is growth is evident going from 3540 users in 2017 to 8322 users in 2021, a 58% increase in the number of users, 
which is somehow similar to the increase seen in the number of sessions from 5066 in 2017 to 10 464 in 2021.
Year a�er year this increase can be seen in the number of sessions and in the number of new users who join us (Figure).
We should remind our readers that the Argentine College of Interventional Cardioangiology (CACI) only has so-
mewhere around 600 active members including those who are students at CACI, that is, it is obvious that there are many 
more readers compared to a�liate members.
�e number of a�liate members to each scienti�c society should be taken into consideration if we are to compare our 
journal to other cardiology journals in our country.
We should mention that this growth remained stable throughout this entire period: 21% in 2018 vs 2017; 10.5% in 
2019 vs 2018; 23% in 2020 vs 2019, and 22% in 2021 vs 2020 
Each issue of our journal is simultaneously published in Spanish and English since 2020.
A total of 50% of the users come from our country, 25% from the region, and the remaining 25% from the United States 
of America. Regarding users, our journal is invariably well positioned among the leading 3 counties. Also, the presence of 
our journal is felt in countries like France, Spain, and over the last few years China, which is consistent with the moment 
when we decided to publish our journal in both English and Spanish languages.
In conclusion our journal ongoing growth is the direct consequence of the quality of the manuscripts submitted, the 
simultaneous English edition of all the articles published in our journal, and the growing number of citations RACI 
currently has. 

�is issue includes original articles, case reports, and 
also a review article on the le� main coronary artery 
submitted to us by Mount Sinai Working Group (New 
York, NY, United States) lead by Dr. George Dangas, 
MD.
Among the articles that can be visited through our web-
site with their corresponding DOI we will �nd a review 
paper on coronary lithotripsy submitted to us by the 
MedStar Institute Working Group (Washington D.C., 
United States) lead by Dr. Ron Waksman, MD. �is ar-
ticle will be available in the upcoming second issue of 
the journal (2Q 2022).
�roughout these years we have published reviews and 
editorials from some of the world’s most cited interven-
tional cardiology experts in our specialty.
It is our responsibility and that of the entire Editorial 
Board to keep feeding the growth of our journal.

Alfredo E. Rodríguez MD, PhD, FACC, FSCAI
Editor-in-chief

Argentine Journal of Interventional Cardioangiology (RACI)

Figure 1.



Review article

Percutaneous coronary intervention for left main coronary 
artery disease

Intervencionismo percutáneo en la enfermedad del tronco común 
izquierdo

David A. Power MD1, Anastasios Roumeliotis MD1,2, Javed Suleman MD1, George D. Dangas MD PhD1

ABSTRACT
Left main coronary artery (LMCA) is associated with signi�cant morbidity and mor-
tality, primarily related to the large amount of myocardium it subtends. The medi-
cal management of left mainstem disease has been associated with dismal out-
comes approaching 50% mortality at 5 years. Coronary artery bypass graft (CABG) 
surgery historically emerged as the standard of care for the revascularization of 
LMCA disease. Recently, percutaneous coronary intervention (PCI) has been esta-
blished as a alternative to CABG for LMCA disease. Advancements in stent design, 
implantation technique, and pharmacotherapy, have occurred over time. Large 
randomized controlled trials comparing CABG to PCI for LMCA disease have recent-
ly been published in various settings. There have been ongoing e�orts to reconcile 
certain disparate trial results. Herein, we summarize the data behind LMCA revas-
cularization and place the NOBLE and EXCEL trials in clinical context alongside cu-
rrent societal guidelines.

Keywords: unprotected stenosis of left main coronary artery, complex lesions, SYNTAX 
score, multiple vessels, drug-eluting stents, stents.

RESUMEN
La enfermedad de tronco de coronaria izquierda (TCI) se asocia a una mortalidad y 
morbilidad importantes, principalmente porque compromete una cantidad enor-
me de miocardio. El manejo médico de la enfermedad del TCI se asocia a resulta-
dos funestos con tasas de mortalidad del 50% al cabo de 5 años. Tradicionalmen-
te, la cirugía de revascularización coronaria (CABG) ha sido su tratamiento estándar. 
Recientemente, la intervención coronaria percutánea (ICP) se ha establecido como 
una alternativa a la CABG para su tratamiento. El paso del tiempo ha traído consigo 
avances tanto en el diseño de los stents, como en las técnicas de implantación, así 
como en la farmacoterapia. Recientemente, se han publicado extensos ensayos clí-
nicos controlados y aleatorizados comparando CABG frente a ICP para el tratamiento 
de la enfermedad del TCI en diferentes escenarios clínicos. En varias ocasiones se han 
intentado reconciliar resultados dispares procedentes de estos ensayos. En este artí-
culo se resumen los datos que hay detrás de la revascularización del TCI y se ponen 
los ensayos NOBLE y EXCEL en contexto clínico dentro del marco establecido por las 
actuales guías de práctica clínica elaboradas por las diferentes sociedades médicas. 

Palabras claves: estenosis no protegida de tronco de coronaria izquierda, lesiones com-
plejas, score de SYNTAX, múltiples vasos, stents liberadores de fármacos, stents. 
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INTRODUCTION

�e le� main coronary artery (LMCA) supplies blood to 
approximately 75% of the total myocardium. While LMCA 
disease (LMCAD) accounts for less than 5% of lesions on 
routine coronary angiography, the large area of muscle sub-
tended illustrates its signi�cance as a target for revascula-
rization1. Historically, coronary artery bypass gra� surgery 
(CABG) was considered the gold standard therapy for LM 
stenosis. More recently, however, percutaneous coronary in-
tervention (PCI) has been considered as a viable alternative 
treatment option for select patients2.
Over the last decade, advances in stent technology, implan-
tation technique, intravascular imaging and antiplatelet 
pharmacotherapy have helped PCI to emerge as an alterna-
tive for selected patients with LMCAD. To date, randomi-
zed trials directly comparing the two revascularization stra-
tegies have demonstrated non-inferiority of PCI in compari-
son to CABG with regards to major adverse cardiac and ce-

rebrovascular events2. Furthermore, multiple observational 
registries have reported excellent short- and long-term out-
comes in LMCAD patients treated with PCI3. Additional 
prospective registries throughout the 2010’s revealed dispa-
rate results, prompting the initiation of multicenter rando-
mized control trials to compare the two strategies.

THE FIRST GENERATION DES ERA

Early clinical trials for le� main coronary artery diseaseini-
tially examined CABG versus PCI with predominantly 1st 
generation drug eluting stents (DES). Four of the most nota-
ble randomized trials of this era included SYNTAX, PRE-
COMBAT, Boudriot et al., and LEMANS4-7. �e Synergy 
Between PCI with Taxus and Cardiac Surgery (SYNTAX) 
trial was a multicenter randomized control trial comparing 
CABG versus PCI in 1,800 patients for a composite MAC-
CE (major adverse cardiac and cerebrovascular events) out-
come of death, stroke, myocardial infarction (MI) or repeat 
revascularization. �e PCI arm of SYNTAX notably utili-
zed the now obsolete Paclitaxel DES. Analysis of the LM-
CAD subgroup (n=705) revealed no signi�cant di�eren-
ces between PCI or CABG for either mortality (12.8% 
vs. 14.6%; p=0.53) or MACCE (36.9% vs. 31%, p=0.12) 
at 5-year follow up. Compared to PCI, CABG patients in 
SYNTAX hadsome what higher rates of stroke. Notably, 
CABG did provide a signi�cant survival bene�t in patients 
with extensive triple vessel coronary disease6.
Building from the lessons of the SYNTAX trial, the Pre-
mier of Randomized Comparison of Bypass Surgery Ver-
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sus Angioplasty Using Sirolimus-Eluting Stent in Patients 
with Le� Main Coronary Artery Disease (PRECOMBAT) 
study was a randomized control trial of 600 patients under-
going PCI or CABG for unprotected LMCAD in South 
Korea. Similar to SYNTAX, it was designed as a non-infe-
riority study with a primary MACCE endpoint. No di�e-
rences in 1 year mortality (5.7% vs. 7.9%; p=0.32) or MAC-
CE (17.5% vs. 14.3%; p=0.26) were detected between PCI 
versus CABG respectively6.
Boudriot et al. examined 201 patients with LMCAD ran-
domized to PCI or CABG for a primary MACE outcome 
of death, MI or repeat revascularization. �e combined pri-
mary endpoint at 1-year follow-up for PCI versus CABG 
was 19% and 13.9% respectively (p=0.19)4. Finally, the Le� 
Main Coronary Artery Stenting (LE MANS) trial enrolled 
a small number of patients (n=105) with unprotected LM-
CAD to either PCI or CABG with long term follow up. At 
10 years, there were no di�erences in the secondary outcome 
of MACCE (death, myocardial infarction, target vessel re-
vascularization or stroke) between revascularization strate-
gies. �e primary outcome of LE MANS was a di�erence in 
le� ventricular ejection fraction and was neither statistically 
nor clinically signi�cant5.
Taken together, the relatively small number of patients with 
LMCAD included in individual randomized trials, genera-
lly short term follow-up time frame and the use of 1st gene-
ration DES necessitated other contemporary randomized 
trials to examine the role of PCI with 2nd generation DES 
versus CABG for LMCAD.

THE SECOND GENERATION DES ERA

�e simultaneous publication of the EXCEL (Evaluation of 
XIENCE versus Coronary Artery Bypass Surgery for E�ec-
tiveness of Le� Main Revascularization) and NOBLE (Nor-
dic–Baltic–British le� main revascularization trial) rando-
mized trials in 2016 gave apparently discordant results to 
the topic of LM CAD revascularization with second genera-
tion drug-eluting stents (DES)8,9. Both trials had a non-infe-
riority design, attempting to demonstrate that PCI was not 
signi�cantly worse than the control treatment, CABG.
In brief, the NOBLE trial was a prospective, randomized 
control trial carried out across 36 centers throughout Euro-
pe comparing PCI to CABG. �e trial randomized 1,201 
patients to either revascularization strategy (PCI, n=598; 
CABG, n=603) with a primary outcome of MACCE com-
prising all-cause mortality, stroke, non-procedural MI (pe-
ri-procedural MI was excluded) and repeat revasculariza-
tion. �e �ndings from NOBLE indicated that CABG was 
superior to PCI (MACCE 19% vs. 28%; HR=1.58; 95% 
CI: 1.24-2.01; p<0.01). �ere were no di�erences between 
CABG and PCI groups in terms of all-cause mortality (9% 
vs. 11%; 95% CI: 0.67-1.74; p=0.84)8.
On the other hand, the EXCEL trial was a prospective, ran-
domized, open label, non-inferiority trial of 1,905 patients 
undergoing either CABG or PCI with low or intermediate 
anatomical complexity. At an average of 3 years follow up, 
there was no signi�cant di�erence between CABG and PCI 
in terms of the primary MACE outcome of cardiac death, 
stroke, MI or revascularization (14.7% vs. 15.4%; HR=1.00; 
95% CI: 0.79-1.26; p=0.98 for superiority).�ere were no 
di�erences in all-cause-mortality at 3-years (5.9% vs. 8.2%; 
HR=1.34; 95% CI: 0.94-1.91; p=0.11)9.

In order to reconcile these apparently contradicting trial re-
sults it is crucial to outline their major methodological di-
�erences. First, the EXCEL trial used the SCAI (Society of 
Cardiac Angiography and Intervention) de�nition forperi-
procedural MI a�er both PCI and CABG, whereas NOBLE 
excluded all periprocedural MI events10-11.
Secondly, while the NOBLE trial provides a direct compari-
son between CABG and PCI for the treatment of le� main 
disease across a wide spectrum of angiographic complexity, 
the population included in the EXCEL trial had an overa-
ll intermediate-low anatomical complexity. It can be cons-
trued, therefore, that EXCEL may have a higher level of ex-
ternal generalizability given the current ESC and ACC/
AHA guidelines that strongly recommend CABG for LM-
CAD revascularization amongst high SYNTAX popula-
tions and become more equivocal between revascularization 
strategies as SYNTAX scores are in the intermediate-low 
range11.
�ird, the stent platforms used in the two trials were di�e-
rent. Biolimus-eluting biodegradable stents were used exclu-
sively in the NOBLE trial while �uoropolymer-based co-
balt-chromium Everolimus eluting stents were used in the 
EXCEL trial. Inherent device di�erences may exist between 
stent platforms.
Finally, the primary end points were di�erent between the 
two trials. �e primary endpoint of NOBLE was MACCE 
(death, MI, stroke and repeat revascularizations), while in 
EXCEL, repeat revascularization was not included in the 
composite endpoint (death, MI and stroke). Hence, the use 
of di�erent stents, MI de�nitions, primary outcome di�e-
rences and anatomical complexity accounts for the observed 
di�erences; otherwise results are actually quite concordant.

SYNTAX AND ANATOMICAL COMPLEXITY

�e 5-year follow up of both NOBLE and EXCEL con�r-
med the previous �ndings for both studies(12,13). Looking 
to the long term data from another notable revasculariza-
tion trial, Park et al.,revealed the 10-year follow up of the 
PRECOMBAT cohorts, �nding no signi�cant di�erence in 
the primary outcome of MACCE (composite of death from 
any cause, myocardial infarction, stroke, or ischemia-driven 
target-vessel revascularization)14. �e landmark SYNTAX 
Extended-Survival Study also demonstrated no di�erence in 
overall all-cause mortality between PCI and CABG in pa-
tients with LM disease not accompanied by multivessel di-
sease. With the exception of the NOBLE trial, all previous 
studies have shown a signi�cant association between cardio-
vascular death and the extent of multivessel disease (typica-
lly measured using the SNYTAX score). �e EXCEL trial 5 
year follow up study showed a mortality bene�t in favor of 
CABG over PCI (9.9% vs. 13.0%; HR=1.38; 95% CI: 1.03-
1.85), mostly of non-cardiovascular origin.
As a result of the afore mentioned data, it appears that the 
advantage of CABG in LM coronary revascularization per-
haps relates more to the presence of triple vessel disease or 
comorbidities such as diabetes, rather than the pure presen-
ce of LMCAD. Furthermore, a meta-analysis of six rando-
mized trials examining PCI and CABG from over 4,500 pa-
tients demonstrated a lower relative risk of mortality with 
PCI in low SYNTAX score, equivocal results between both 
strategies for intermediate SYNTAX scores and lower risk 
of mortality with CABG in high SYNTAX scores15.
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�e most recent European Society of Cardiology guideli-
ne recommendations on the optimal treatment approach 
to LMCA disease were published in 2018 and were prima-
rily based on the secondary analyses of the SYNTAX trial 
and the early results of the EXCEL trial. �e most recent 
update from the European Society of Cardiology recom-
mends CABG in all patients with stable LMCAD and low 
predicted surgical mortality (Class 1, LOE B). In LMCAD 
patients with low anatomical complexity (SYNTAX score: 
0-22) PCI was indicated with a high level recommendation 
(IA) while in those with an intermediate score (SYNTAX 
score: 23-32) PCI should be considered as a treatment op-
tion (IIA, LOE B). PCI was not recommended (IIIB, LOE 
B) in cases with high SYNTAX score >3216-17.
�e recommendations for PCI for LMCA disease across 
SYNTAX score tertiles from the 2014 American College 
of Cardiology/American Heart Association focused upda-
te for the diagnosis and management of patients with stable 
ischemic heart disease are currently Class IIa if SYNTAX 
score is low, Class IIb if SYNTAX score is intermediate, and 
Class III if SYNTAX score is high18. Overall, isolated LM 
disease, or LM disease in combination with lesions of lower 
complexity can be safely and successfully treated via PCI.

LEFT MAIN LESION LOCATION AND STENT 
IMPLANTATION TECHNIQUE

In addition to factors such as anatomical complexity, ven-
tricular reserve and comorbid diabetes that have been well 
described, much attention should focus on lesion location 
and stenting technique. Distal lesions of the LM bifurcation 
treated with PCI have been associated with inferior cardio-
vascular outcomes compared to ostial and body disease.�is 
probably re�ects the higher lesion complexity and unique te-
chnical di�culties encountered during interventions on the 
distal segment of the LM coronary artery.
A secondary analysis from the 3-year follow up of the EX-
CEL trial examined the comparative e�cacy of PCI and 
CABG according to the location of the LM lesion. Whi-
le no di�erences between PCI or CABG were reported 
for lesions in the ostium or the sha�, patients in the PCI 
arm with a distal LM lesion experienced a higher inciden-
ce of ischemia-driven revascularization (13.0% vs. 7.2%; 
p=0.0001). In a post-hoc analysis of the EXCEL trial, PCI 
with a 1-stent provisional stenting (PS) technique was asso-
ciated with lower rates of the composite endpoint of death, 

MI or stroke at 3-years as compared to a 2-stent approach 
(14.1% versus 20.7%; adjusted HR=0.55; 95% CI: 0.35-
0.88; p=0.01). �ese results were primarily driven by de-
creased rates of ischemia-driven revascularization in the 
PS group compared to the 2-stent group (7.2% vs. 16.3%; 
p=0.001)19. Despite the afore mentioned post-hoc analyses, 
the bene�t of PS in ULMD has recently been questioned in 
the DKCRUSH-V (Double Kissing Crush versus Provisio-
nal Stenting for Le� Main Distal Bifurcation Lesions) ran-
domized trial.
DK-CRUSH-V randomized patients with ULMD to either 
a 2 stent DK-CRUSH technique or PS. At one year follow 
up, the DK crush strategy resulted in reduced rates of tar-
get lesion failure compared to a PS strategy (10.7% vs. 5.0%; 
HR=0.42; 95% CI: 0.21-0.85; p=0.02), although the study 
was under-powered to assess hard outcomes. Several 2-stent 
techniques are currently available to treat bifurcation le-
sions, but how these techniques compare with one another 
is still debated20.
�e DKCRUSH-III (Comparison of double kissing crush 
versus Culotte stenting for unprotected distal le� main bi-
furcation lesions) trial compared the 2-stent DK-CRUSH 
technique to a 2-stent Culotte technique for LM bifurca-
tion lesions. Patients treated with a Culotte technique had 
signi�cant higher 1-year MACE rate compared to DK-
CRUSH group (16.3% vs. 6.2%), mainly driven by increa-
sed TVR21. �ese results clearly indicate that not all 2-stent 
strategies are equal, however the choice of 2-stent vs. 1-stent 
technique remains unclear22.
�e European Society of Cardiology (ESC) has re�ected 
these results in its recent recommendations advocating for 
the DK-Crush technique to be preferred over provisional 
T stenting (Class IIb, LOE B)16. However, the unique mul-
ti-step methodology employed for the DK-CRUSH-V trial 
may limit its broader adaptation in clinical practice.

CONCLUSION

Le� main CAD represents an important and demonstra-
bly complex target for revascularization. PCI appears to be 
a safe and feasible alternative to CABG as demonstrated by 
the non-inferiority of major trials according to hard outco-
mes for select patient populations. Importantly, low anato-
mical complexity as de�ned by SYNTAX scores is perhaps 
the most critical element in favor of PCI for LM disease. Ra-
ther than dogmatically applying one-stent (provisional) or 

LEMANS5 SYNTAX (Left Main Study)6 Boudriot et al.4 PRECOMBAT7 NOBLE8 EXCEL9

Publication year 2007 2010 2011 2011 2016 2016
Study design RCT RCT sub-analysis

(pre-speci�ed)
RCT RCT RCT RCT

Number of patients 105 705 201 600 1201 1905
Length of follow up 2 years 1 year 1 year 1 year 5 years 3 years
Stent generation 1st Gen DES & BMS 1st Gen DES 1st Gen DES 1st Gen DES 2nd Gen DES 2nd Gen DES
Diabetes % (PCI/CABG) 19%/17% 28%/30% 40%/33% 34%/30% 15%/15% 30%/28%
Outcome of interest 
(components)

MACCE:
CV death, MI, stroke, repeat 
revascularization, ISR

MACCE:
Death, stroke, MI, repeat re-
vascularization

MACE:
CV death, MI, TVR

MACCE:
Death, MI, stroke, 
TVR

MACCE:
Death, MI, stroke, repeat 
revascularization

MACCE:
Death, Stroke, MI

Results PCI non-inferior to CABG PCI non-inferior to CABG 
(non-randomized)

PCI inferior to 
CABG

PCI non-inferior 
to CABG

PCI inferior to CABG PCI non-inferior to 
CABG

Methodological issues Secondary endpoint Pre-speci�ed sub-analysis CABG superiority 
driven by repeat re-
vascularization; 

Wide non-infe-
riority margins

Outcome driven by MI 
and repeat revascula-
rization

Impact of peripro-
cedural MI on ear-
ly outcomes

BMS: bare metal stent. CABG: coronary artery bypass graft surgery. CV: cardiovascular. DES: drug eluting stent. MACCE: major adverse cardiac and cerebrovascular events. MACE: major ad-
verse cardiac events, MI: myocardial Infarction, PCI: percutaenous coronary intervention, RCT: randomized controlled t rial, TVR: target vessel revascularization.
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two-stent techniques to le� main disease, either technique 
can be pragmatically employed according to speci�c anato-
mical settings.
On the other hand, patients with high anatomical complexi-
ty as de�ned according to the SYNTAX score are better ser-
ved with CABG. As PCI techniques and stent platforms de-

velop further to improve patient care, randomized contro-
lled trials comparing PCI versus CABG will continue to su-
�er from an inevitable lag time bias. Clinical research will 
continue to be necessary in order to delineate the role for 
LM PCI in patient subsets with co-morbid diabetes, redu-
ced le� ventricular function and other conditions
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Transient percutaneous balloon occlusion vs uterine 
artery embolization as coadjuvants in the management  
of placenta accreta spectrum disorders during C-section

Oclusión percutánea transitoria con balones vs. embolización de las 
arterias uterinas como coadyuvantes en los trastornos adherenciales 
placentarios durante la cesárea

Federico Martín Riolo1, Andrés Enrique Dini1, Gustavo Alberto Tamashiro1, Derwin Plazas Alvarez1, Jorge Orlando Cortez Yáñez1, 
Miguel Osvaldo Villegas1

ABSTRAC
Adjuvant treatment through endovascular procedure for the management of placen-
ta accreta is useful because it has low morbidity and mortality rates. The therapeutic 
objective is the embolization and occlusion of uterine arteries by optimizing and re-
ducing the risk of complications associated with C-section with preservation of the 
uterus or subsequent hysterectomy. A total of 38 patients with a diagnosis of placen-
taaccreta were admitted to the hemodynamics unit of out center between January 
2012 and January 2020. After C-section and prior to thehysterectomy 28 of these pa-
tients were treated with gelatin sponge embolization of the uterine arteries. Transient 
percutaneous balloon occlusion of the uterine arteries was performed in 10 patients. 
The outcomes of our center are presented here.

Keywords: placenta accreta, obstetric and gynecologic emergencies, postpartum hemo-
rrhage, transcatheter embolization, intravascular balloon.

RESUMEN
El tratamiento coadyuvante por intervencionismo endovascular en los trastornos ad-
herenciales placentarios es considerado un procedimiento útil debido a su baja mor-
bimortalidad. El objetivo terapéutico es la embolización y/u oclusión de las arterias 
uterinas optimizando y disminuyendo el riesgo de complicaciones asociadas a la ce-
sárea, con conservación del útero o con posterior histerectomía. Entre enero del 2012 
a enero del 2020 fueron admitidos en el Servicio de Hemodinamia de nuestra Insti-
tución 38 pacientes con diagnóstico de acretismo placentario; 28 de ellas, luego de 
la cesárea y previo a la histerectomía, fueron sometidas a embolización con espon-
ja de gelatina de las arterias uterinas. En 10 pacientes se realizó la oclusión transitoria 
percutánea con balones de las arterias uterinas. Se presentan los resultados de nues-
tra experiencia.

Palabras clave: placenta accreta, emergencias obstétricas y ginecológicas, hemo-
rragia posparto, embolización endovascular, balón endovascular.
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INTRODUCTION

Placenta accreta is a serious complication during pregnancy 
that can be associated with massive bleeding during and af-
ter delivery with the potential risk for the patient’s life.[1] 
Currently, the rate of accretism is 1 for every 1000 delive-
ries (0.04% to 0.9%) [2]. Accretism is the most common in-
dication for peripartum hysterectomy due to the increa-
se of C-sections seen over the last 50 years.[3] It has beco-
me the leading cause of emergency hysterectomy.[4] Howe-
ver, the most common cause of postpartum bleeding is ute-
rine atony. C-section and hysterectomy to treat accretism 
have been recommended since 1972. A total of 38 patients 
with a diagnosis of placenta accreta were admitted to the 
unit of hemodynamics of our center between January 2012 
and January 2020 to be treated with percutaneous balloon 
occlusion of uterine arteries and/or embolization a�er the 
C-section and prior to hysterectomy. �ese are the results of 
our experience.

ENDPOINT

�is represents our experience with the endovascular treat-
ment of 30 patients with placenta accreta spectrum disor-
ders treated with scheduled C-section. We will be descri-
bing the endovascular techniques used, the immediate re-
sults reported, and the in-hospital follow-up.

MATERIAL AND METHODS

Cross-sectional, descriptive, and observational study con-
ducted from January 2012 through January 2020. A total of 
38 patients with a diagnosis of placenta accreta were admi-
tted to the unit of hemodynamics of our center. Each case 
was approached by a multidisciplinary team including obs-
tetricians, neonatologists, urologists, anesthesiologists, and 
interventional cardiologists who were experts in the mana-
gement of patients in their 34th-35th gestational week. Pro-
cedures were performed on an eligibility and scheduled ba-
sis. Ultrasound-guided prenatal diagnosis was achieved in 
all the patients. When the ultrasound was inconclusive an 
MRI was performed in 3 of these patients.
First, the urology unit inserted the ureteral catheters into 
the patient who was, then, transferred to the hybrid cath 
lab where the patient was treated with the Seldinger tech-
nique under local anesthesia. Two 6-Fr introducer sheaths 
were placed in both common femoral arteries retrogradely 
and then followed by the infusion of a bolus of 2500 IU of 
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sodium heparin. Both introducer sheaths were connected to 
pressurized permanent cleaning with a heparinized physio-
logical solution (2500 IU of sodium heparin in 500 mL of 
physiological solution) during the entire procedure at an ac-
ceptable rate to prevent access site thrombosis due to the, so-
metimes, extended surgical times.
�e anesthesiology unit then administers general anesthe-
sia with the corresponding intubation and connection to a 
ventilator.
Using the AP projection, using radiography, and with an ave-
rage dose administered, 2 5-Fr Cobra angiographic catheters 
were mounted on a 0.035 in guidewire. Using the crossover 
technique at L4 level both catheters were placed next to both 
uterine arteries and then advanced towards the hypogastric 
artery anterior branch. Sometimes the contralateral oblique 
projection was used to select the uterine artery (25º to 40°) 
and see the partition between the anterior and posterior bran-
ches of the hypogastric artery. A baseline angiography was 
performed to assess the patient’s uterine vascular anatomy.
Patients from group #1 (n = 28 - 73%) were treated with em-
bolization. Patients from group #2 (n = 10 - 26%) were trea-
ted with temporary balloon occlusion of the uterine arteries.
In group #1, once the insertion of the catheters has been 
con�rmed into the uterine arteries Tegaderm and Lino dres-

sings are used for catheter �xation and immobilization. Af-
terwards, the C-section is performed by the obstetrics team. 
�e newborn is examined by the neonatologist and later 
hospitalized. Prior to the hysterectomy, embolization with 
gelatin sponge is performed (Spongostan® Curamedical B.V., 
Amsterdam, �e Netherlands). Once the surgical act is com-
pleted the patient is extubated, and a control angiography is 
performed to con�rm the patency of both iliofemoral axes.
In group #2, using a 180 cm-long 0.014 in guidewire, the 
Cobra catheters are exchanged for 6-Fr balloon wedge-pres-
sure catheters (ARROW®, Arrow International, Inc. 2400 
Bernville Road Reading, PA, United States) with distal ori-
�ce that will be in�ated a�er starting the hysterectomy (Fi-
gure 2). Once the procedure is completed both the catheters 
and the introducer sheaths are removed. �e patient is then 
extubated and transferred to the ICU where she will remain 
for the next 24 hours to be eventually transferred to the obs-
tetrics ward. Table 1 shows the characteristics of the popu-
lation treated.

RESULTS

�e ultrasound revealed the presence of total occlusive pla-
centa previa in 52.64% of the patients (20/38), anterior pre-

TABLE 1. Characteristics of the population.

Number of patients  (n) n=38
Age (years) 32.3±5.6 (22- 42)
Gestational weeks 34.47±3.35
Previous pregnancies 4.3±1.7

1 pregnancy 5.26% (2/38)
2 a 3 pregnancies 21.05% (8/38)
4 o + pregnancies 73.68% (28/38)

Previous C-sections 2.8±1.4
None 5.26% (2/38)
1 C-section 10.53% (4/38)
2 a 3 C-sections 57.9% (22/38)
4 o + C-sections 26.32% (10/38)

Previous miscarriages 0.68±0.9
No miscarriages 55.26% (21/38)
1 miscarriage 31.58% (12/38)
2 a 3 miscarriages 10.53% (4/38)
4 miscarriages 2.63% (1/38)

Previous deliveries 0.55±1.35 26.32 % (10/38)

Figura 1. A. Angiografía selectiva de ambas arterias uterinas. Se visualiza la tortuosidad de sus recorridos, la presencia de lagunas vasculares, la dominancia de la 
arteria uterina izquierda y el borde del cráneo fetal con presentación cefálica. B. Angiografía post embolización con Spongostán®. Angiografía selectiva de las ar-
terias hipogástricas. C. Angiografía �nal. Se visualiza la permeabilidad del eje ilíaco-femoral, de la arteria circun�eja ilíaca y la embolización exitosa de ambas ar-
terias uterinas

Figura 2. Catéter balón Wedge 6 Fr (ARROW®, Arrow International, Inc. 2400 
Bernville Road Reading, USA) con ori�cio distal.
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via in 28.95% (11/38), posterior previa in 5.26% (2/38), an-
teroposterior in 5.26% (2/38), marginal previa in 5.26% 
(2/38), and lateral le� previa in 2.63% (1/38). 
�e angiography of uterine vessels performed revealed the 
presence of a dominant uterine artery in 76.31% of the pa-
tients (29/38) being the le� uterine artery in 44.73% of the 
cases (17/38), and the right uterine artery in 31.57% of the 
patients (12/38). In the remaining cases it was codominant 
in 23.70% of the patients (9/38). �e dominant uterine ar-
tery was embolized in a patient since the contralateral one 
could not be selected, which required 2 intraoperative RB-
CUs. No correlation between the anatomical distribution of 
the arteries and the location of the placenta was seen.
�e Apgar test score in the newborns was 9-10 in 78.95% 
(30/38), 9-9 in 10.53% (4/38), 8-9 in 5.26% (2/38), 6-10 in 
2.63% (1/38), and 6-7 in 2.63% (1/38). �e newborns were 
not a�ected by general anesthesia, and the mother had no 
complications whatsoever.
Both arteries were embolized in 71% of the patients (27/38), 
the le� uterine artery (dominant) in 1 patient because the ri-
ght artery could not be selected in 2.6% of the cases (1/38), 
and only occluding balloons were used in both arteries in 
16.6% of the patients (10/38). 
A total hysterectomy was performed in 97.37% of the pa-
tients (37/38). Conservative treatment was used in a patient 
with uterine preservation.
�e mean radiography time in groups #1 and #2 before the 
C-section (fetal radiation) was 3.9 minutes (+/- 1.5) with an 
average dose of 0.032 Gy = 3.23 rads. �e overall radiogra-
phy time was 14.2 minutes (+/-10) with an average dose of 
0.11 Gy = 11 rads (table 2).
�e mean volume of contrast used was 179 mL (+/-117). 
�e contrast agent used was Ioversol (Optiray® - Mallinc-
krodt Inc., St Louis, MO, United States) in 92.1% of the ca-
ses (35/38) while Triyosom® (Gobbi Novag S.A, Bs.As., Ar-
gentina) was used in 3 patients (7.9%). None of the patients 
treated developed contrast-induced nephropathy (table 2).
Regarding the intraoperative transfusion requirements, 
42.10% of the patients (16/38) did not require transfu-
sion of hemoderivatives, 18.42% (7/38) required 2 RBCUs, 
15.79% (6/38) required 1 RBCU, 7.89% (3/38) 4 RBCUs, 
5.26% (2/38) 2 RBCUs, and 1 patient required 6 RBCUs 
(2,63%). In 7.89% of the patients (3/38) the Cell-Saver red 
blood cell recirculation system (Haemonetics Cell-Saver 5) 

was used to recirculate 300 mL of blood in these patients, 
which is equivalent to a single red blood cell unit (table 2).
A total of 10 patients were treated with coadjuvant therapy 
with balloon wedge-pressure catheters in both uterine arte-
ries. �e mean volume of contrast used in these patients was 
30 mL (+/-10). No radiographies were obtained a�er the 
C-section. A total of 5 patients did not require the transfu-
sion of hemoderivatives during the procedure or during the 
hospital stay. Two patients required a single red blood cell 
unit intraoperatively, 2 patients required 2 red blood cell 
units, and 1 patient required 3 units.
�e levels of hemoglobin prior to the surgical act were 11.03 
(+/-1.1). �ese levels dropped 23.49% at the follow-up with, 
on average, lowest hemoglobin levels of 8.44 (+/- 1.9). �e 
patients had mean hemoglobin levels of 10.01 (+/- 1.47) at 
discharge, which would account for the 9.2% drop reported 
compared to admission levels without any clinical signs.

Balloon group: previous Hb levels (11.74 +/-1.1), lowest Hb 
levels (9.21+/-0.49), Hb at discharge (11.02+/-1.84). Redu-
ced Hb levels a�er treatment: 21.6%.

Embolization group: Previous Hb levels (10.86+/-1.08), 
lowest Hb levels (8.28+/-2.09), Hb at discharge (9.8+/-1.3). 
Reduced Hb levels a�er treatment: 23.7%.

During admission and a�er the C-section, 47.37% of the pa-
tients (18/38) did not require transfusions, 21.06% (8/38) 
received 1 RBCU, 23.68% (9/38) 2 RBCUs, and 7.89% 
(3/38) 3 or more RBCUs. 
A total of 92.10% of the patients (35/38) were hospitalized 
4 days (+/-1.9) before the C-section waiting for fetal matu-
rity. A total of 4 patients remained at the hospital for over 
2 weeks also waiting for fetal maturity. A�er the procedure, 
84.21% of the patients (32/38) were hospitalized for 6.5 +/-
2.66 days until they were discharged. �e remaining 15.79% 
(6/38) had complications that extended the hospital stay for 
2 to 4 more weeks. Table 2 summarizes the comparative re-
sults of both techniques.

COMPLICATIONS

Only 1 patient required re-embolization due to bleeding af-
ter the hysterectomy (incomplete embolization). 

TABLE 2. Comparative results of both techniques used.

(Group #1)
Embolization of uterine arteries with Spongostan®

(Group #2)
Transient occlusion of both uterine arteries with balloons

No. of patients (n) n=28 n=10
Volume of contrast (ml) 187±114 30±10
Intraoperativetransfusions of RBCUs 1±1.2 1.5±1.7
Postoperativetransfusions of RBCUs 39.28% (11/28) did not receive any RBCUs

53.57% (15/28). receive between 1 y 2 RBCUs
7.14% (2/28). received ≥3 RBCUs 

70% (7/10) did not receive any RBCUs
30% (3/10) received between 1 and 2 RBCUs

Overall radiation (rad) Overall radioscopy time: 15.4±9.7 minutes 
0.12 Gy = 12 rad

Overall radioscopy time:  4.8 minutes
0.039 Gy = 3.9 rad

Drop in hemoglobin levels after 
 hysterectomy (%)

23.7% 21.6%

Hospital stay after C-section (days) 9.9±7.4 6.13±2.47
Complications associated with 
the hemodynamicsprocedure

1 patient died with thrombosis of both lower limbs and 
DIC.

1 patient showed occlusion in her right external iliac artery 
that required angioplasty with stenting.

1 patient required re-embolization due to incomplete ear-
ly embolization.

No hubo
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�e obstetrics unit performed new surgeries in 3 patients 
(7.9%): the laparotomy evacuation of hemoperitoneum wi-
thout decompensation in 2 patients, and surgery due to 
hypovolemic shock in 1 patient (2.63%). All patients res-
ponded well to the surgical procedures performed. One pa-
tient had a longer hospital stay due to a concomitant in-hos-
pital pneumonia. 
One patient (2.63%) died due to arterial thrombosis of both 
lower limbs. �rombectomy using Fogarty catheter was at-
tempted twice with poor clinical course and shock associa-
ted with disseminated intravascular coagulation (DIC). Be-
cause of the prolonged time we believe that catheters remai-
ned inserted into both iliac arteries with an approximate 
hysterectomy time of nearly 5 hours. 
Vesical reconstruction due to severe in�ltration was perfor-
med in 1 patient (2.63%). During the immediate puerpe-
rium and the hospital stay 1 patient developed acute arterial 
ischemia in her right lower limb. �e angiography perfor-
med con�rmed the occlusion of the right external iliac ar-
tery that was treated with stent implantation. �e patient’s 
clinical course was favorable.

DISCUSSION

Brown et al. performed the �rst embolization back in 1979. 
�e maternal mean age was 34 years, and the mean pari-
ty, 2.5. �e maternal morbidity and mortality rates sit at 
around 60% and 7%, respectively. �e rate of perinatal com-
plications is higher particularly due to the short gestational 
age of the fetus.[5]
Antenatal diagnosis is key regarding clinical management. 
In most cases it is ultrasound guided. To prevent emergen-
cy C-section and minimize complications performing the 
C-section between week 34 and week 35 is advised [6]. 
Maternal death in the placenta accreta setting can occur 
despite optimal planning, surgical care, and the transfusion 
of hemoderivatives. Using a multidisciplinary approach and 
a high-complexity center reduces the maternal and neonatal 
morbidity and mortality rates.
�e risk of accretism is directly associated with the number 
of previous C-sections performed.[7] �e higher rate of ac-
cretism reported at the follow-up was con�rmed in patients 
in whom 2 or 3 C-sections had previously been performed. 
We should mention that 44.7% (17/38) of the total number 
of patients had su�ered previous miscarriages with eventual 
curettage, which may have been an additional contributing 
factor.
Up to 90% of the patients with placenta accreta require 
blood transfusions, and 40% over 10 red blood cell units. 
Maternal mortality has been reported in 7% of these pa-
tients associated with surgical and/or conservative treat-
ment, but not with the endovascular procedure performed.
[8] A total of 42.1% of the patients (16/38) required in-
traoperative blood transfusions at the follow-up of whom 
only 1 patient required 6 units while 44,7% (17/38) needed 
between 1 and 3 red blood cell units. One patient eventua-
lly died (2.63%). 
�e bladder is an extrauterine organ most frequently invol-
ved in the presence of percretism and is associated with sig-
ni�cant morbidity and mortality rates.[9] One patient re-
quired vesical reconstruction with good disease progression.
In selected cases and when fertility is desired conservative 
treatment can be used. Ours was a multiparity population. 

Only 1 patient required conservative treatment without any 
complications being reported.
Balloon occlusion of iliac arteries is still a matter of discus-
sion. In a controlled and retrospective study of 69 patients, 
Shrivastava et al. [10] could not con�rm fewer bleedings in 
the cesarean-hysterectomies performed with intra-arterial 
balloons (n = 19). However, the control group without ba-
lloon (n = 50) showed selection bias (18%; n = 9 patients 
had not been treated with a previous C-section), less risk of 
accretism, and fewer chances of bleeding, which attenuated 
the bene�t anticipated in the study group.
�e simultaneous and temporal occlusion technique of both 
hypogastric arteries proved to be a highly e�ective treatment 
to prevent massive bleeding in placenta accreta and reduced 
the maternal morbidity and mortality rates signi�cantly.[11]
In an observational study conducted at Hospital Santojani 
in Buenos Aires, Argentina that included a total of 44 pa-
tients, 94.4% of the these were embolized bilaterally. Gela-
tin sponge (Spongostan®) was used in all cases with satisfac-
tory outcomes in 97.15% of the patients (n = 34) and unsa-
tisfactory outcomes in 1 of these patients (2.85%) [12].
According to the current studies on the preoperative place-
ment of intravascular balloon catheters this treatment is fea-
sible for the management of placenta accreta and particular-
ly useful for the management of placenta percreta.[13] Our 
heart team decided to use coadjuvant therapy with balloons 
following our non-inferiority experience in the results re-
ported regarding the embolization of both uterine arteries.
�e catheters advance under �uoroscopy guidance is asso-
ciated with fetal exposure to radiation. It has been reported 
that during this procedure the fetus is exposed to nearly 3 to 
6 rads of radiation into the uterus. A child’s risk of develo-
ping cancer a�er fetal radiation exposure > 10 rads is around 
0.5%[14,15] In our case, it was 3.23 rads without any di�e-
rences being reported between both groups.
�e hemodynamics procedure can be easily performed wi-
thin 30 min with less than 5 to 8 minutes of �uoroscopy 
time. An exposure dose of 2 rads/min of �uoroscopy resul-
ted in 10 to16 rads of radiation exposure to the pelvis and 
the fetus [16]. Our overall radiography time was 15.4 minu-
tes (+/-9.7) with mean levels of 12 rads in the embolization 
group and 4.8 min in the percutaneous balloon occlusion 
group with mean levels of 3.9 rads.
To solve the problem of fetal radiation there is a case report 
that says that catheters should be placed a�er the C-section 
has been performed. �e interventional radiologist should 
rapidly prepare the embolization where the presence of 
abundant bleeding was seen.[17] Further studies are needed 
to establish techniques and determine more accurate indica-
tions for embolization without fetal exposure to radiation.

CONCLUSIONS

�e multidisciplinary approach is key in both scheduled and 
emergency procedures. �e obstetrician is the one responsi-
ble for coordinating physicians from di�erent medical spe-
cialties. Endovascular treatment as coadjuvant therapy in 
the management of placenta accreta spectrum disorders is 
useful reducing the maternal morbidity and mortality rates. 
Based on our own results, we believe that the selective tem-
porary occlusion of both uterine arteries is advised. Less ma-
ternal radiation, fewer contrast agents used, shorter cath lab 
times, and lack of complications have been associated with 
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embolization. Transfusion requirements were almost the 
same with both techniques. No di�erences were reported re-

garding more bleeding or intraoperative bleeding complica-
tions or at the in-hospital follow-up.
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Association between variations in the combination 
of lidocaine and the prevalence of arterial spasm in 
procedures performed via radial access

Asociación entre variaciones en la combinación de lidocaína y 
prevalencia de espasmo arterial en procedimientos por acceso radial

Marcos Hernández1, Sebastián Amicone1, Sofía Algañaraz1, Carolina Fernández1

ABSTRACT 
Introduction. Currently in endovascular procedures, mainly the coronary ones, the 
use of radial arterial access is predominant as it has replaced the femoral access that 
is now spared for speci�c indications only or due to the impossibility of performing 
the former. One of the complications that the operator most often faces when using 
the radial artery is spasm, which complicates the procedure and sometimes even 
prevents completing the diagnostic study and/or therapeutic procedure.
Objectives. 1- To assess the relationship between the administration of Lidocaine / Li-
docaine + Diltiazem / Lidocaine + Nitroglycerin (prior to performing cardiac cathete-
rization procedures) and the prevalence of radial artery spasm in adult patients. 2- To 
assess the presence of radial artery spasm based on sex, age group, BMI, cardiovascu-
lar risk factors, comorbidities, and pharmacological treatment at the time of the study.
Material and methods. An experimental, analytical, cross-sectional study was con-
ducted including adult patients with an indication for left heart catheterization and/
or angiography of lower extremities or neck vessels treated with cine coronary arte-
riography, angiography of the neck vessels, angiography of lower extremities and/or 
angioplasty via radial access. Patients were treated with Lidocaine, Lidocaine + Dil-
tiazem or Lidocaine + Nitroglycerin 5 minutes before starting the procedure.
Results. Of the complications described, arterial spasm occurred in 21 patients only 
(25.3%), more often in women (30.8%) compared to men (20.5%). The most a�ected 
age group was > 70 years (33.3%) and patients with overweight (66.7%). Signi�cantly 
less prevalence of spasms was found in the Lidocaine + Nitroglycerin group (10.7%) 
compared to the Lidocaine + Diltiazem group (32.1%; P = .028) and the Lidocaine 
group (33.3%; P = .025). Over 50% were on regular statin medication, ACEI-ARAII, as-
pirin, clopidogrel, and beta-blockers. The most common comorbidity was periphe-
ral disease while the cardiovascular risk factors were dyslipidemia, sedentary lifestyle, 
and hypertension.
Conclusion. The prevalence of radial artery spasmthrough the use ofLidocaine 2% + 
Nitroglycerin in doses of 200 mcg, administered subcutaneously via radial access is 
lower compared to the prevalence reported with the administration of Lidocaine alo-
ne or Lidocaine + Diltiazem.

Keywords: lidocaine, nitroglycerin, diltiazem, radial artery, spasm.

RESUMEN
Introducción. Actualmente en los procedimientos endovasculares, principalmente los 
coronarios, predomina la utilización del acceso arterial radial, desplazando cada vez 
más al acceso femoral, el cual queda reservado para indicaciones especí�cas o im-
posibilidad de realizar por el primero. Una de las complicaciones que con más fre-
cuencia el operador se enfrenta ante la manipulación de la arteria radial es el espas-
mo, que di�culta en gran medida y a veces impide completar el estudio diagnóstico 
y/o terapéutico.
Objetivos. 1- Evaluar la relación entre la administración de lidocaína / lidocaína + dil-
tiazem / lidocaína + nitroglicerina (previo a la realización de procedimientos de cate-
terismo cardiovascular) y la prevalencia de espasmo arterial radial en pacientes adul-
tos. 2- Evaluar la presencia de espasmo arterial radial según sexo, grupo etario, IMC, 
factores de riesgo cardiovascular, comorbilidades y tratamiento farmacológico al mo-
mento del estudio.
Materiales y métodos. Se realizó un estudio experimental, analítico, de corte transver-
sal, en el cual se incluyeron pacientes adultos con indicación de cateterismo cardíaco 
izquierdo y/o angiografía de miembros inferiores o vasos de cuello, a quienes se les 
realizaron procedimientos de cinecoronariografía, angiografía de vasos de cuello, an-
giografía de miembros inferiores y/o angioplastias de coronarias por acceso radial. A 
los pacientes incluidos se les administró 5 minutos antes de iniciar el procedimiento 
lidocaína, lidocaína + diltiazem o lidocaína + nitroglicerina.
Resultados. De las complicaciones descriptas, solo se presentó el espasmo arterial en 
21 pacientes (25,3%), más frecuente en mujeres (30,8%) que en hombres (20,5%). El 
grupo etario más afectado fue >70 años (33,3%) y con sobrepeso (66,7%).
El grupo que presentó signi�cativamente menor prevalencia de espasmos fue el 
de lidocaína + nitroglicerina (10,7%) en relación al grupo de lidocaína + diltiazem 
(32,1%; p=0,028) y al grupo de lidocaína (33,3%; p=0,025).
Más del 50% contaba con medicación habitual de estatinas, IECA-ARAII, betablo-
queantes, aspirina y clopidogrel. La comorbilidad más frecuente fue la enfermedad 
periférica, y de los factores de riesgo cardiovascular, dislipemia, sedentarismo e hi-
pertensión arterial.
Conclusión. La prevalencia de espasmo arterial radial con el uso de lidocaína 2% + 
nitroglicerina en dosis de 200 µg, administrada de forma subcutánea en el canal ra-
dial, resulta menor que la registrada con la administración de lidocaína sola o lidocaí-
na + diltiazem.

Palabras clave: lidocaína, nitroglicerina, diltiazem, arteria radial, espasmo.
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INTRODUCTION

Traditionally we know that since the �rst time the cardio-
vascular system was approached via radial access back in 
1948(1)—at the time only to monitor invasive arterial pres-
sure—this route of access has been widely used and perfec-
ted within the �eld of cardiac interventional procedures to 
the point that, to this date, it is access route of choice,(2-6) 

and has displaced the femoral access widely used before.(7,8) 
�is tendency has been gaining traction for several reasons, 
among them, the lower rate of bleeding complications repor-
ted, its use in patients who require anticoagulant and anti-
platelet agents like GPIIbIIIa, and the shorter time by the-
se patients need to stay at the hospital.(9-11) It is also a good al-
ternative for patients with occlusive disease, tortuosity, and 
aneurysms in the aorto-ilio-femoral axis, particularly in el-
derly patients.(11,12)

�e radial artery consists of concentrical smooth muscle la-
yers and has a high density of adrenergic alpha-1 receptors 
that can cause arterial spasm, which is one of the most com-
mon complications when using it as an access route to per-
form maneuvers with catheters. Arterial spasm is de�ned as 
the di�culty and/or entrapment and/or pain when moving 
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the catheter and/or introducer sheath that obstructs and/or 
complicates the procedure.(13,14) 
In the medical literature available there are several studies 
like the SPASM 1, 2, and 3, the studies conducted by Vuur-
mans and Hilton and De�ereos et al., that compared di�e-
rent groups of drugs and strategies to reduce this risk to a 
minimum. (15-18) 
However, even in highly experienced centers, the rate of ra-
dial spasm goes from 10% to 30% of all procedures perfor-
med through this access, a situation especially uncomforta-
ble for the patient that is associated with a risk of procedu-
ral failure, and even with the need to cross over to the femo-
ral access.(15,19,20,23-25)

In most endovascular procedures performed via radial arte-
rial access, the early step is the administration of lidocaine as 
the local anesthetic before starting the procedure. In time it 
became necessary to coadjuvate this drug to reduce the risk 
of spasm even further. It is at this point when numerous stu-
dies start combining drugs such as nitrites, opioids, benzo-
diazepines, and calcium channel blockers through di�erent 
routes of administration—subcutaneous, oral, sublingual, 
IV, and intra-arterial—in an attempt to avoid this painful 
complication for patient and operator.(9,14,16,18,20-25)

�is study main objective was to assess the association be-
tween the administration of drug combinations (Lidocaine 
/ Lidocaine + Diltiazem / Lidocaine + Nitroglycerine) befo-
re cardiac catheterization, as well as the prevalence of radial 
artery spasm in patients from the unit of hemodynamics at 
Hospital Municipal “Pedro Orellana”, City of Trenque Lau-
quen, Buenos Aires, Argentina from October 2019 through 
February 2020.
�e study speci�c endpoint was to assess the presence of ra-
dial artery spasm based on sex, age group, body mass index 
(BMI), cardiovascular risk factors, comorbidities, and phar-
macological treatment of patients during the time of the 
study.

MATERIALS AND METHODS

Design and study population. Experimental, analytical, 
cross-sectional study including adult patients with an indi-
cation for le� heart catheterization and/or angiography of 
lower extremities or neck vessels treated with cine coronary 
arteriography, angiography of the neck vessels, angiography 
of lower extremities and/or angioplasty via radial access at 
the unit of hemodynamics from Hospital Municipal “Pedro 
Orellana”, City of Trenque Lauquen, Buenos Aires, Argen-
tina between October 2019 and February 2020.
�e exclusion criteria were hypersensitivity or known adver-
se events to Lidocaine, Diltiazem, and Nitroglycerine, posi-
tive or abnormal Allen test (lack of capillary re�ll for more 
than 10 seconds a�er the simultaneous compression of the 
radial and cubital arteries followed by the release of the cu-
bital artery), non-palpable pulse, patients with AV �stulae of 
the upper extremities for dialysis or eligible for dialysis, pa-

tients in cardiogenic shock or with acute respiratory failu-
re, patients with end-stage acute renal failure or chronic kid-
ney disease, and patients with an ongoing acute myocardial 
infarction.

Surgical techniques. �e patients included in the study were 
treated with the following medication through the wrist an-
terior region corresponding to the radial access a�er pulse 
was controlled with a 22 mm x 0.6 mm subcutaneous need-
le, and 5 minutes before starting the procedure:
• Lidocaine 2% 2cc subcutaneous via radial artery 

(Group #1 or control group).
• Lidocaine 2% 2cc (subcutaneous via radial artery) + 

Diltiazem 5 mg (intra-arterial) (Group #2).
• Lidocaine 2% 2cc + Nitroglycerine (NTG) 200 ugr 

subcutaneous via radial artery (Group #3).

Patients were randomized in each of the 3 drug groups. All 
procedures were performed by the same operator.
Afterwards, an Aboccath 20G needle and the Jelco® 

IV Catheter Radiopaque (Smith Medical) were used to 
puncture the radial artery with a 0.018 in hydrophilic 
coated f loppy guidewire (Terumo Medical Corporation) 
using the Seldinger technique. Once the arterial access 
was conquered, a 6-Fr Radiofocus hydrophilic introducer 
sheath (Terumo Medical Corporation) was used. Before 
insertion, the introducer sheaths were soaked in a hepa-
rinized physiological solution. A total of 5000 IU of so-
dium heparin were injected through the introducer shea-
th for diagnostic purposes followed by 10 000 IU for the 
angioplasties.
Cardiac catheterizations were performed using a 6-Fr Jud-
kins right 3.5 catheter, and a Judkins le� 4.0 catheter (Con-
cierGE® Merit Medical Systems). �e 6-Fr Amplatz catheter 
(ConcierGE® Merit Medical Systems) was required in 1 pa-
tient only since the origin of coronary arteries complicated 
selective cannulation. To perform the angiography of the 
neck vessels, a 5-Fr Simmons 2 catheter was used (Concier-
GE® Merit Medical Systems). To perform the angiography of 
the lower extremities a 6-Fr 125 mm multipurpose catheter 
was used (ConcierGE® Merit Medical Systems.) A 0.035 in 
Wholley guidewire (Terumo Medi-Tech Inc.) was used in 
all procedures to reach the ascending aorta.
At the beginning and end of each procedure, 2 to 3 mL of 
blood were drawn through the collateral of the introducer 
sheath to prevent distal embolization. A�erwards, the intro-
ducer sheath was removed at the cath lab, compressive ban-
dage was applied with an elastic wrist band for 60 minutes 
with partial decompression a�er 30 minutes, and cath lab 
follow-up for the next 4 hours. �e introducer sheath was re-
moved from the femoral punctures 2 hours into the proce-
dure with a 5-hour follow-up. Once the procedure was com-
pleted, all patients were discharged from the hospital.

TABLE 1. Comparison of the prevalence of radial artery spasm among patients 
with di�erent drug administration.

Comparación Cases (%) p
Lidocaine + NTG vs. Lidocaine + Diltiazem 3 (10.7) / 9 (32.1) p=0.028*
Lidocaine + NTG vs. Lidocaine 3 (10.7) / 9 (33.3) p=0.025*
Lidocaine vs. Lidocaine + Diltiazem 9 (33.3) / 9 (32.1) p=0.461

Source: own elaboration.
*Note: p<0.05 were considered statistically signi�cant.

TABLE 2. Rate of radial artery spasm based on age group.

Age group Cases (%)
31 a 40 years 2 (9.5)
41 a 50 years 3 (14.3)
51 a 60 years 4 (19.0)
61 a 70 years 5 (23.8)

≥ 71 years 7 (33.3)
Source: own elaboration. Note 1: percentage was estimated on the overall number of pa-
tients with complications associated cardiac catheterization (n=21). Note 2: due to radial 
artery spasm 2 women (of 71 and 78 years) crossed over to the femoral access.
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Techniques used for data curation. �e following study va-
riables were included in a database:
• Age (in years). 
• Sex (F/M). 
• BMI: Low weight/Normal weight/Overweight/

Obesity.
• Type of drug: Lidocaine / Lidocaine + Diltiazem / Li-

docaine + NTG.
• Presence and type of complication associated with the 

cardiac catheterization procedure: radial artery spasm/
Hematomas > 3 cm in diameter and/or access site blee-
ding/local ischemia or embolic events. 

• Presence and type of comorbidities.
• Cardiovascular risk factors.
• Pharmacological treatment patients were on at the 

time of the study.

Statistical method. �e complication reported during car-
diac catheterization (radial artery spasm) was described as 
a 2-state nominal qualitative variable (presence/absence) 
and then compared statistically among the 3 pharmacolo-
gical groups (Lidocaine / Lidocaine + Diltiazem / Lidocai-
ne + NTG) using the Bayesian approach to compare propor-
tions. Noninformative beta prior distributions and 50 000 
iterations were used. �e statistical so�ware package RStu-
dio was used, and P values < .05 were considered statistica-
lly signi�cant.

RESULTS

We studied a total 83 adult patients with an indication for 
le� heart catheterization and/or angiography of the lower 
extremities or neck vessels treated with cardiac catheteriza-
tion via radial access using Lidocaine alone in 32.5% of the 
cases (n = 27), Lidocaine + Diltiazem in 33.75% (n = 28), 
and Lidocaine + NTG in 33.75% of the patients (n = 28).
�e patients’ mean age was 65.7 years (SD, 12.3) from 33 to 
91 years. 
A total of 53% of the cases (n = 44) were male patients with 
a mean age of 64.8 years (SD, 12.3) from 33 to 87 years. �e 
remaining 47% cases (n = 39) were female patents with a 
mean age of 66.7 years (SD, 12.3) from 43 to 91 years

Procedural complications associated with cardiac cathete-
rization were reported in 25.3% of the patients (n = 21) in 
whom only radial artery spasm was described. No hemato-
mas, access site swelling or thrombosis were reported.

Population with radial artery spasm
Radial artery spasm was reported in 33.3% of the patients 
from the control group (Lidocaine), 32.1% of the patients 
treated with Lidocaine + Diltiazem, and 10.7% of the pa-
tients treated with Lidocaine + NTG. �e prevalence of ra-
dial artery spasm was signi�cantly lower in patients treated 
with Lidocaine + NTG compared to the group of patients 
treated with Lidocaine + Diltiazem or Lidocaine alone. No 
signi�cant di�erences were reported between the adminis-
tration of Lidocaine and the administration of Lidocaine + 
Diltiazem (see table 1).
Radial artery spams occurred in 30.8% of women (n = 12) 
and 20.5% (n = 9) of men.
Regarding the presence of radial artery spasm based on age 
group, the age of 57.1% of the patients was above 60. Pa-
tients > 71 years were more common (33.3%) followed by 
the group of patients from 61 to 70 years (23.8%) (see table 
2). 
Regarding the BMI, 66.7% of the patients (n = 14) were 
overweight, 19% (n = 4) were obese, and 14.3% (n = 3) had 
normal weight. �ere were no patients with low weigh.
Regarding comorbidities, 42.9% of the patients had peri-
pheral disease followed by previous acute myocardial infarc-
tion and previous cerebrovascular evens. �e incidence rate 
of both these events was 19% (see table 2). No events associa-
ted with myocardial revascularization surgery, chronic sta-
ble angina pectoris or aortic disease were reported.
Regarding the cardiovascular risk factors, the predomi-
nant factors were dyslipidemia (76.2%), sedentary lifestyle 
(71.4%), and arterial hypertension (61.9%) (see table 3).
Regarding the pharmacological drugs received by the pa-
tients during the study, the most common of all were statins 
(66.7%), and ACEI and/or ARAII (61.9%) followed—with 
the same rate reported of 52.4%—by beta-blockers, acetylsa-
licylic acid (ASA), and clopidogrel (see table 4).

DISCUSSION

Manipulating the radial artery is a free ticket for the 
appearance of complications, particularly spasm, due to 
the great concentric smooth muscle component involved. 
We should not forget the unfavorable anatomy we can en-
counter at the cath lab. �e objective of this study was to 
compare di�erent combinations of Lidocaine to establish 
which are associated with a lower prevalence of radial ar-
tery spasms.
�e aforementioned characteristic of the radial artery toge-
ther with its high density of alpha-adrenergic receptors has 
led to testing di�erent drugs in di�erent combinations and 
protocols to minimize the appearance of spasm.(9,20,22-25)

Several predisposing factors have been suggested that ha-
ppen to be consistent with our �ndings such as feminine 
sex, overweight, pan-vascular disease: peripheral arterial di-
sease, previous myocardial infarction, and past medical his-
tory of cerebrovascular events, age (> 70 years), presence of 
cardiovascular risk factors like dyslipidemia, sedentary lifes-
tyle, arterial hypertension, smoking, and diabetes mellitus 
being the former 3 the most common of all.

TABLA 3. Comorbidities and cardiovascular risk factors in patients with radial 
artery spasm.

Cases (%)

Comorbidity

Peripheral disease 9 (42.9)
Previous acute myocardial infarction 4 (19.0)
Previous cerebrovascular events 4 (19.0)
Previous angioplasty 2 (9.5)
Congestive heart failure 2 (9.5)
Carotid disease 2 (9.5)
Mild-moderate-stage renal failure 2 (9.5)

Cardiovascular risk 
factors

Dyslipidemia 16 (76.2)
Sedentary lifestyle 15 (71.4)
Arterial hypertension 13 (61.9)
Smoking 8 (38.1)
Diabetes mellitus 4 (19.0)

Source: own elaboration. 
Note #1: percentage was estimated on the overall number of patients with complications 
associated cardiac catheterization (n = 21). 
Note #2: due to radial artery spasm 2 women crossed over to the femoral access. One of 
them had peripheral disease only while the other had also su�ered from a previous acu-
te myocardial infarction and mild-to-moderatechronic kidney disease. Regarding the car-
diovascular risk factors, 1 patient had all the factors described on the table while the other 
one was a non-smoker. 
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Over half of the patients with radial artery spasm were on 
statins, ACEI and/or ARAII, beta-blockers, ASA, and clo-
pidogrel during the study.
In the studies conducted by Ruiz-Salmerón R.J. et al. that 
compared the administration of phentolamine and verapa-
mile, and previous oral sedation with Diazepam, the presen-
ce of spasms was less common in the latter group.(9) 
On the other hand, Mont́ Alverne et al. conducted a study 
of 50 patients who were categorized into 2 di�erent groups: 
one group was treated with Diltiazem and the other one 
with placebo. No spasms were reported in the former group.
(22)

Coppola et al. compared the administration of nitroglyceri-
ne alone, sodium nitroprusside alone, and the combination 

of both. Based on their results, the administration of both 
reduced radial artery spasm by 9.5% compared to groups 
that used these drugs separately.(20) 
In the study conducted by Ouadhour et al., the subcuta-
neous administration of Lidocaine was compared to the ad-
ministration of Lidocaine + Nitroglycerine. It concluded 
that in the group that used this latter drug combination, the 
prevalence of spasm was 2.4% only.(23)

�erefore, we see that in our study 2 drugs like Diltiazem 
and Nitroglycerine were used which, associated with Lido-
caine gave good results since the prevalence of spasm found 
in all the procedures performed was 25.3% (n = 21), a value 
that is within the range described by the current medical li-
terature (10% to 30%).
�e prevalence of spam in groups treated with Lidocaine 
alone and Lidocaine + Diltiazem was > 30% with values of 
33.3% and 32.1%, respectively; on the other hand, while in 
the group treated with Lidocaine + NTG, the prevalence of 
spasm was 10.7%, a�er comparing Lidocaine alone to other 
drug combinations, it seems obvious that Lidocaine + NTG 
has the lowest prevalence of spasms among the patients.

CONCLUSION

�e prevalence of radial artery spasm with the use of Lido-
caine 2% + Nitroglycerine in doses of 200 mcg administered 
subcutaneously via radial access is signi�cantly lower com-
pared to the administration of Lidocaine + Diltiazem or Li-
docaine alone.

Ethical considerations. �is study was approved by Hos-
pital Municipal Pedro Orellana ethics committee (Tren-
que lauquen, Buenos Aires, Argentina) in full observance of 
all national and international regulations. All the patients 
were informed on the characteristics and utility of the study, 
as well as on the procedures that would be performed. All 
questions asked were duly answered. All patients included 
in the study gave their written informed consent.
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Clinical case

TAVI in patient with low and anomalous origin of left main 
coronary artery. Case report

TAVI en paciente con nacimiento bajo y anómalo de coronaria izquierda. 
Reporte de caso

Marcelo Menéndez1, Alejandro Lezcano Bournissent1, Tomás Cúneo1

ABSTRACT
Introduction. TAVI (trans aortic valve implantation) is a widely disseminated, 
well-tolerated intervention with a short hospital stay. It is indicated in patients 
with severe symptomatic aortic stenosis. Patients with abnormally low birth 
from the coronary artery ostium are at additional risk, as the flow of the coro-
nary arteries can be compromised when the prosthesis is implanted.
Objective. Case report of TAVI in a patient who presented a low birth of the co-
ronary artery ostium.
Method. In this study we present a clinical case of a patient with severe aortic 
stenosis who was a candidate for TAVI who presented low birth of the coronary 
arteries, who underwent balloon sizing.
Conclusion. TAVI in patients with low coronary ostium is a great technical cha-
llenge. Pre-planning and using gestures such as “balloon sizing” are essential to 
achieve the success of this intervention.

Keywords: TAVI, balloon sizing, aortic stenosis.

RESUMEN
Introducción. TAVI (trans aortic valve implantation) es una intervención amplia-
mente difundida, bien tolerada, y de corta estadía hospitalaria. Está indicada 
en pacientes con estenosis aórtica severa sintomática. Los pacientes con naci-
miento anormalmente bajo del ostium de las arterias coronarias presentan un 
riesgo adicional, ya que se puede comprometer el flujo de las mismas cuando 
se implanta la protésis.
Objetivo. Reporte de caso de TAVI en paciente que presentó un nacimiento 
bajo del ostium de las arterias coronarias.
Método. En este estudio presentamos un caso clínico de un paciente con este-
nosis aórtica severa candidato a TAVI que presentó nacimiento bajo de las arte-
rias coronarias, al cual se le realizó balloon sizing.
Conclusión. TAVI en pacientes con ostium coronario bajo es un gran desa-
fío técnico. La planificación previa con análisis exhaustivo por TAC multislice y 
como método adicional la utilización de balloon sizing son fundamentales para 
lograr el éxito de esta intervención.

Palabras clave: TAVI, balloon sizing, estenosis aórtica.
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INTRODUCTION

Transcatheter aortic valve implantation (TAVI) consists 
of the transcatheter implantation of an aortic valve. This 
procedure is indicated in patients with symptomatic se-
vere aortic stenosis. At the beginning it was used in ino-
perable patients, but in time its indication grew and now 
it is used in high-risk surgical patients,[1] and lately even 
in intermediate-risk surgical patients.[2] Recent studies 
confirm satisfactory results even in low-risk surgical pa-
tients.[3] TAVI is a widely used, well-tolerated procedu-
re that has a high rate of success, few complications, and 
a short hospital stay.
Patients with low and anomalous origin of coronary ostia 
are particularly challenging because this condition can com-
promise the blood �ow coming from coronary arteries a�er 
valve implantation. Several techniques can be used to pre-
vent this complication like securing �ow inside the coronary 
arteries with a guidewire or a stent, using the balloon sizing 
method, selecting the right valve, and other.[4]

�is is the case report of a woman with severe aortic steno-
sis who was eligible for TAVI with low and anomalous ori-
gin of coronary arteries.

OBJECTIVES

Case report of a TAVI procedure performed in a high-surgi-
cal risk female patient with symptomatic severe aortic steno-
sis and low and anomalous origin of coronary arteries.

CASE REPORT

�is is the case of an 88-year-old woman with a past medical 
history of arterial hypertension, dyslipidemia, chronic ane-
mia, and breast cancer at the age of 63 that was treated with 
radio and chemotherapy. �e physical examination perfor-
med at the cardiology unit revealed clinical signs of dyspnea 
(functional class II/III). Also, the presence of an intensity 
5/6 aortic systolic heart murmur with reduced R2 radiating 
towards the carotid arteries.
�e following additional imaging modalities were performed:
• Electrocardiogram (ECG): RS, PR interval, 0.20 se-

conds; HR, 70 bpm, le� ventricular overload (LVO).
• Doppler echocardiogram: severe aortic stenosis, gra-

dient peak of 75 mmHg, mean gradient of 45 mmHg, 
AVA, 0.71; LVEF, 65% without motility disorders.

• Computed tomography (CT) scan: heavily calci�ed tri-
cuspid aortic valve, valve area, 357.4 mm2; valvular peri-
meter, 67.8 mm; valvular calci�cation score, 1777; sino-
tubular junction perimeter, 25.5 mm; sinuses of Valsal-
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va, 24.9 mm. Preserved bilateral femoral arterial acces-
ses. �e images con�rm the presence of an anomalous 
origin of the le� main coronary artery from the right si-
nus. Height of right coronary ostium, 9 mm; (Fig. 1).

• Cine coronary arteriography: Anomalous origin of the 
le� main coronary artery from the right sinus with re-
troaortic path. Coronary artery without signi�cant in-
juries (Fig. 2).

• Doppler echocardiography of neck vessels: patent caro-
tid and vertebral arteries without signi�cant injuries.

• Laboratory: Hematocrit, 35; Hb, 12; uremia, 25; crea-
tinine levels, 0.68; platelet count, 273 000.

• Edmonton Frail Scale score 6-7 (vulnerable).
• STS score (8), and EuroSCORE II (3.43%)

A�er discussing the case with the heart team, it was decided 
to perform TAVI. �e right femoral access was used followed 
by the pre-closure technique a�er transcatheter implantation. 
Right radial access was used to place a pigtail catheter inside 
the noncoronary sinus to assess the positioning of the valve. 
�e AL1 guide catheter was advanced from the femoral ac-
cess towards the valvular plane. �e valve was crossed using a 
0.035 in straight guidewire. �e pigtail catheter was used for 
exchange purposes. �en, a 0.035 in Safari high-support extra 
small guidewire was advanced and the pigtail catheter was re-
moved. A�erwards, the balloon sizing method was used with 
aortogram guidance with a 20 mm x 40 mm balloon and aor-

tic valvuloplasty was performed with cardiac pacing from the 
guidewire into the LV (Fig. 3). �e transcatheter aortic val-
ve ACURATE neo™ - Aortic Valve System (Boston Scienti�c, 
United States) was eventually implanted (Fig. 4).
�e bedside Doppler echocardiography performed revea-
led the correct positioning of the valve without, no traces of 
paravalvular leak, and a peak gradient of 10 mmHg. Also, 
pressure pullbacks with the pigtail catheter were performed 
with pullback from the LV towards the aorta without a sig-
ni�cant gradient. Finally, a thoracic aortogram con�rmed 
the presence of patent coronary arteries. �e procedure en-
ded when catheters, guidewires, introducer sheaths, and per-
cutaneous vascular closure devices (ProGlide, Abbott, Uni-
ted States) were pulled back from the femoral access.
�e patient’s progression was favorable, and she was imme-
diately referred to the hospital coronary unit. She was dis-
charged 48 hours a�er the procedure. AAS, and clopidogrel 
were prescribed at discharge. �e patient remained asymp-
tomatic at the 3-month follow-up performed outpatiently. 
�e control Doppler echocardiography con�rmed the pro-
per positioning of the aortic valve without any signi�cant 
gradients or traces of paravalvular leak.

DISCUSSION

TAVI is a minimally invasive transcatheter procedure for 
aortic valve implantation in patients with symptomatic seve-

Figure 1. A - B) CT scan image of a calci�ed tricuspid aortic valve. C) Anomalous origin of the left main coronary artery from the right sinus.

Figure 2. Cine coronary arteriography showing the anomalous origin of the 
left main coronary artery from the right coronary sinus with retroaortic path. 
Artery without signi�cant �ndings.

Figure 3. Balloon sizing with a 20 mm x 40 mm balloon and aortic valvulo-
plasty.
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re aortic stenosis. Although TAVI is well-tolerated, patients 
with low origin of coronary ostia are tremendously challen-
ging. �is condition can lead to the occlusion of native co-
ronary arteries during the procedure, a serious complica-
tion with high morbidity and mortality rates (40.9% a�er 
30 days). In this case, the mechanism of coronary occlusion 
(CO) would be the occlusion of coronary ostium due to val-
ves that are poorly positioned—high apposition—or valves 
properly positioned in patients with a low origin of coronary 
ostium. Other mechanisms of occlusion are displaced heavi-
ly calci�ed lea�ets towards the coronary ostium, and aortic 
dissection, among others.[5]
�e risk factors predisposing to coronary occlusion a�er 
TAVI are the low origin of le� main coronary artery (> 12 
mm), sinus of Valsalva > 30 mm, valve-in-valve procedure, 
VTC distances > 4 mm (virtual distance between the val-
ve to be implanted and the origin of coronary ostium), se-
vere calci�cation with a large calcium node in the le� cusp 
(bicuspid), extreme oversizing, self-expanding valve, lack of 
CABG, and feminine sex.[6]
Several techniques have been described to prevent coronary 
artery occlusion. �e balloon sizing method is one of them. 
It consists of performing an aortic valvuloplasty before valve 
implantation to con�rm that lea�et displacement a�er ba-
lloon in�ation has not occluded the coronary ostia.[7]
Despite all this, it is essential to conduct a thorough study 
using a multislice CT scan with correct measurements of 
the origin of coronary ostia, the perimeter and diameter of 
the annulus, the diameter of the sinuses of Valsalva, and the 
sinotubular junction to determine the type and size of the 
transcatheter valve that will eventually be implanted. �e-

re are other techniques that can be used to prevent such oc-
clusion from happening during the procedure. One of them 
is the preemptive cardiac catheterization of coronary artery 
with a guide catheter, the distal advance of a 0.014 in gui-
dewire followed by stent deployment into the coronary ar-
tery while waiting for implantation in case of coronary oc-
clusion post-TAVI.[8]
Finally, in this case the ACURATE neo self-expanding val-
ve was used. A valve that can be used with a distance between 
the ostium coronary ostium and the annular plane ≥ 8 mm, 
and with a favorable distribution of lea�et calci�cation. �is 
is possible because the stents of the upper crown attach to the 
native aortic valve lea�ets keeping them away from coronary 
ostia. Also, the con�guration of the stents guarantees easy co-
ronary access for future coronary procedures.[9,10]

CONCLUSION

TAVI in patients with low origin of coronary ostia is tre-
mendously challenging. Previous planning is essential for 
procedural success. It requires a proper selection of the valve, 
and use of coadjuvant methods like the balloon sizing me-
thod to reduce any complications that may occur.

Con�icts of interest: None reported.

Funding: None whatsoever.

Informed consent: �e patient signed the corresponding 
written informed consent form to participate in this study 
and authorized us to publish her data.

Figure 4. A) Transcatheter aortic valve implantation of self-expanding valve. B) Final aortogram of implantation without paravalvular leak, competent valve, and 
patent coronary arteries.
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Clinical case

Valve-in-Valve due to prosthetic tricuspid valve stenosis

Valve in valve por estenosis protésica tricuspídea

Ramiro Acevedo1, Pablo Pollono1, Ignacio Rifourcat1, Fernando Fuertes1, Diego Grinfeld1

ABSTRACT
Prosthetic tricuspid valve stenosis is an entity whose resolution is complex due 
to the patients’ multiple comorbidities. Endovascular treatment using prosthe-
tic valves designed for implantation in the aortic position recently has been 
described.
This is the case of a patient with prosthetic tricuspid valve stenosis resolved 
through valve-in-valve transcatheter aortic valve replacement (VIV-TAVR).

Keywords: valve in valve implantation, tricuspid valve, tricuspid valve disease.

RESUMEN
La estenosis que se desarrolla en una válvula protésica en posición tricuspídea es una 
entidad cuya resolución es compleja debido a las múltiples comorbilidades que es-
tos pacientes presentan. El tratamiento endovascular de la misma utilizando próte-
sis diseñadas para ser implantadas en posición aórtica es una técnica de reciente des-
cripción.
Presentamos el caso de una paciente portadora de estenosis protésica tricuspídea re-
suelta mediante reemplazo valvular transcatéter valve in valve.

Palabras claves: implante valve in valve, válvula tricúspide, enfermedad tricuspídea.
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CASE REPORT

�is is the case of a 56-year-old woman with a past medi-
cal history of tricuspid valve replacement at the age of 33 
due to infectious endocarditis treated with anticoagulation 
due to atrial �utter, and ligation of esophageal varices due 
to bleeding. �e patient showed clinical signs of chronic ri-
ght heart failure. EKG �ndings: severe right atrial dilatation 
(48 cm²), and severe stenosis of the prosthetic tricuspid valve 
(mean gradient: 12 mmHg). �e remaining parameters fell 
into the reference values.
Tricuspid valve implantation via endovascular approach was 
decided due to the high surgical risk involved.
�e procedure was performed under conscious sedation. �e 
right femoral vein was punctured, and a hemostasis introdu-
cer was placed using Seldinger technique. A�erwards, a hy-
drophilic guidewire (Laurate, Merit, Utah, United States) 
was advanced towards the le� pulmonary artery that would 
be eventually exchanged using a Cobra 2 catheter (Impress, 
Merit, Utha, United States) for a high-support guidewire 
(Lunderquist, Cook Medical, Bjaeverskov, Denmak). Using 
the prosthetic valve annulus previously implanted as a refe-
rence, a 23 mm Edwards Sapiens 3 valve (Edwards Lifescien-
ces, California, United States) was implanted in the tricus-
pid position released under a pacemaker of high-intensity 
power-frequency electric �eld setting. �e injection of con-
trast material into the right atrium con�rmed the passage of 
contrast towards the right ventricle, an unseen phenomenon 
at the beginning of the procedure. Regarding the readings 
of the pressure meter, a mean pressure of 31 mmHg before 
device implantation was con�rmed in the right atrium fo-
llowed by 27 mmHg readings a�er implantation. �e pul-
monary artery con�rmed mean pressure levels of 16 mmHg 

before implantation, and 28 mmHg a�er implantation. �e 
control EKG performed revealed no paravalvular leak, and a 
mean tricuspid gradient of 7 mmHg.
�e patient’s clinical course was favorable without complica-
tions during the hospital stay. She was released from the hos-
pital 48 hours a�er implantation

DISCUSSION

Tricuspid stenosis (TS) is an unusual disease whose etiology 
is o�en rheumatic disease. Another important cause is de-
generation a�ecting the biological prostheses surgically im-
planted in the tricuspid position in this case due to pannus 
formation and calci�cation at the base of the lea�ets added 
to commissural fusion (1). 
A biological prosthetic valve is said to have signi�cant TS 
when the mean transvalvular gradient is ≥ 10 mmHg. Clini-
cal signs are lower limb swelling, jugular ingurgitation, he-
patomegaly, ascites, and exertional dyspnea. �ese signs are 
indicative of chronic right heart failure, and low cardiac ou-
tput syndrome. Multiorgan failure can occur in advanced 
stages with the development of liver cirrhosis, renal failure, 
and protein-losing enteropathy. (2,3) 
According to former studies, 75% to 85% of the patients 
treated with surgical tricuspid valve replacement with bio-
logical prosthetic valves are free from a second procedure for 
the next 8 to 10 years. �is rate drops even further to 60% 
a�er 15 years (4). �e surgical treatment of this condition 
is associated with a high mortality rate since these patients 
have multiple comorbidities, which adds to the complexity 
involved in a new sternotomy (5,6). 
�e management of valvular heart disease in the tricuspid 
position via endovascular approach using heart valves to 
treat aortic stenosis is an o�-label procedure. Its short- and 
mid-term e�cacy and safety pro�le has already been con-
�rmed by several studies (2,4). As mentioned before, in the 
case of our patient, the endovascular approach was decided 
by the heart team while taking into account the patient’s 
multiple comorbidities.
Regarding the implantation technique used, the impor-
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tance of surgically �xing the balloon-expandable valve to 
the suture ring of the implanted valve to prevent displace-
ment has been described. Also, looking for greater coaxia-
lity between the 2 prosthetic valves regarding implantation. 
Angiographic images should be obtained perpendicularly 
to the prosthesis to optimize torsion. Also, the ventricular 
pacemaker of high-intensity power-frequency electric �eld 
helps minimize the movement of the surgical prosthetic val-
ve annulus (7,8).
Regarding the size of the prosthetic valve, we should men-
tion that they are named a�er their outer diameter. Howe-
ver, for the valve-in-valve technique the important thing is 
the valve internal diameter, which varies from one manufac-

turer to the next. Calci�ed or voluminous valves, pannus, 
and the prosthetic valve di�erent sizes vary based on the val-
ve internal diameter, which is why assessment through com-
puted tomography scan is advised (7). Devices implanted in-
side valves of small diameters (≤ 27 mm) o�en show high 
gradients a�er implantation (2). 
Regarding the hemodynamic phenomena seen a�er 
VIV-TAVR, reduced mean tricuspid gradient, increased ri-
ght ventricular end-diastolic pressure, increased right ven-
tricular systolic pressure, increased pulmonary artery mean 
pressure, increased pulmonary capillary wedge pressure, and 
lower mean right atrial pressure have been reported. �e la-
tter is the one with the fewest signi�cant changes reported. 
Another parameter we should mention is the pulmonary ar-
tery pulsatility index whose formula describes the right ven-
tricular systolic function (pulmonary artery systolic pressu-
re – pulmonary artery diastolic pressure)/mean right atrial 

Figura 2. Progresión de cuerda 0,035” de alto hasta rama segmentaria de ar-
teria pulmonar izquierda.

Figura 1. A. Reconstrucción multiplanar en tomografía multicorte de válvula 
tricúspide protésica evidenciando signos de degeneración valvular con engro-
samiento valvar y calci�cación. B. Vista del tracto de salida del ventrículo de-
recho en la que se evidencia gradiente transvalvular medio tricuspídeo de 12 
mmHg previo a la colocación de la prótesis valvular. C. Vista del tracto de sa-
lida del ventrículo derecho en la que se evidencia gradiente transvalvular me-
dio tricuspídeo de 7 mmHg posterior al implante de la prótesis valvular en po-
sición tricuspídea.

Figura 3. Alineación de dispositivo en proyección derecha-caudal, tomando 
como referencia el marco de la válvula implantada por vía quirúrgica.
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pressure (3). In the case of our patient, the mean transval-
vular gradient dropped 5 mmHg (13 mmHg and 8 mmHg 
before and a�er implantation, respectively), the pulmonary 
artery pulsatility index improved, and mean pulmonary ar-
tery pressure improved > 25 mmHg. �is may be indicati-
ve of le� ventricular misadaptation to the increased preload.

CONCLUSION

Tricuspid stenosis is a phenomenon due to the inevitable de-
terioration of biological prosthetic valves. Hemodynamically, 
it is characterized by increased right atrial pressure, increased 
systemic venous pressure, and decreased cardiac output due to 
the reduced preload of both the right and the le� ventricles. 
In the case that was presented here and of a high-risk surgi-
cal patient, endovascular approach was decided. A�er valve 
implantation, the hemodynamic parameters improved as the 
direct measurements of pressures in the right heart chambers 
and pulmonary artery con�rmed. �e control EKC perfor-
med found no traces of paravalvular leak. �e patient’s clini-
cal course improved signi�cantly at the outpatient follow-up. 
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Clinical case

Endovascular revascularization of central veins and 
subsequent cardiac catheterization for hemodialysis in a 
patient with exhaustion of conventional vascular accesses

Revascularización endovascular de venas centrales y posterior 
colocación de catéter para hemodiálisis en una paciente con 
agotamiento de accesos vasculares

Marcel Voos Budal Arins1, Antenor Álvarez1

ABSTRACT
Objective. Exhaustion of conventional vascular accesses (ECVA) in patients with end-stage re-
nal disease is associated with higher morbidity and mortality rates. Consequently, mainte-
nance of existing VA sites is of utmost importance for hemodialysis. We describe a technique 
used for the endovascular revascularization of central veins and subsequent catheter place-
ment regarding hemodialysis in a patient with exhaustion of conventional vascular accesses. 
Methods. This is the case of a patient with exhausted vascular access and requirement for 
emergency dialysis. Endovascular revascularization of central veins and subsequent catheter 
placement for hemodialysis were successfully performed. 
Results. The patient still remains on hemodialysis at the follow-up without any complications 
being reported. 
Conclusion. Endovascular revascularization of central veins for hemodialysis is a known and 
accepted technique that can extend the use of VAs in complex patients over time.

Keywords: vascular access, hemodialysis, endovascular.

RESUMEN
Objetivo. El agotamiento de los accesos vasculares (AV) en pacientes con enfermedad re-
nal en etapa terminal se asocia con una mayor morbilidad y mortalidad. En consecuencia, 
el mantenimiento de los AV existentes es de suma importancia para la hemodiálisis. Descri-
bimos una técnica de revascularización endovascular de venas centrales y posterior coloca-
ción de catéter para hemodiálisis en una paciente con agotamiento de accesos vasculares.
Métodos. Reportamos una paciente con agotamiento de accesos vasculares y requerimiento 
de diálisis de urgencia. Se efectuó revascularización endovascular de venas centrales y poste-
rior colocación de un catéter transitorio para hemodiálisis de forma exitosa.
Resultados. La paciente se encuentra en hemodiálisis post-procedimiento sin complicacio-
nes.
Conclusión. La revascularización endovascular de venas centrales para hemodiálisis es una 
técnica conocida y aceptada que puede extender en el tiempo la utilización de accesos vas-
culares en pacientes complejos.

Palabras clave: acceso vascular, hemodiálisis, endovascular.
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INTRODUCTION

�e gradual increased number and age of the population on 
dialysis runs parallel to the advances made in nephrological care, 
and makes us to wonder whether the number of patients with ex-
haustion of conventional vascular accesses will increase with the 
passing of time. Exhaustion of conventional vascular accesses for 
dialysis is rare. However, in their routine practice, most dialy-
sis centers will eventually encounter patients with very few op-
tions and in poor condition.1 Patients who have been on dialy-
sis through catheters for many years o�en show stenosis or occlu-
sion of their central veins. Also, patients on dialysis through nati-
ve or prosthetic vascular accesses o�en show exhaustion of the ve-
ins in the upper extremities. In these patients, vascular access is 
fairly limited, and if their current access fails the patients’ chan-
ces of eventually being unable to receive dialysis grow.2 �is is the 
case of a woman with exhaustion of conventional vascular acces-
ses who required emergency dialysis. �e patient was successfully 

treated with andovascular revascularization of the central veins 
followed by the placement of a transient hemodialysis catheter.

CASE REPORT

�is is the case of a 58-year-old woman with stage 5 kidney 
disease who has been on dialysis for a number of years. �e 
patient has a past medical history of thrombosed native and 
prosthetic vascular accesses in both upper extremities, and 
multiple central venous catheters at both jugular an subcla-
vian level. Also, the patient’s 2 femoral veins have already 
been used for this purpose too.
�e Doppler echocardiography performed revealed the pre-
sence of an occlusion in both internal jugular veins, and fe-
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moral veins. �e phlebography performed revealed the pre-
sence of an occlusion at the right con�uence of the subcla-
vian and internal  jugular  veins, innominate le� venous 
trunk, and superior vena cava (�gure 1A). Since an emer-
geny dialysis was required, an ultrasound-guided puncture 
of a patent segment was performed that con�rmed the re-
duced caliber of the right internal jugular vein using a 18 G 
Abbocath catheter. �en, a phlebography performed throu-
gh the catheter con�rmed the occlusion of the right inter-
nal jugular vein (�gure 1B). A�erwards, an 8-Fr introducer 
sheath was inserted with support from a 5-Fr 2 Cobra ca-
theter and a 0.035 in hydrophilic guidewire �e occlusion 
located at right internal jugular vein and superior vena cava 
level was crossed uneventfully and the guidewire was ad-
vanced towards the inferior vena cava. �en, the hydrophi-
lic guidewire was exchanged for a 300 cm Amplatz extra-su-
pport guidewire. To allow the passage of the transient he-
modialysis catheter, the balloon used in the angioplasty had 
8 mm in diameter and 400 mm in length (�gure 2A). Fina-
lly, the recanalization of the vessel was achieved(�gure 2B). 
A�erwards, a transient 12-Fr Arrow catheter was placed 20 
cm above the right atrium without any complications being 
reported (�gure 2C). 

RESULTS

No procedural complications have been reported to this 
date. �e patient remains on postoperative hemodialysis 
with good �uid dynamics through the catheter placed.

DISCUSSION

�e rate of patients with exhaustion of conventional vas-
cular accesses is low. Estimating the prevalence of the pro-
blem is not easy, and there is no mortality data associated 
with this entity.3 �e percentage of patients with exhaus-
tion of conventional vascular accesses requiring a procedu-
re is also hard tell. Shakarchi et al. proved that only 2 pa-
tients from a cohort of 97 patients referred due to complex 
vascular access actually had complete exhaustion of con-
ventional vascular accesses.4 �e arrival of new technolo-
gies and the chances of recovering vascular accesses using 
complex endovascular techniques for the management of 
patients considered untreatable can prevent these accesses 
from deteriorating to a point where these patients can be 
in a life-treatening situation.5

CONCLUSION

We reported the case of a patient with exhaustion of con-
ventional vascular accesses who required emegency dialy-
sis. �e patient was treated successfuly via endovascular ac-
cess through a central venous angioplasty that allowed the 
advancement of a transient hemodialysis catheter towards 
the right atrium. �e endovascular revascularization of cen-
tral veins for dialysis is a well known and accepted techni-
que that can extend the life of vascular accesses in complex 
patients.
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Clinical case

Bilateral iliofemoral deep vein thrombosis in patient with 
interrupted inferior vena cava

Trombosis venosa profunda iliofemoral bilateral en paciente con 
interrupción de vena cava inferior.

Verónica Gonzalez1,2,3, Alan Sommi1,2,4, Carlos Giuliani1,2, Fabio Muñoz1,2,3

ABSTRACT
The inferior vena cava (IVC) develops from 5 di�erent venous systems in a complex 
embryological process. Problems with the IVC give way to developmental abnormali-
ties that can be associated, or not, with cardiac malformations and account for almost 
half of all venous malformations. They may go unnoticed clinically. However, they can 
generate blood stasis and the corresponding formation of thrombosis. In this publi-
cation we present a case of bilateral iliofemoral deep vein thrombosis in a patient 
with interrupted IVC and azygos and hemiazygos continuation, and its resolution.

Keywords: interrupted inferior vena cava, deep vein thrombosis, thrombectomy, cathe-
ter-directed thrombolysis, COVID-19.

RESUMEN
La vena cava inferior (VCI) se desarrolla gracias a la contribución de cinco sistemas ve-
nosos en un proceso embriológico complejo. Sus alteraciones dan paso a anomalías 
del desarrollo, las cuales pueden o no asociarse a malformaciones cardiacas y repre-
sentan aproximadamente la mitad del total de malformaciones venosas. Pueden ser 
clínicamente silentes. Sin embargo, se postula que podrían generar estasis sanguínea 
propiciando la formación de trombosis. En esta publicación presentamos un caso de 
trombosis venosa profunda iliofemoral bilateral en una paciente con interrupción de 
VCI y continuación por sistema ácigos-hemiácigos, y su resolución.

Palabras clave: interrupción de vena cava inferior, trombosis venosa profunda, trom-
bectomía, trombolisis dirigida por catéter, COVID-19.
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CASE REPORT

�is is the case of a 45-year-old obese woman admitted due 
to bilateral iliofemoral deep vein thrombosis (DVT) of a 
4-day clinical course with ultrasound evidence of compro-
mise to the common femoral and super�cial veins, and bi-
lateral deep veins with spread towards both iliac axes and 
IVC. Due to the epidemiological context under which the 
patient is admitted to the hospital, a nasopharyngeal swab 
is performed that tests positive for COVID-19. �e patient’s 
clinical course is interpreted as an asymptomatic infection 
with the following lab results at admission: platelet count, 455 
000 mcL; CRP, 39.8mg/L; ferritin, 115.4 ng/mL; and D-dimer 
levels, 1.2 mg/L (reference levels < 0.2 mg/L).
Anticoagulant therapy with low-molecular-weight hepa-
rin (LMWH) is started, but disease progresses despite the 
therapy administered. For that reason, she is referred to our 
center on day 7 for endovascular resolution. 
Phlebography via right anterior jugular venous access is per-
formed (ultrasound guided puncture). A multipurpose ca-
theter is advanced that reveals the presence of an interrup-
ted IVC in its hepatic segment with drainage of suprahepa-
tic veins into the right atrium (�gure 1). Both femoral veins 

are punctured, which reveals the presence of bilateral ilio-
femoral thrombosis spreading towards the infrarenal seg-
ment of the inferior vena cava. Drainage through the azy-
gos-hemiazygos venous system—which seem dilated—is 
performed.
Catheter-directed thrombolysis (CDT) is performed using 
the FOUNTAIN® INFUSION SYSTEMS catheter (Merit 
Medical, United States) from both accesses with the infusion 
of rtPA in doses of 0.5 mg/h plus sodium heparin in anticoa-
gulation doses for 48 hours total.
A�er the period of treatment established, the patient 
showed a clear improvement of her clinical signs and symp-
toms. A new phlebography is performed that con�rms the 
presence of partial residual thrombosis in right common 
iliac, external, and bilateral femoral veins with images com-
patible with severe stenosis of the le� common iliac vein. Ve-
nous drainage through the azygos system is performed that 
reveals the presence of a severe obstruction at the origin of 
this vein. Successful thrombus aspiration is performed using 
an 8-Fr Judkins Right guide catheter with dilatation of the 
ostial obstruction of the azygos route using two 6.0 mm x 
40 mm and 8.0 mm x 60 mm peripheral balloons (Admiral 
Xtreme™ PTA balloon catheter, Medtronic, Minneapolis, Uni-
ted States). �e obstruction of the common iliac vein is di-
lated. Angiographic control con�rms the proper drainage 
of both iliofemoral axes through the azygos system towards 
the superior vena cava (Figure 2). 
�e patient remains on anticoagulant therapy and a magne-
tic resonance angiography is performed 1 week later to as-
sess the patency of the target vessels (Figure 3). A new oc-
clusion in the le� common iliac vein is con�rmed, and an 
angioplasty of this vessel is performed with self-expanding 
venous stent implantation (VENOVOTM Venous Stent Sys-
tem Bard (Peripheral Vascular Inc., Tempe, AZ, United States) 
(Figure 4). 
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Ten (10) months a�er treatment the patient did not relapse. 
New phlebographic control was performed that con�rmed 
the patency of both the target venous system and the stent 
implanted. (Figure 5)

DISCUSSION:

Blood from the venous system reaches the right atrium 
through the superior and inferior venae cavae. The azy-
gos-hemiazygos system receives venous blood from both 
the thorax and the abdomen connecting both systems, 
which is sometimes a circulation alternative.

From the embryological standpoint these anatomical struc-
tures mostly originate at the cardinal venous system that in-
cludes the anterior and posterior cardinal veins, the com-
mon cardinal vein, and the subcardinal veins. �e formation 
of these anatomical structures is completed during the de-
velopment, anastomosis or involution of the di�erent seg-
ments involved, something that occurs between gestational 
weeks 4 and 8.
�e inferior vena cava can be divided into di�erent seg-
ments based on their origin: suprahepatic segment (right vi-
telline vein), hepatic renal segment (anastomosis of the right 
vitelline vein, and the subcardinal vein), suprarenal segment 
(right subcardinal vein), renal segment (right sub-supracar-

Figure 2. Phlebography after treatment with thrombolytic agents revealing the presence of partial residual iliofemoral thrombosis with severe obstruction at the 
origin of the azygos vein (A), obstruction of the left common iliac vein (B), and angiographic control after balloon angioplasty (C).

Figure 1. Diagnostic angiography showing the interruption of the IVC in its hepatic segment (A), and the direct drainage of suprahepatic veins (C); thrombosis of 
the iliofemoral axis and infrarenal segment of the IVC (D and E); venous drainage through the azygos and hemiazygos system (B y E).
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dinal anastomosis), and in�arenal segment (right supracardi-
nal vein). Finally, the terminal segment of the IVC and both 
iliac veins originate at the posterior cardinal vein.(1)

Developmental disorders can cause anatomical anomalies 
such as:
• Double IVC: persistence of both supracardinal veins. 

Frequency, 0.2% to 3%. �e le� component o�en dra-
ins into the le� renal vein.

• Le� IVC: persistence of le� supracardinal vein associa-
ted with the regression of its contralateral equivalent. 
Frequency, 0.2% to 0.5%.

• Interruption of the IVC infrarenal segment with su-
prarenal preservation: pathological development of the 
cardinal posterior veins and supracardinal veins.

• Abnormalities of the le� renal vein: variation in the 
persistence or regression of the 2 embryological compo-
nents of the le� renal collar.

• Circumcaval urether: abnormality of the right supra-
cardinal system (0.07%). 

• Interruption of the IVC hepatic segment with conti-
nuation through the azygos system.

�e latter abnormality is due to the lack of anastomosis of 
the right vitelline vein and subcardinal vein with the corres-
ponding regression of the right subcardinal vein making 
blood drain directly into the right supracardinal vein. Its in-
cidence rate in the overall population is 0.6% as an isolated 
�nding. However, this rate increases dramatically when it is 
found together with other developmental disorders like vis-
ceral heterotaxy, mainly the polysplenia syndrome. �e he-
patic segment is not really absent, but instead drains directly 
into the right atrium together with suprahepatic veins. �e-
refore, venous drainage occurs alternatively through the azy-
gos-hemiazygos system being the typical �nding a dilated 
azygos vein present in the CT imaging at the entrance of the 
SVC and the retrocrural space.(1)(2)(3)(4)(5)

�ese venous malformations are o�en asymptomatic. 
However, di�erent series already published reveals predispo-
sition towards the development of thromboembolic disease 
due to venous insu�ciency. �e interruption of the IVC has 
been described in nearly 5% of all DVTs without an appa-
rent cause in patients < 30 years.(4)(6)

�e management of deep venous thrombosis has been 
studied for years trying to establish whether anticoagu-
lation alone or associated with CDT or pharmacoinvasi-
ve thrombectomy would have better results minimizing 

post-thrombotic syndrome (PTS), pulmonary throm-
boembolism (PTE), and keeping venous patency in the 
short- and long-term.(7)

Several randomized clinical trials and meta-analyses have 
demonstrated that in the presence of iliofemoral throm-
bosis the combination of thrombolytic and anticoagulant 
agents reduced the development of PTS since it reduced 
the thrombotic burden even more with a variable rate of 
bleeding.(8(9)(10)

Following in these footsteps, the CAVENT trial rando-
mized 209 patients with iliofemoral DVT occurring wi-
thin the 21 days a�er symptom onset to receive anticoagu-
lant therapy alone or in combination with CDT with the in-
fusion of alteplase for a maximum of 96 hours. An ARR of 
14.4% of post-thrombotic syndrome was reported at the fo-
llow-up for a NNT of 7 patients to prevent a single event of 
PTS with a low rate of bleeding.

Figure 4. Final image of the angiography of the left common iliac vein with 
venous deployment of self-expanding stent.

Figure 3. Magnetic resonance angiography after treatment revealing the 
patency of the azygos vein and the reiterated occlusion of the left common 
iliac vein.

Figure 5. Control phlebography 10 months after the procedure that con�rms 
the patency of the stent implanted into the common iliac vein and left external 
vein (A); patency and preserved �ow of right iliac branches, infrarenal inferior 
vena cava (B), and azygos-hemiazygos system (C and D).
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A meta-analysis conducted by Wang Li et al. that compared 
CDT to anticoagulation for the management of iliofemoral 
DVT con�rmed an odds ratio of 0.38 (95%CI, 0.26–0.55) 
for the development of PTS favorable to CDT. Also, paten-
cy with this treatment was even higher a�er 6 months (OR, 
4.76; 95%CI, 2.14–10.56).(11)

Mechanical thrombectomy (MT) associated, or not, 
with the infusion of lytic agents (pharmaco-mechani-
cal thrombectomy) is performed with different devices 
which–through a process of suction, rotation, rheolytic 
thrombectomy, ultrasound or a combination of these—
reduce the thrombotic burden.(12) Examples of these are 
the Angiojet system (Boston Scientific), and EKOS ly-
sis catheter (BTG). The development of this technique 
is based on the hypothesis that shorter procedural times, 
lower doses of lytic agents or the nonuse of these agents 
associated with the thrombectomy methods implemen-
ted would reduce even further the thrombotic burden 
and yield better results in the prevention of PTS with a 

lower rate of bleeding. To this point, evidence is contro-
versial with great heterogeneity in the studies conducted 
so far.
�e meta-analysis published by Wang et al. that assessed the 
results of MT in the management of DVT concluded that 
this treatment with or without CDT proved to be safe and 
e�ective with a satisfactory rate of lysis, a low rate of recu-
rring thrombosis and complications, good long-term results, 
and a low rate of PTS. On the other hand, a rate of re-throm-
bosis in the short- and long-term of 11.9% and 10.7%, res-
pectively, was reported which may have to do with endothe-
lial damage. �e rate of PTS at the follow-up was 15.1% si-
milar to that of CDT.(13)

Based on the evidence studied to this date, we can conclu-
de that regardless of the method used we should be aggres-
sive in the management of iliofemoral DVT to prevent PTS 
and pulmonary embolism, as well as any serious complica-
tions associated with the clinical course such as phlegmasia 
cerulea dolens. 
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Dear colleagues and friends 

We have recently initiated a new management in our beloved college, a new board of directors takes over 
that —as the other boards that have come before us— will do everything in its power to bring benefits and 
advantages to our members and medical society alike.

Our focus will be on promoting team effort. Therefore, with the work, collaboration, and commitment that 
all of you will bring forward in the coming years the progress and improvements we long for are guaranteed.

There is no doubt that, to this date, scientific development is our most important asset. We are fully com-
mitted to strengthening this road we have been successfully walking for quite some time. A clear example of 
this is the groundbreaking recognition achieved by our specialty and medical journal. Therefore, we wish to 
encourage all of you to keep submitting manuscripts and scientific material for publication. It will be sha-
red by colleagues from around the world in both English and Spanish, and eventually increase —year after 
year— the visibility and impact factor of our journal

Dr. Martín Cisneros 
President of CACI

Letter from the President
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They are analyses and/or comments on relevant issues on 
the specialty or general cardiology field in relation with 
our specialty and always upon request by the Editorial 
Committee to a subject matter expert. Similarly, com-
ments on issues unrelated to an article in particular can 
be requested by the Editorial Committee. Requisites: a) 
general text, up to 2000 words; b) references, up to 40.

Letters to the editor
This is an opinion on an article published in the last is-
sue of the journal that requires the arbitrage of the mem-
bers of the Editorial Committee. Requisites: a) text, up 
to 250 words; b) one table and/or figure can be publi-
shed; c) references, up to 5. Only letters submitted wi-
thin a month following the print edition of the issue of 
the journal where the original article was published will 
be accepted.

PREPARATION OF THE MANUSCRIPT

The article will be written in Spanish language using a 
Microsoft® Word text processor and saved under the *.doc 
file extension. The size of the page will be A4 or letter 
with double-spacing, 25 mm margins, fully justified text, 
and 12-point Times New Roman or Arial font. Pages will 
be numbered consecutively starting with the cover. The 
manuscript (original article) needs to follow the so-called 
IMRAD structure: Introduction, Material and method, 
Results, and Discussion (see the ICMJE Publication Gui-
delines). Also, it will include Title, Abstract, Conflicts of 
Interest, and References. At the end of each original arti-
cle, before the references, it should be done as a Table of 
the relevant points of the work that will be called Sum-
mary of Highlights. In 4 or 5 sentences authors should 
introduce the purpose of the study presented. The pre-
vious data published and the additional information pro-
vided by authors in their work, highlighting major con-
tributions and final statements. At the end of referen-
ces a acknowledgements for others people involved in the 
study together with a supplementary appendix when ne-
cessary should be added.
The metric system will be the standard system of mea-
surement used with comas to write the decimals. All cli-
nical, hematologic, and chemical parameters will be ex-
pressed in units of measure from the metric system and/
or IU. Only common abbreviations will be used except 
for the title and the abstract. The first time these abbre-
viations are used they will be preceded by the whole term 
except for the use of standard units of measure.
Tables must be presented in individual sheets and they 
need to be numbered consecutively with Arabic numbers 
(0, 1, 2, etc.) according to the order in which they were 
quoted in the text with a short title for each and every 
one of them. All of the non-standardized abbreviations 
of the table need to be explained and developed. Expla-
natory notes will be placed at the foot of the table using 
the following symbols in this sequence: *, †, ‡, §, ¶, **, ††, 
‡‡, etc.
Figures need to be submitted in TIFF, PSD or JPEG for-
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mat and each �gure will be submitted in a separate �le with 
a resolution of 300 dpi in its �nal format. Each of them will 
be numbered consecutively together with the explanatory 
legend in a separate �le. �e normal size of the photogra-
phs will be 127 mm x 173 mm. Titles and detailed expla-
nations will be included in the text of the legend, not the 
illustration.
References will be numbered consecutively with Ara-
bic numbers between brackets. All of the authors will 
be included if they are six of them or fewer; if there are 
more authors involved, the third one will be followed by 
the expression «, et al.». The titles of the journals will 
be shortened based on the style used in Index Medicus. 
These are a few examples: 

1.  Registro de Procedimientos Diagnósticos y Tera-
péuticos efectuados 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 ele-
vation myocardial infarction. JAMA 2005;294:803-812. 
(Revistas 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).
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