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Six-year angiographic follow-up of a chronic total 
coronary occlusion successfully treated with BMS 
implantation followed by oral rapamycin

Seguimiento angiográ�co a 6 años de un paciente con oclusión total 
crónica tratada con múltiples stents convencionales más rapamicina 
oral por 13 días
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ABSTRACT
This is the case of a 76-month angiographic follow-up of a male patient with CTO (to-
tal chronic coronary occlusion) treated with a combined strategy of percutaneous co-
ronary angioplasty (PCI) with multiple conventional stents (BMS) plus oral rapamycin 
(OR) for 13 days after the PCI. The patient had several risk factors for in-stent reste-
nosis (ISR) including metabolic syndrome, a long segment of the CTO, small-diame-
ter blood vessels, and BMS overlapping. The patient was treated with 3 BMSs making 
a total stent length of 64 mm with a minimal lumen diameter post-implantation of 
1.82 mm and a reference diameter of 2.71 mm. The patient remained asymptomatic 
for 75 months. After this time, he showed CF dyspnea type III, which could be attribu-
ted to overweight. After several functional studies an angiographic study is decided 
that shows the patency of the stents in all their segments without ISR and a minimal 
lumen diameter of 1.61 mm, which is indicative of a late loss of 0.21mm. The vasore-
activity testing performed with adenosine looked normal showing a minimal lumen 
diameter of 2.24 mm after infusion. This is a brief review of this PCI strategy..

Keywords: oral rapamycin, bare metal stents, in-stent restenosis, drug eluting stents, 
chronical total coronary occlusion.

RESUMEN
Presentamos un seguimiento angiográ�co de 76 meses en un paciente con oclusión 
total crónica (CTO), tratado con una estrategia combinada de angioplastia coronaria 
percutánea (PCI) con múltiples stents convencionales (BMS) más rapamicina por vía 
oral (RO) durante 13 días post-PCI. El paciente presentaba varios factores de riesgo de 
restenosis intrastent (ISR), incluyendo síndrome metabólico, un largo segmento de 
CTO, vasos de �no diámetro y BMS en overlapping. Este fue tratado con tres BMS que 
dan una longitud del stent de 64 mm, un diámetro luminal mínimo posterior a la im-
plantación de 1,82 mm con un diámetro de referencia de 2,71 mm. El paciente estu-
vo asintomático por 75 meses tras lo cual presenta una disnea CF III, que podría ser 
atribuida a sobrepeso. Después de estudios funcionales se decide su estudio angio-
grá�co observándose la permeabilidad de los stents en todos sus segmentos sin ISR, 
con diámetro mínimo luminal de 1,61 mm, lo que signi�ca una pérdida tardía de 0,21 
mm. Se realizo el análisis de vaso-reactividad con adenosina, que fue normal y un 
diámetro luminal mínimo de 2,24 mm posinfusión. Presentamos una breve revisión 
de esta estrategia de PCI.

Palabras claves: rapamicina oral, stents convencionales, restenosis, stents liberadores 
de fármacos, oclusión total crónica.
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HISTORY

Yet despite the introduction of the modern technology 
of drug-eluting stents (DES), over the last decade we have 
seen a reduction of revascularization procedures including 
the most common one in the United States (1), the percuta-
neous coronary intervention (PCI).
Also, in landmark randomized clinical trials (RCT) that 
compared DES and myocardial revascularization surgery 
(MRS) with long-term follow-up periods, a higher rate of 
spontaneous acute myocardial infarction (AMI) a�er 30 
days was consistently observed with the PCI compared to 
the MRS (2-5). As a matter of fact, and yet despite the fewer 
target vessel revascularizations compared to BMS implanta-
tions within the �rst year following the PCI, this di�erence 
did not grow any shorter. Actually, there was a higher rate of 
adverse events with DES, suggestive of late loss of e�cacy in 

DES compared to BMS and MRS (6-8). �e reasons for the-
se �ndings are still under discussion.
Also, in the largest RCT of second-generation DES vs BMS, 
no statistically signi�cant di�erences were seen between 
both revascularization strategies (8).
Back in 2014, we disclosed the clinical �ndings at the 5-year 
follow-up of a RCT with BMS implantation followed by 
oral rapamycin (OR). �is trial con�rmed a reduction of 
late cardiovascular adverse events. Also, it was cost-e�ecti-
ve when compared to �rst-generation DES (9). �ese results 
are consistent with other RCTs (10-11); however, no de�ni-
tive conclusions were drawn from these small sample stu-
dies and this strategy was not included in the clinical prac-
tice guidelines.
�e objective of this case presentation is to show the �n-
dings of a patient with long-term angiographic follow-up. 
�is patient had multiple factors for ISR and was treated 
with a combination of BMS and OR for 2 weeks.

CASE PRESENTATION

�is is the case of a 67-year-old male patient who presen-
ted with progressive angina, arterial hypertension, dyslipi-
demia, obesity with metabolic syndrome, maximum values 
of blood sugar levels, and former heavy smoker. �e patient 
was admitted to our center on October 4, 2013. He presen-
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ted with progressive angina of 1-month duration. �e func-
tional test performed con�rmed the presence of anterior 
and lower extensive ischemia that suggested that territories 
from the le� anterior descending coronary artery (LAD) 
and right coronary artery (RCA) had been compromised. 
�erefore, a cine coronary arteriography was performed (Fi-
gure 1).
�e cine coronary arteriography revealed the presence of a 
large segment of the CTO from the LAD proximal third. 
�e le� circum�ex artery (LCx) showed an intermediate in-
jury (50% through visual estimation) in the middle third. 
�e RCA also showed the presence of a CTO in the proxi-
mal third (Figure 1 A, B, C, and D). �e SYNTAX score 
was 33 while the ERACI score, 22 (2,12). Combined the-
rapy with immunosuppressants and BMS was decided and 
agreed with the patient and his general physician. Based on 
our own experience (9,10) the patient received a loading 
dose of 10 mg of oral rapamycin that was administered when 
the PCI was performed. A�erwards, the antegrade recanali-
zation of the LAD with a Runthrough NS intermediate gui-
dewire (Terumo, Japan) was attempted using 1.5 mm and 
2.0 mm Ryujin support balloons (Terumo, Japan). Both the 
reference diameter (RD) and the minimal lumen diameter 
(MLD) measured with the quantitative coronary angiogra-
phy (QCA) a�er the plain balloon angioplasty (PBA) were 
2.43 mm, and 0.28 mm respectively (Figure 2 A, B, and C). 
�en, three 3.0 mm x 20 mm, 2.5 mm x 20 mm, and 2.25 
mm x 24 mm BMSs (Liberté Boston Scienti�c, Massachuse-
tts United States) were implanted with an overall stent len-
gth of 64 mm. �e RD and DLM a�er stent implantation 
were 2.19 mm and 1.61 mm, and the DLM increased with 
nitroglycerin to 1.82 mm (Figure 3 A, B, C, and D). �e pro-
cedure ended with a PBA performed in a diagonal branch. 
A�er the PCI performed on the LAD, we saw that the RCA 
�lled through collateral circulation. Both the moderate in-
jury of the le� circum�ex artery and the CTO of the RCA 
were not operated. Instead, they were treated with medical 
therapy (Figure 1).
A�er the PCI, the patient received aspirin, atorvastatin, and 
bisoprolol inde�nitely. �ree mg per day of OR were indica-
ted for a total of 13 days a�er the PCI. �e patient also re-
ceived a 75 mg dose of clopidogrel for 3 months. Lifestyle 
changes and a strict control of the sugar levels were recom-
mended. �e patient remained asymptomatic for a long pe-
riod of time with myocardial perfusion controls without 
ischemia.
Six years a�er the procedure, in February 2020, the patient 
showed variable dyspnea of 1-month duration, lower limb 
swelling, and overeating. At that time the sugar blood levels 
were 119 mg/dL. �e patient’s myocardial perfusion study re-
vealed the presence of moderate lower limb and apical ische-
mia without changes on the electrocardiogram. �erefore, a 
cine coronary arteriography is performed (Figure 4 A and 
B) that shows no signi�cant injuries on the LAD. �e QCA 
showed a 2.19 mm and 1.61 mm RD and DLM, respectively, 
with a total loss at the 76-month follow-up of 0.21 mm. �e 
�lling of the RCA occurred through collateral circulation wi-
thout changes to the LCx injury (Figure 4 A and B).
�e vascular vasoreactivity testing performed with adenosi-
ne (dose of 140 µg/kg/min) through a central venous cathe-
ter con�rmed the improvement of the DLM and the RD that 
measured 2.34 mm and 2.56 mm post-adenosine, respecti-
vely, indicative of normal vasoreactivity (�gure 4 C and D).

�e patient’s risk factors were strictly controlled and followed 
by salt restriction, and physical exercise recommendations.
�e patient was monitored 1 month later and remained 
asymptomatic until the last control was performed 6 mon-
ths later.

DISCUSSION

�is was the case of a patient who was recanalized due an en-
tire LAD CTO from its proximal to its distal segments with 
3 BMSs plus a 2-week course of OR. �e patient also showed 
a CTO on the RCA, moderate injuries to the LCx, and re-
ceived conservative therapy. Six years later a new cine coro-
nary arteriography is performed that reveals the patency of 
the LAD without ISR in any of the stents implanted.
�is patient had multiple clinical and angiographic risk fac-
tors for ISR like metabolic syndrome, presence of a CTO, 
extensive occluded segment, �ne reference diameter, and 
multiple BMSs. Yet despite all this, the patient remained 
asymptomatic and ISR-free for 76 months a�er the initial 
angioplasty with normal vasomotility a�er the injection of 
adenosine.
�e �ndings of this case should not be surprising since nu-
merous small randomized clinical trials that compared im-
munosuppressant therapy to anti-in�ammatory therapy ad-
ministered orally a�er the implantation of a BMS have con-
sistently proved the bene�ts of reducing ISR (9-11).
Also, in a randomized clinical trial that compared OR 
and BMS vs �rst-generation DES, the ORAR II trial, we 
proved that, at the 5-year follow-up (9), this strategy was 
cost-e�ective compared to �rst-generation DES, at all 
time, in 200 patients including diabetics (28%), small ves-
sels (36%), and multiple vessel disease (48%). �e compo-
site of death, spontaneous AMI, and stroke at the 5-year 
follow-up showed a RR = 2.08, 1.10-3.91 P =. 01 favora-
ble to the OR/BMS strategy. Still, this di�erence in the 
composite endpoint was similar at the 1-year (RR = 0.60, 
0.27-1.30 P =. 34) and 3-year follow-up (RR = 0.49, 0.22-
1.09 P =. 08) suggestive that DES have a greater e�cacy 

Figure 1. A) and B): LAO projection with cranial angulation showing a CTO 
from the RCA proximal third. C) and D): RAO and LAO caudal projections 
showing the long CTO segment of a LAD. LAD: left, anterior descending coro-
nary artery. LAO: left anterior oblique. RAO, right anterior oblique. RCA: right 
coronary artery.



loss over time. By the time the patient was being treated, 
the 5-year follow-up �ndings of this clinical trial had alre-
ady been submitted for publication (9). An interesting �n-
ding of this last study was that the stent overlapping rate of 
every patient was 31%.
We should mention that despite the signi�cant safety in-
crease of the latest DES designs, the presence of early neoa-
therosclerosis and endothelial dysfunction are still impor-
tant limiting factors for the long-term evolution of these de-
vices. �is may be due to the polymer used, but mostly to the 
local action of the immunosuppressant drug, and the fact 
that they are responsible for the cardiovascular and noncar-
diac adverse events reported in the long-term (2-5,13,14). A 
recent and extensive meta-analysis of 23 RCTs reported, for 
the �rst time, an increase of cardiovascular and noncardiac 
mortality associated with the angioplasty when DES and 

MRS studies were compared. However, no di�erences be-
tween BMS and MRS (15) were found, which may be indi-
cative of a speci�c correlation between noncardiac mortali-
ty and the use of DES.
As long as these 2 problems with the technology of DES re-
mained unsolved, early neoatherosclerosis, and endothelial 
dysfunction, strategies like the one described here should 
not be ruled out.

CONCLUSIONS

In this case of an extremely long follow-up of a patient 
with multiple angiographic and clinical risk factors for 
ISR, we saw favorable disease progression with complete 
patency of the blood vessel treated including normal ves-
sel reactivity.
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