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Abstract

Background: Current trials show conflicting results about the ef-
fect of successful Percutaneous Coronary Intervention (PCI) on car-
diac function in patients with chronic total occlusion (CTO). Various 
factors contribute to a lack of functional changes after CTO revascu-
larization. 

Case summary: Here, we present three patients who underwent 
PCI to treat CTO of the single main branch, all of whom demonstrat-
ed a decline in cardiac function detected by Cardiovascular Magnet-
ic Resonance (CMR). Case 1 is a patient with a history of smoking, 
and transmural myocardial necrosis in the territory of the CTO at 
baseline. Case 2 exhibites hyperglycemia and persistent ischemia in 
a non-CTO-supplied territory. Case 3 has a long history of alcohol 
abuse, likely causing adverse ventricle remodeling after PCI.

Discussion: The deterioration observed in these cases does not 
appear to be associated with the PCI itself. It should be considered 
that postoperative risk factors attenuate the true benefits of CTO 
revascularization. This case series also highlights the prudent selec-
tion of patients eligible for revascularization by comprehensive as-
sessments and recommends continuous strict management during 
follow-up to improve the long-term prognosis of patients and the 
application value of CTO revascularization.

Keywords: chronic total occlusion; percutaneous coronary interven-
tion; cardiac function; adverse ventricle remodeling; cardiovascular 
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Introduction

Current guidelines recommend percutaneous revasculariza-
tion of Chronic Total Occlusion (CTO) when symptoms are per-
sistent or ischemia is evident in the territory of the occluded 
vessel [1]. However, optimal CTO treatment is still controversial 
considering the difficulty of the procedure and the ambiguous 

benefits it provides. Observational studies suggest that success-
ful revascularization of CTO is associated with improved cardiac 
function and lower cardiac mortality [2-4]. However, recent 
trials do not demonstrate any superior effect of Percutane-
ous Coronary Intervention (PCI) over Optimal Medical Therapy 
(OMT) on cardiac function in patients with CTO [5-7]. 
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Indeed, in our clinical practice, we observed improvement of 
Left Ventricular (LV) systolic function and remodeling after suc-
cessful CTO PCI in many patients. However, a few patients had 
deteriorative cardiac function. We speculate that deteriorating 
cardiac function in these patients could attenuate the beneficial 
effect of CTO revascularization observed in the overall popula-
tion. Here, we present three cases of patients with deteriorat-
ing functional changes one year after successful CTO PCI and 
discuss the possible reasons for their decline in functionality. 
Accordingly, we aim to uncover important factors previously ne-
glected in the treatment and management of CTO.

Patients included in this case series were derived from a pro-
spective, registered study that investigated the effects of suc-
cessful PCI on CTO (supported by Capital Health Development 
Research Project No. 2018-2-2063). The protocol was approved 
by the ethics committee of Beijing Anzhen Hospital, Capital 
Medical University. All patients with CTO lesions eligible for PCI 
underwent CMR examination both before and one year after 
the interventional procedure.

Case presentation

Case 1

A 49-year-old man presented with recurrent effort angina for 
one year. He suffered an acute inferior myocardial infarction ten 
years ago and was treated with thrombolytic therapy within one 
hour of the event, followed by a left circumflex (LCX)-PCI eight 
days later. He then adhered to OMT. However, he did not quit 
smoking and his blood glucose levels remained uncontrolled. 
Angiography revealed right coronary artery (RCA)-CTO with 
Rentrop 3 grade collaterals from the left anterior descending 
(LAD) artery (Figure 1a), and 50-60% stenosis in both the proxi-
mal LAD and the middle LCX (Figure 1d, 1f). Using an antegrade 
approach, a PILOT 150 guidewire successfully passed through 
the CTO lesion without difficulty. Then, we performed a balloon 
dilation with a 2.5 X 20 mm B. Braun balloon and deployed one 
3.5 X 28 mm Boston Promus Element stent, followed by a post-
dilatation Boston Quantum Maverick balloon measuring 3.75 
X 10 mm. A Thrombolysis In Myocardial Infarction (TIMI) with 
grade 3 blood flow was observed in the RCA after the PCI pro-
cedure (Figure 1b). 

Follow-up 

During follow-up, the patient maintained satisfactory blood 
glucose levels by using oral antidiabetic agents. However, he 
failed to quit smoking. During his one year follow-up appoint-
ment, coronary angiography showed advanced stenosis in the 
LAD and LCX arteries (Figure 1e, 1g) with no obvious de novo 
stenosis in the RCA (Figure 1c). Both the LAD and LCX lesions 
were treated by PCI. According to CMR results, LVEF declined 
from 61.87% to 55.92%, accompanied by an increased level of 
LVEDV (from 128.31 ml to 134.1 ml) and an elevated level of 
LVESV (from 48.92 ml to 59.11 ml). A contrast enhancement 
scan showed that the extent of late gadolinium enhancement 
of the inferior wall was about 50%-75% both at baseline and 
follow-up, which could be considered transmural myocardial 
necrosis (Figure 1h, 1i).

Figure 1: Angiography And CMR Images Of Case 3. (A), Chronic Total 
Occlusion Of The RCA (Red Arrow); (B), The Final Angiographic Re-
sult After Reopening The RCA; (C), Repeated Angiography One Year 
Later Showed No Progressive Stenosis In The RCA; (D), Proximal 
LAD With 60% Stenosis At Baseline (White Arrow); (E), Proximal 
LAD With 75% Stenosis At Follow-Up (White Arrow); (F), Middle 
LCX With 40-50% Stenosis At Baseline (White Arrow); (G), Middle 
LCX With 70-80% Stenosis At Follow-Up (White Arrow); (H&I), CMR 
At Admission And One Year Later Showing Nearly Transmural LGE 
In The Inferior Wall (Red Arrow). 
Note: CMR: Cardiac Magnetic Resonance; CTO: Chronic Total Oc-
clusion; LAD: Left Anterior Descending Artery; LCX: Left Circumflex 
Artery; LGE: Late Gadolinium Enhancement; PCI: Percutaneous 
Coronary Intervention; RCA: Right Coronary Artery.

Case 2

A 57-year-old woman was admitted to our hospital with dis-
continuous chest pain lasting more than a month. Cardiovascu-
lar risk factors included diabetes mellitus, hyperlipidemia, and 
obesity (Body Mass Index (BMI) = 28.23 kg/m2). Coronary angi-
ography showed a completely occluded LAD, D1 (Fig 2a) with 
Rentrop 3 grade collaterals from the LCX, and 40-50% steno-
sis in the middle LCX. We employed an antegrade approach to 
stent a PILOT 50 guidewire through the occlusion lesion. After 
repeated balloon dilation using a 1.25 X 10 mm Terumo Tazuna 
balloon, a 1.25 X 6 mm Medtronic Springer Legend balloon, 
and a 2.5 X 15 mm B.Braun balloon, one 3.0 X 28 mm Abbott 
Xience Xpedition stent was deployed at the occluded lesion. D1 
was then revascularized by balloon dilation using a 1.25 X 6 mm 
Medtronic Springer Legend balloon and a 1.5 X 15 mm Cordis 
EMPIRA balloon. The angiographic result was excellent (Figure 
2b).

Follow-up 

After the successful CTO PCI procedure, the patient success-
fully lost weight, with her BMI declining to 26.50 kg/m2 after 
one year. However, her blood glucose levels remained poorly 
controlled (glycosylated hemoglobin ranged from 6.9% to 7.4%). 
Repeated coronary angiography showed almost no changes in 
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the LAD compared with that after the PCI procedure (Figure 2c). 
Nevertheless, CMR detected that LVEF decreased from 75.18% 
to 66.53%, while LVEDV increased from 82.48 ml to 124.54 ml, 
and LVESV increased from 20.47 ml to 41.69 ml. Furthermore, 
the quantitative total enhanced volume measured by CMR in-
creased from 0.62 ml to 4.94 ml, however this was not observed 
visually (Figure 2d, 2e). 

This patient also underwent SPECT both before and one year 
after the revascularization of the CTO artery. Obvious ischemia 
in the anterior wall and slight ischemia in the inferior wall was 
noted before PCI procedure (Figure 3a). The ischemia in the 
anterior wall was reduced one year after reopening the LAD, 
however the ischemia in the inferior walls persisted (Figure 3b).

Figure 3: SPECT images of Case 2. (a), SPECT images at admission 
showed obvious ischemia in the anterior wall (red arrow) and 
slight ischemia in the inferior wall (blue arrow); (b), SPECT images 
at follow-up showed that the ischemia in the anterior wall was re-
lieved (red arrow) but the slight ischemia in the inferior wall per-
sisted (blue arrow). Note: CMR: Cardiac Magnetic Resonance; D1: 
The First Diagonal Artery; LAD: Left Anterior Descending Artery; 
LGE: Late Gadolinium Enhancement; PCI: Percutaneous Coronary 
Intervention; SPECT: 99mtc-MIBI Single Photon Emission CT.

Case 3

A 67-year-old man presented for evaluation at our outpa-
tient cardiology clinic with a 6-year history of effort angina. Car-
diac risk factors of this patient included alcohol consumption 
(approximately 70-100 g/d for over 20 years) and hypertension. 
Coronary angiography revealed proximal RCA-CTO (Figure 4a) 
with Rentrop 3 grade collaterals in the LAD and LCX. An ASAHI 
Conquest Pro 12 guidewire finally succeed with an antegrade 
approach after Fielder XT and Gaia First guidewires failed to 
pass through the occluded lesion. We used a 1.2 X 15 mm Bos-
ton Scientific balloon, a 2.0 X 15 mm B.Braun balloon and a 2.5 
X 15 mm MACH2 balloon to dilate the lesion, and two stents 
(2.5 X 35 mm and 3.0 X 35 mm BUMA stents) were successfully 
implanted with good angiographic results (Figure 4b).

Follow-up 

Upon follow-up, the patient’s blood pressure and plasma 
lipid levels were controlled, and alcohol consumption was sus-
tained. However, CMR showed significantly worse cardiac func-
tion one year after CTO PCI, as indicated by a decreased LVEF 
from 70.77% to 59.48%, an increased LVEDV from 113.7 ml to 
135.43 ml, and an elevated LVESV from 33.23 ml to 84.83 ml. No 
evident late gadolinium enhancement was observed on CMR 
images (Figure 4c,4d). The patient refused angiography at fol-
low-up, so we advised coronary CT Angiography (CTA) instead. 
The CTA showed no evident lumen restenosis. 

Figure 2: Angiography and CMR images of Case 2. (a), chronic total 
occlusion of LAD and D1 (red arrow); (b), Final result of complete 
revascularization; (c), repeated angiography showed no progres-
sive stenosis one year later; (d&e), CMR at admission and one year 
later showed no obvious LGE. Note: CMR: Cardiac Magnetic Reso-
nance; D1: The First Diagonal Branch; LAD: Left Anterior Descend-
ing Artery.

Figure 4: Angiography and CMR images of Case 3. (a), chronic total 
occlusion of RCA (red arrow); (b), final angiographic result after 
reopening the RCA; (c&d), CMR at admission and one year later 
showed no obvious LGE. Note: CMR: Cardiac Magnetic Resonance; 
LGE: Late Gadolinium Enhancement; PCI: Percutaneous Coronary 
Intervention; RCA: Right Coronary Artery.
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Discussion

All three patients in this case series had CTO lesions in the 
single main epicardial branch, and the PCI procedure was suc-
cessful during the first attempt in all cases. 

Here, we presented cases with deteriorating cardiac function 
one year after a successful CTO PCI procedure. However, the 
deterioration observed in these cases does not appear to be 
associated with the PCI itself. Thus, it should be considered that 
postoperative risk factors attenuate the true benefits of CTO 
revascularization. Additionally, the patients’ selection for CTO 
revascularization is crucial.   

These cases present two important points: First, successful 
revascularization of the CTO artery is not enough to improve 
the long-term prognosis, pointing to the importance of post-
operative risk factor control. Second, eligible patients for re-
vascularization should be selected prudently. Interventional 
cardiologists should weigh the potential benefits and additional 
injuries of each treatment option before determining the ap-
propriate therapy. 

Risk factor control is necessary following CTO revascular-
ization

The common cause of worsening cardiac function appears 
to be poorly controlled risk factors. The first patient presented 
here did not quit smoking after the procedure and presented 
with aggravated stenosis in the non-CTO vessels at his one-year 
follow-up appointment. The second patient had slim ischemia 
in a remote area not supplied by the CTO vessel (the inferior 
wall), as shown by SPECT images. This existed both before and 
after the CTO PCI. This patient was at risk of microvascular dys-
function because she had a long history of hyperglycemia with 
poorly controlled blood glucose levels. Ischemia in the inferior 
wall likely resulted from microvascular dysfunction because no 
obvious RCA stenosis was observed. This microvascular dys-
function likely contributed to worsening cardiac function in this 
patient [8].

The third patient exhibited decreased levels of LVEF and 
increased levels of LVEDV and LVESV. Considering his blood 
pressure and plasma lipid levels were well controlled, we sus-
pected that alcohol abuse was his most serious risk factor, as 
alcohol-induced cardiotoxicity is often associated with cardiac 
remodeling [9]. Moreover, alcohol consumption damages en-
dothelial function by inducing inflammation, platelet aggrega-
tion, plasma viscosity, and increasing fibrinogen concentration 
[10], which are all common factors for intramyocardial vessels. 
Furthermore, endothelium-dependent coronary microvascular 
remodeling may have adverse effects on cardiac function due 
to myocardial fibrosis and increased stiffness of the myocardial 
wall [11]. Although there is limited understanding of the pre-
cise mechanisms by which alcohol consumption affects systolic 
cardiac function, alcohol consumption should be constricted 
nonetheless. 

Patient selection for CTO revascularization is necessary

In the first patient we observed, a transmural extent of in-
farction (TEI) >50% in the region of the CTO detected by base-
line CMR may play a role in cardiac deterioration. According to 
previous studies [12,13], recovery of regional systolic function 
is partially dependent on the baseline extent of the myocardial 
scar. There was a consensus that successful CTO PCI was less 
likely to bring evident benefit in patients with non-viable myo-

cardium in the CTO territory. Therefore, we wonder that for pa-
tients with non-viable myocardium, CTO PCI dose not have to 
be very aggressive. 

Conclusion

The cases we presented here show that preoperative assess-
ment and postoperative management are both important in 
CTO treatment. Strictly selecting eligible patients and control-
ling risk factors may improve the beneficial value of CTO revas-
cularization.
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