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PRESENTATION OF THE CASE
A 46-year-old male, with a history of old myocardial infarc-
tion (MI) in the first diagonal branch (D1) treated with balloon 
angioplasty three years before, was admitted to our institution 
because of chest pain on effort. Coronary angiography revealed 
coronary artery aneurysms measuring approximately 10 mm and 
7 mm in the left anterior descending artery (LAD) and D1, respec-
tively (Figure 1A), which were not clearly detected three years 
before. Moreover, significant stenoses were also demonstrated 
proximal to both aneurysms, distal to the D1 aneurysm, and in 
the obtuse marginal (OM) branch (Figure 1A, Figure 1B). The 
fractional flow reserve (FFR) in the LAD was 0.50, as measured 
with PressureWire™‚ Certus™ (St. Jude Medical, St. Paul, MN, 
USA) (Figure 1C). Electrocardiography showed a Q-wave in I, 
aVL, which indicated transmural MI in the D1 region (Figure 2A). 
Echocardiography showed thinness of the wall with akinetic 
motion in the anterolateral left ventricular wall. The left ventricu-
lar ejection fraction was 53% and there was no valvular pathol-
ogy. 201Tl-123I-BMIPP scintigraphy demonstrated no viability 
in the D1 region (Figure 2B). Coronary angiography (Figure 2C) 
was performed in approximately the same view as the coronary 
computed tomography  (Figure 2D) to be easily compared. Rest-
stress myocardial perfusion scintigraphy showed ischaemia in the 
LAD and OM regions, and transmural MI in the D1 region. The 
fusion image of coronary computed tomography and scintigraphy 

CASE SUMMARY

BACKGROUND: A 46-year-old male, with a history of old 
myocardial infarction in the first diagonal branch (D1) 
treated with balloon angioplasty three years before, was 
admitted to our institution because of chest pain on effort. 
He underwent coronary angiography which revealed multi-
ple coronary aneurysms in the left anterior descending 
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D1, and the obtuse marginal branch.
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DIAGNOSIS: Multiple coronary aneurysms with severe 
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Figure 1. Coronary angiography and intravascular ultrasound (IVUS) images. A) The cranial view revealed severe stenoses (blue arrows) and 
aneurysms (blue arrowheads) both in the left anterior descending artery (LAD) and in the first diagonal branch (D1). a) Proximal LAD 
reference: 4.0×3.5 mm. b) The LAD minimum lumen with an eccentric calcified lesion. Minimum lumen area (MLA): 2.4 mm2. c) The LAD 
aneurysm: 10.2×8.7 mm. d) Distal LAD reference: 3.2×3.1 mm. e) The D1 aneurysm: 6.9×6.0 mm. f) The D1 minimum lumen. 
MLA: 0.47 mm2. B) The caudal view revealed severe stenosis in the obtuse marginal branch (OM; blue arrow). C) The fractional flow reserve 
(FFR) in the LAD under maximal hyperaemia with adenosine was 0.50.

Figure 2. Physiological assessments of ischaemia. A) Electrocardiography showed a Q-wave in I, aVL (orange arrows), which indicated 
transmural myocardial infarction in the first diagonal branch (D1) region. B) 201Tl-123I-BMIPP scintigraphy demonstrated decreased 
uptake of both thallium-201 and iodine-123-β-methyl iodophenyl-pentadecanoic acid in the D1 region (white arrows), which indicated no 
viability of the myocardium in this region. It also showed decreased uptake of 123I-BMIPP alone in the obtuse marginal (OM) branch region, 
which indicated significant ischaemia in this region (orange arrow). C) Coronary angiography in the left anterior oblique cranial view. 
D) The fusion image of coronary computed tomography and rest-stress myocardial perfusion scintigraphy visualised ischaemia in the left 
anterior descending artery (LAD) region (light blue arrow) in the stress condition with intravenous injection of adenosine at 120 μg/kg/min for 
six minutes. The image also revealed transmural myocardial infarction in the D1 region (white arrows).

confirmed the above-mentioned anatomical and physiological 
information much more clearly (Figure 2D). As the patient and his 

family refused a surgical operation, percutaneous coronary inter-
vention (PCI) was planned.
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How would I treat?
THE INVITED EXPERTS’ OPINION

Marc Hartmann1, MD, PhD; Martin G. Stoel1, MD, PhD; J. (Hans) W. Louwerenburg1, MD; 
Mounir W.Z. Basalus1, MD, PhD; Clemens von Birgelen1,2*, MD PhD

1. Department of Cardiology, Thoraxcentrum Twente, Medisch Spectrum Twente, Enschede, The Netherlands; 2. Department of 
Health Technology and Services Research, MIRA – Institute for Biomedical Technology and Technical Medicine, University of 
Twente, Enschede, The Netherlands

The authors present the case of a patient with significant stenoses 
and aneurysm formation in the LAD and a severe OM stenosis. The 
stenotic D1 branch, which also shows an aneurysm, subtends non-
viable myocardium. Based on the information provided, we must 
assume that the aneurysms developed or significantly enlarged dur-
ing the last three years. Coronary aneurysms can develop in the 
presence of atherosclerosis, but other causes should be considered, 
such as systemic inflammatory and autoimmune diseases1, colla-
genoses, and thoracic or PCI-related traumas. The latter might have 
caused the D1 aneurysm. While we consider surgical treatment 
a valuable option, the patient refused it.

Therefore, we would proceed to PCI and treat the short OM 
lesion with a drug-eluting stent (DES). Then we would address the 
LAD, while the D1 does not require specific treatment, as it sub-
tends infarcted myocardium.

The LAD lesions should be adequately predilated, and then there 
are two treatment options.

Option A (preferred) would be to treat the LAD lesions and the 
aneurysm with a polytetrafluoroethylene (PTFE)-covered stent 
graft. A description of such a procedure with a commercially avail-
able PTFE-covered stent graft was first published in 19982. It 
would exclude the aneurysm from the coronary artery lumen and 
prevent potential further growth and the risk of rupture, thrombus 
formation and distal embolisation2,3. In addition, the D1 would be 

excluded. First-generation PTFE-covered stent grafts consisted of 
two layers of stainless steel stents, which explains the high rates 
of restenosis and stent thrombosis (the latter also due to delayed 
healing) which prevented an unrestricted use4-6. Nowadays, flex-
ible devices are available that have a relatively low crossing profile 
due to the use of a single stent layer, to which a PTFE or pericar-
dial membrane is attached7. Because of the low frequency of use, 
reliable restenosis data are scarce. It is uncertain whether treatment 
with DES plus a membrane-covered stent graft may be useful, as 
it could avoid restenosis but might increase the stent thrombosis 
risk8. Nevertheless, if the latter approach is chosen, DES should 
generously cover the proximal and distal reference segments (out-
side the stent graft), and prolonged dual antiplatelet therapy should 
be considered.

Option B would be to treat the LAD lesions proximal and dis-
tal to the aneurysm with DES of an appropriate length but leave 
the aneurysm uncovered. During follow-up, we would then recom-
mend an invasive or non-invasive (e.g., coronary computed tomog-
raphy angiography) assessment of aneurysm size.
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How would I treat?
THE INVITED EXPERT’S OPINION

Bon-Kwon Koo*, MD, PhD

Department of Internal Medicine, Cardiovascular Center, Seoul National University Hospital, Seoul, South Korea

T. Warisawa and colleagues present a very interesting, but compli-
cated case. A 46-year-old male who had an MI three years ago now 
presents with angina pectoris, and with multiple coronary stenoses 
and aneurysms. The patient and his family refused surgical correc-
tion; therefore, PCI was planned. As an interventional cardiologist, 
I believe three questions need to be addressed regarding PCI for 
this patient.

How to relieve ischaemia?
Simple stent implantation for the LAD and OM branch seems suf-
ficient to relieve the myocardial ischaemia and the patient’s symp-
toms. Revascularisation for D1 is not indicated since there is no 
evidence of reversible ischaemia. The choice between a bare metal 
and drug-eluting stent should be made according to the patient’s 
general condition.

How to treat the aneurysm?
Although there is no consensus on the optimal treatment strategy 
for coronary artery aneurysms, those in the LAD and D1 may need 
invasive treatment due to their size and development over the last 
three years. One option could be to use a PTFE-covered stent to 
exclude both the LAD aneurysm and D19. However, considering 
the long distance from the LAD ostium to the large first septal 
branch, there is a risk of myocardial injury due to the occlusion of 
several small septal branches by a covered stent. In addition, as the 
D1 supplies a large myocardial territory, the risk of D1 exclusion 
with a covered stent needs to be evaluated before the procedure. 
Furthermore, if this branch is connected with high collateral flow, 
simple obliteration of antegrade flow may not be enough to treat 
the aneurysm.

In this situation, assessment of symptoms, electrocardiogram 
(ECG) changes and measurement of distal coronary pressure (cor-
onary wedge pressure) during transient antegrade flow occlusion 
can be helpful10. If careful angiographic evaluation reveals no sig-
nificant septal branches at the segment of covered stent implanta-
tion, and balloon occlusion of the D1 is not associated with clinical 
and electrical changes and the coronary wedge pressure is not high, 
implantation of a covered stent can be a treatment option. If not, 
stent-assisted coil embolisation can be tried after careful discussion 
with the patient and his family regarding potential risk, benefits, 
and other alternative options11,12.

How to treat the patient?
The last, but maybe the most important, question is how to treat this 
patient. It is uncommon to have a patient at the age of 46 presenting 
with rapidly growing multiple coronary aneurysms. As the aneurysms 
occurred in injured as well as non-injured coronary segments and the 
proximal left circumflex artery seems to be ectatic, systemic disease 
which can be associated with multiple arterial aneurysms should be 
thoroughly investigated13-15. Local treatment for systemic disease may 
not be sufficient to treat the patient’s underlying problem fully.

In summary, before PCI, the patient’s possible underlying disease 
should be thoroughly investigated. Then, the aneurysm and steno-
sis can be treated by either a PTFE-covered stent (±conventional 
stent) or stent-assisted coil embolisation, according to the results of 
further assessment. In any case, the decision should be made after 
thoughtful discussion with the surgeons, the patient and his family.
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How did I treat?
ACTUAL TREATMENT AND MANAGEMENT OF THE CASE

Transfemoral PCI was performed with a 7 Fr guiding catheter. After 
standard heparinisation, two IDC™ (interlocking detachable coils) 
of 2.0×40 mm (Boston Scientific, Marlborough, MA, USA) were 
released at the distal D1 through a microcatheter (Renegade™; 
Boston Scientific) (Moving image 1). Subsequently, an additional 
IDC™ of 5.0×120 mm was successfully released and packed into 
the aneurysm (Figure 3A). A significant decrease of blood flow in 
the D1 occurred (TIMI 1) (Figure 3B). Then, a 2.75×13 mm scor-
ing balloon was used to dilate the proximal LAD lesion accord-
ing to the intravascular ultrasound (IVUS) findings, which included 
severe calcification. After a 2.8×26 mm polytetrafluoroethylene 
(PTFE)-covered stent (JOSTENT GRAFTMASTER®; Abbott 
Vascular, Santa Clara, CA, USA) had been deployed across the 
orifice of the D1 (Figure 3C), blood flow from LAD into D1 dis-
appeared completely (TIMI 0). Post-dilatation was performed 
with a 3.5×8 mm non-compliant balloon at high pressure accord-
ing to IVUS findings. Eventually, TIMI 3 flow and elimination of 
the LAD aneurysm were achieved (Figure 4A, Moving image 2). 
Good stent apposition and preserved lumen area were confirmed 
both by IVUS and by optical coherence tomography (OCT) (Figure 
4B, Figure 4C). Post-procedural FFR in the LAD improved sig-
nificantly (to 0.90) (Figure 4D). The maximum creatine kinase-
MB level in plasma after the procedure was elevated, only up to 
39 U/L. The patient was discharged three days after the procedure. 
One month later, the remaining OM lesion was also treated with 
a drug-eluting stent.

Three months after the treatment of the aneurysms, fol-
low-up rest-stress myocardial perfusion scintigraphy showed 

remarkable reduction of the ischaemia in both the LAD and OM 
regions (Figure 5A). Coronary computed tomography showed no 
blood flow in the D1 and the absence of recurrent aneurysms in 
the LAD. The fusion image of scintigraphy and coronary computed 
tomography was also excellent (Figure 5B).

Discussion
The optimal strategy against a coronary artery aneurysm (CAA) 
is controversial, and evidence-based treatment guidelines are not 
available. The strategy options include PCI, bypass surgery and 
conservative therapy with antiplatelet and/or anticoagulant medi-
cation16. Although the natural history of the CAA is unclear, the 
prognosis of coronary artery stenosis with a CAA is known to be 
worse than that of stenosis alone17. In addition, one study on FFR 
suggested that a CAA may cause additional ischaemia accompanied 
by stenosis18. This holds true also in the present case: myocardial 
ischaemia caused by severe stenoses with CAAs. PCI indication 
for the LAD may be justified based on the fact that the estimated 
ischaemic burden in this segment was ≥10%19.

Multiple physiological tests demonstrated severe ischaemia 
in the LAD and OM regions with no viability in the D1 region. 
Furthermore, both CAAs carried a rupture risk because they were 
expanding. This fact indicated that revascularisation of the LAD 
and OM and elimination of both CAAs were necessary, and occlu-
sion of the D1 was acceptable.

The key point for invasive therapy of a CAA is to inhibit both 
inflow and outflow. As a small collateral artery from the distal LAD 
to the distal D1 was found, coils were packed not only into the 

Figure 3. Percutaneous coronary intervention. A) Advancement of the third coil into the first diagonal branch aneurysm through the 
microcatheter (blue arrowhead) after two coil embolisations in the distal portion of the aneurysm (blue arrows). B) TIMI 1 flow was 
confirmed after the coil embolisation procedure. C) A polytetrafluoroethylene-covered stent was deployed in the stenotic lesion with an 
aneurysm in the left anterior descending artery.
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aneurysm but also at the distal portion of the D1. For inhibition of 
inflow to the D1 aneurysm and for sealing off the LAD aneurysm, 
a PTFE-covered stent is believed to be more effective than a con-
ventional metallic stent16. Optimal stenting with imaging guidance 
using IVUS and/or OCT is also necessary to prevent an aneurysm 
from recurring.

To the best of our knowledge, this is the first case report show-
ing that multiple coronary artery aneurysms with severe stenoses 
can be successfully treated with the combination of coil embo-
lisation and a covered stent based on multiple physiological 
assessments.
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Moving image 1. The first interlocking detachable coil embolisa-
tion through a microcatheter.
Moving image 2. TIMI 1 flow in D1 after the coil embolisation 
procedure.
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