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Abstract: Background: Coronary aneurysms are an infrequent finding in diagnostic angiography,
with a reported incidence of 0.35–0.7% in the largest contemporary registries. At least half of them
have an atherosclerotic etiology and as such they are often diagnosed in the setting of acute coronary
syndrome. The wiring of a thrombosed aneurysm is a difficult task and after successful recanalization,
the operator has to decide on the optimal method of aneurysm exclusion. Covered stents are commonly
deployed, but their use involves the risk of delivery failure as well as device dislodgement and loss
due to their stiffness and size. Moreover, proper stent sizing and apposition is difficult in the case of
thrombosed aneurysms. Case presentation: We present a case of coronary aneurysm recanalization
and exclusion with a covered stent, with a postdilation-induced stent foreshortening. Due to the
subsequent stent migration into the aneurysm sac, its repositioning was attempted. The pitfalls of
coronary aneurysm stenting and neurointerventional techniques of prolapsed device realignment are
discussed. Conclusions: An adequate landing zone is of the utmost importance in aneurysm exclusion
with covered stents. In the case of a short stent anchoring in the normal vessel, another covered or
conventional stent should be deployed to mitigate the risk of the device migration.

Keywords: coronary aneurysm; stent herniation; stent migration; stent prolapse; stent realignment;
covered stent

1. Introduction

Coronary artery aneurysms (focal dilatations of an artery segment > 1.5-fold the normal
size of an adjacent reference vessel) are infrequently encountered in angiography, with a
reported prevalence of 0.35–0.7% in the largest contemporary registries [1,2]. The main cause
of coronary aneurysms is in most cases atherosclerosis, and less often Takayasu arteritis,
connective tissue disorders, congenital anomalies, infection, specific drug reactions, trauma,
and Kawasaki disease. In addition to ‘spontaneous’ aneurysms, cases of iatrogenic coronary
artery dilation related to drug-eluting stent implantation have started accumulating [3]. The
natural history of coronary aneurysm is unclear; however, potential complications include
perforation, thrombosis, and distal embolism. Recommendations for optimal management
are lacking, and treatment options include anticoagulation and antiplatelet therapy, per-
cutaneous coronary intervention, and surgical procedures (aneurysm ligation, re-section,
marsupialization with interposition graft, or most commonly bypass grafting with the vessel
suturing at the aneurysm level).

Primary angioplasty of thrombosed coronary aneurysms is a difficult task in itself,
involving technical challenges such as aneurysm crossing and distal vessel wiring; in-
creased risk of distal embolization and the no-reflow phenomenon (up to 70%) due to
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large thrombus burden; higher incidence of procedure failure; and stent malapposition
and dislodgement [1,4–6]. Several studies have also reported higher odds of mortality,
stent thrombosis, and other adverse events both in-hospital and in the long-term follow-
up [1,4–6]. Successful aneurysm recanalization still leaves open the question of optimal
management to exclude the aneurysm sac. Self-expanding stents have been used in ectatic
coronary segments, while treatment of large aneurysms has often involved the insertion of
covered stents, notorious for their susceptibility to restenosis and thrombosis, due to, as has
been suggested, delayed endothelialization and the increased susceptibility to thrombus for-
mation of these stents [1,7–10]. Covered stent registries and retrospective studies reported
high thrombosis rates in the short- and long-term observation, ranging from 4.4–8.9%
in the 1-year period to 17.8% in the 10-year follow-up [8,11]. Some of them suggested
that the risk may be higher for old polytetrafluoroethylene-covered stents than for newer
polyurethane-covered prostheses (9.8% vs. 1.8%, respectively); however, these results may
have also been affected by the usually prolonged dual antiplatelet therapy recommended
with contemporary covered stents and more potent agents prescribed nowadays [12].

While coronary perforation remains the main indication for covered stent deployment,
some studies suggest that stent thrombosis risk may be particularly high when they are
implanted to treat coronary aneurysms. One large study of 127 Papyrus stents (Biotronik
AG, Bülach, Switzerland) implanted in 108 patients reported a higher thrombosis rate for
coronary aneurysm management compared to coronary artery perforation treatment (7.1%
vs. 0%, respectively), with similar rates of major adverse cardiovascular events [9]. In con-
trast, another large retrospective analysis of 190 patients, in whom a covered stent had been
implanted (mainly a polytetrafluoroethylene-covered Jostent Graftmaster, Abbott Vascular,
Santa Clara, CA, USA), reported at the 10-year follow-up that target vessel occlusion, target
vessel myocardial infarction, and stent thrombosis were not identified in the aneurysm
group, in comparison to 38.4%, 20.6% and 23.9% of such events, respectively, in the coronary
perforation group [8].

To solve the problem of restenosis, burying a covered stent under a drug-eluting stent
has been proposed [13–15]. Another strategy of inhibiting edge restenosis is the implan-
tation of a longer drug-eluting stent prior to covered stent deployment or an overlapping
implantation of covered stents with drug-eluting stents at the edges [15–17]. Yet another
solution is a double or triple stent technique, wherein a ‘coronary flow diverter’ is created by
the deployment of two/three completely overlapping drug-eluting coronary stents [18,19].
Micro-mesh self-expanding nitinol carotid and coronary stents have also been used for coro-
nary aneurysm exclusion [20,21]. In both strategies, a slow-velocity zone in the aneurysm
sac is sufficient to induce its mural thrombosis and sealing-off, while the reduction of hy-
drodynamic pressure acting on the aneurysm wall may also induce its shrinkage [22]. Both
drug-eluting and bare metal stents have routinely been used in the treatment of coronary
aneurysms in the US due to the lack of FDA approval of covered stents [2].

We report a case of primary percutaneous recanalization of a thrombosed coronary
aneurysm and its exclusion with a covered stent, with subsequent downstream migration
and herniation of the stent into the aneurysm sac resulting in an impeded blood flow
into the distal segment of the right coronary artery. An attempt at stent realignment was
performed. The pitfalls of coronary aneurysm stenting and neurointerventional techniques
for the herniated stent rearrangement are discussed further.

2. Case Presentation

A 91-year old woman with a history of arterial hypertension, chronic renal insuffi-
ciency, normocytic anaemia, chronic obstructive pulmonary disease, and prior tuberculosis
was admitted due to chest pain of 1 h duration. In ECG, ST segment elevation in the inferior
wall leads with a third-degree atrioventricular block and an escape rhythm of 50 bpm were
present. Upon arrival, the patient was conscious with blood pressure of 85/60 mmHg. In an
urgent coronary angiography, proximal occlusion of the dominant right coronary artery
(RCA) was found, as well as a small ectopic left circumflex artery arising from the RCA and
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left coronary system without significant lesions (Figure 1A, Video S1). Balloon recanaliza-
tion revealed a 15 × 20 mm thrombosed aneurysm of the mid-RCA (Figure 1B, Video S2).
Due to the fact that balloon angioplasty alone was not enough to restore TIMI 3 flow in
the RCA and due to the risk of reocclusion of the thrombus-laden aneurysm, the longest
locally available covered stent, a 5.0 × 24 mm Begraft (Bentley Innomed GmbH, Hechingen,
Germany) was deployed to exclude the aneurysm with the support of a 6 French guide ex-
tension catheter (Figure 1C). A minor residual leak into the thrombus-filled aneurysm was
observed at its proximal edge after a postdilation-induced stent foreshortening (Figure 1D,
Video S3). Soon after RCA reperfusion, the atrioventricular block subsided and blood
pressure rose. The decision to deploy another covered stent was postponed due to the
higher risk of restenosis and thrombosis associated with the implantation of overlapping
stents. The operator assessed that a small leak would not interfere with the clotting of the
aneurysm, which in turn should stabilize the stent. Control angiography was scheduled
to decide the need for an additional covered stent placement if the aneurysm sac did not
thrombose under the stent and the leak persisted. During hospitalization, the chest pain
did not recur and the patient was mobilized without signs and symptoms of heart failure.
The patient was discharged with a left ventricle ejection fraction of 55% and akinesia of the
basal segments of the inferior and inferoseptal wall.
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Figure 1. Primary recanalization of right coronary artery aneurysm and the attempts to exclude it. 
(A) Acute right coronary artery occlusion (RCA) (arrow); (B) aneurysm found after vessel 
recanalization (arrow) (ectopic circumflex artery arising from the proximal RCA); (C) covered stent 
deployment (arrow); (D) residual leak into the aneurysm sac (arrow) after postdilation-induced 
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(F) microcatheter passed through the stent (arrow) during the realignment attempt. 

Figure 1. Primary recanalization of right coronary artery aneurysm and the attempts to exclude
it. (A) Acute right coronary artery occlusion (RCA) (arrow); (B) aneurysm found after vessel re-
canalization (arrow) (ectopic circumflex artery arising from the proximal RCA); (C) covered stent
deployment (arrow); (D) residual leak into the aneurysm sac (arrow) after postdilation-induced
stent foreshortening; (E) stent prolapse into the aneurysm sac (arrow) found in control angiography;
(F) microcatheter passed through the stent (arrow) during the realignment attempt.

In a repeat angiography three weeks later, stent distal migration with prolapse of its
proximal edge into the aneurysm sac was found (Figure 1E, Videos S4 and S5). The perfu-
sion of the distal RCA was impeded, with contrast agent filling the aneurysm sac first, next
passing through the prolapsed stent edge into the stent lumen, and then flowing down-
stream into the distal RCA (Figure 2A,B). The patient was informed about the complication
and the risk of stent thrombosis and vessel perforation as well as the risks associated with
the realignment attempt. Stent repositioning was attempted to deploy a second, overlap-
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ping covered stent. After wiring and microcatheter insertion (and wire exchange for an
extra support wire), the system was pulled in a failed attempt to unloop the wire and
realign the stent (Figure 1F, Videos S6 and S7). We were unable to introduce a balloon
for distal anchoring, or to partially advance it into the stent and inflate it for stent edge
realignment. A guide extension catheter was used to increase backup. Strong resistance
was felt during attempts to realign the stent and the balloon passage into the stent was
blocked as the stent was clinging closely to the aneurysm wall. As a bailout, we decided
to bypass the stent at its distal edge with a chronic total occlusion wire and crush it with
covered stents. However, the intervention had to be terminated due to poor tolerance of
the prolonged procedure by the frail patient. The patient declined another attempt. As a
result, the distal RCA was left to be supplied by the sequential flow (Video S8). Prolonged
dual antiplatelet therapy was recommended to prevent stent thrombosis and so far the
follow-up has been uneventful.
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Figure 2. Stent herniation into the coronary aneurysm sac. (A) Right coronary artery (RCA) aneurysm
with a prolapsed proximal edge of a covered stent (arrow); (B) schematic presentation of the blood
flow sequence, from the proximal RCA into the aneurysm sac and after its filling, into the prolapsed
stent edge, then through the covered stent into the distal RCA.

3. Discussion

Large thrombosed coronary aneurysms are infrequently encountered during primary
angioplasty and coronary stent herniation is an extremely rare complication. In contrast
to neurointerventionalists, cardiologists are seldom faced with device migration. In the
present case, several factors led to the subsequent stent prolapse into the aneurysm sac,
including too short a landing zone of the stent, postdilation-induced stent foreshortening,
use of a stent with uncovered edges, and withholding the decision to insert another stent
for fear of further increasing restenosis and thrombosis risk.

3.1. Pitfalls of Coronary Aneurysm Sizing

Our case shows the importance of adequate aneurysm sizing and ensuring a sufficient
landing zone for a covered stent in a normal-sized vessel. Thrombosed aneurysms can lead to
the underestimation of their true size and length, while aneurysm expansion may lead to late
malapposition. For appropriate aneurysm sizing, stent apposition, and assessment of proper
anchoring, intravascular ultrasound or optical coherence tomography imaging should be
considered [23,24]. In covered stent sizing for aneurysm exclusion, it should be kept in
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mind that in some covered stents, neither end is covered with the impermeable expanded
polytetrafluoroethylene sleeve (e.g., in Begraft by Bentley Innomed and Direct-Stent by
InSitu Technologies) and thus enables blood penetration into the aneurysm sac. Moreover,
postdilation-induced stent foreshortening should be considered. Other mechanisms such as
the watermelon seed effect or stent end positioning at a vessel hinge point may also induce
stent herniation. Devices implanted in the coronary arteries are not only under mechanical
stress induced by blood flow and pressure, but also under that caused by heart motion and
by the systolic-diastolic deformation of the vessel wall. In addition, in the case of covered
stents, the forces acting on them are much greater than those acting on conventional stents,
due to the much larger surface area of the former.

In the case of acute stent dislodgement or incomplete aneurysm exclusion, another
stent graft should be deployed, or a drug-eluting stent should be used to provide a scaffold-
ing for another covered device if in repeat angiography the aneurysm is still incompletely
sealed off. The implantation of a long conventional coronary stent or stents to support the
subsequent deployment and stabilization of covered stents has also been proposed [25–28].

3.2. Complications of Covered Stent Deployment

The complication and failure rate of covered stent implantation is high. It is related to
the poor deliverability of these bulky devices with low flexibility and their susceptibility to
dislodgement, especially in tortuous and calcified vessels [8,29]. In the case of conventional
stent loss or dislocation, its retrieval may be considered. However, a covered stent is a
rather bulky device so its retrograde traction may harm the coronary artery (especially
the thin-walled aneurysm), and a large-bore catheter is needed to accommodate a crushed
covered stent. Such a procedure has never been reported for coronary prostheses, only
for peripheral covered stents used in much larger vessels that provide more space for
retrieval manoeuvres [30]. So far only undeployed coronary covered stents were successfully
removed from coronary arteries [30,31].

In the event of coronary covered stent migration, its realignment should be consid-
ered to reduce the likelihood of thrombosis and vessel occlusion. There is also a risk of
mechanical erosion and perforation induced by the motion of a herniated stent edge against
the aneurysm wall during the cardiac cycle [32]. However, before stent rearrangement is
attempted, the risk of vessel perforation during the procedure should be taken into account;
all the more so given that in all coronary aneurysms, medial thinning or complete destruc-
tion of the tunica media have been found, which is also one of the mechanisms of aneurysm
formation [33]. In younger patients, coronary bypass grafting should be considered when
myocardial perfusion is compromised by the herniated stent.

3.3. Coronary and Neurointerventional Techniques for Management of Stent Migration

Stent migration within a coronary aneurysm sac has rarely been described and we have
found only one report of a successful repositioning of a prolapsed covered stent [32,34,35].
However, several cases of the herniation of Willis covered stents (WCS, MicroPort, Shang-
hai, China), Pipeline Flex embolic devices (PED, Medtronic-Covidien, Irvine, CA, USA),
and other intracranial stents and flow diverters into intracranial aneurysms have been
published [36–42]. Several techniques have been proposed for the realignment of these
stent-like devices. They are presented in Table 1 [43–53].
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Table 1. Techniques of prolapsed stent realignment.

Realignment Technique Elements of the Technique Technique Description

Parallel balloon inflation
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For proximal stent edge realignment, snares may be used, preferably
with a deflated balloon inserted distally through the stent to expand the
snare-crimped stent after its rearrangement [51–53].
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Snare-and-balloon technique
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eral balloon techniques may be employed, including balloon inflation at the prolapsed 
stent edge to coaxially realign the prosthesis [44–46]. 

Distal balloon anchoring 

 

In this technique, a balloon is deployed distal to the stent with gentle traction applied to 
use the balloon shaft for stent repositioning. 

Stent retriever-assisted 
repositioning 

 

Stent retrievers may also be considered for stent rearrangement with a technique similar 
to the one used for bailout stentectomy of intracranial stents, whereby a stent retriever is 
deployed inside a prolapsed stent and pulled back to reposition it coaxially [50]. 

Snare-assisted stent rea-
lignment 

 

For proximal stent edge realignment, snares may be used, preferably with a deflated bal-
loon inserted distally through the stent to expand the snare-crimped stent after its rear-
rangement [51–53]. 

Snare-and-balloon tech-
nique 

 

A balloon is deployed at the prolapsed proximal edge of stent to be caught by a snare 
and repositioned coaxially. 
A balloon is deployed at the prolapsed proximal edge of stent to be
caught by a snare and repositioned coaxially.
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The prolapsed stent is crushed with a balloon, with subsequent deployment of addi-
tional covered stents to exclude the aneurysm. 

 

The prolapsed stent is crushed with a balloon, with subsequent
deployment of additional covered stents to exclude the aneurysm.
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Most of the techniques presented in Table 1 have primarily been used for proximal
stent herniation, although some of them (e.g., balloon anchoring) have also been utilized
in the case of distal stent herniation, which, at least theoretically, is easier to be wired.
The technique of bypassing chronically occluded stents and their subintimal crush has
been described in chronic total occlusion interventions (Table 1) [54]. This was the method
we planned to use as a bailout in our patient, realizing however the risk of covered stent
crushing (Table 1). A forceps-like Alligator retrieval device (ARD) (ev3, Irvine, CA, USA)
has been used to grasp the proximal edge of a prolapsed intracranial stent and realign
it [55]. Retrograde techniques were used in a patient with a chronically occluded coronary
aneurysm and open collaterals from the contralateral coronary artery [56]. However, they
may not be applicable to covered stent herniation. The use of some of the aforementioned
techniques may also be considered for coronary stent retrieval in the event of its loss,
embolization, or entrapment.

After successful stent realignment, an additional conventional or covered stent should
be deployed to ensure its proper fixation. In the case of very large aneurysms, coil em-
bolization may be considered for stent stabilization before another stent is deployed in an
overlapping manner.

4. Conclusions

Incomplete coronary aneurysm coverage with a short landing zone in the normal
vessel and residual leak should be considered a suboptimal result and as such resolved
immediately due to the risk of covered stent dislodgement and herniation. Procedural
complications should be thoroughly discussed and their risk factors and causes analyzed,
with both preventive and rescue measures explored. However, it should be emphasized
that the neurointerventional bailout techniques presented in the article may not be fully
applicable to coronary aneurysms and their use is strictly off-label.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/jvd2040031/s1: Video S1: Acute occlusion of the right coronary
artery; Video S2: Right coronary artery balloon recanalization revealing a large coronary aneurysm;
Video S3: Covered stent deployed to exclude the aneurysm with residual leak visible at its proximal
edge after stent postdilation; Video S4: Proximal stent edge herniation in the aneurysm sac found at
control angiography (LAO projection); Video S5: Proximal stent edge herniation in the aneurysm
sac found at control angiography (RAO projection); Video S6: Prolapsed stent wiring; Video S7:
Microcatheter passed through the prolapsed stent and extra support wire inserted with the whole
system pulled back in an attempt to unloop the wire and realign the stent; Video S8: Final result after
the unsuccessful attempt to realign the stent.
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