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Abstract

Objective  The aim of this study was to evaluate the demographic characteristics, incidence of stent loss, treatment methods and 30-day outcomes of the patients with stent loss during
percutaneous coronary intervention (PCI).

Materials ~ Fifteen patients who lost a stent during PCI between December 2014 and February 2020 were included in the study. Outcomes were classified as myocardial infarction,
and Methods  requirement of bypass revascularization and mortality within 30 days.

Results  In our study, the incidence of stent loss during PCI was 0.15%. Of these patients, 12 (80%) were male. The mean age of the patients was 59.87 + 8.67 years. In 3 patients, the
stent was deployed at the same location, while in 4 patients, stent crush technique is used. The following retrieval methods were used: inflating the small balloon (%33.33)
and snare (%20). One patient underwent coronary bypass surgery. One patient died in the hospital. Death, myocardial infarction and requirement of bypass were not
observed in the one-month follow-up in the remaining patients. Six patients had type C and 7 patients had type B2 lesions. Eight of the lesions were in left circumflex artery.

Conclusion ~ Coronary stent loss occurs more frequently in the left circumflex artery, and in type B2/C lesions in particular. Interventional cardiologists should know that different
treatment methods are available for stent loss in lesions according to the location of the stent, and should be able to successfully treat stent loss in the light of the current
data.

Keywords ~ Complication; percutaneous coronary intervention; snare

(3

Amag  Bu calismanin amaci perkutan koroner girisim strasinda stent kayb gelisen hastalarin demografik ozelliklerini, insidansini, tedavi yontemlerini ve sonuglarini degerlendirmektir.

Gereg ve  Aralik 2014 ve Subat 2020 tarihleri arasinda perkutan koroner girisim yapilmas: sirasinda stent kaybi gelisen 15 hasta ¢alismaya dahil edildi. Otuz giin icinde gozlenen miyokard infarktiisii,
Yontemler  baypas ile revaskiilarizasyon gereksinimi ve mortalite sonlanim noktalar: olarak belirlendi.

Bulgular  Stent kayb1 insidansi %0.15dir. Cahsmaya dahil edilen hastalarin ortalama yas1 59.87 + 8.67 olup hastalarin 12%i (%80) erkek idi. Ug hastada stent ayni yere implante edilirken, 4 hastada
ise farkln bir stent ile ezilerek damara yapistirildi. Bes hastada kiigiik balon ile 3 hastada ise kement ile koronerden geri alinmistir. Bir hastaya koroner arter baypas operasyonu yapildi. Bir
hasta hastanede 6ldii. Geriye kalan hastalarda 30 giinde 6liim, miyokard infarktiisii ve baypas ile revaskiilarizasyon gereksinimi gozlenmedi. Alt hastada Tip C, 7 hastada ise Tip B2 lezyon
gozlendi. Hastalarin 8 tanesinde stent kaybu sirkumfleks arterdeydi.

Sonu¢  Koroner stent kaybr tip B2/C lezyonlarinin yaninda ozellikle sol sirkumfleks arterde daha sik meydana gelmektedir. Girisimsel kardiyologlar stent kaybi durumunda siyrilan stentin bulundugu
yere gore farkli tedavi yontemleri oldugunu bilmeli ve giincel veriler isiginda stent kaywplarint bagartli bir sekilde tedavi edebilmelidir.

Anahtar

Kelimeler Komplikasyon; perkiitan koroner girisim; kiskag.
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INTRODUCTION
Along with the widespread use of percutaneous coronary
interventions (PCI) in the last three decades, compli-
cations associated with these procedures are also on the
rise. Although it is quite rare, one of these complications
is stent loss. It can cause severe complications such as my-
ocardial infarction, emergency coronary bypass surgery
and mortality. It can also increase morbidity by embolizing
the artery that supplies any part of the body, as in cranial
embolism. In previous studies, the reported incidence of
stent loss was between 0.21% and 8.4%."* Although stent
loss was common before the 21st century due to manual
handling of the stent, its incidence has decreased in the last
two decades.” Here, we aimed to evaluate the incidence,
demographic characteristics, treatment methods and 30-

day outcomes of the patients with stent loss during PCI.

MATERIALS and METHODS

Study design and population
This is a single-centred descriptive epidemiological ret-
rospective study which was conducted with patients who
lost a stent during PCI between December 2014 and
February 2020. Of the 10 025 patients who underwent
stenting, 15 experienced stent loss. In addition to those
that had insufficient angiography records, patients with
incomplete clinical follow-up data were excluded. The
study was approved by the Sakarya University Faculty
of Medicine Ethics Committee (Ethics Committee num-
ber:71522473/050.01.04/120).

Study protocol
Angiographically, lesion characteristics were classified
in accordance with the American College of Cardiology
(ACC) and American Heart Association (AHA) lesion
classifications.” Intracoronary and/or extracoronary em-
bolization was evaluated in patients with stent loss. In
patients with stent loss, approaches such as retrieval by
snare, medical approaches, the stent crush technique, re-
trieval by small balloon and implantation of the stent with

incremental balloon size were evaluated. Residual stenosis

below 30%, thrombolysis in myocardial infarction 3 flow,
dissection, perforation and absence of thrombus were con-

sidered successful percutaneous coronary interventions.

Data collection
Patients’ demographic characteristics, clinical character-
istics, angiographic characteristics, procedural character-
istics, in-hospital and 30-day clinical outcomes (such as
myocardial infarction, a revascularization requirement by
the bypass, mortality) were retrospectively collected from
hospital records, files and angiography records. Moreover,
additional information was obtained from the patient and

the patient’s relatives through the phone calls.

Study Endpoints and Definitions
Endpoints were myocardial infarction, requirement of by-
pass revascularization and mortality within 30 days. The
diagnosis of myocardial infarction was evaluated accord-
ing to the fourth universal definition of myocardial in-
farction guidelines. Coronary procedure-related MI < 48
hours after the index procedure was arbitrarily defined as
the elevation of cardiac troponin values greater than five
times the 99th percentile upper reference limit (URL) in
patients with normal baseline values or, in patients with
elevated pre-procedure c¢Tn in whom the c¢Tn levels are
stable (<20% variation) or falling, the post-procedure cTn
must rise >20% to an absolute value more than five times
the 99th percentile URL. In addition, one of the following
elements is required; (i) Development of new pathological
Q waves; (ii) new ischemic ECG changes (iii) Angiograph-
ic findings consistent with a procedural flow-limiting
complication such as coronary dissection, occlusion of a
major epicardial artery or a side branch occlusion/throm-
bus, disruption of collateral flow, or distal embolization;
(iv) imaging evidence of new myocardial loss or region-
al wall motion abnormalities in a pattern consistent with
an ischaemic aetiology were evaluated.! Because patients
who presented with acute coronary syndrome were treated
with percutaneous coronary intervention at an early stage,

PCl-related myocardial infarction could not be distin-
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guished due to baseline troponin values, which were in-
itially high. Therefore, PCI-related myocardial infarction
was taken into consideration in the evaluation of patients
who underwent percutaneous coronary intervention with

stable angina pectoris indication.

Statistical Analysis
Data were analysed using SPSS 17.0 (SPSS, Inc, Chicago, IL,
USA). Compliance of the variables with anormal distribu-
tion was determined using the Kolmogorov-Smirnov test.
Continuous variables showing a normal distribution were
expressed as means and the standard deviation, whereas
those with non-normal distributions were expressed using
the median (the smallest and greatest values). Categorical
data were expressed in percentages. Because there was no

control group, a comparative analysis was not performed.

Five of the patients underwent percutaneous coronary in-
tervention with stable angina pectoris indication (the indi-

cations are shown in Table 2).

Table 2. Indication of percutaneous coronary artery interven-
tion

Stable angina pectoris, n (%) 5(33.33)
USAP/Non-STEMI, n (%) 4 (26.66)
STEML n (%) 6 (40.00)

USAP/Non-STEMI: Unstable angina pectoris/Non-ST-segment elevation
myocardial infarction, STEMI: ST-segment elevation myocardial infarction

An ACC/AHA Type C lesion was observed in 6 of the pa-
tients, and a Type B2 lesion was observed in 7 of the pa-
tients. Eight of the lesions were in left circumflex artery.
The angiographic characteristics of the patients’ lesions are

shown in Table 3.

RESULTS Table 3. Angiographic characteristics of patients with coronary
stent loss
The mean age of patients with stent loss during percuta- Treated vessel
neous coronary intervention was 59.87 + 8.67. Of the pa- LAD, n (%) 3 (20.00)
tients, 12 were male (the demographic characteristics of LCX, n (%) 8 (53.33)
the patients are shown in Table 1). RCA, n (%) 4 (26.66)
Lession location
Table 1. Demographic characteristics of patients with coronary Ostial/proximal, n (%) 6(33.33)
stent loss Medial, n (%) 8 (33.33)
Age, mean = SD (years) 59.87 + 8.67 Distal, n (%) 1 (6.66)
Gender(male), n (%) 12 (80.0) Lession type
Hypertension, n (%) 9 (60.0) B1, n (%) 2(13.33)
Diabetes mellitus, n (%) 6 (40.0) B2, n (%) 7 (46.66)
Smoking, n (%) 10 (66.66) C,n (%) 6 (40.00)
Coronary artery disease, n (%) 4 (26.66) LAD: Left anterior descending artery, LCX: Left circumflex coronary artery,
Pehpersartry s 09 23| [ R Rty A ol o ot (1)

In 7 patients, stent loss was observed with severe lesion cal-
cification, while in 7 other patients, stent loss was observed
at the end of the catheter while the stent was retrieved into
the catheter. In all 15 patients, the stent was lost in the cor-
onary arteries. In 3 patients, the stent was deployed at the
same location with incremental balloon size, while in 4

patients, another stent was implanted at the same location
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that compressed the dislodged stent against the coronary
wall. In 5 patients, a small balloon was used to remove and
the stent was retrieved by inflating the small balloon. In 3
patients, a lost stent was retrieved with a snare. Of the 8
stents retrieved from the coronary artery, 4 had peripher-
al embolisms. One of these stents was surgically removed
from the femoral artery. One of the stents with a peripheral
embolism was in the ulnar artery, and one in the deep fem-
oral artery while another could not be located. Myocardial
infarction developed in 3 out of 5 patients who had stent
loss as a result of percutaneous intervention with non-
acute coronary syndrome. The decision to perform coro-
nary bypass surgery was made for one patient. One patient
died in the hospital. Death, myocardial infarction and re-
quirement of bypass were not observed in the one-month

follow-up in the remaining patients (Table 4).

Table 4. Causes, management and prognosis of patients with
coronary stent loss

Causes for stent loss

Unsuccessful retraction into guiding catheter ,n (%) | 7 (46.66)
Dislodgement in tortuous calcifications, n (%) 7 (46.66)
The first stent implanted in the proximal segment,

n (%) 1 (6.66)
Management of intracoronary stent embolization

Successful retrieval into guiding catheter, n (%) 4 (26.66)
Successful intracoronary implantation, n (%) 3(20.00)
Stent crush technique, n (%) 4 (26.66)
Unsuccessful retrieval attempts and extracoronary

embolization, n (%) 4 (26.66)
Management of extracoronary stent embolization

Successful retrieval, n (%) 1 (6.66)
Loss in A. femoralis/iliaca/other vessel, n (%) 2(13.33)
Unknown extracoronary location, n (%) 1 (6.66)
Maneuvers of successful stent retrieval

Snare, n (%) 3(20.00)
Small-sized balloon crossing lost stent, n (%) 5(33.33)
Outcomes of 30-day

Death, n (%) 1 (6.66)
Emergency surgery, n (%) 1(6.66)
Myocardial infarction, n (%) 3 (20.00)

DISCUSSION
The incidence of stent loss, the surgical requirement and
the mortality rates in this study were similar to previous
studies. Stent loss occurs mostly in the left circumflex ar-
tery in Type 2B/C lesions, and we observed that the ma-
jority of patients were treated successfully using different

methods.®

Stent loss can be explained by the following three mech-
anisms. First, stent loss may occur at the balloon catheter
when advancing it to a diseased coronary artery segment.
Secondly, a stent may become trapped within the lesion
while advancing through the coronary lesion and may de-
tach from the balloon when pulling it back. The third, stent
may be trapped in the distal part of the catheter when at-

tempting to retrieve it into the catheter.®

Factors affecting stent loss during percutaneous interven-
tion may depend on the patient, the material used or the
operator. Among the factors related to the patient, coro-
nary calcification, acute angulation and tortuosity make it
difficult for the stent to pass through the coronary artery
lesion.>”® In the presence of tortuosity and acute angula-
tion, the vessel can be straightened using double wires or
stiff wires in order to facilitate the passage of the stent. In
the presence of calcification, however, calcified protrusions
do not allow the passage of the stent and may cause stent
deformation. The factors related to the materials used can
be listed as follows. Because poor guide catheter support
can reduce the stent’s reach to the coronary lesion, stent
loss can occur at the balloon while retrieving the stent with
the catheter. Stent retrieval may also depend on the struc-
tural characteristics of the stents used. It was reported that
the incidence of stent loss and embolization with the older
generation of paclitaxel-coated stents was greater than in
sirolimus-eluting stents and bare metal stents.>'® Although
it is not common nowadays, manual handling of the sten-
talso increases the risk of stent loss.>!' The most important
stent loss factor related to the operator is direct stenting,

especially without predilating calcified vessels. In addition,
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trying to cross the acute angle and tortuous segment with
the stent without using a double wire or stiff wire in the
tortuous vessels is another operator-induced factor that
can cause stent loss. Implanting the first stent proximally
is also among the operator-induced factors. Because stent
loss may occur in an attempt to implant a stent distal to the
lesion after implanting a stent proximal to the lesion, the
stent must be implanted in the distal lesion first. Coaxial
insertion of the catheter to prevent the proximal stent from
being trapped in the tip of the guide catheter during stent
retrieval may reduce the likelihood of stent loss. Acciden-
tal inflation of the stent balloon can also cause stent loss.
In our patients, about half of the stent loss occurred while
retrieving the guide into the catheter, while the other half

was due to calcification.

More than half of the stent losses took place during percu-
taneous interventions performed on the left circumflex ar-
tery. This may be particularly related to the lack of coaxial
insertion of the catheter as well as the small angle between

the circumflex artery and the left main coronary artery.

There is no standard treatment approach for stent loss; it
may vary depending on the location of the dislodged stent,
the experience of the interventional cardiologist and lab-
oratory materials. In the event of a loss of stent from the
balloon, the first goal is to move the stent to a point where
it will not cause vital or other serious hazards. If the stent
loss occurred in the coronary artery, it should be removed,
if possible, or the stent should be placed in a suitable area
within the coronary artery. Basically, treatment options
can be listed as medical, endovascular and surgical meth-
ods. Medical methods are rarely preferred for coronary
arteries and are preferred only in cases of embolism in the
peripheral arteries except cranial arteries.'>*!* In the case
of intracoronary stent loss, methods can be used such as
retrieval of the stent using a snare, retrieval of the stent into
the catheter by inflating a small-diameter balloon distal
to the stent, crushing the stent with a another stent at the

same location and compressing the dislodged stent against

the coronary wall or a twirling manoeuvre done with a
wire inside the stent by passing another wire through the
edge of the stent.’>'®!”!8 Or, if the lost stent cannot be re-
trieved, it can be implanted in its place if the diameters of
the stent and vessel are suitable. The most important thing
to note here is whether the stent is on the guide wire. If
the lost stent is on the guide wire, different methods can
be used. With a snare, a lost stent can be retrieved into
the catheter. If the stent diameter is appropriate, a small
balloon can be used to recross the lost stent and deploy the
stent in situ with incremental balloon size. The stent can
be retrieved into the catheter with another small diameter
balloon by moving the balloon distal to the stent and then
inflating the balloon. Similarly, a second wire is advanced
from the edge of the stent and a twirling manoeuvre can be
performed with the wire inside the stent to retrieve it into
the catheter. If the stent is not on the guide wire, it can be
retrieved into the catheter with a snare. Or, the stent can
be crushed first with a balloon and then affixed to the wall
with a different stent.!” In more than half of our patients,
the stent was taken out of the coronary artery by retrieval
methods. In approximately half of the cases, it was crushed
with another stent, and affixed to the vessel wall or im-

planted in place.

In their meta-analysis, Alomar et al. reported that in 66%
of patients with stent loss, the stent was successfully re-
trieved from the coronary arteries, 12% had it implanted
in place and 3% had it crushed and affixed to the vessel
wall.2 In our study, 53.3% of lost stents were retrieved from
the coronary arteries, 26.6% were crushed and affixed
to the vessel wall and 20% were implanted in place. In a
meta-analysis carried out by Alomar et al., the methods
used were 33.7% snare and 26.1% balloon retrieval from
coronary artery. In our study, the retrieval methods used
were 20% snare, and 33.33% balloon retrieval method. The
methods of retrieval can vary according to place of stent
loss, the facilities of the catheter laboratory and the prefer-
ence of the physician, so we believe that the rates of use of

methods may vary accordingly.
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In addition to the most commonly used snare, retrieval de-
vices such as a basket retrieval device, bile forceps, and an
embolism protective device were also used.”*?"*? In addi-
tion, a lost stent was successfully retrieved with the hairpin
wire technique.” We did not use devices other than snares

in the catheter lab.

If there is left main coronary disease, left anterior descend-
ing artery or multi-vessel disease, the lost stent can be

treated surgically if it cannot be retrieved.”®

Brilakis et al. observed 3% in-hospital mortality, 5% of pa-
tients needing emergency bypass, and 15% of patients with
myocardial infarction.” Bolte et al. also observed that of
patients with stent loss, 17.6% required a coronary bypass,
6.5% had a myocardial infarction and 6.2% died.® The low
rates of myocardial infarction may be due to diagnoses
being made by cardiac troponin (cTnT) creatine kinase
(CK), creatine kinase myocardial band (CK-MB) in these
studies. Since most of our patients presented with acute
coronary syndrome, the rate of development of myocardial
infarction is not fully known. In percutaneous coronary
interventions with the diagnosis of stable angina pectoris,
myocardial infarction was present in 3 out of 5 patients.
In our hospital, because diagnoses are made by high-sen-
sitivity cardiac troponin, myocardial infarction may tend
to be high. One patient was referred to surgery for a coro-
nary bypass. No 30-day deaths were observed in the hospi-
tal, except for one patient who had been treated for acute
diffuse anterior myocardial infarction due to cardiogenic
shock. In light of these data, the bypass rate was 6.66% and

the mortality rate was 6.66%, similar to previous studies.

Limitations
The single-centred, retrospective nature of our study and
limited number of patients are limitations in this study. In
addition, due to the limited number of patients, compari-

sons between different stents could not be made.

CONCLUSIONS
Coronary artery stent loss occurs more frequently in the
left circumflex artery, and in Type B/C lesions in particu-
lar. Interventional cardiologists should know that different
treatment methods are available for stent loss in lesions ac-
cording to the location of the stent, and should be able to

successfully treat stent loss in the light of the current data.

The study was approved by the Sakarya University Faculty
of Medicine Ethics Committee (Ethics Committee num-
ber:71522473/050.01.04/120).
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