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Effect of Transcatheter Embolization by Autologous Fat
Particles in the Treatment of Coronary Artery Perforation
During Percutaneous Coronary Intervention
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Background: Coronary artery perforation (CAP) is a rare but severe complication of percutaneous coronary intervention (PCI). The
aim of our study was to evaluate the effect and safety of transcatheter embolization by autologous fat particles in the treatment of CAP.
Methods: Once the CAP was confirmed, a little autologous subcutaneous fatty tissue was obtained from the groin of the patient and then
was made into | mm x 1 mm fat particles. The perforated vessel was embolized by fat particles via a micro-catheter. There were eight
patients undergoing transcatheter embolization by autologous fat particles in the treatment of CAP during PCI in Peking University Third
Hospital from February 2009 to June 2014, and the clinical data of these patients were collected and analyzed retrospectively.

Results: The lesion morphology of the patients was classified based on the American College of Cardiology/American Heart Association
Task Force classification, there were one patient with Class B2 lesion and seven patients with Class C lesions (there were five patients
with chronic total occlusion lesions). According to the Ellis classification of CAP, there were six patients with Class I perforations and
two patients with Class III perforations. The causes of perforation included that seven patients induced by guide wire and one patient by
balloon predilation. Three patients had pericardial effusion. All of the eight patients with CAP underwent transcatheter embolization by
autologous fat particles. Coronary angiography confirmed that all of them were embolized successfully. There was no severe complication
after the procedure. The coronary angiography of one patient at 1 week and another patient at 2 years after the embolization showed that the
embolized arteries had recanalized. The median follow-up time was 20.3 months (8.8—50.2 months), the event-free survival rate was 100%.
Conclusions: Transcatheter embolization by autologous fat particles was an effective, safe, cheap, and easy way to treat the perforation
of small vessels during PCI.
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only one report involving three cases regarding this method
to treat CAP was published,?! and there were no any data
published for long time follow-up. We analyzed the clinical
data of eight patients undergoing this method retrospectively
in order to investigate the effect and safety of transcatheter
embolization by autologous fat particles in the treatment of

INTRODUCTION

Coronary artery perforation (CAP) is one of the rarest,
but severe complications of percutaneous coronary
intervention (PCI), the reported incidence was
0.10%-3.00%.1"%1 Acute CAP might cause acute cardiac
tamponade and even death if the management is not

timely and correct. The management of CAP includes CAP during PCL
reversal of anticoagulation, prolonged inflation of a

balloon, implantation of a covered stent graft, emergency MetHobs
surgical repair, and embolization of the distal vessel by Study population

some embolus. The autologous fat particles were used as
embolus to embolize the acute perforated coronary in Peking
University Third Hospital since February 2009. Up to now,
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All of the patients undergoing transcatheter embolization by
autologous fat particles in the treatment of CAP during PCI
at Peking University Third Hospital from February 2009 to
June 2014 were enrolled, and the clinical data were collected
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and analyzed retrospectively. This study was approved by
the Ethics Committee of Peking University Third Hospital,
and informed consent was acquired from all patients.

Coronary intervention

Selective coronary angiographies were performed for
all patients according to standard Judkins techniques.
The major coronary vessels included the left main (LM),
left anterior descending artery (LAD), left circumflex
artery (LCX), and right coronary artery (RCA). The
diseased vessel was defined as luminal diameter narrowing
of 50% or more in the major coronary vessels in at least
two orthogonality postures of projection. According to the
number of diseased vessels, the patients were divided into
single-vessel disease, double vessel disease, triple-vessel
disease or LM + triple-vessel disease. The lesions were
divided into Type A, B1, B2, and C based on the American
College of Cardiology/American Heart Association Task
Force (ACC/AHA) classification.!

Classification of coronary artery perforation

The type of CAP was classified according to the Ellis
classification:™ Class I, extra-luminal crater without
extravasation; Class II, pericardial or myocardial blushing;
Class III, perforation >1 mm diameter with contrast
streaming and cavity spilling.

Method of transcatheter embolization by autologous fat
particles in the treatment of coronary artery perforation
After the location and classification of the perforation
was confirmed, the guide wire was adjusted into the distal
of perforated artery, a micro-catheter or an over-the wire
balloon catheter was advanced to the location 10—-15 mm
proximal to the perforation along the guide wire. Then, the
1-2 pieces of autologous subcutaneous fatty tissue, about
3 mm of diameter, was obtained from the abdomen or the
groin where the femoral artery was punctured, and then
the fatty tissue was cut by scissors into fat particles which
diameter was about 0.5-1.0 mm. The 3-5 pieces of fat
particles were put carefully at the front of an 1 ml injector
which containing 2:1 diluted contrast agent, then the fat
particles were slowly injected through the micro-catheter
or over-the wire balloon catheter to the perforated artery.
If angiography through guide catheter showed that there
still had contrast agent leakage, the embolization would
be performed repeatedly. If there did not have any contrast
agent leakage shown by angiography through guide catheter,
the micro-catheter would be pulled back 20-30 mm, then
angiography would be performed once more through the
micro-catheter, the embolization would be considered as
success if there still had no contrast agent leakage.

Management of cardiac tamponade

If cardiac tamponade was present, pericardiocentesis would
be performed to draw the blood out of the pericardial cavity,
and a 6F pigtail catheter would be placed for constant
drainage. The pigtail catheter would be pulled out after 24 h
if no fluid was drained out.

Anticoagulation and antiplatelet strategies

All patients were treated with aspirin 100 mg/d, clopidogrel
300 mg, and heparin 100 IU/kg bolus injection before
the beginning of PCI. After the perforation of the vessel,
the heparin did not need to be neutralized during the
procedure, and would not be used after the procedure.
The dual-antiplatelet drugs including aspirin and clopidogrel
would be used continuously on the next day after the
procedure as routine.

Clinical follow-up

The clinical data were obtained from inpatient observations,
outpatient clinic visits, and telephone interviews. Symptoms
of all patients were observed carefully after the procedure.
Blood routine test, creatine kinase-MB (CK-MB), and
troponin I (Tnl) were detected at 6 h, 24 h, and 48 h after
the procedure. Electrocardiogram (ECG) was recorded
immediately, 2 h, 24 h, and 48 h after the procedure.
Echocardiogram (echo) was performed during the procedure
and 24 h after the procedure. All patients were followed up
every month after discharge, major adverse cardiovascular
events (MACE) were recorded which including cardiac
death, recurrent myocardial infarction, stent thrombosis,
stent restenosis, and target vessel re-PCI.

Statistical analysis

Data analysis was performed using the SPSS 19.0 software
package (SPSS Inc., Chicago, IL, USA). Descriptive
statistics was presented as mean + standard deviation (SD)
or median (interquartile range) for continuous variables and
as frequencies (percentages) for categorical variables.

ResuLts

Clinical features and coronary angiography
characteristics of the patients

A total of 5303 PCI procedures were performed between
February 2009 and June 2014 at Peking University Third
Hospital, and CAP occurred in 15 patients (0.28%), eight
of them were treated with the transcatheter embolization
by autologous fat particles. There were five males and
three females, and the average age was 65.9 £ 7.9 years
(range 53-74 years).

The clinical features and coronary angiography
characteristics of eight patients undergoing autologous
fat particles embolization were shown in Table 1. Among
these eight patients, there were five patients with unstable
angina pectoris, two with non-ST-elevation myocardial
infarction (NSTEMI) and one with ST-elevation myocardial
infarction (STEMI). According to the number of diseased
vessels, there were one patient with LM + triple-vessel
disease, four patients with triple-vessel disease, and three
patients with double-vessel disease. The lesion morphology
was classified based on the ACC/AHA classification, there
were one patient with Type B2 lesion and seven patients with
Type C lesions, and there were five patients with chronic total
occlusion (CTO) lesions among them. The perforations were
located at the distal of LAD or its branch (four cases), the
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Table 1: Clinical features and coronary angiography characteristics of the patients underwent transcatheter

embolization by autologous fat particles

Case Gender Age Diagnosis Number of Degree of Morphologic Location Cause of Diameter of Ellis
number (years) diseased target vessel types of of CAP  CAP perforated classification
vessels stenosis (%) target vessel vessel (mm) of CAP
1 Male 63  UAP Triple-vessel 100 Type C; CTO LCX Balloon 1.5 11
predilation

2 Male 72 UAP LM + triple-vessel 80 Type C LAD Guidewire <l I

3 Male 64  UAP Triple-vessel 75 Type B2 LAD Guidewire <1 11

4 Female 74 NSTEMI  Triple-vessel 100 Type C; CTO PDA Guidewire <1 1T

5 Female 57 NSTEMI  Triple-vessel 100 Type C; CTO PL Guidewire <1 1T

6 Female 71 UAP Double-vessel 100 Type C; CTO S1 Guidewire <1 111

7 Male 53 UAP Double-vessel 100 Type C; CTO PL Guidewire <1 I

8 Male 73 STEMI Double-vessel 90 Type C LAD Guidewire <1 II

CAP: Coronary artery perforation; UAP: Unstable angina pectoris; NSTEMI: Non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial
infarction; CTO: Chronic total occlusion; LM: Left main; LAD: Left anterior descending artery; LCX: Left circumflex artery; PDA: Posterior descending

artery; PL: Posterior branch of left ventricle; S1: Septal 1.

distal of LCX (one case) and the distal of RCA (three cases).
The diameters of the perforated arteries were all <1 mm
except for 1.5 mm of diameter in one patient. The CAP was
classified according to the Ellis classification, and there were
six patients with Class II perforations and two patients with
Class IIT perforations. The causes of perforation included
that seven patients induced by guide wire and one patient
induced by balloon predilation.

Efficiency of transcatheter embolization by autologous
fat particles in the treatment of coronary artery
perforation

Among the eight CAP patients, seven patients received
embolization by autologous fat particles directly, and one
patient received this treatment after the failure of prolonged
low-pressure inflation of the balloon. The coronary
angiography immediately after embolization showed that
all of CAP in these patients were embolized successfully,
the success rate was 100% [Figure 1].

Safety of transcatheter embolization by autologous fat
particles in the treatment of coronary artery perforation
The clinical features after the procedure of the patients
were shown in Table 2. Pericardial effusion was presented
in three patients. The pericardial effusion of one patient did
not induce cardiac tamponade and was observed without
further treatment except for embolization of the vessel.
The CAP of the other two patients had not been found
immediately after the stents were implanted; several hours
later, the patients presented cardiac tamponade, coronary
angiography was performed once more and showed that there
was contrast leakage from the distal of interventional artery,
then perforated vessels were embolized, and the blood in
pericardial cavity was drained and autologously transfused
through the sheath.

Hemoglobin was decreased after the procedure in four
patients, the decline ranged from 9 g/L to 26 g/L, and no
one was cell-saver or allogeneic blood transfused. CK-MB
was slightly elevated in five patients compared with the

Figure 1: Type Il perforation at distal left anterior descending
artery (LAD), which was induced by guide wire and resulted in
cardiac tamponade, was treated with transcatheter embolization by
autologous fat particles successfully. (a) Guide wire induced distal LAD
perforation and contrast agent extravasate to pericardial cavity (blue
arrow). (b) Perforation caused cardiac tamponade and a pigtail
catheter (green arrow) was placed for pericardial drainage, the distal
end of a micro-catheter (yellow arrow) was advanced to the proximal
of perforation. (c) Distal LAD was embolized successfully (red arrow).

baseline level before the PCI, the extents of elevations
were all <3 times the upper limit of normal. Tnl of all the
eight patients were increased compared with the baseline
level before the PCI, the average level was 0.410 ng/ml
(0.225-1.321 ng/ml). ECG of eight patients presented
varying degrees of changes, including transient T wave
inversion, ST segment depression or elevation. Among
these eight patients, no new onset of regional wall motion
abnormality (RWMA) was found by echo after the procedure.

Long-term follow-up of the patients with transcatheter
embolization by autologous fat particles

Among these eight patients, there were two patients
undergoing coronary angiography once more after the
embolization, including one at one week later for planed PCI
of other coronary artery (Case 4) and another at two years
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Table 2: Clinical features after the procedure of the patients undergoing transcatheter embolization by autologous fat

particles

Case number Pericardial effusion (ml) HGB decrease CK-MB elevation Tnl elevation ECG change New onset of RWMA
1 Few Yes Yes Yes ST segment depression No

2 No No Yes Yes T wave inversion No

3 430 Yes Yes Yes ST segment elevation ~ No

4 No No No Yes ST segment elevation ~ No

5 No Yes No Yes ST segment depression No

6 No Yes Yes Yes T wave inversion No

7 No No No Yes T wave inversion No

8 800 Yes Yes Yes ST segment elevation ~ No

HGB: Hemoglobin; CK-MB: Creatine kinase-MB; Tnl: Troponin I; ECG: Electrocardiogram; RWMA: Regional wall motion abnormality.

later for untypical chest pain (Case 2), respectively, which
showed that the fat particles injected into the coronary had
been absorbed totally, and the embolized arteries had already
been recanalized, and there were no contrast agent leakage
anymore [Figure 2]. The other six patients did not undergo
coronary angiography again after the embolization.

All of the eight patients were discharged, and the length
of stay was not prolonged, oral drugs were used as routine
manner. All patients were followed-up, the median follow-up
time was 20.3 (8.8, 50.2) months (range from 5.5 months
to 71.0 months). There was no MACE, and the event-free
survival rate was 100%.

Discussion

Studies have reported the incidence of CAP was ranging
from 0.10% to 3.00%,-?! which was similar to the incidence
of our center (0.28%). Many risk factors, including
patient-related risk factors and procedure-related risk factors,
are associated with the occurrence of CAP. Risk increases
with the complexity of the lesions, including small vessel
size, angulated calcified Type B2 and Type C lesions,
long (>10 mm), eccentric lesions, and CTO.7 Older age
and previous coronary artery bypass graft also increase the
risk.589] Patients with diabetes, hypertension, and chronic
renal failure are at increased risk because of the increased
risk of calcification.®] Although in some studies, females
are thought to be more prone to perforation due to their
smaller vessels,!' but data from other studies have found
no association between sex and CAP.J Many complex
techniques and special instruments may increase the risk of
CAP. CAP may occur with the use of guiding catheters, guide
wires, oversized balloon/stents, cutting balloons, rotablator,
intravascular ultrasound catheters, debulking techniques, or
following balloon rupture.-!:12I Stiffer or hydrophilic-coated
guide wires also increase the risk of perforation.[-'*! Kiernan
et al.V reported that the incidence of CAP among 14,281
PClIs was 0.48%, and 65% of CAP were due to manipulation
of guide wires, among which 37% occur in distal coronary
arteries,['* this was similar to the data of our center.

The management of CAP is depended on the size of
perforation, the degree of contrast agent leakage and the
hemodynamics of the patient. Prolonged, low-pressure

Figure 2: Type Il perforation at distal left anterior descending
artery (LAD) was embolized by autologous fat particles successfully,
and the coronary angiography preformed 2 years later showed that the
embolized distal LAD had already been recanalized; (a) Distal LAD was
normal before the percutaneous coronary intervention (blue arrow);
(b) Type Il perforation of distal LAD induced by guide wire (green
arrow); (c) Distal LAD was embolized successfully by autologous fat
particles (red arrow); (d) Two years later, the embolized distal LAD had
already been recanalized (yellow arrow).

inflation of a balloon for 5-15 min is the most common
way to treat CAP and prevent cardiac tamponade. The other
methods to treat CAP include covered stent implantation,
embolization and emergency surgical repair. Embolization
therapies used in selected cases include coil embolization,
thrombogenic particles including polyvinyl alcohol, gel
foam, thrombin, embolic agents like N-butyl cyanoacrylate
glue, and autologous blood clot.['*181 Oda et al.l*! have
reported three cases using subcutaneous tissue to successfully
embolize the CAP after the failure of prolonged inflation of
the balloon. Our center began to use the fat particles made
by autologous fatty tissue of the patients as embolus to
embolize the perforated distal vessels during PCI since 2009,
eight patients had been embolized successfully. According
to the meta-analysis, the pooled mortality rates were 0.30%,
0.40%, and 21.20% for patients with Ellis Class I, II, and
III CAP, respectively.”! There were six patients with Ellis
Class II CAP and two patients with Class III CAP in this
study, and there was no death or surgical repair, and even
no CM-MB significant elevation or new onset of RWMA.
Hence, transcatheter embolization by autologous fat particles
is very effective and safe in the treatment of CAP.

In our experience, the characteristics of transcatheter
embolization by autologous fat particles in the treatment
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of small vessel perforation including: (1) Easy to perform,
no learning curve, and all experienced PCI operators could
perform independently; (2) Instrument was simple, the only
instrument needed was a micro-catheter or an over-the wire
balloon catheter, so, usually did not increase the operation
cost additionally; (3) Fatty tissue could be obtained quickly,
when the trans-femoral PCI was performed, fatty tissue could
be extracted from the incision site of the femoral region,
where a sheath had been inserted; when the trans-radial
PCI was performed, fatty tissue could be extracted from the
subcutaneous of the abdomen after the skin was dissected for
about 2 mm; (4) The heparin did not need to be neutralized
during the procedure, which reduce the risk of acute stent
thrombosis; (5) Along with the healing of the perforation,
the fat particles injected into the artery could be absorbed
and the embolized artery would be recanalized. It is worth
noting that if there was collateral circulation at the distal of
the perforated artery, contralateral coronary angiography
should be performed to confirm if there still has contrast
agent leakage, the distal of contralateral collateral vessel
could be embolized by the same way if necessary.

In summary, CAP is a kind of rare, but severe complication of
PCI, which might cause cardiac tamponade and even death.
Transcatheter embolization by autologous fat particles is an
effective and safe method to treat CAP of distal small vessel
caused by guide wire, and could be performed easily and
quickly by PCI operators. Promotion of this method might
improve the prognosis of patients with CAP. But the sample
size of our study was very small, which might cause bias.
The more accurate large sample study should be performed
in the future to further investigate the effect and safety of
this method.

ACKNOWLEDGMENTS

The authors would like to acknowledge the doctors and nurses
involved in the PCI procedures: Yong-Zhen Zhang, Jie Niu,
Gui-Song Wang, Jie Yu, Lin Mi, Xia Tong, Yan-Ru Cao, Tie-Shi Fu,
and Yan-Qin Yu.

REFERENCES

1. Kiernan TJ, Yan BP, Ruggiero N, Eisenberg JD, Bernal J, Cubeddu RJ,
et al. Coronary artery perforations in the contemporary interventional
era. J Interv Cardiol 2009;22:350-3.

2. Shimony A, Joseph L, Mottillo S, Eisenberg MJ. Coronary artery
perforation during percutaneous coronary intervention: A systematic
review and meta-analysis. Can J Cardiol 2011;27:843-50.

3. Oda H, Oda M, Makiyama Y, Kashimura T, Takahashi K, Miida T,
et al. Guidewire-induced coronary artery perforation treated with
transcatheter delivery of subcutaneous tissue. Catheter Cardiovasc
Interv 2005;66:369-74.

4. RyanTJ, Faxon DP, Gunnar RM, Kennedy JW, King SB 3", Loop FD,
et al. Guidelines for percutaneous transluminal coronary angioplasty.
A report of the American College of Cardiology/American Heart

Association Task Force on Assessment of Diagnostic and Therapeutic
Cardiovascular  Procedures (Subcommittee on Percutaneous
Transluminal Coronary Angioplasty). Circulation 1988;78:486-502.

5. Ellis SG, Ajluni S, Arnold AZ, Popma JJ, Bittl JA, Eigler NL,
et al. Increased coronary perforation in the new device era.
Incidence, classification, management, and outcome. Circulation
1994;90:2725-30.

6. Bittl JA, Ryan TJ Jr, Keaney JF Jr, Tcheng JE, Ellis SG, Isner JM,
et al. Coronary artery perforation during excimer laser coronary
angioplasty. The percutaneous Excimer Laser Coronary Angioplasty
Registry. J Am Coll Cardiol 1993;21:1158-65.

7. Gruberg L, Pinnow E, Flood R, Bonnet Y, Tebeica M, Waksman R,
et al. Incidence, management, and outcome of coronary artery
perforation during percutaneous coronary intervention. Am J Cardiol
2000;86:680-2, A8.

8. Doll JA, Nikolsky E, Stone GW, Mehran R, Lincoff AM, Caixeta A,
et al. Outcomes of patients with coronary artery perforation
complicating percutaneous coronary intervention and correlations
with the type of adjunctive antithrombotic therapy: Pooled analysis
from replace-2, acuity, and horizons-ami trials. J Interv Cardiol
2009;22:453-9.

9. Shimony A, Zahger D, Van Straten M, Shalev A, Gilutz H, Ilia R,
et al. Incidence, risk factors, management and outcomes of coronary
artery perforation during percutaneous coronary intervention. Am J
Cardiol 2009;104:1674-7.

10. Fasseas P, Orford JL, Panetta CJ, Bell MR, Denktas AE, Lennon RJ,
et al. Incidence, correlates, management, and clinical outcome of
coronary perforation: Analysis of 16,298 procedures. Am Heart J
2004;147:140-5.

11. Nair P, Roguin A. Coronary perforations.
2006;2:363-70.

12. Maruo T, Yasuda S, Miyazaki S. Delayed appearance of coronary
artery perforation following cutting balloon angioplasty. Catheter
Cardiovasc Interv 2002;57:529-31.

13. Javaid A, Buch AN, Satler LF, Kent KM, Suddath WO, Lindsay J Jr,
et al. Management and outcomes of coronary artery perforation
during percutaneous coronary intervention. Am J Cardiol
2006;98:911-4.

14. Dippel EJ, Kereiakes DJ, Tramuta DA, Broderick TM, Shimshak TM,
Roth EM, et al. Coronary perforation during percutaneous coronary
intervention in the era of abciximab platelet glycoprotein IIb/IIla
blockade: An algorithm for percutaneous management. Catheter
Cardiovasc Interv 2001;52:279-86.

15. Pershad A, Yarkoni A, Biglari D. Management of distal coronary
perforations. J Invasive Cardiol 2008;20:E187-91.

16. Fischell TA, Korban EH, Lauer MA. Successful treatment of distal
coronary guidewire-induced perforation with balloon catheter
delivery of intracoronary thrombin. Catheter Cardiovasc Interv
2003;58:370-4.

17. Stankovic G, Orlic D, Corvaja N, Airoldi F, Chieffo A, Spanos V,
et al. Incidence, predictors, in-hospital, and late outcomes of coronary
artery perforations. Am J Cardiol 2004;93:213-6.

18. Tanaka S, Nishigaki K, Ojio S, Yasuda S, Okubo M, Yamaki T,
et al. Transcatheter embolization by autologous blood clot is useful
management for small side branch perforation due to percutaneous
coronary intervention guide wire. J Cardiol 2008;52:285-9.

Eurolntervention

Received: 16-12-2014 Edited by: Xin Chen

How to cite this article: He LY, Han JL, Guo LJ, Zhang FC, Cui M,
Gao W. Effect of Transcatheter Embolization by Autologous Fat Particles
in the Treatment of Coronary Artery Perforation During Percutaneous
Coronary Intervention. Chin Med J 2015;128:745-9.

Source of Support: Nil. Conflict of Interest: None declared.

.Chinese Medical Journal | March 20,2015 | Volume 128 | Issue 6

749




