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Background: The incidence of stuck rotational atherectomy (RA) burr is extremely low,
and its description has been sporadic in the literature about the systemic management
of this complication. Aims and Objective: The current study was designed to present
the experience of our center and propose an algorithm for the retrieval of stuck RA burr.
Materials and Methods: We retrospectively evaluated cases of RA between August 2018 to
August 2020 at our center. An entrapped RA burr was defined as an inability to move the
burr backward without any additional maneuvers during or after the rotablation of a coronary
lesion. Angiographic and procedural details were reviewed in the identified cases of entrapped
rotablator burr, details of maneuvers used to retract the burr was documented. We further
analyzed the literature using PubMed search using the keywords “entrapment of rotablator
burr”, “stuck rotablator” and “rotablation complications”. All the articles with entrapped
rotablation burr were identified and scrutinized for the techniques used for percutaneous
retrieval. Results: Out of the total 5780 Percutaneous coronary intervention (PCI) procedures,
RA was performed in 75 patients and RA burr entrapment was confirmed in two cases.
Both the cases were seen in patients with angulated and heavily calcified lesions. The cases
were managed percutaneously by endovascular maneuvers. A total of 8 techniques were
identified by analysis of available literature for burr retrieval with surgery being the favored
one. Using the experience of our center and available literature we propose a simplified
working algorithm towards systematic management of this complication. Conclusion: RA
burr entrapment is rare, but a life-threatening complication, and the operator should be
prepared with strategies for successful retrieval of stuck burr. Percutaneous retraction
maneuvers should be used as the first-line management for retrieval of stuck burr followed
by surgical referral. Using the proposed algorithm this rare complication can be managed
systematically and effectively.

Access this article online
Website:
http://nepjol.info/index.php/AJMS

DOI: 10.3126/ajms.v12i2.32181

E-ISSN: 2091-0576
P-ISSN: 2467-9100

Copyright (c) 2021 Asian Journal of
Medical Sciences

[©NoK)

This work is licensed under a Creative
Commons Attribution-NonCommercial
4.0 International License.

Key words: Rotational atherectomy; Stuck burr; Entrapment; Rotablator

INTRODUCTION to have coronary calcification which has an inadvertent
effect on the procedure and its outcome.™*

Percutaneous coronary intervention (PCI) is the most

commonly used treatment modality for obstructive
coronary artery disease.! Over the past four decades, there
have been significant advances in PCI, despite its severe
coronary calcification remains a challenge for successful
PCL? Upto 20% of patients undergoing PCI are estimated

Calcified lesions are difficult to tackle in PCI as they
are difficult to dilate even with high-pressure inflations
with non-compliant balloons.” Angioplasty balloons
are prone to asymmetric expansions and dog-boning
around the calcified lesion increasing the risk of coronary
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dissections.® Calcified lesion impedes the delivery of stents
and has an inherent chance of stent under expansion
and malapposition.” With the advent of intravascular
ultrasound (IVUS) imaging which has provided details
for the mechanism of stent failure and highlighted
the importance of plaque modification before stent
implantation.®

Rotational atherectomy has been shown to have a
high success rate when dealing with complex calcified
lesions™!” with complications up to 2% such as no/slow
flow, large dissection, and coronary perforation.'”One of a
rare but life-threatening complication is a stuck rotablator
burr which can be defined as the entrapment of burr in
or around the lesion with an impossibility of retrieval
without any additional intervention which can be surgical
or percutaneously assisted. This study aims to present our
experience and summarize the techniques for percutaneous
retrieval of stuck rotablator burr.

MATERIALS AND METHODS

Out of the total 5780 PCI procedures, RA was performed
in 75 patients in the time frame of August 2018 to August
2020. An entrapped rotablator burr was defined as an
inability to move the burr backward without any additional
maneuvers during or after the rotablation of a coronary
lesion.

Angiographic and procedural details were reviewed in
all the identified cases of entrapped rotablator burr,
details of maneuvers used to retract the burr or referral
to surgery were documented. Written informed consent
was taken from all the patients before PCI and data
collection was approved by the institutional ethical

board.

We further analyzed the literature using PubMed search
using the keywords “entrapment of rotablator burt”,
“stuck rotablator” and “rotablation complications”. All
the articles with entrapped rotablation burr were identified
and scrutinized for the techniques used for percutaneous
retrieval.

RESULTS

During the timeframe of August 2018 to August 2020
total of 75 RA procedures were done at our center and
rotablation burr entrapment was confirmed in two cases.
These cases were performed by two operators and all the
cases of burr entrapment were managed by percutaneous
maneuvers. A comparison of baseline characteristics
and key procedural aspects are compared with overall
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Characteristic Stuck Total
Rotablator Rotablation
(n=2) (n=75)
Age, years 58.76+8.3 63.76+£17.8
Male Gender 2 (100%) 56 (74.6%)
Diabetes Mellitus 2 (100%) 39 (52%)
Presentation ACS 1 (50%) 27 (36%)
Angina 1 50%) 48 (64%)
Burr Size (Mm) 1.5 1.36+0.4
Burr To Artery Ratio 0.57+0.2 0.52+0.4
Angiographic Lesion LM 0 7 (9.3%)
LAD 1(50%) 42 (56%)
LCx 0 11(14.6%)
RCA 1 (50%) 15 (20%)

ACS= acute coronary syndrome; LM= left main coronary artery; LAD= left anterior
descending artery; LCx= left circumflex; RCA= right coronary artery

populations is shown in Table 1. Both cases are briefly
described below.

Here we have described in detail, the two endovascular
maneuvers used at our center for retrieval of the stuck
RA burt.

Retrieval of stuck burr using the novel side branch
dilation method

A 56-year male was referred to our center with a diagnosis
of unstable angina, coronary angiography revealed stenosis
of mid LAD with severe calcification. A pre-procedure
intravascular ultrasound (IVUS) was done which revealed
a 90 — 95% stenosis with severe calcification (>270°)
calcium in the proximal segment with medina (1,1,0) lesion
at the diagonal bifurcation with calcification. We selected
a 7 Fr Extra Backup (EBU) guiding catheter (Medtronic,
Minneapolis, MN, USA) and a Hi-torque BMW wire
(Abbott Vascular, Abbott Park, II)) was used initially
to cross the lesion, but due to severe calcification and
tortuosity, it could not be passed. Because of calcification,
we decided to debulk the lesion using (RotaLink Plus 1.5
mm, Boston Scientific, Marlborough, MA), the ROTAWire
Extra Support Guide Wire (Boston Scientific, Marlborough,
MA) was negotiated across the lesion and sequential balloon
dilatation with the non-compliant balloon of size 2.5%15mm
and 3.0¥12 mm( NC-TREK, Abbott Vascular, Abbott Patk,
IL). The burr negotiated the lesion but was stuck distal to
the lesion and could not be retrieved.

There was no decrease in coronary perfusion
(Thrombolysis In Myocardial Infarction [TIMI I11]) but
the patient suffered from severe anginal pain. Through a
second contralateral transfemoral access, we introduced
an additional 7 Fr guiding catheter and tried to wire
the distal LAD negotiating the stuck burr but despite
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escalating wire to FIELDER XT, FC, and Gaia First
guidewire (all Asahi Intecc, Nagoya, Japan) and multiple
attempts, we were not able to wire distal LAD. As the
entrapment of the rotablator burr was at 2™ diagonal
bifurcation we were able to negotiate the diagonal and
using a MINI-TREK semi-compliant balloon was placed
at its ostium and dilated at high pressure sequentially
with 1.5, 2.2, and 3.0 mm balloon. This enabled retrieval
of burr with some force but there was an extensive
dissection of left main and proximal LAD which was
stented under IVUS guidance with 3 drug-eluting stents
with TIMI III flow and good angiographic results as
shown in Figure 1.

.
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Figure 1: Case 1. a) Baseline plain fluoroscopic view showing dense
calcium around proximal LAD and LM. b) RAO cranial view showing
obstructive lesion (90-95%) from proximal to mid LAD. ¢) 1.5 mm
rotabalator burr stuck (white arrows) distal to the lesion in distal
LAD. d) Using opposite arterial access another GW was passed
negotiating the stuck burr and a small balloon (2.0*8 mm MINI-TREK,
Abbott Vascular,) was inflated (white arrows), but the burr could
not be retrieved. e) Another balloon (2.0*8 mm MINI-TREK, Abbott
Vascular, Abbott Park, IL) was placed at the ostium of the side-branch
(2 diagonal) due to proximity to the stuck burr and inflated. f) Due to
manipulation maneuvers there was an extensive dissection of the LM
artery (black arrows). g) Good angiographic results with TIMI 11l flow
was achieved after stenting with 3 DES from LM to distal LAD
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Retrieval of stuck RA burr using the combined approach
of pharmaceutical dilatation of vessel and manual
traction

A 64-year female with a diagnosis of chronic stable angina
was referred for coronary angiography which revealed a
heavily calcified, 90% obstructive lesion of the mid-right
coronary artery (RCA). The patient was planned for PCI
with a debulking strategy using rotablation, 7 Fr Judkins
Right (JR) guiding catheter (Medtronic, Minneapolis, MN,
USA), and a Hi-torque BMW wire (Abbott Vascular,
Abbott Park, II) was used initially to cross and the
lesion was pre-dilated with a non-compliant balloon of
3.0#15mm (NC-TREK, Abbott Vasculat, Abbott Park, 11).
Following that using a 135 cm Corsair microcatheter (Asahi
Intecc, Nagoya, Japan) the BMW wire was exchanged
with the ROTAWire Extra Support Guide Wire (Boston
Scientific, Marlborough, MA) was negotiated across the
lesion. Rotablation with Rotalink Plus 1.5 mm burr size
(Boston Scientific, Matlborough, MA) was planned, but
after negotiating the burr across the lesion it got stuck
and could not be retrieved. The first manual traction for
removal was tried but the burr was deeply engaged in the
lesion making it difficult to apply traction force without
the deep engagement of the guiding catheter. Following
that an intracoronary bolus injection of nitroprusside
(100 micrograms) and verapamil (1 mg over 1 minute) was
given, and manual traction was tried which moved the burt,
but full retrieval was not possible. After that, we increased
the rotation speed and advanced it further distally in RCA
and applied manual traction, and were finally able to retrieve
the burr in the guiding catheter. RCA was stented using 2
DES with good angiographic results as shown in Figure 2.

Figure 2: Case 2. a) Baseline angiography showing heavily calcified
99% (black arrows) obstructive lesion of the proximal right coronary
artery. b) A 1.5 mm rotablator burr got stuck at the distal edge of the
calcified lesion (white arrows). ¢) Post pharmacological treatment
(intracoronary nitroprusside and verapamil) with simultaneous
mechanical pull back the burr was retrieved in the proximal RCA with
long dissection of RCA. d) RCA is stented with a drug-eluting stent
(DES) with good angiographic TIMI Il flow
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PUBLISHED EXPERIENCE

Screening the result from our search on PubMed we
shortlisted in total 8 techniques reported in different case
series and case reports used for retrieval of entrapped
rotablator burr by the endovascular maneuver. In
literature surgical removal of stuck burr was frequent
but due to the invasive nature of the surgery, time in
shifting the hemodynamically unstable patients from
catheterization lab to operation theater, and the non-
availability of a hybrid Cath lab makes this job difficult.
But surgery remains an ultimate option if percutaneous
methods fail or create complications that could not
be managed percutaneously like avulsion of coronary
artery requiring reimplantation or reconstruction. Here
in Table 2, we have enumerated and briefly discussed a
few methods of percutaneous retrieval of entrapped
rotablator burr.

DISCUSSION

The main utilization of RA is for the modification
of severely calcified lesions and preparing them for
subsequent angioplasty and stenting. Although it’s using
does not alter any long-term ischemic events,”** but
its use has shown to be associated with greater acute
diameter gain, less final stenosis, and a greater luminal
cross-sectional area gain when compared with the non-
atherectomy approach.”

RA has a high procedural success rate' but due to inherent
risks and complications, its use is frequently underutilized.
Entrapment of rotablator burr is a serious complication,
but its incidence is an exceedingly rare phenomenon, which
can be avoided with proper selection of lesion and easily
managed with endovascular manipulations which are the
principal conclusion of this study.

Mechanism of burr entrapment

Entrapment of burr is a complication due to the intrinsic
flaws of RA burr design. A burr is olive-shaped with a
distal diamond-studded ablating edge and proximal half,
which is smooth and non-ablating, which may be a cause of
entrapment in non-compliant lesions when pulling back the
burr. Another factor that can be synergistic in entrapment
is that while moving forward burr is aligned to the outer
curve of the vessel wall while it is aligned to the inner curve
when we withdraw and in the eccentric calcified lesion, it
can lead to burr entrapment.”

Most of the expert opinion on the matter of optimal
burr to vessel ratio suggests using a burr to vessel ratio
of 0.4-0.6.” There is no definition for small or large burr
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for a given procedure. The entrapment can occur in small
or large burr procedure. The mechanism appears to differ
in both cases.

Small RA burr (Kokesi phenomenon)??

Small burr gets advanced beyond heavily calcified lesion
before sufficient ablation. This appears mainly when
ablation is done at exceedingly high speed with a small
burr. During high-speed rotation, frictional resistance is
low, and locally produced heat enlarges the space between
the plaques. This led to the advancement of burr beyond
the calcific lesion without ablation and debulking proximal
lesion.

Large RA burr

Large burr entrapment occurs when they are forced against
angulated and long calcific lesions without sufficient
pecking motion. A significant drop in RPM (rotations per
minute) precedes such entrapment.

Lesion characteristics that are prone to burr entrapment,
like eccentric severely calcified lesion, lesion angulation
>45°, and lesion length >25 mm?®*? freshly implanted
under expanded stent,"” large burr to artery ratio," and old
reendothelized stent.

MANAGEMENT OF STUCK ROTABLATOR BURR

The most used method in the literature was surgical
removal followed by coronary bypass grafting.
Percutaneous endovascular interventional approaches
for entrapped rotablator burr can be divided into two
groups:

I.  Dilatation of the stuck burr site with a balloon (key
point is to cross the stuck burr site with a coronary
wire such as Fielder FC, XT, XT-R guidewire, Gaia
First guidewire, and Conquest Pro guidewire (all
Asahilntecc, Nagoya, Japan)

II. Facilitated removal of burr using deep intubation of
catheters so as the tractional force can be directed
directly to the burr. (using a Heartrail II (Terumo,
Japan) “mother in child catheter”, 5F Guideliner
(Vascular Solutions, Inc., Minneapolis, Minnesota)),
Kiwami straight catheter (4 Fr, Heartrail 11, Terumo,
Tokyo, Japan) or a GUIDEZILLA II (Guide
Extension Catheter, BostonScientific)

To remove a stuck burr usually after the failure of
manual mechanical traction and drugs (nitroprusside/
verapamil), it is advised to gain additional arterial
access and use a second guiding catheter for facilitating
interventional maneuvers. Another reason for additional
arterial access is the limitation of space in the rotablation
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Strategic method

Mechanism

Comment

1

10

1

Intracoronary nitroglycerin and/or
verapamil™12

Manual traction

Increase the speed of rotation and
advance distally?

Second GW beyond the
entrapped burr (hydrophilic-coated
wire, stiffer wire)'15

Snare retrieval'®

Mother and child catheter/ 5 Fr
guiding catheter'”1®

Guideliner/guide catheter
extension'®

Kiwami Straight Catheter?

Mini STAR/modified STAR
technique?'

Surgical®

Side branch dilatation and burr
squeezing technique (a newer
novel technique)

Relieves spasm

Pull back pressure

Increase to 22,00,000 r/min

Balloon dilatation cracks
the plaque between the
burr and vessel wall

locally concentrated
traction force at burr

locally concentrated
traction force at burr

locally concentrated
traction force at burr

locally concentrated
traction force at burr

Sub-intimal tracking and
reentry technique followed
by balloon dilatation to
modify plaque at stuck
burr site.

Direct removal

Balloon dilatation modifies
the main branch plaque
by carinal shift and plaque
squeeze at the site of
stuck burr.

Effective if rotaglide®/vasodilator solution is not used
due to specific contraindication, additive to other
mechanisms, not possible in a hemodynamically
unstable patient.

Should be graded, simultaneous traction on the

guide as well as a burr to avoid deep guide intubation
leading to the dissection of the proximal vessel or LM,
Perforation, proximal vessel injury, and avulsion

Risk of perforation, distal vessel injury, try in small burr
to vessel procedures.

Difficulty in crossing, perforation (due to hard wire as
well as a balloon).

Wiring through the same guide is difficult requires dis-
assembling or Cutting of ROTA hub outside the guide.
Ping pong guide technique through another access
(repeated engaging maneuvers increases chances

of LM dissection, in absence of distal vessel flow
presences of wire in true lumen could not be confirmed
(may require retrograde injection (3 access)
Dis-assembling or Cutting of ROTA hub is necessary,
simultaneous traction on guide, snare, and burr to avoid
deep guide intubation proximal injury, LM injury
Dis-assembling or Cutting of ROTA hub required.
Postulated to protect the proximal vessel from injury,
taking mother and child to burr can be a difficult job in
calcified, tortuous, or dissected artery.

Proximal vessel dissection is possible.

Dis-assembling or Cutting of ROTA hub required.
Postulated to protect the proximal vessel from injury,
taking guideliner to burr can be a difficult job in calcified,
tortuous, or dissected artery

Dis-assembling or Cutting of ROTA hub required.
Postulated to protect the proximal vessel from injury,
taking Kiwami catheter to burr can be a difficult job in
calcified, tortuous, or dissected artery

Difficulty in crossing, perforation (due to hard wire as
well as a balloon),

Wiring through the same guide is difficult requires
dis-assembling or cutting rota outside the guide and
remove the coating in it, ping pong guide technique
through another access (repeated engaging maneuvers
increases chances of LM dissection, in absence of
distal vessel flow presences of wire in true lumen could
not be confirmed(may require retrograde injection(3"
access)

Invasive.

Increased mortality with a hemodynamically unstable
patient

May require vessel reconstruction or reimplantation
(more complex than putting a graft)

Wiring through the same guide is difficult requires dis-
assembling or cutting the ROTA shaft outside the guide
and remove the coating in it, ping pong guide technique
through another access.

Burr should be stuck in the proximity of the side branch,
acute angle between the main vessel and side branch,
it is easy to wire side branch and safe to dilate reduces
the risk of perforation

LM= left main coronary artery; GW= guidewire; Fr= French

sheath (4.6 Fr) which makes it difficult to manipulate
additional devices for stuck burr retrieval. To overcome
and avoid an additional arterial access dis-assembly of
rotablation can be done outside which helps in utilizing

Asian Journal of Medical Sciences | Feb 2021 | Vol 12 | Issue 2

the same guide for maneuvers. Deep intubation with
guiding catheters with subsequent pullback can be useful
to focus the force on the burr and to protect the rest of
the coronary artery.
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Figure 3: Algorithm for management of entrapped rotablator burr.

We, therefore, propose a working algorithm based on
our experience and the database search as shown in
Figure 3.

PREVENTION OF BURR ENTRAPMENT

Appropriate selection of lesion characteristics, prior
planning, and appropriate hardware selection is always a
key to success for any intervention procedure.

1. Selection of lesion: Rotablation is mainly done for
a severe intimal calcific lesion which does not allow
hardware delivery, stent placement, and opposition.
Butitis very crucial not to select lesion which increased
the risk of burr entrapment.

a) Freshly implanted under expanded stent

b) Eccentric calcified lesion and angulated lesions
¢) Focal tandem calcific lesion

d) Intravascular imaging: intracoronary imaging like

IVUS (intravascular ultrasound) or OCT (optical
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coherence tomography) helps to verify the location
of calcium superficial or deep. A deeper and more
circumferential calcium ring is resistant to balloon
dilatation
Appropriate hardware selection and proper technique
of ablation: to prevent entrapment during the
procedure if the lesion appears at risk of entrapment
one can use the following technique®

a) Appropriate burr to artery ratio (0.4-0.6)

b) Peeking motion during rotablation

c) Short runs (up to 20 sec)

d) The rotational speed of 140 000 to 150 000 rpm,
with higher speeds reserved for cases in which burr
cannot cross lesion despite the optimal technique

¢) Avoidance of deacceleration of >5000 RPMs

Limitations of the study
Our study lacks formal statistical analysis as the number of
stuck burr cases were very less and the algorithm proposed
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is based on single-center experience and its application on
the general population requires larger studies.

CONCLUSION

Rotational atherectomy burr entrapment is rare, but a
life-threatening complication, and the operator should be
prepared with strategies for successful retrieval of stuck
burr. Percutaneous retraction maneuvers should be used
as the first-line management for retrieval of stuck burr
followed by surgical referral. Using the proposed algorithm
this rare complication can be managed systematically and
effectively.
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