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Distal Protection During Percutaneous Coronary
Intervention in Native Right Coronary Arteries

N. E. El Mokhtari, F. Steinke, D. Krüger, A. Tiroke, G. Simon-Herrmann, R. Simon, M. Lins

Abstract: Liberation of plaque debris during PCI in na-
tive coronary arteries is supposed to be a possible
mechanism of the no-reflow phenomenon, which can
cause impairment of the distal and microvascular cir-
culations.

Therefore, ten consecutive patients undergoing PCI
for complex lesions in their native right coronary arter-
ies were enrolled in a pilot trial, using the triActiv sys-
tem (Kensey Nash Company) for distal protection.

For all patients, device success (device was success-
fully delivered to the target location, device operated as
intended and was successfully retrieved) could be docu-
mented. For the primary (MACE rate at 30 days) and
secondary endpoints no events were reported, neither
in hospital nor during the follow-up period of 30 days.

Debris was found in all patients in whom the ex-
tracted fluid could be investigated (7/10), the average

particle size being 28 × 68 µm. This observation sug-
gests that embolization can occur during PCI of native
coronary vessels and may be more often present than
so far expected. Larger studies, however, are needed
to confirm the relevance of this finding.

Kurzfassung: Distale Protektion während per-
kutaner Koronarintervention in nativen rechten
Koronararterien. Durch Freisetzung von Plaquemate-
rial während koronarer Interventionen in nativen rech-
ten Koronararterien kann es zum sogenannten „No-re-
flow“-Phänomen kommen, welches mit einer Herab-
setzung der distalen Gefäßbettdurchblutung verbun-
den sein kann.

Deswegen wurden 10 Patienten, bei denen komplexe
Läsionen der rechten Koronararterie behandelt werden
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sollten, in eine Pilotstudie mit Einsatz des triActiv-
Systems zur distalen Protektion eingeschlossen.

Für alle Patienten konnte ein erfolgreicher System-
einsatz (erfolgreiches Vorbringen des Protektionssy-
stems nach distal der Stenose, erfolgreicher Einsatz
des Systems wie erwartet und erfolgreiche Rücknah-
me des Systems) dokumentiert werden. Für den primä-
ren (MACE-Rate nach 30 Tagen) und die sekundären
Endpunkte wurden keine Ereignisse berichtet, weder
in-Hospital noch nach 30 Tagen.

Debrismaterial wurde bei allen Patienten (7/10) ge-
funden, bei denen die Spülflüssigkeit untersucht wer-
den konnte, wobei die mittlere Partikelgröße 28 × 68 µm
betrug. Diese Beobachtungen unterstreichen, daß dis-
tale Embolisationen häufiger bei koronaren Interven-
tionen in nativen Koronargefäßen auftreten als bisher
erwartet.  J Kardiol 2007; 14: 333–4.

Introduction

Effectiveness of percutaneous coronary intervention (PCI) in
the larger epicardial parts of the vessel has been proven. In
some cases, however, the slow-flow/no-reflow phenomenon
may occur and can cause impairment of the distal and micro-
vascular circulations. Liberation of plaque debris during PCI
is supposed to be a possible mechanism of this phenomenon
[1, 2]. Distal protection devices can reduce microembolism
and lead to a better immediate angiographic result and, more
importantly, by means of better outcome lead to lower rates of
major adverse cardiac events (MACE).

While guidelines for PCI recommend the use of distal protec-
tion devices during PCI in saphenous vein grafts (SVG), there is
no experience or recommendation for PCI in native vessels [3].

Knowledge about capturing embolic debris during PCI in na-
tive coronary vessels is missing. To permit blood flow filter
devices require a pore size of about 100 µm but it has been
shown that the majority of liberated particles during PCI are
smaller [4]. Other devices with a total balloon blockage distal
of the lesion may limit the continuous visualization of the tar-
get lesion and may cause angina pectoris and after PCI, aspira-
tion of debris material is needed.

Patients and Methods

In a pilot trial, the triActiv system (Kensey Nash Co.) was eva-
luated in ten consecutive patients undergoing PCI for complex
lesions in their native right coronary arteries. All patients gave

written informed consent and the study was approved by the
local ethics committee.

After crossing the lesion with a 0.014-inch guidewire, equip-
ped with a temporary occlusion balloon near its tip, the bal-
loon is inflated using a CO

2
-filled syringe, thus blocking distal

runoff into the coronary microvasculature. A balloon-mounted
stent is then railed to the wire and the stent is implanted in the
lesion. After retracting the stent balloon, a flush catheter is
attached to the wire and advanced to the balloon occlusion
site. Saline is then infused in 50 cc/min through the flush cath-
eter and the returning blood and saline from the guiding cath-
eter are evacuated automatically by the closed-loop triActiv
pump system (approx. 30 sec) that comes sterile for single
use. The aspirated saline, blood, and debris material can be
collected and filtered for microscopic analysis.

Primary endpoint of the study was the rate of MACE at 30
days after index procedure (a combined clinical endpoint de-
fined as: death, Q-wave or Non Q-wave MI [CK-MB > 3 ×
ULN], emergent bypass surgery, repeat target lesion revascu-
larization). Secondary endpoints were: rate of major adverse
cardiac and cerebrovascular events (MACCE) at 30 days after
index procedure, rate of MACE and MACCE at hospital dis-
charge, rate of acute, procedural and device success and rates
of individual adverse events.

Results

The average patient age was 67.3 ± 10.6 yrs, range 50–80 yrs,
and 80 % were female. Nine pts suffered from angina class
CCS III, one pt from CCS class II. Five pts were diabetics and
4/10 pts had a history of myocardial infarction. The left
ventricular function was almost normal with an average ejec-
tion fraction of 61.3 ± 7.9 % in all pts. In 7/10 pts, a single
lesion was treated, and in 3/10 pts, two lesions were treated
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during the same procedure. While the total procedural time
was 61 ± 2 min, the average occlusion time performing the
distal protection was 2.0 ± 0.2 min. Angiographic characteris-
tics are given in table 1 (QCA core lab: Borgess Angiographic
Core Lab, Kalamazoo, MI, USA).

The treated lesion was located in the proximal part of the RCA
in 5/10 pts and in the mid part of the RCA in the remaining 5.
For all pts, a device success (device was successfully delivered
to the target location, device operated as intended and was
successfully retrieved) could be documented. For the primary
and secondary endpoints, no events were reported, neither in
hospital nor during the follow-up period of 30 days. In addi-
tion, there were no angiographic adverse events such as abrupt
closure/total occlusion, distal embolization, threatened abrupt
closure, injury to vessel/dissection, vessel spasm or perfora-
tion.

After procedure, the contents of the extraction bag were fil-
tered for 7/10 patients in the trial and the debris filters were
sent to a pathologist for analysis. Potential embolic debris was
extracted in all filters. The size of the filtered particles was
measured with 28 × 68 µm approximately.

Discussion

Distal embolization of plaque debris during PC of old vein
grafts is well recognized as a source of „no reflow“ in the
coronary microcirculation and consecutive ischemia, even
myocardial infarction or death [2].

Several studies have shown that protection devices such as fil-
ter wires or distal blocking balloons with consecutive debris
extraction can prevent this complication and they are therefore

recommended for PCI procedures in saphenous vein grafts
[5–10]. In case of PCI of native coronary arteries, distal em-
bolization from the lesion area seems to be a very rare event.
In the situation of complex lesions with recent plaque rupture
and/or thrombus burden, however, plaque embolization has
been reported with serious clinical sequelae [1, 11].

In the current pilot study, 10 patients were treated for complex
lesions of large right coronary arteries and during PCI and
stent implantation, a distal protection balloon system with au-
tomated flush extraction (triActiv, Kensey Nash Co.) was used
to prevent potential embolization. No adverse events were
noted, neither in the form of distal flow impairment or “no
reflow”, nor due to the additional use of the protection device.
TIMI flow could be improved as the TIMI frame count was
significantly lower after the procedure indicating successful
treatment of the lesion. Thus, the application of the protection
system for right coronary lesions seems to be feasible, safe,
and effective. The time period necessary to block the distal
runoff with the protection balloon was only 2 minutes on aver-
age and did not cause any ischemia or discomfort in any pa-
tient.

Interestingly, significant debris was found in all patients in
whom the extracted fluid could be investigated, the average
particle size being 28 × 68 µm. This observation suggests that
embolization can occur during PCI of native coronary vessels,
and may be more often present than so far expected. Larger
studies, however, are needed to confirm the relevance of this
finding.
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Table 1: Angiographic characteristics before and after pro-
cedure

Baseline Final p-value

Lesion length (mm)
 mean ± SD 14.93 ± 8.65

Baseline lesion classification
(ACC/AHA classification)

 Type A 2/10
 Type B1 2/10
 Type B2 4/10
 Type C 2/10

TIMI grade
0–1 0/10 0/10
2 3/10 0/10
3 7/10 10/10

TIMI frame count
mean ± SD 71.3 ± 33.8 37.6 ± 20.3 0.07

Reference vessel diameter (mm)
mean ± SD 3.29 ± 0.61 3.48 ± 0.57 0.42

Minimal lumen diameter (mm)
mean ± SD 0.97 ± 0.44 2.98 ± 0.38 0.33

Acute gain (mm)
mean ± SD 2.01 ± 0.53

% diameter stenosis (%)
mean ± SD 70.05 ± 13.41 13.19 ± 12.83 0.44

SD: standard deviation
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