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Abstract. Activated guidewire angioplasty (AGA) is a new technique which has been designed to
assist in angioplasty of total occlusions. The purpose of this study was to determine the safety and
e¤cacy of using £exible relatively soft guidewires (£oppy wires) in conjunction with this technique
and also to determine the predictors of lesion crossing and ¢nal success by this technique in patients
with chronic total coronary occlusions. 73 patients with 73 chronic total coronary occlusions in
whom coronary angioplasty using conventional techniques had failed were treated with AGA using
£oppy guidewires. The success of crossing these lesions was 65.7% (48/73) resulting in a ¢nal angio-
plasty success of 56.1% (41/73). Angioplasty success was reduced compared with crossing success
in seven arteries in which complications occurred during balloon angioplasty. Multiple stepwise
logistic regression analysis identi¢ed the location of the occlusion (right coronary artery,
p50.005) as independent predictor of crossing success of this technique and the male gender
(p50.03), the duration of occlusion (p50.05), the lesion length (p50.01) and the location of the
occlusion (right coronary artery, p50.02) as independent predictors of ¢nal procedural success of
the method.

Percutaneous transluminal angioplasty is a well
accepted therapy for the treatment of arterial dis-
ease in the peripheral and coronary arteries. In the
United States, coronary artery angioplasty exceeds
the annual volume of coronary artery bypass graft
surgery [1]. Since the introduction of angioplasty
by Gruentzig in 1978, the procedure has been
applied to lesions of increasing complexity, includ-
ing totally occluded vessels [2^4]. Although
chronic coronary occlusive disease accounts for
10^20% of the coronary angioplasty procedures,
it is still considered to be a relative contraindica-
tion to angioplasty [1]. Coronary angioplasty in
such cases has a reduced primary success rate
ranging from 53% to 73% [2, 5, 6]. In lesions older
than 3 months the primary success rate is even
lower, ranging from 39% to 56% [7^10]. In periph-
eral vascular angioplasty the success rate of
crossing occlusions is lower than that of stenotic
disease, particularly in relatively long occlusive
lesions [11]. The most common reason for pro-
cedural failure in both coronary and peripheral
lesions is inability to cross the occlusion with a

guidewire. Failure to cross a chronic total occlu-
sion with a guidewire accounts for more than
50% of unsuccessful procedures [1, 12^14]. This is
important because most of the currently available
devices require initial crossing of the occlusion
with a guidewire. The use of devices to increase the
success rate in angioplasty of chronic total occlu-
sions is accompanied by an increase in complication
rate [15, 16]. Of the new techniques in occlusion
angioplasty, activated guidewire angioplasty
(AGA) in combination with a variety of guidewires
has been used successfully with low complication
rate in occlusive lesions which could not be crossed
by conventional techniques [17]. The purpose of
this study was to determine the safety and e¤cacy
of this technique together with the determinants of
crossing and ¢nal success using £oppy guidewires,
in chronic total coronary occlusions which could
not be crossed by conventional means.

Methods
Patient populationöstudy protocol

The study population comprised patients with
angiographically demonstrated chronic total cor-
onary artery occlusions. 127 patients with chronic
total occlusions were treated over a 3 year period.
The occlusion was initially treated in all cases by a
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conventional techniqueöover the wire balloon
catheters in combination with a variety of 0.014
inch guidewires, with progression to increasing
sti¡ness of wires when there was failure to cross
the lesion. The occlusive lesion was crossed and
dilated successfully using conventional techniques
in 49 of 127 patients (38.6%). Conventional angio-
plasty techniques failed in 78 patients (61.4%) and
AGA was attempted in these patients. AGA was
attempted in conjunction with sti¡ wires in ¢ve of
78 patients and in combination with £oppy wires in
73 (57.4% of the total number of patients with
chronic total coronary occlusions). The latter 73
patients were the study population. Procedural
complications and £uoroscopy time needed for
the crossing of the occlusive lesion with a guide-
wire and for the completion of the whole procedure
were recorded.

De¢nitions

A total occlusion was de¢ned as a lesion without
forward £ow of contrast distal to the lesion. Prior
to angioplasty, the length of the occluded segment
was measured from the cineangiogram using man-
ual calipers. This was used as a reference measure
for classifying occlusions as either ¡15 mm or
.15 mm. The duration of the total occlusion was
estimated from information provided by sequential
angiograms,whenthesewereavailable,orotherwise
from the onset or worsening of symptoms. The cor-
onary occlusion was regarded as chronic if its dura-
tion was more than 3 months. The angiographic
morphologyof the occlusionwas de¢ned as tapered
if the occluded segment endedwith a funnel-shaped
form and abrupt if it endedwithout a funnel.

Crossing success was de¢ned as the success of the
£oppy wire to cross the lesion. Final success was
de¢ned as reduction of the occlusive lesion to less
than 30%diameter stenosis with normal run-o¡.

A £oppy guidewire was de¢ned as an 0.014 inch
wire that has a £exible soft tip and is normally dis-
placed away from a hard lesion. A sti¡ wire was
de¢ned as a wire that has a high degree of sti¡ness
of the tip and is less likely to buckle or be displaced
away from a hard lesion.

Activated guidewire angioplasty technique

Activated guidewire angioplasty has been
described previously [17, 18]. A conventional
angioplasty guidewire is passed through an over
the wire catheter with 1-5 mm protruding from
the distal end and the remainder from the proximal
end. The proximal end of the catheter is then
clamped to a hand held battery-driven motorized
device which generates a loose reciprocal motion
(a combination of reciprocal and lateral move-
ments) in the wire with a frequency of 16^100 Hz.

The motion of the wire is transmitted through the
catheter and produces a complex motion at the dis-
tal end of the wire. The components of this motion
are reciprocation, lateral movement at twice the
reciprocation frequency, and standing waves with
nodal points. The degree of motion of the distal
end of the wire depends on the frequency of reci-
procation and the length of wire protruding from
the tip of the catheter. The device can be attached
to an angioplasty/catheter combination at any
time during the procedure. The device increases
the force with which the wire impacts the lesion
and also the e¡ective surface area over which the
wire probes the lesion. The reciprocal movement
of the wire also overcomes the friction between
the wire and the catheter. The length of time the
device activates the wire is determined by the
operator. In this series the device was activated
intermittently to allow for the technique to be an
extension of the angioplasty procedure and the
operator's skill.

Variables for predictors of success and
complications

A number of clinical and angiographic variables
were selected a priori for their suspected relevance
to the success of the procedure on the basis of pre-
viously published literature [12, 19] and personal
clinical experience. The studied variables were: (a)
the location of the lesion, (b) the length of the
occlusion, (c) the morphology of the occlusion
(tapered entry con¢guration as opposed to an
abrupt cut-o¡), (d) the existence of calci¢cation
at the site of occlusion (radio-opacity present
before the contrast injection), (e) the presence of
bridging collaterals (multiple small collateral
channels bridging the angiographic gap found out-
side the perceived lumen of the vessel), and (f) the
duration of the occlusion. The age and the sex of
the patients were studied as well.

Statistical methods

The signi¢cance of the association between each
of the above mentioned variables with the crossing
and ¢nal successes were analysed. The study
patients were divided into subgroups according to
the crossing and ¢nal outcomes. The categorical
variables between patient groups were compared
with the x2 test of association or the Fisher's exact
test. The continuous variables (duration and length
of the occlusion, as well as the age of the patients)
were dichotomized (with cut-o¡ point 6 months for
the duration, 15 mm for the length and 55 years for
the age) and the same tests were performed. The
eight pre-selected predictor variables were then
included in a multiple logistic regression analysis
model. In the analysis, all variables were initially
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included in the model. The backward and forward
stepwise selection procedures were used to identify
which of the variables separately made signi¢cant
and independent contributions to the crossing and
¢nal successes.

Results
Population characteristics

61 of the 73 patients (83.6%) who underwent
AGA were male and 12 (16.4%) female. The mean
(range) age was 58.8 (40^77) years. The occluded
vessel was the left anterior descending artery in
33 (45.2%) patients, the left diagonal artery in
one (1.4%), the left circum£ex artery in 13 (17.8%)
and the right coronary artery in 26 (35.6%). For the
purposes of the statistical analysis, the lesion
located in the left diagonal artery was incorpo-
rated with the lesions located in the left anterior
descending artery. The estimated duration of
occlusion was from 3 to 6 months in 15 (20.5%)
patients and more than 6 months in 58 (79.5%).
The length of the lesion was greater than 15 mm
in 50 (68.4%) patients and less than or equal to
15 mm in 23 (31.6%) patients. Bridging collaterals
were present in 28 (38.4%) patients. Calcium was
present at the site of the occlusion in 15 (20.5%)
of the cases. A tapered entry con¢guration at the
occlusion was present in 45 (61.6%) while an
abrupt cut-o¡ was present in 28 (38.4%) patients.

Crossing success, ¢nal success, complication
rate, £uoroscopy times

A soft £exible guidewire in combination with
AGA crossed the occlusive lesion in 48 out of the
73 patients (65.7%) and a ¢nally successful result
was achieved in 41 (56.1%). An example of a suc-
cessfully recanalized totally occluded left anterior
descending coronary artery using the AGA

technique is showed in Figures 1 and 2. In the seven
patients in whom the ¢nal angioplasty result was
unsuccessful although a guidewire crossed the
occlusion, the reasons were inability to pass a bal-
loon across the lesion (2 cases), large dissections
resulting in closure of the vessel (2 cases), a lesion
too heavily calci¢ed to allow successful balloon
dilatation (1 case), rupture of an initially reopened
vessel after balloon in£ation (1 case) and occlusion
of an initially reopened left diagonal artery after
stent implantation in the left anterior descending
artery. 17 (23.3%) complications were recorded
(dissection in 14 cases, wire exit during manual
manipulation in one, perforation of a tortuous
right coronary artery distally after balloon in£a-
tion in one and occlusion of a recanalized diagonal
artery after the implantation of a stent in the left
anterior descending artery in one). In four out of
14 cases with dissection, the vessel did not respond
to support angioplasty methods, including stent
placement, and remained occluded. Cardiac
enzyme rise without new Q wave development
was seen in one patient with dissection followed
by vessel closure. Two of the dissections resulting
in vessel closure occurred during an attempt to
cross the lesion with a wire and two after balloon
in£ation. In the ¢rst two cases the wire remained
subintimally within a false lumen in the vessel wall.
The wire exit did not occur during activation of the
device and was due to forceful manual manipula-
tion of a sti¡ wire. Both the vessel perforation
and the wire exit did not have any adverse conse-
quences but the procedures were discontinued.
Analysis of the procedural complications and their
clinical outcome is shown in Table 1.

The mean (6SD) £uoroscopy times needed for
the crossing of the occlusive lesions with a guide-
wire and for the completion of the whole procedure
were: (a) 35.1 (626.7) and (b) 50.21 (635.7) min,
respectively.

Figure 1. Angiogram showing an occluded left anterior
descending artery.

Figure 2. Same vessel after being reopened using acti-
vated guidewire angioplasty and conventional balloon
angioplasty.
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Determinants of crossing and ¢nal successes

Univariate analysis
Analyses of the associations between the eight

pre-selected predictor variables and the crossing
and ¢nal successes are shown in Tables 2 and 3,
respectively. The crossing success was signi¢-
cantly associated with the location and the length
of the occlusion while the ¢nal success only with
the length.

Logistic regression analysis
Both forward and backward stepwise multiple

logistic regression analysis identi¢ed the location
of the lesion in the right coronary artery
(p50.005) as independent predictor of crossing
success (Table 4). Male gender (p50.03), duration

of the occlusion (p50.05), length (p50.01) and
location of the occlusion in the right coronary
artery (p50.02) were the independent predictors
of ¢nal success (Table 5). Neither of the other
variables analysed contributed signi¢cantly to this
logistic regression model.

Discussion
Chronic total coronary occlusions represent an

important subgroup of angioplasty procedures,
accounting for 10^20% of lesions treated by angio-
plasty in most major centres [1]. In the early analy-
sis of the outcome of angioplasty of chronic total
occlusions, inability to cross the lesion with a
guidewire was the reason for failure in more than
75% of the unsuccessful attempts [1, 12, 13]. This
remains the cause of failure in more than 50% of
the cases despite improved procedural success [1,
12, 19]. In the present study, 61.4% of total occlu-
sions with a duration of more than 3 months could
not be crossed by a conventional approach. The
majority of these cases were treated by AGA using
£oppy guidewires. The crossing and ¢nal success
rates with this new technique were 65.7% and
56.1%, respectively. These results are encouraging
as published success rates in lesions with similar
characteristics have been shown to be from 39%
to 56% [7^10].

AGA can be used easily at any time during the
procedure and can utilize the relatively non-trau-
matic £oppy guidewires, even in di¤cult chronic
total coronary occlusions. It is a low energy
method and its combination with £oppy guide-
wires theoretically increases its safety as less force
or energy is applied to the vessel. The primary
results of the use of the technique in combination
with a number of di¡erent guidewires showed a
low complication rate [17]. The complication rate
in the present study was 23.3%, which is lower than
that reported in the previous study (27%) [17]

Table 1. Analysis of procedural complications

Activated guidewire
angioplasty
(£oppy wires)
(n573)

Complications (%) 17 (23.3)

Dissections (%) 14 (20.9)
Managed successfully 10
Vessel closure 4
No sequelae 3
MI 1
CABG 0

Wire exits 1
No sequelae 1
Pericardial tamponade 0

Vessel perforation 1
No sequelae 1
Pericardial tamponade 0

Side branch occlusion 1
No sequelae 1
MI 0

MI, myocardial infarction; CABG, coronary artery bypass
grafting operation.

Table 2. Clinical and angiographic factors related to crossing success

Variables Crossing success Crossing failure p value
(n548) (n525)

Age (.55 years) 31 (65%) 17 (68%) NS
Sex (male) 41 (85%) 20 (80%) NS
Lesion location
LAD 18 (38%) 16 (64%)
LCX 7 (15%) 6 (24%) p,0.01
RCA 23 (48%) 3 (12%)

BC 17 (35%) 11 (44%) NS
Calcium 8 (17%) 7 (28%) NS
Duration (.6 months) 37 (77%) 21 (84%) NS
Length (.15 mm) 29 (60%) 21 (84%) p,0.05
Lead 30 (63%) 15 (60%) NS

LAD, left anterior descending artery; LCX, left circum£ex artery; RCA, right coronary artery; BC, bridging collaterals; NS, not sig-
ni¢cant.

}
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possibly because of the exclusive use of the less
traumatic £oppy guidewires. This is in accordance
with our clinical experience, which indicates that
the complication rate of AGA rises when sti¡er
guidewires are used. The present study demon-
strates that recanalization of chronic total occlu-
sions using the activated guidewire technique in
conjunction with £oppy guidewires is both feasible
and safe.

Treatment of chronic total occlusions with inter-
ventional techniques has a relatively high cost and
low primary success rate [2, 6, 7]. It is therefore
important to select cases for coronary angioplasty
which have high possibility of procedural success.
It has been reported [1, 21] that procedural success
could be improved if the length of the nonvisual-
ized segment of coronary artery distal to the point
of the occlusion was less than 15 mm. Although the
estimate of this variable can sometimes be impre-
cise and individual studies have been contradic-
tory, the success rate in general appears to be
higher with shorter lengths of occlusions [6, 14,
19, 20, 22]. The length of the lesion was proven to
be a strong predictor of ¢nal success in our study as
well.

Factors associated with a low success rate in pre-
vious studies were the duration of the occlusion,
the absence of a tapered stump, presence of intra-
coronary bridging collaterals, calci¢cation of the
lesion and the location of the occlusion in the right
and circum£ex coronary arteries [12]. None of the
above mentioned factors was associated with
crossing failure in the present study and only the

duration of the occlusion with ¢nal failure. On
the contrary, the location of the occlusive lesion
in the right coronary artery was associated with a
higher success rate. Possible explanations for these
di¡erences are the postulated mechanism of the
AGA technique [18]. The guidewire moves both
forward and laterally during AGA. The guidewire
breaks through the hard part of the proximal front
of the occlusion with the forward movement [23],
while it searches for the pathway of least resistance
with the lateral movement. This explains why the
factors previously reported to be adversely related
with a successful chronic occlusion angioplasty
result (tapered stump, bridging collaterals and cal-
ci¢cation of the occlusive lesion) are not amongst
the predictors of an unsuccessful result when AGA
is employed. The increased incidence of success in
lesions located in the right coronary artery is in
contrast with previous studies in which other
devices were used [12]. This is possibly because
occlusive lesions located in the left anterior des-
cending artery were treated more successfully by
the conventional approach than occlusions of the
right coronary artery. It is also possible that the
relative lack of tortuosity of the left anterior des-
cending artery favours the use of techniques where
high energies or forces are used. One of the predic-
tors of ¢nal success in the present study is the male
gender of patient. This is in accordance with recent

Table 3. Clinical and angiographic factors related to ¢nal success

Variables Final success Final failure p value
(n541) (n532)

Age (.55 years) 26 (63%) 22 (69%) NS
Sex (male) 37 (90%) 24 (75%) NS
Lesion location
LAD 15 (37%) 19 (60%)
LCX 7 (17%) 6 (19%) NS
RCA 19 (46%) 7 (22%)

BC 15 (37%) 13 (41%) NS
Calcium 7 (17%) 8 (25%) NS
Duration (.6 months) 30 (73%) 28 (88%) NS
Length (.15 mm) 23 (56%) 27 (84%) p,0.01
Lead 26 (63%) 19 (59%) NS

LAD, left anterior descending artery; LCX, left circum£ex artery; RCA, right coronary artery; BC, bridging collaterals; NS, not sig-
ni¢cant.

Table 4. Multiple logistic regression model for cross-
ing success (¢nal model)

Variables Coe¤cient SE p value

Location RCA 2.05 0.73 0.005

Location, location of the occlusion; RCA, right coronary
artery; SE, standard error.

Table 5. Multiple logistic regression model for ¢nal
success (¢nal model)

Variables Coe¤cient SE p value

Duration ^0.03 0.01 0.05
Length ^0.04 0.02 0.01
Sex (male) 1.88 0.85 0.03
Location RCA 1.66 0.69 0.02

Duration, duration of the occlusion; length, length of the occlu-
sion; location, location of the occlusion; RCA, right coronary
artery; SE, standard error.

}
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literature indicating that revascularization proce-
dures have lower success rates in females [24].

Further studies are needed, in which follow-up
of the treated patients will be included, in order
to clarify whether an initially successful angio-
plasty result in di¤cult chronic occlusive lesions
is sustained.

The demonstration that this technique is of
value in chronic total coronary occlusions may
point to the technique being useful in other occlu-
sive vascular conditions, particularly peripheral
angioplasty below the knee [25].
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