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Introduction

Despite the widespread application of
angioplasty and coronary artery bypass graft
techniques, many patients continue to have
diffuse coronary disease for which conven-
tional revascularization techniques are not
suitable.

Percutaneous direct myocardial revas-
cularization (DMR) is a new technique that
has contributed to the widening of the hori-
zons of interventional cardiology and is ex-
pected to have an impact on the strategy
employed in dealing with patients with re-
fractory ischemic symptoms1-3. The effica-

cy of this method has been supported by
studies comparing DMR performed with
the Holmium:yttrium-garnet (Ho:YAG) laser
system (by surgical approach) to treatment
with maximal medical therapy in patients
with angina and DMR as an adjunct to by-
pass surgery4-6.

Actually, due to technological advances
in the Holmium medium, percutaneous
DMR can be performed using catheter-based
systems7. Therefore, using percutaneous
DMR treatment, it is possible to create chan-
nels from the endocardial surface into the
myocardial tissue. Access is via the femoral
artery, thus avoiding surgical thoracotomy
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Background. Percutaneous transluminal myocardial revascularization (PTMR) is a new procedure
to improve perfusion of the ventricular wall for patients with intractable angina and untreatable by
surgery or conventional catheter-based intervention. Actually PTMR requires femoral approach to uti-
lize 8F-9F system device. We now report the feasibility study of PTMR using a laser delivered through
a novel Eclipse system and new 6F and 7F guiding catheters that allow to perform PTMR even in pa-
tients with peripheral vascular disease and particularly suitable for alternative small vascular access.

Methods. Percutaneous vascular access for PTMR treatment was obtained via the femoral or ra-
dial artery. A 6F or 7F mono-directional catheter carrying flexible fiber optics was used with a Holmi-
um laser (Eclipse system) and was placed across the aortic valve into the left ventricular cavity to cre-
ate channels of 5 mm in depth from the endocardial surface into the myocardial tissue. From June 1999
to September 2000, 39 patients (28 males, 11 females, mean age 72 ± 8 years, range 58-86 years) un-
derwent PTMR with the Eclipse system. Preoperative mean Canadian Cardiovascular Society (CCS)
angina class was 3.5 ± 0.5 and previous myocardial procedures had been performed in 39 patients (18
coronary artery bypass graft and 31 coronary angioplasty).

Results. The procedure was well tolerated and a procedural success was obtained in all patients
(100%). We performed a mean of 19 ± 7 channels in a mean fluoroscopy time of 21 ± 9 min. We re-
port only one procedural complication: one embolic stroke (2.4%). No hospital major adverse cardiac
events were observed. The average length of hospital stay was 3.1 days. The mean CCS angina class
at entry was 3.5 and it declined from 3.5 ± 0.5 to 1.25 ± 0.8 at discharge. At the follow-up of 8.2 ± 3.9
months the mean CCS was 1.5 ± 0.7.

Conclusions. This experience confirmed the safety and technical feasibility of PTMR with this mini-
invasive approach with a reduction in operative and fluoroscopy time. The PTMR with the 6F or 7F
guiding catheter is feasible in high risk patients even when the femoral approach is contraindicated. Im-
mediate and short-term results confirm that a clinical improvement is obtained in most patients. 
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mm). A smooth stainless �cup� at the tip of the catheter
has been assembled to improve the safety of the device
by avoiding the possibility that the laser fiber advances
for more than 3 mm out of the device. This modifica-
tion reduces trauma by the distal tip and the chances of
mechanical perforation of the left ventricle. The catheter
tip was also designed to be used as a marker for catheter
positioning in the ventricular chamber (Fig. 1). We have
also developed several curves each of which with a
geometry specifically designed for the segment to be
treated. The curves have been elaborated and tested
with a computerized graphic system. 

Another step of our project concerned the handle. We
modified the original Eclipse handle by making it leak-
age-proof. Thus, monitoring of the endocavitary pres-
sure and injection of contrast medium during the pro-
cedure are possible (Fig. 2).

Tests have been performed on experimental models
before in vivo utilization of this device in order to ver-
ify the dimensions and characteristics of the laser chan-
nels. The latter were similar to those obtained with the
traditional Eclipse system. 

To avoid the possibility of custom defects, all devices
were single tested in vitro in a �white chamber� before
utilization. The devices were then sterilized in confor-
mity with standard procedures for endovascular equip-
ment. This project and its development were entirely per-
formed in agreement with Eclipse.
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and general anesthesia. This technique can be performed
using the standard percutaneous interventional tech-
niques but actually requires a large sheath to utilize the
8F-9F guiding catheters.

In the currently undergoing investigative clinical tri-
als with the Eclipse system (one of the three commer-
cially available catheter-based systems), phases I and
II, the efficacy of this technique has been demonstrat-
ed. However, some technical problems related to the
suboptimal characteristics of the percutaneous device
have been highlighted. Moreover these problems were
related to the difficult manipulation of the guiding
catheter which limited the procedure in patients with fa-
vorable groin access and without large akinetic-dys-
kinetic segments8.

To improve the efficacy and safety of percutaneous
DMR with the Eclipse system we designed and devel-
oped new mono-directional 6F and 7F guiding catheters
to perform this technique even in patients with procedural
contraindications to percutaneous DMR using the stan-
dard device, particularly in patients with severe left ven-
tricular dysfunction or with poor groin access. 

Methods 

The Eclipse system (Eclipse Surgical Technologies,
Sunnyvale, CA, USA) uses a pulsed Ho:YAG laser with
a Slim Flex laser fiber (36 flexible fiberoptic) delivery
system located in an 8.3F, 5-7 cm maneuverable tip,
deflectable DMR catheter with manual advancement of
the fiber into the myocardium. The energy delivered is
0.7 J and produces an output wavelength of 2.1 µm per
pulse. The energy is delivered by the fiberoptic and pro-
duces intramyocardial channels 1 mm in diameter and
1-2 mm deep per pulse for three pulses. This system re-
quires fluoroscopic imaging guidance for left ventricu-
lar orientation. 

After a period of experience (described in the pilot
study) with the use of this device in patients with re-
fractory class 3-4 angina, we have developed a new de-
vice with the aim of simplifying and making the DMR
procedure easier and safer. In vitro observations have been
performed in order to determine whether it was possible
to reduce the guiding catheter diameter whilst at the
same time maintaining the fiberoptic laser wire dimen-
sions presently employed in the Eclipse system. Tests
have been performed in a custom-made model to check
the performance of the fiber inside a series of different
catheters (i.e. material-inner diameter). At the end of the
tests, it was decided that the polyurethane sheathed
catheters (nylon-pebax) were the best for DMR via the
percutaneous approach. With the characteristics of this
material, it has been possible to obtain a mono-directional
catheter with a high directional control and with inner lu-
men diameters of 0.68 and 0.74 inches for the 6F and 7F
catheters respectively. This is compatible with the di-
mensions of the traditional Eclipse laser fiberoptic (1

Figure 1. Detail of the 6F guiding catheter curve and tip.

Figure 2. Image of the handle prototype.
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Technique of percutaneous direct myocardial revas-
cularization. A 6F or 7F, 23 cm long introducer (Ar-
row Corp., Reading, PA, USA) was used for the vas-
cular access (femoral or radial artery) using the standard
technique. Heparin (70 IU/kg) was administered intra-
venously. A pigtail catheter was then advanced into
the left ventricle and ventriculograms in the 30° right
anterior and 45° left anterior oblique projections were
performed. The pigtail catheter was then substituted by
the mono-directional 6F-7F catheter over a 0.035-J ex-
change guidewire (Fig. 3). The radio-opaque tip of the
catheter was then positioned in the target region and
placed against the endocardium. The guidewire was re-
moved and, using the radio-opaque marker as reference,
the fiberoptic was advanced into the catheter until it
reached the tip. During laser energy delivery the fiberop-
tic was advanced for a maximum distance of 3 mm us-
ing the one-hand operated control. Thus, a channel 1 mm
in diameter and with a maximum depth of 5 mm was
created within the myocardium (Fig. 4). By applying a

torque to the catheter whilst advancing the tip, the
physician was able to treat the target region of the en-
docardium. The total number of channels was limited
by the 1-cm spacing requirement with a mean of 20
channels for each myocardial segment. 

Results 

Between June 1999 and September 2000, 39 con-
secutive patients with refractory ischemic symptoms
were enrolled into the study. Percutaneous DMR was per-
formed using the prototype 6F-7F catheters. The patients
were enrolled after being informed on the techniques and
the goals of the study. Thirty-one out of the 39 patients
were in Canadian Cardiovascular Society (CCS) class
III angina and 8 in class IV angina despite maximal med-
ical therapy. The location and extent of the ischemic re-
gions were determined by thallium-201 scintigraphy
during exercise or pharmacologically induced stress
test. In patients with clinical instability, the ischemic re-
gions were localized by estimating the coronary anato-
my and the electrocardiographic modifications during
anginal crises. Demographic and clinical data are shown
in table I. Some of the patients had been previously
excluded from percutaneous DMR treatment using the
current (Eclipse) catheter because they did not meet
the criteria of the original protocol (ejection fraction 
< 30%, wall thickness < 9 mm, femoral access not pos-
sible). A total of 46 segments were treated (1.3 ± 05 seg-
ments per patient) with an average of 19 ± 7 channels
created by the laser.

Procedural data are summarized in table II. There
were no major intra or postoperative adverse clinical
events (deaths, myocardial infarction, myocardial per-
foration). The average length of hospital stay was 3.1 ±
1.3 days. The mean CCS functional class at entry was
3.5 ± 0.5 and it declined to 1.25 ± 0.8 at discharge. At
the follow-up of 8.2 ± 3.9 months (range 3 to 18 months)
the mean anginal class was 1.5 ± 0.7. One patient died
of non-cardiac causes; 3 patients (7.5%) were re-hos-
pitalized at 3, 5 and 8 months postoperatively due to
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Figure 3. Advancement of the 6F guiding catheter through the subclavian
artery and the aorta into the left ventricle over a 0.035 J wire.

Figure 4. Thirty degree right anterior oblique angiogram. The fiberop-
tic is advanced inside the catheter during energy delivery.

Age (years) 72 ± 8 (58-86)
Male 28
Diabetes mellitus 28
Hypertension 30
Previous MI 29
Previous CABG 18
Previous PTCA 31
Multivessel disease 31
Angina CCS (mean) 3.5 ± 0.5
LVEF 39 ± 8 (25-60)

Table I. Demographic characteristics (39 patients).

CABG = coronary artery bypass graft; CCS = Canadian Cardio-
vascular Society; LVEF = left ventricular ejection fraction; MI =
myocardial infarction; PTCA = coronary angioplasty.
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The mechanisms leading to relief of angina follow-
ing such �endomyocardial treatment� are the same as
those which are activated following laser DMR at open-
heart surgery: stimulation of angiogenesis and/or en-
hanced collateral vessel formation by laser-induced my-
ocardial injury and an anesthetic effect resulting from
damage to myocardial nerve fibers. The patent channel
hypothesis of blood flow to ischemic areas through
continued myocardial perfusion has been refused like in
surgical DMR by recent animal studies.

Current clinical studies are primarily evaluating the
feasibility and safety of the percutaneous DMR proce-
dure with three laser systems (Biosense, Johnson &
Johnson, NJ, USA; Cardiogenesis, Sunnyvale, CA,
USA; Eclipse, Sunnyvale, CA, USA) that apply the
same type of energy (Ho:YAG laser energy) but with sig-
nificantly different catheters and delivery systems in
terms of characteristics and size (traditionally 8F-9F de-
vices)9-11. As confirmed by experimental observations
in vitro and by animal studies, in all systems the pre-
dominant effects of these lasers on the target tissue are
photothermal and photoacoustic. 

The results reported in our preliminary experience
with a 9F guiding catheter confirmed the feasibility
and safety of percutaneous DMR. The operative success
was high (93%) and the complication rate low (6%). Our
immediate and mid-term clinical results were very
promising and comparable with those observed in per-
cutaneous DMR prospective or randomized trials in
which the Eclipse system was employed12-16. More-
over, during the procedure with the 9F Eclipse device
we noted some technical problems that should be solved,
particularly those related to catheter manipulation and
stiffness. In fact, the non-optimal maneuverability has
sometimes made treatment of the same myocardial re-
gions such as the inferior or postero-lateral areas diffi-
cult. Moreover, operative complications (i.e. perforation)
are probably due to the stiffness of the tip of the 9F guid-
ing catheter. In fact, with the 9F guiding catheter we re-
ported one myocardial perforation attributable to diffi-
culties we encountered because of catheter stiffness
and problematic manipulation. This complication was
treated conventionally without clinical sequele.

In order to improve the safety and efficacy of this pro-
cedure we designed a minimally invasive guiding
catheter. Our attention was focused on the guiding
catheter and we reduced its dimensions so as to make
it compatible with tools normally used for coronary
procedures (6F and 7F introducers, 0.035 J guidewires).
We started from the consideration that significant
changes in the tissue response to laser can be obtained
only by varying the laser parameters including the num-
ber of pulses, energy per pulse and laser fiber configu-
ration. In fact, experimental observations had confirmed
that the created channels differ according to the di-
mensions of the fiberoptic and laser parameters utilized
and vary from 300 to 1000 µ in diameter and 4 to 5 mm
in depth.
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CCS Baseline Discharge Follow-up

0 0 8 6
I 0 17 14
II 0 10 12
III 30 4 5
IV 9 0 1
≤ II 0 356 30
III-IV 39 4 7
Mean CCS 3.5 ± 0.5 1.25 ± 0.8 1.5 ± 0.7

Table III. Canadian Cardiovascular Society (CCS) angina class
at entry, discharge and follow-up.

worsening of angina symptoms. Two patients were dis-
charged after modification of medical therapy (persistent
ischemia was confirmed at scintigraphy in the regions
treated with percutaneous DMR); 1 patient underwent
coronary angioplasty of the left main coronary artery.
Four patients (10%) did not improve whereas in 1 patient
(2.5%) symptoms deteriorated from class II to IV and he
was treated with neurospinal stimulation. Finally, 77.5%
of patients had improvement in angina (a reduction in two
or more CCS classes). Table III shows the changes in the
functional class after treatment.

Treated regions 46
Treated regions/patients 1.3

Anterior 18
Antero-lateral 12
Lateral 10
Inferior 6

PTMR channels 19 ± 7
Fluoroscopy time 21 ± 9
Total procedural time 35 ± 17
Procedural complications

Embolic stroke 1 (2.4%)
In hospital outcome

MACE 0

Table II. Procedural characteristics and results.

MACE = major adverse cardiac events (death, myocardial in-
farction, left ventricular dysfunction or perforation); PTMR = per-
cutaneous transmyocardial revascularization.

Discussion

The development of DMR was driven by the belief
that, via an endoventricular approach, Ho:YAG laser
energy could be used to ablate myocardial tissue and thus
to create endocardial channels. The recent opportunity
to perform DMR using percutaneous transcatheter op-
erative techniques has made the procedure easier. These
techniques permit treatment of high risk patients and ob-
viate the need of thoracotomy and of open-heart surgery.
During percutaneous DMR, channels are created from
inside the ventricle and extend from the endocardium to-
wards the epicardium. This is in contrast with the epi-
cardial approach employed during open-heart surgery.



Ital Heart J Vol 2 April 2001

We hypothesized that the possibility of creating in-
tramyocardial channels is not related to the character-
istics of the guiding catheter but only to the type and
amount of energy delivered by the fiberoptic laser. It was
on the basis of this hypothesis that we developed our de-
vice. The feasibility of performing percutaneous DMR
using a minimally invasive catheter was confirmed by
�in vitro observations� which demonstrated that the
characteristics of the channel obtained with the traditional
Eclipse device were similar to those of the channel cre-
ated with the minimally invasive catheter. 

The performance tests of the new catheter on an ex-
perimental model confirmed the facility of tracing and
of safely manipulating this device. This was due to the
atraumatic tip. Moreover, the computerized design of the
catheter curves and tip allowed precise and stable con-
tact with the myocardial tissue. The results of our clin-
ical feasibility study confirmed the efficacy of these
technical modifications. The mono-directional catheter
(6F or 7F) with a soft atraumatic tip allows perfor-
mance of percutaneous DMR in patients with severe left
ventricular dysfunction and smooth myocardial seg-
ments17.

This catheter technology and design permit treatment
of myocardial areas adjacent to the akinetic segments
thus reducing the chances of mechanical perforation. The
clinical results of our �minimally invasive� approach for
percutaneous DMR are similar to those of other pub-
lished clinical studies but with evident reduction of
procedure complexity (fluoroscopy time, procedural
time). Our experience shows that, using a miniaturized
catheter, percutaneous DMR can be performed suc-
cessfully even in high risk patients, in case of poor
groin access or when the femoral approach is con-
traindicated. This new device may be useful when per-
cutaneous DMR must be performed via small vessels
such as the radial artery. 

In conclusion, this study describes the hypothesis and
development of a minimally invasive approach for per-
cutaneous transmyocardial revascularization. The re-
sults of our procedure confirm the technical feasibility
of percutaneous DMR using this approach. The safety
of the method is confirmed by the absence of operative
complications even in patients with severe left ventric-
ular dysfunction and poor groin access for whom the
transcutaneous procedure would not have been suit-
able. These data suggest that percutaneous DMR is an
alternative therapeutic option for patients with intractable
angina symptoms. The results using this technique are
definitely encouraging. Ongoing developments in this
field may render this procedure a potent tool for the mit-
igation of the ravishing effects of coronary artery dis-
ease.
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