






Conditionsfor effective Nd-YAG laser angioplasty
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Fig. 3 Angiograms of(a) an obstructed popliteal artery in afreshly amputated limb; (b) recanalisation ofpopliteal and tibial arteries
after laser treatment; note retrograde opacification ofa previous obstructed bypass (arrow); (c) repermeation ofdistal vessels in the same
limb.

at the entry of the plaque, thus preventing the beam
from penetrating into the atheroma. With diluted
blood, the absorption of the laser beam was sufficient
to allow perforation to occur and the plaque to be
entirely penetrated, since more residual energy was
available.
The rate of perfusion also played a role in the

efficacy of vaporising the atheroma, since a high rate
of perfusion prevented thermal injury. By contrast, a
low rate of perfusion permitted blood to absorb the
laser radiation to too great an extent. Consequently,
insufficient laser energy was available and thermal
injury to the plaque did not occur.
An adequate rate of perfusion was required to pre-

vent the arterial wall from being injured by the laser
beam since the circulating fluid acts by cooling the
artery. The arterial wall was protected by the coaxial
position of the tip of the optic fibre in the centre of the
arterial lumen since the inflated balloon kept the fibre
tip at a distance from the arterial wall.

Laser treatment was effective only with continuous
emission when the duration was long enough to create
thermal injury to the obstruction. By contrast, when
bursts were used cooling occurred during the emis-
sion intervals leading to a ineffective response.

The safety of the procedure was shown by the fact
that no debris was retained on the micropore filters;
thus no distal embolisation is likely to occur. This
agrees with the findings of Choy et al who observed
total vaporisation without debris then thrombi were
subjected to laser emission.3

Finally, since the optic fibre that was used in our
experiments was very thin and flexible it could be
inserted into all available balloon catheters including
those commonly used for peripheral artery angi-
oplasty and specifically those used for coronary angi-
oplasty. The feasibility of guiding these devices in
man was evident both in the femoral and iliac arteries
as well as in the coronary arteries.

CLINICAL STUDY
Since these experimental studies consistently showed
effective recanalisation of totally occluded arteries
without perforation of the arterial wall the method
was recently applied in three patients. The protocol
was approved by the human research committee of
this hospital and informed consent was obtained from
all patients. The first patient had a totally occluded
femoral artery, the second a totally occluded popliteal
artery, and the third a femoral artery stenosis 5 mm
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Fig. 5 Angiograms offemoral artery stenosis in man (a) before
and (b) after enlargement of the stenosis by the laser.

£
Fig. 4 Histological specimens showting the effects of laser treatment. (a) In an atheromatous vascular wall treated using a
saline perfusate the atherosclerotic plaque (AP) is lightly penetrated. Note the thermal injury (arrow). Masson's trichrome
stain x32. (b) Treatment with the 15 g/100 ml haemoglobin perfusate produced thermal necrotic debris in-the adventitia
(arrow). Matnly necrotic intimal and medial cells can be seen. Masson's trichrome stain x32. (c) Treatment with 3 gl100 ml
haemoglobin perfusate produced efficient recanalisation of the occluded arterial lumen without major injury to the wall.
Masson's trichrome stain x32.
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Conditions for effective Nd-YAG laser angioplasty

long and 1 mm in diameter. The balloon catheter and
the optical fibre were inserted percutaneously into the
femoral artery. Three firings of 600 J each were neces-
sary to recanalise the occluded femoral and popliteal
arteries. Three firings of 360 J each were required to
enlarge the femoral artery stenosis from 1 to 4 mm
(Fig. 5). No perforation of the arterial wall occurred.
The only side effect was a burning sensation in the
limb during laser emission.
These clinical trials of laser recanalisation in ob-

structed peripheral arteries are to our knowledge the
first in Europe to be carried out in man. To date, the
method appears to be limited as the stenosis was not
entirely relieved; only a narrow tunnel could be
obtained in the totally occluded arteries and follow up
was not possible. Although further studies are
required to improve penetration of the obstruction
and increase the diameter of the tunnels, these cases
show that percutaneous transluminal laser angioplasty
is feasible, effective, and harmless in man.
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