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Laser Angioplasty with a Metal Laser Probe ('hot tip'): 
Probe Temperature in Blood 
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Abstract .  In vitro experiments to determine the physical characteristics of a metal laser probe for 
laser angioplasty are described. The probe was filmed in stationary saline and plasma. The tempera- 
ture of the probe was measured with thermocouples in air, stationary saline, whole blood, diluted 
packed cells (40%) and plasma. In the latter three media an envelope of denatured blood elements was 
found on the probe. This envelope entrapped a vapour layer which acts as an effective insulator, 
allowing the probe temperature to reach 600 ~ within 3 s of application of 10 W from an neodymium- 
YAG laser. Our observations suggest that  the transfer of heat from the metal to the tissue will depend 
both on the formation and destruction of this thermally insulating envelope, which may well protect 
the arterial wall from heat injury during laser angioplasty. 

INTRODUCTION 

Laser angioplasty is at tracting considerable in- 
terest as a new method for recanalizing ob- 
structed atheromatous blood vessels. Initial re- 
search at the beginning of the decade concerned 
bare-fibre delivery of laser energy to diseased 
vessels, but  this approach has been shown in 
both in vitro and animal experiments to be un- 
successful (1) because of the high incidence of 
perforation. More recent research has therefore 
concerned the use of various modifications to 
the fibre tip, which allow more controllable 
energy delivery; one of these is the metal laser 
probe (Fig. 1) introduced by Trimedyne in 1982 
(see 2). A metal sphere is fixed on to the end of 
an optical fibre, where it absorbs the laser light, 
converting it into heat. The device is often de- 
scribed in published work as the 'hot tip'. 

In comparison with bare-fibre delivery, the 
metal laser probe has several features that  im- 
prove its performance during laser angioplasty: 

(a) the rounded shape of the tip reduces arterial  
t rauma and therefore the risk of mechanical 
perforation; (b) contact with the diseased tissue 
gives a degree of tactile feedback during an 
angioplasty procedure; (c) the tip is radio- 
opaque and easily visualized during x-ray 
screening; and (d) energy distribution is con- 
fined to the immediate vicinity of the tip. 

Fig. 1. Diagram of metal laser probe. A bare fibre (300 #m 
diameter) ends in a drill hole in a metal stainless steel sphere 
which is clamped with a small cylinder on the support of the 
fibre. There is a vent channel to the interface between fibre 
and metal, which allows the gases in the interface to expand 
when the tip is heated. The metal sphere is the heat- 
generating element. 
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Metal probes come in different configura- 
tions, depending on the intended application; 
for laser angioplasty a spherical or football 
shape is used. Most of the probes incorporate 
one or two 0.3mm-diameter channels; one of 
these is used to guide the tip along a previously 
placed guide wire, and the other can be used for 
the at tachment of a small safety wire which 
prevents intravascular loss of the tip should it 
become detached from the fibre. In clinical use a 
2.0 mm probe without a guide wire is used in the 
peripheral circulation (3) and a 1.7 mm probe is 
used with a guide in the coronary arteries (4-6). 
Little is known about the mechanism of action 
of this probe during angioplasty (3). The laser-  
tissue interaction may involve melting, tissue 
water vaporization, carbonization and, finally, 
tissue vaporization. All these effects are 
temperature-dependent. The actual tempera- 
ture that  the probe attains in a blood environ- 
ment is unknown, but it was previously thought 
to be about 400 ~ (2, 3). The aim of this study 
was to measure the tip temperatures during 
immersion in various media, in order to under- 
stand its mode of action. 

METHODS 

type K (chromel/alumel) thermocouple with a 
response time of 10 ms. The thermocouple was 
firmly lodged into the conical guide wire chan- 
nel of the probe, near the surface of the tip, 
ensuring good thermal contact (Fig. 1). A cold 
junction in melting ice served as a calibration 
reference. During the experiment the thermo- 
couple output was recorded on a Servogor pen 
recorder and the probe was filmed through an 
operating microscope with a video camera dur- 
ing immersion in t ransparent  media. The 
temperature of the probe during the application 
of 10 W power was measured in air, and in sta- 
t ionary saline, plasma, diluted packed cells 
(40%) and whole blood. Because the distal tip of 
the fibre is completely covered in metal (Fig. [) 
it is not possible to measure the power output at 
the fibre tip. The output of an identical fibre 
without a metal tip was used as a reference. We 
have assumed that  all the laser light is con- 
verted into heat at the fibre tip. 

An additional experiment was carried out 
with the probe immersed in flowing whole 
blood, maintained coaxially within a tube of 
diameter 10mm. Flow was varied between 0 
and 13ml.mm-'~.min -1 (or 1020ml/min for 
this tube diameter). 

The temperature behaviour of a 2ram metal 
laser probe (Trimedyne, model PLR), connected 
to a continuous-wave neodymium yt t r ium alu- 
minium garnet (Nd-YAG) laser (Medilas 2, 
MBB) was measured with a 0.3 mm diameter 
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RESULTS 

Temperature 

The temperature rise of the probe during 3-5  s 
at 10 W is shown in Fig. 2 (left panel). The laser 
was switched off as soon as the probe tempera- 
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Fig. 2. Left: Temperature of metal laser probe in five different stationary media: air, whole blood, diluted suspension of 
erythrocytes ERY' (40%), plasma, and saline at room temperature. The Nd-YAG laser (lOW) was switched off when the 
temperature exceeded 650 ~ Note the different temperature attained by the probe in proteinaceous solutions as compared with 
saline. 
Right: Same data replotted during cooling of the probe. 
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ture reached about 650 ~ in order to avoid ther- 
mal damage to the tip. In saline, the probe never 
exceeded a temperature of 100 ~ the tempera- 
ture rise was fastest in air. In all environments 
other than saline the probe temperature 
reached 450-600~ within 3s. The rise-time 
seen in blood and plasma was almost as short as 
that  seen in air. 

The rate of cooling of the probe after the pow- 
er was switched off is shown in Fig. 2 (right 
panel). This probably reflects the degree of in- 
sulation around the tip. 

Video film 

Fig. 3 is a composite picture taken from several 
frames of the video made during power applica- 
tion under plasma. The probe was clean to start  
with (Fig. 3a); after 0.3s at 10W a layer of 
denatured protein began to form at the front 
end of the probe (3b). The layer slowly spread 
towards the rear end of the probe (3c, d, e). This 
layer prevented the escape of vapour formed at 
the probe surface, which formed a bubble be- 
tween the probe and the layer. As soon as the 
probe was completely surrounded by vapour it 
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began to glow red-hot (3e, f), indicating a 
temperature in excess of 700 ~ Emitted light 
was scattered at the vapour/plasma boundary, 
showing the thickness of both these layers (3f). 
The view of the probe was optically distorted by 
the presence of the lens-shaped vapour bubble. 
As soon as vapour escaped, the bubble collapsed 
and more vapour formed from the fresh liquid 
now touching the probe (3g). As soon as the 
laser was switched off the vapour layer col- 
lapsed (3h, i); on cooling, the layer of denatured 
plasma proteins was deposited on the surface of 
the probe. This layer became dark in colour (3j~, 
which suggested that  some carbonization had 
taken place. A similar process probably occurs 
with the probe in blood; this could not be re- 
corded on video. 

Coat 

The appearance of the tip following exposure in 
blood and subsequent rinsing in saline is shown 
in Fig. 4 (left). The deposited coat was not stuck 
firmly to the surface; it could be removed easily 
by rubbing with a piece of gauze. The solid 
material  formed a kind of cocoon (Fig. 4 middle/, 

Fig. 3. Frames from a video film of the metal laser probe during application of 10 W power for 10 s under plasma. Points of time 
from start of exposure: a, 0.0 s; b, 0.3 s; c, 1.1 s; d, 1.8 s; e, 4.3 s; f, 8.2 s; g, 9.2 s. Time after laser switched off: h, 4.0 s; i, 5.0 s; j, 
7.0s. 
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Fig. 4. Left: Appearance of metal laser probe after laser heating in stationary blood. Middle: Coat removed from probe. Right: 
Microscopm section of coat (haematoxyiin and eosin staining) with mm scale. 

which possessed elastic properties. Histological 
sectioning and staining revealed a layer of 
carbonized and denatured plasma protein and 
cellular debris (Fig. 4 right). The carbonized 
inner rim is very thin in comparison to the 
thickness of the entire coat. In the outer half  of 
the coat, erythrocytes and leucocytes are pre- 
sent. 

Influence of flowing blood 

The result of this experiment is shown in Fig. 5. 
At the highest flow rate (13 ml .mm-2.min  -1) 
the tip temperature rose rapidly to 100 ~ but 
then remained at tha t  level for 7 s before rising 
further. 

DISCUSSION 

The main finding of interest in this study was 
the formation in stationary blood and plasma of 
a vapour zone around the probe, entrapped by a 
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thin layer of denatured plasma proteins and 
cellular debris. This insulat ing envelope allows 
the probe temperature to rise, during immer- 
sion, almost as fast and as far as it does in air. In 
stationary blood, the probe temperature ex- 
ceeded 600 ~ within 3 s. 

In one previous report on these probes (2), 
temperatures were measured with the probe in 
air, saline and meat. Hussein described temper- 
atures approaching 400 ~ during the perfora- 
tion of meat, and in saline the temperature was 
100~ The probes are, however, destined for 
use in a blood environmnent (3-61); in an 
occluded artery the blood is likely to be s tagnant  
at the point of application of energy. Conse- 
quently, our data presented above are of con- 
siderable relevance to the in vivo recanalization 
of occluded arteries. 

Coat formation and temperature profiles 

In saline there is efficient heat  transfer to the 
liquid by means of conduction and convection; 
much heat is carried away by the vapour bub- 
bles rising unimpeded to the surface. The probe 
remains largely in contact with the liquid, and 
the temperature does not exceed 100 ~ 

An explanation for the temperature profiles 
seen with the probe immersed in blood or plas- 
ma (Fig. 2) can be provided by the video scenes 
shown in Fig. 3. The actual probe shown here 
was a 2 • 4 mm probe of our own design rather 
than one supplied by Trimedyne; differences in 

Fig. 5. Temperature of metal laser probe in flowing blood. 
The probe was positioned axially in a tube of 10 mm inner 
diameter. 
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shape may lead to a larger temperature gra- 
dient between the front and the rear. We 
assume that much the same process occurs 
under blood as under plasma because of the 
similar temperature profiles (Fig. 2 top)--a  
layer was formed within the first second of expo- 
sure. The temperature of the probe initially sta- 
bilizes at 100 ~ but, as soon as the vapour layer 
completely surrounds it, the temperature rises 
quickly because of the insulating properties of 
the vapour. The thickness of the vapour layer 
varies between 0 and 1 mm (measured from the 
video) and the layer of denatured blood does not 
exceed 0.2 mm thickness (Fig. 3f). The carbo- 
nized rim seen in Fig. 4 (right) does not form 
until the laser is switched off and the vapour 
bubble collapses, leading to the coating coming 
into contact with the hot probe. This process is 
shown in Figs 3h-j.  Fig. 5 shows that the forma- 
tion of the insulating envelope is delayed in the 
presence of flowing blood, in proportion to the 
flow rate. As soon as the envelope does form, the 
probe temperature rises. 

The recanalization mechanism 

The existence of an insulating envelope could 
explain the recanalization mechanism and the 
success of the majority of reported clinical pro- 
cedures (3-6). The layer might shield the vessel 
wall from the high temperatures  reached by the 
probe, and this would prevent direct wall dam- 
age. Preliminary measurements  of the temper- 
ature in the vicinity of the probe support this 
hypothesis because no temperature increase 
was found outside the envelope (unpublished 
observation: L.H.M.A. Boulanger, C. Borst, 
R.M. Verdaasdonk). As soon as the probe is 
forced against an obstruction the coat is dis- 
rupted, and the hot probe touches diseased tis- 
sue, thus vaporizing it. As long as the treated 
vessel is relatively straight it seems likely that  
the exposed tip will encounter diseased areas 
head-on, rather  than normal vessel wall which 
will be protected laterally by the coat. Exposure 
of the hot probe improves thermal conduction 
between it and the tissue. 

Embolization 

The formation of a removable solid coat around 
the probe gives rise to concern about the possi- 
ble embolization of large, particulate material, 
which could lead to the blocking of quite large 
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vessels distal to the point of treatment.  This 
does not seem to be a problem in the peripheral 
vessels (3), but  embolization may explain the 
three myocardial infarctions (5, 7) observed in 
the 12 coronary patients treated with the metal 
laser probe (5-7). The myocardial infarctions 
could also have been due to spasm (5). 

Finally, if the vent channel in the probe (Fig. 
1) becomes blocked, the accumulation of ex- 
panding gases could force the probe off its 
optical fibre; one clinical case of probe emboliza- 
tion has been reported (3) and the provision of a 
safety wire is intended to prevent this from hap- 
pening. 

CONCLUSIONS 

The thermal behaviour of the metal laser probe 
in blood and plasma can be explained by the 
rapid formation of an insulating envelope of 
denatured blood elements entrapping a vapour 
layer around the hot probe. The transfer of heat  
to tissue in vivo may depend on the disruption of 
this envelope at the point of contact, with subse- 
quent  increased thermal transfer and vaporiza- 
tion of tissue. An intact envelope is expected to 
protect the vessel wall at points where there is 
no contact with the probe. Embolization of this 
solid material  is a theoretical problem, but  it 
should be borne in mind that the production of 
this insulating coat has not been demonstrated 
clinically. 

ACKNOWLEDGEMENTS 

The laser research at  our inst i tute  and R.M. Verdaasdonk 
were supported by a grant  from the Dutch Hear t  Founda- 
tion {No. 34.001). We gratefully acknowledge the technical 
assistance of F.H.M. Wittkampf, J.R. Tuntelder  and J.W. 
Verkerk.  We thank  Dr F.W. Cross for extensive help in 
preparing the manuscript  and A.I. Diepeveen for typing the 
manuscript.  

REFERENCES 

1 Isner  JM, Clarke RH. Laser angioplasty: unravel ing the 
Gordian knot. J Am Coll Cardiol 1986, 7:705-8 

2 Hussein H. A novel fiberoptic laserprobe for t r ea tmen t  of 
occlusive vessel disease. SPIE 1986, 605 (Optical and 
Laser Technology in Medicine):59-66 

3 Cumberland DC, Sanborn TA, Taylor D I e t  al. Percu- 
taneous laser thermal  angioplasty: initial clinical results 
with  a laser probe in total peripheral artery occlusions. 
Lancet 1986, i :1457-9 

4 Crea F, Davies G, McKenna W e t  al. Percutaneous laser 
recanalisat ion of coronary arteries I letter). Lancet 1986, 
i i :214-5 

Lasers in Medical Science 1987@ Bailliere Tindafl 



! 58 R.M. Verdaasdonk, C. Borst, L.H.M.A. Boulanger,  M.J.C. van Gemert 

5 Cumberland DC, Starkey IR, Oakley GDG et al. Percu- 
taneous laser-assisted coronary angiop[asLy {letter). Lan- 
cet 1986, ii:214 

6 Sanborn TA, Faxon DP, Kellett MA, Ryan TJ. Percu- 
taneous coronary laser thermal angioplasty. J Am Colt 
Cardiol 1986, 8:1437-40 

7 Cumberland DC. Moore DJ, Tayler DI, Oakley GDG, 
Starkey IR. Percutaneous laser-assisted angioplasty 
with the laser probe--clinical experience (abstr). La.~'ers 
Med Sci 1986, 1:313 

Key words: Laser angioplasty; Metal laser probe; Hot tip 

Lasers ~n Medical Science 1987 ~ Bailhere Tindall 


