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Argon laser photocoagulation in the
dog stomach
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SUMMARY Laser photocoagulation is one of a number of methods currently under investigation for
the endoscopic treatment of gastrointestinal haemorrhage. The Argon ion and Neodymium Yttrium
Aluminium Garnet (Nd YAG) lasers are theoretically suitable as the beam from each may be
transmitted via a flexible fibre. Argon laser photocoagulation has been shown to be effective and
we have elucidated which factors determine its safety and efficacy. Studies on normal canine gastric
mucosa showed that the depth of tissue damage depended chiefly on the total incident laser energy
on any one spot, and that below 50 J the risk of perforation was extremely low. The energy density
was much less important. The haemostatic effect depended more on the laser power. In artificial
bleeding gastric ulcers in heparinised dogs the most effective level was 7-9 W, at which 22 out of
23 ulcers (96 %) stopped bleeding completely, compared with one out of 12 controls. Photocoagulation
was achieved in these cases with energies well within the safe limits. The procedure was effective
endoscopically, and these results justify early clinical studies in man.

Emergency endoscopy has now become a routine
procedure in many hospitals to identify the source of
bleeding in patients presenting with upper gastro-
intestinal haemorrhage. However, until recently
endoscopy was limited to diagnosis. Many such
haemorrhages stop spontaneously before endoscopy
can be carried out but, for those that do not, the
advantages of therapeutic endoscopy for the control
of haemorrhage are considerable. If haemostasis can
be induced during endoscopy blood transfusion
requirements may be considerably reduced, emer-
gency surgery can be avoided, and elective surgery,
if necessary at all, can be carried out at a convenient
time on a stable patient.
Methods that have been tried include local in-

jections (Johnston and Rogers, 1973; Soehendra and
Werner, 1976), electrocoagulation (Gaisford, 1975;
Papp, 1976; Piercey et al., 1978), the heater probe
(Protell et al., 1977b), tissue glues (Matsumoto,
1967; Protell et al., 1977a), and lasers (Silverstein
et al., 1976, 1977, 1978; Kiefhaber et al., 1977;
Fruhmorgen et al., 1975, 1976). An excellent review
is given by Katon (1976). Good results have been

'Present address: University College Hospital, London
W.C.1.
2Address for correspondence: Dr S. G. Bown, The Rayne
Institute, University College Hospital Medical School,
5 University Street, London W.C.1.
Received for publication 12 February 1979

reported by some groups, but, as yet, no method
has received widespread recognition.

Laser is an acronym for Light Amplification by
the Stimulated Emission of Radiation, but in simple
terms a laser is a high power source of light, which
can be sharply focused to give an extremely high
power density over a very small area which can be
exactly defined. The energy is absorbed in living
tissue as heat and the effect is that of localised,
intense thermal changes. The energy can be easily
and exactly controlled, and, as there is no electrical or
mechanical contact with the bleeding site, the nature
and extent of the effect on the underlying tissue may
be accurately predicted, in sharp contrast with the
situation with electrocoagulation. Laser photo-
coagulation is therefore a very promising method,
but its safety and efficacy have not yet been fully
established.
Two types of laser are currently available of

sufficient power for photocoagulation in the gastro-
intestinal tract, and the beam of which can be
transmitted via a flexible fibre. These are the Argon
ion laser, which is a gas laser producing a visible light
beam in the blue-green region of the spectrum, and
the Nd YAG (Neodymium Yttrium Aluminium
Garnet) laser, which is a solid state laser emitting a
beam in the near infra-red region of the spectrum.
Both lasers are effective, but the different wave-
lengths of the emitted beams produce different
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Argon laser photocoagulation in the dog stomach

absorption patterns in living tissue. In
have evaluated the safety and efficacy
ion laser in inducing haemostasis in
gastric lesions in dogs as a prelude to i
use in man.

Methods

We used a Spectra-Physics 171 Arg
which produces a continuous wave b
15 W. The experimental arrangemei
diagramatically in Fig. 1. The laser be;
on to the end of a 200 micron single
4 m in length, and held in a micrometei
the laser. The free end of the fibre is p
3 m catheter of 2 mm outside diamet
connecting box which enables carbon c
be blown down the catheter coaxially i

fibre (Silverstein et al., 1978). The tip
adjusted to be about 2mm inside the di
catheter, and the catheter and fibre tol
passed down the biopsy channel o0
endoscope. The coaxial carbon dioxi
used in two ways-a slow continuou:
flow serves to keep the tip of the fibre
prevent any blood or secretions being
into the catheter. A much faster flow
by a foot switch is used to blow blood
bleeding site before laser photocoag
gas flow rates may be pre-set indepe
fibre is aimed using a low power beam

ARGON LASER,

A tta wt
with Saif(y Filter

a
bdesfa bOpi.ce

SAFETY FILTER-

Fig. 1 Endoscopic photocoagulation: expe
arrangement of laser.

this paper we of the peak power) initially. The foot switch moves
of the Argon an attenuator out of the beam when full power is
experimental required. The power is adjusted by varying the laser

Lts endoscopic current, and measured at the fibre tip before use, on
a separate meter. Careful safety precautions are
essential and were taken under the supervision of the
University Safety Officer.
Under general anaesthesia studies were carried

;on ion laser out at laparotomy and endoscopically on eight
eam of up to beagles (weight 8-13 kg). The major risk of laser
nt is shown photocoagulation is that the beam will perforate the
am is focused wall of the organ being treated, and to assess this
quartz fibre, risk we carried out experiments to create laser lesions
ron the end of on normal canine gastric mucosa. We studied the
lassed down a effect of varying the exposure time (from one to 10
ter through a seconds), and the laser power (from 2 W to 12 W).
dioxide gas to The beam spot size on tissues varies with the dis-
with the laser tance from the fibre tip to the target tissue as the
of the fibre is beam diverges with a full angle of 12 degrees and we
istal end ofthe used this to study different values of power density
gether can be (power/unit area) by varying this distance between
f a standard 2 and 20 mm. Lesions were examined histologically
ide stream is in the acute phase and at one week in order to assess
s background the nature and extent of laser-induced tissue damage.
clean and to Histological sections were made through the
sucked back centre of each lesion and stained with haematoxylin
rate initiated and eosin. These were examined under a microscope
away from a with a graticule eyepiece and the maximum depth of
mulation. The microscopic damage was measured. This was
-ndently. The expressed as a percentage of the thickness of the
(about 0 1 % layer in which the deepest damage was seen (mucosa,

submucosa, or muscularis propria). Lesions ex-
tending to the serosa were regarded as full thickness.

200 SINSLE The second phase of the study was to assess the
HARTZ FIBRE haemostatic effect of the laser and, to do this,

experimental gastric ulcers were made with the
.,AS FLOW METER Quinton ulcer maker (Protell el al., 1976). This

produces ulcers of a standard depth, so enabling the
r4 C0O extent of any further damage produced by laser

treatment to be readily assessed. These experiments
LASTIC TUBE were performed in heparinised animals and the

heparin administration was monitored by whole
mBIO?SY A"NEL blood clotting times to produce a clotting time at

least three times that of controls. Ulcers were made
at gastrotomy or by passing the ulcer-maker per-
orally and monitoring the site of the artificial lesions
endoscopically. Alternatively, ulcers were made by a
'lift and cut' technique in which a fold of mucosa was
lifted and cut across its base. Ulcers produced in this
way bled more profusely, although their depth could
not be accurately predicted. The blood loss was

IEINSELEAM quantified by collection in wide mouthed vials from
the edge of each ulcer for one minute after it was
made. At least one standard ulcer in each animal

Wrimental was left untreated as a control, and the blood loss
measured again in the second and third minutes.
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Each ulcer was treated for up to one minute, although
care was taken not to exceed the critical energy on
any one spot in the ulcer (see below). For those in
which complete haemostasis was not obtained,
blood was collected again during the third minute.

Results

NORMAL MUCOSA
Results were analysed by comparing the total laser
energy (=power x time) and the energy density
that is, the energy per unit area of mucosa, which
depends on the total energy and the distance be-
tween the fibre tip and mucosa-with the depth of
histological damage for each lesion.
The results are shown in Figs. 2 and 3 for lesions

0 252
17s

807

Energy Density 60
of Incident
Laser Beam
Joules/mm2 4

20

MUCOSA SUBMUCOSA MUSCLE SEROSA
Depth of Microscopic Tissue Damage

Fig. 2 Normal gastric mucosa. Effect of energy density
on depth of histological damage in acute lesions.

studied acutely, and 4 and 5 for those studied at one
week.

Figure 2 shows that there is a general tendency for
the depth of damage to increase with the energy
density. However, there are marked anomalies, as
many lesions show full thickness damage or even
perforation at low values of energy density, whereas,
in others, high energy densities cause no damage
below the submucosa. In contrast Fig. 3 shows how
the damage varied with the total incident laser
energy. In this case the correlation is much closer
and indeed there is a critical value of energy at about
50 J. All lesions receiving more total energy than this
show full thickness damage or perforation, whereas,
at lower energies, there is no damage below the
submucosa. However, this is only true with incident

Total Incident [( K
Laser Energ

Joutes

MUCOSA SUBMUCOSA MUSCLE SEROSA
Depth of Microscopic Tissue Damage

Fig. 3 Normal gastric mucosa. Effect of total energy on
depth of histological damage in acute lesions.

powers of 4 W and above. At 3 W, we were unable
to produce full thickness damage, even using an
exposure of 33 seconds, which gave an energy of
100 J-twice the critical level.

Figures 4 and 5 show similar measurements taken
on lesions studied at one week. The same patterns
are apparent in each graph as in the lesions studied
acutely, and the critical energy is at a similar level.
For comparison, Fig. 6 shows the variation of the
depth of damage with the power applied for the

Energy Density
of Incident
Laser Beam
Joules/mm2

400

:X
MUCOSA SUBMUCOSA MUSCLE

Depth of Microscopic Tissue Damage

Fig. 4 Normal gastric mucosa. Effect of energy density
on depth of histological damage at one week.
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Total Incident
Laser Energy

Joules

Fig. 5 Normal gastric mucosa. Effect of total energy on
depth of histological damage at one week.

same lesions as those shown in Figs. 2 and 3. This
illustrates the wide variation in damage that can
occur at one power setting. For example, at 7-5 W,
the damage varied from 70% of the mucosa (with an
exposure of one second) to perforation (with an
exposure of 10 seconds). In contrast, the range of
damage seen at any one energy level is significantly
less. (Fig. 3).

EXPERIMENTAL BLEEDING ULCERS

Assessment of rate of bleeding
Four out of the five ulcers in unheparinised animals
stopped bleeding in less than three minutes with an
average blood loss of 1 6 ml in three minutes.
The blood loss from ulcers in heparinised animals

is shown in Table 1. Standard ulcers were made with
the Quinton ulcer maker and non-standard ulcers by
the 'lift and cut' method. Eleven out of 12 untreated
control ulcers continued to bleed for more than
three minutes. Table 1 shows that there is no
significant difference between the blood loss in the
first minute from standard control ulcers and from
standard treated ulcers, although there is greater

Table 1 Blood loss from artificial gastric ulcers in
heparinised dogs

Type of ulcer Number A verage blood loss Range
(ml) (ml)

Standard heparinised
control 12 1st min 1 0 0-35-2-1

2nd min 0 55 0 35-07
3rd min 0 45 0 2 -075

Standard treated 22 1st min 1-2 0-15-3 75
Non-standard treated 13 1st min 2-7 1-0 -6-0

blood loss from the non-standard ulcers. Thus we
have a suitable model for testing the photocoagula-
tion effect of the laser.

Effect of laser photocoagulation
The results are shown in Table 2. The laser was
tested in three power ranges: 2-5 W, 7-9 W, and
at 12 W. At 7-9 W, 22 out of 23 ulcers (96O%)
stopped bleeding, significantly more than those
treated at 2-5 W (p<0-001), 12 W (p<0-001), or
untreated controls (p <0001). More ulcers treated
at 2-5 W and 12 W stopped bleeding than controls,
but the numbers are too small to reach statistical
significance. Only standard ulcers were treated with
2-5 W, but at the higher powers the non-standard
ulcers provided a greater test, as haemostasis was

10

Incident
Laser Power

Watts

5

MUCOSA SUBMUCOSA MUSCLE SEROSA
Depth of Microscopic Tissue Damage

Fig. 6 Normal gastric mucosa. Effect of incident power
on depth of histological damage in acute lesions.

Table 2 Haemostatic effect ofphotocoagulation

Power Standard ulcers Non-standard ulcers Total Difference from Average blood loss
(W) control in 3rd min (ml)

No. Haemostasis No. Haemostasis No. Haemostasis
(no.) (%)

2-5 6 2 - - 6 2 33 NS 0-1
7-9 14 14 9 8 23 22 96 P<0-001 <0-05
12 2 2 3 - 5 2 40 NS <0-05

NS: not significant.
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achieved only at powers in the 7-9 W range.
However, ulcers treated at all powers showed a
marked reduction in the bleeding rate in the third
minute, and only two of the eight ulcers that did not
stop bleeding completely after treatment bled
sufficiently for it to be possible to collect the blood.
These were both treated with 2-5 W. The remaining
six showed a slight ooze, and we estimated that the
blood loss from each of these was less than 0 05 ml.

All lesions were examined histologically. Un-
treated standard ulcers showed a loss of tissue
ranging from 10% to 90% of the submucosa. In
treated standard ulcers, the maximum depth of
damage seen was 30% of the muscularis propria.
Detailed histological description of the tissue
changes w.ll be given at a later date.

Discussion

Lasers have been used for some years for photo-
coagulation in the eye (Landers et al., 1976;
Diabetic Retinopathy Study Research Group 1976)
but have only recently been considered for photo-
coagulation in other organs. The first report of
endoscopic laser photocoagulation was by Goodale
et al. (1970), who succeeded in stopping bleeding
from artificial erosions in the canine stomach using
a carbon dioxide laser and a rigid endoscope.
However, only the Argon and Nd YAG laser beams
can be transmitted via flexible fibres. Good photo-
coagulation effects have been reported for both
(Silverstein et al., 1977; Kiefhaber et al., 1977) and
these are discussed further below, but little work
has been published on which factors are most
important in determining the extent of tissue damage
produced. Fruhmorgen et al. (1975) have made
chronic studies on the argon laser treatment of
normal oesophagus, stomach, duodenum, and colon
of dogs without causing perforation in spite of using
energies of up to 90 J. However, their maximum
laser power was only 2W and we have shown that at
3 W it is not possible to cause full thickness damage
even at twice the critical energy. Our studies on
normal mucosa have included powers up to 12 W, so
covering the range 6-9 W currently thought to be
the most effective for photocoagulation by ourselves
and Silverstein et al. (1977).
To explain our experimental conclusion that the

total energy is the most important factor in determin-
ing tissue damage, it is necessary to consider the
nature of the interactions between the laser light and
the tissue. When a laser beam is incident on living
tissue, four possible physical effects may occur.
These are reflection, transmission, absorption, and
scattering. The reflected light is a hazard for the
operator and goggles or a protective filter on the

eyepiece of the endoscope are essential, but it does
not affect the tissue. Of the light entering the tissue,
a certain amount is absorbed (depending on the
absorption coefficient, and on the thickness of the
tissue) and the rest is transmitted. All the observed
histological effects are caused by the light energy
that is absorbed; these effects may be seen exactly
where the light falls, or the light may be scattered in
any direction, and absorbed in the neighbouring
areas. In this situation, the overall effect on one
small area within the tissue depends on both the light
falling on surrounding areas and the light falling on
the area itself. In addition, energy absorbed as heat
in one area may be conducted thermally to adjacent
areas. These effects are shown in Fig. 7.

If all the energy were absorbed in the exact area
on which it fell, without scattering or heat conduc-
tion, the depth of tissue damage would depend solely
on the energy density of the incident beam and not
its total energy. Our results show clearly that this is
not the case and that there must be some lateral
spread of the energy within the tissue as the total
energy is the more important factor. This is fortunate
from the endoscopic point of view and indicates that
the fibre-mucosa distance (which is difficult to
estimate endoscopically) is not critical in determin-
ing the risk of full thickness damage. This is brought
out in Fig. 8 in which the variation of depth of
histological damage with total energy is shown for a
few selected values of energy density. All these lines
cross, illustrating that whatever the value of energy
density (within the range of values studied) it is still

INCIDENT BEAM OF LASER LIGHT

I I I I
REFLECTION

t t
I I I

TRANSMISSION

-MUCOSA
P VOLUME OF TISSUE

Liht scattered and Neat conducted-
-:=.from other areas absorbed in P
- away from P

Fig. 7 Effect of laser light on a small volume of tissue
at the surface of an area of mucosa.
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Total Energy 40
Joules

20

Ji)JOULES/mm2
MUCOSA SUBMUCOSA MUSCLE SEROSA

Depth of Microscopic Tissue Damage

Fig. 8 Normal gastric mucosa. Effect of total energy on
depth of histological damage at three different values
of energy density.

the total energy that is the more important factor in
determining the depth of effect. However, the fibre-
mucosa distance (which determines the energy

density for a particular total incident energy) does
have an effect (Fig. 2) and this may be clearly
illustrated by plotting this distance against the depths
of damage for a few selected values of the total
incident energy (Fig. 9). The line for 50 J is at the
critical value for total energy, and in this special case

only (within the range of values studied) it is the
fibre-mucosa distance that determines whether or
not full thickness damage occurs.

Experiments on normal gastric mucosa in
the dog may not closely simulate many clinical
situations, but the concept of a critical energy,

beyond which perforation is likely as shown above,

Laser
Fibre - Mucosa

Distance
mm

JOULES

Depth of Microscopic Tissue Damage

Fig. 9 Normal gastric mucosa. Effect offibre-mucosa
distance on depth of histological damage at three different
values of total energy.

is extremely important. In due course, it should be
possible to determine approximate values for this
energy in other organs (oesophagus, duodenum, and
colon) and in different parts of the human gastro-
intestinal tract. It will be more difficult to predict the
safe energy limits for deep, penetrating lesions such
as chronic ulcers, but these lesions are usually
surrounded by considerable fibrous tissue that is
likely to absorb more energy safely than normal
mucosa.
Our studies on an animal model of bleeding gastric

ulcers show that effective haemostasis can be
obtained with a laser power of 7-9 W, whereas at
lower (2-5 W) and higher powers (12 W) photo-
coagulation is much less effective. These results are
entirely consistent with those of Silverstein et al.
(1977) who showed that photocoagulation at 6-5 W
was effective, whereas at 1 W it was not. We cannot
confirm the results ofDwyer et al. (1975) and Waitman
et al. (1975) who both reported haemostasis in
experimental bleeding lesions in the canine stomach
with powers of less than 1 W. However, the bleeding
rates of the lesions used by both these groups were
probably low compared with those used by Silver-
stein and ourselves, as they did not use anticoagu-
lants. We have observed partial haemostasis at
2 W, particularly in slowly oozing lesions, so a
difference in the severity of bleeding may account
for the apparent discrepancy in the results. In ulcers
treated at open gastrotomy, the fibre-tip-to-mucosa
distance was kept constant and we studied the
photocoagulation effects at distances of 5 mm and
10 mm. In the 7-9 W group, eight ulcers were
treated at 5 mm and 12 at 10 mm. In two lesions, it
was not possible to achieve haemostasis at 5 mm,
but by increasing the distance to 10 mm haemostasis
was achieved. The one lesion in this group that did
not stop bleeding was only treated at 10 mm. The
numbers are small but these results suggest that
photocoagulation may be more effective at 10 mm,
when the power density is 180-240 W/cm2. Never-
theless, it is still effective up to 950 W/cm2 (9 W at
5 mm with our fibre which gives a full angle
divergence of 12°). Once again, these results are fully
compatible with those of Silverstein et al. (1977>
who showed that the optimum power density for
photocoagulation at 6-5 W incident power was
160-487 W/cm2. We did not carry out any coagula-
tions at distances greater than 10 mm, as we found
that our maximum acceptable flow rate of CO2
(50 ml/s) was ineffective at greater distances.

It has become apparent that laser-induced
haemostasis is more dependent on the power of the
laser, whereas the risk of perforation depends more
on the total energy applied. In the latter case, the
effect of the duration of exposure is almost as im--
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portant as the power level, and the product of the
two, the energy, is the best parameter to consider
when assessing the risk of perforation. It is en-
couraging to find that, with our treated standard
ulcers, by keeping the energy incident on any one
bleeding point in an ulcer below the critical energy,
no cases of full thickness damage were seen.
Brunetaud et al. (1978b) put a similar limit on their
exposure time for individual bleeding points (5 s at
6-5 W= 32-5 J) and by so doing have also avoided
producing any perforations.
The lesions created by the ulcer maker cannot be

compared directly with any clinical situation,
although they represent a reasonable model for
acute gastric and duodenal ulcers, as these are
usually shallow with little scarring. However, this is
an extremely important group as, if haemorrhage
from these lesions can be stopped endoscopically,
complete resolution is likely to be possible without
surgery. Nevertheless, this model has proved most
valuable in elucidating which parameters determine
the safety and effectiveness of laser photocoagulation.
Argon laser photocoagulation has been used

clinically in France (Brunetaud et al., 1978a) and
Germany (Fruhmorgen et al., 1976) with good
results. However, a number of questions still remain
unanswered. For example, is there a risk of increased
bleeding from large blood vessels-for example,
varices-with laser photocoagulation? Are there
undesirable long-term effects? Our initial studies
indicate that the Argon ion laser causes quanti-
tatively predictable effects in the normal canine
stomach. As a result, the factors determining the
risk of perforation have been established. Argon
laser photocoagulation is effective in producing
haemostasis in experimental bleeding gastric ulcers
in heparinised animals with applied energies well
within our established safe limits. In our animal
model, this procedure appears to be safe and
effective, suggesting its early selective application in
pilot clinical studies.

We should like to thank Professor G. H. Arthur and
the staff of the School of Veterinary Science,
Langford, for their help and advice throughout this
project. We should also like to thank Professor J.
Peacock for his support and Professor H. Hopkins
as advisor to the project. This work was carried out
with the support of a grant from the DHSS.
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