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ABSTRACT: Peptic ulcer hemorrhage is still an important cause of emergency 
surgery and death. The overall mortality is around 10% from gastrointestinal 
bleeding, and most of the preventable deaths occur in elderly patients with 
continued or recurrent bleeding from peptic ulcers. An effective nonsurgical 
method of hemostasis has long been recognized to be desirable. However it was 
only when the 'visible vessel' was recognized as the important risk factor for 
further bleeding that studies capable of testing new modalities adequately could 
be performed. Careful wa:;hing of the ulcer crater is essential for identification of 
,hese visible vessels. An effective endoscopic method was first demonstrated in 
1981 in patients with visible vessels treated with argon laser. Many groups have 
now shown excellent efficacy of neodymium:yttrium-aluminum-garnet 
(NdY AG) laser in preventing further hemorrhage from ulcers with bleeding and 
nonbleeding visible vessels. Two controlled prospective studies have 
demonstrated efficacy of the heater probe, but one well designed study did not. 
Similar studies with both bipolar and monopolar electrocoagulation have shown 
significant reductions in rebleeding in patients with visible vessels treated using 
the chosen modality. More recent studies have achieved excellent results by 
pre-injection with adrenaline and one repeat endoscopic treatment for rebleeds. 
A few groups have now reported equally good results with injection alone. Long 
term follow-up of patients with peptic ulcer hemorrhage has confirmed prolonged 
hemostasis in groups treated with two thermal modalities and in controls. Can J 
Gastroenterol 1990;4(9):653-662 
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L'electrocoagulation endoscopique des ulceres gastro, 
duodenaux hemorragiques: Une revue 

RESUME: L'hcmorragie provoquee par l'ulccre gastro-duodenal reste toujours 
une cause importance d'intervention chirurgicale d'urgence er de deces. La 
mortalite globale atteint pres de 10% clans les hemorragies des voies gastroinces, 
tinales et la plupart des deces qu'il est possible d'eviter surviennent chez les 
patients ages atteints d'hemorragies ulcereuses persistantes ou recidivances. On 
reconnatt depuis longtemps la valeur d'une mcthode efficace et non chirurgicale 
d'hemostase. Neanmoins, c'est seulemenr depuis que l'on reconnatt le vaisseau 
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BLEEDING FROM PEPTIC ULCERS 

remains an important cause of 
hospital admission, emergency surgery 
and death. In the United Kingdom, 
upper gasrrointestmal tract bleeding 1s 
responsible for 50 to 100 acute admis
sions per 100,000 population per year 
(1,2). Peptic ulcers account for 50 to 
60% of these cases. The mortality from 
upper gastrointestinal trace hemorrhage 
has remained largely unchanged over 
the past 30 years at around 10% (1,3). 
This b despite improvements in resus
citation, intensive care, new surgical 
techniques and the introduction of 
fibreoptic endoscopy, probably due to 
the ever increa.~ing proportion of elder
ly patients (3,4 ). 

In a comprehensive analysis of 484 
patients with gastrointestinal bleeding 
(3),itwasfoundthatof55(1 l.4%)who 
died, 22 (40%} were potent ially 
avoidable deaths (either postoperative 
complications or persistent bleeding). 
The majority of patients who d ied had 
bleeding peptic ulcers, and all but one 
were 60 years of age or older. The study 
did not comment on the relative risk of 
rebleeding, but it has previously been 
documented that further peptic ulcer 
hemorrhage during hospital admission 
is associated with a l 0- co l 2-fold in
crease in mortality (5). 

It was concluded that there were two 
possible ways of altering selection of 
patients for surgery in an attempt to 
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visible comme facteur de nsque important de resaignement quc l'on cffectue des 
etudes susceptibles de mesurer adequatement les nouvelles modalites. Le lavage 
soigneux Ju cratere ulcereux est essentiel au rcperage de ces va1sseaux. Unc 
methcxle endoscopiquc efficace a cte demontree pour la premiere frns en 198 l et 
elle a entra'lne la reduction significative des resaignements chez lcs patients done 
les vaisseaux visibles avaient etc tra1tes au laser a !'argon. De nombreux groupes 
ontdcsormais prouve l'efficacitedu laser Neodymium Yttrium Aluminum Gamet 
(NdYAG) clans la prevention des hcmorragies causccs par les ulceres dont les 
vaisseaux visiblcs saignent ou non. Deux etudes prospectives controlecs ont 
dcmoncre l'efficac ite de la thermosonde mais une etude bien con~ue n'y est pas 
parvenue. Quelques etudes similairessur l'cleccrocoagulat1on a la sonde bipolaire 
e t monopolaire revelent une reduction significative des resaignements chez les 
patients avec vaisseaux vis1bles traites de l'une ou l'autre maniere. Lors d'etudcs 
plus rccentes, une prcmjection d'adrenaline ct la repetition d'un traitement 
endoscopique des resaigncments Ont donne J'excellents re::.ultats. Quclqucs 
groupes rapportent maintenant des resultats tout aussi sattsfaisants avec une seule 
in1ect1on. Le su1vi a long terme des patients souffrant d'ulceres ga~tro-duodcnaux 
hemorragiques confirme l'hemostase prolongce des groupes tratte~ par deux 
modalites thermiques et chez les controles. 

improve overall mortality rate. The 
first, which had been previously advo
cated (I), was to perform early surgery 
so that patients would be in better con
dition to withstand the operation. The 
second was to adopt a more conserva
tive surgical approach in the elderly in 
the hope that some patents would stop 
bleeding spontaneously. It was also sug
gested th t the most promising means 
of reducing mortality would be a non
surgical method of cont roll mg bleeding 
so that emergency surgery could be 
avoided (3 ). 

Groups advocating early surgery 
have reported excellent results (6,7) 
with overall mortality less than 4%, bur 
to achieve this, operation rates of 30 to 
60% were required. The only controlled 
comparison of early versus late surgery 
was performed in 1984 (8). In the elder
ly group, early surgical intervention sig
nificantly reduced mortality, but only 
in patients with bleeding gastric ulcers. 
The price for this improvement in mor
tality was a 62% operation rate in the 
early surgery group compared with 27% 
in the delayed surgery group. S ince 
these trials, the prognostic accuracy of 
diagnostic endoscopy has improved. 

It is now known that the detection 
of a 'visible vessel' at endoscopy con
stitutes a high risk of fu rther bleeding. 
It is likely therefore that a policy of early 
surgery in combination with careful 
diagnosuc endoscopy would result m 
fewer unnecessary operations. Such an 

approach in this mcreasmgly e lderly 
group is still likely to result in sig
nificant morbidity and mortality. For
tunately, endoscopic techniques have 
progressed and can now provide the 
nonsurgical method advocated in 1979 
(3). The majority of patients are now 
candidates for some kind of endoscopic 
therapy capable of terminating bleed
ing. Before considering trials of endo
scopic hemostasis for peptic ulcer 
hemorrhage, it is important to consider 
identification of ulcers at high risk of 
rebleed ing as it is only by including 
these in studies that hemostat1c 
modalities can be adequately assessed. 

ENDOSCOPIC PREDICTION OF 
FURTHER BLEEDING 

C linical indicators provide a guide 
to the likely outcome of a bleed in an 
individual. It has long been known that 
important negative prognostic factors 
on admission are: low blood pressure, 
gross anemia, old age and further bleed
ing (I). Endoscopic indicators have, 
however, proven more useful. Stigmata 
of recent hemorrhage in peptic ulce rs 
that had bled were first identified and 
found to be associated with increased 
risk of further bleeding in 1978 (9). 
Three stigmata were described: fresh 
hleeJing from the lesion; fresh or a l
tered blood c lot or black slough ad
herent to the lesion; and a vessel 
protruding from the base or margin of 
the ulcer. 

In this early study 2 5 of 60 ulcers 
(42%) with stigmata of recent hemor, 
rhage reblcd compared with one of 29 
(3%) without stigmata. In a pro~pecnl'e 
tnal in 1981 (1 O) it was reported that 
when the ulcer crater was washed at 
endoscopy to clear overlying blood and 
secretions, visible vessels were founJ m 
56 of 11 7 patients ( 48%) where full 
examination of the ulcer crater was pos, 
siblc. This 1s a higher propornon d 
patients than previously reported. Jn 
the absence of a spurting vessel or pul
sating pseudoaneurysm, the visible 1e;

sel was defined more fully as "a rcJ IJ! 

blue spot, resistant to gcnrk washing, 
often associated with red clot and ~,. 
most a lways unique in the ulcer crater. 

The authors reported that the 
presence of a visible vessel implied a far 
higher nsk of rebleeding (19 of H 
patients with untreated visible vc~~ 
56%) than the finding of otherst1gmat.1 
such as mild oozing from the ulcer 
crater, flat red/black spots or nonaJ. 
herent clot (one of 13, 8%). The con
cept of major and minor st igmata iA 
recent hemorrhage was born w1ch 1h11 
study. Further data obta ined pr~pec
uvcly in two trials from the authors 
unit (l l,12) confirmed these finJmg-s 
It was found that further bleeding oc
curred in 59% of patients with v1s1ble 
vessels (spurting or nonbleeding), but 
in only 5% of patients with mmorn1g
mata. If nonbleeding visible vessels are 
cons ide red a lone, the chance lll 

rebleeding is consistently around 50' , 
and further bleeding occurred in gre.u~r 
than 80% of patients with bleeding 
visible vessels. 

Most series have confirmed the 
predictive value of the visible 1·t -.el 

(13-15). There are, however, two 
recent prospective stud 1es in which thr 
visible vessel did not emerge as a su~
rior predictor of further hemorrha~ie 
(16,17). In the fi rst, ulcers were n,x 
washed, and therefore many v1s1ble ves, 
sels must have been missed. In the 
second, although ulcers were washc<l,a 
proportion of ulcers remained covereJ 
with adherent clot and were therefore 
inadequately characterized . In two 
studies ( 16, 18) the ass0<.iation of ~hod 
on admission with a visible vessel or an 
adherent clot at endoscopy was founJ 
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to be a bener pre<l1crnr of rebleeding 
than en<loscopic signs alone. 

NATURE OF T HE 
VISIBLE VESSEL 

In 1979 it was suggesteJ that the 
visible vessel was an acutely erodeJ 
artery standmg up m the floor of the 
ulcer ( 19). However a pathologic study 
of gastric ulcers with visible vessels 
which were subsequently resected (20) 
demonstrated that the artery only 
protru<leJ above the ulcer crater m one 
in five cases. The v1s1ble vessel in the 
majority was in fact a thrombus extenJ
mg from a rent in the s1Je of the artery. 
The alternative terms 'sentinel clot' or 
'pseudoaneurysm' are therefore more 
appropriate. 

RES UL TS OF TRIALS 
There have been many anec<lmal 

reports of successful laser anJ other 
thermal treatments of upper gastro
intestinal tract hemorrhage; however, 
as the vast majority of these blee<ls cease 
spontaneously, true assessment of ef
ficacy can only come from looking at 
patients known to be at h igh risk of 
rLbleeding in controlled and compara
tive stu<lies. Stu<lies of thermal methods 
to control peptic ulcer hemorrhage will 
now be considered. In all reports the 
inc idence of rebleeding in ulcers 
without v1s1ble vessels has been low. 
Characterization of the ulcer crater fo l
lowing adequate washing is a common 
difference between studies which 
demonstrate benefit from the various 
techniques and similar studies which do 
not. 
Argon laser: Two early studies ( 14,21) 
showed no significant difference in 
rebleedmg rate, emergency surgery or 
mortality between ulcers treated with 
argon laser and control ulcers. In the 
first study there was a trend towards 
reduction in rebleeds in patients with 
spurting vessels, which d id not reach 
significance. The authors of this study 
commenced that their resu lts required 
ampltficatton m larger trials. In a two
centre trial ( 11 ), further hemorrhage 
occurred in significantly fewer patients 
with visible vessels treated with laser 
compared co the control group. This 
trial demonstrated for the first time a 

Endoscopic thermal treatment 

TABLE 1 
Results of argon laser trial (Swain et al 1981) (11) 

Laser Control 

Total Rebleed Surgery Died Total Rebleed Surgery Died 

Spurting 7 4 4 4 4t 2t 2' 

Visible vessel 17 4 4 24 131 12 s· 
Oozing or 7 1 10 

other minor SRH 
Visible vessels were nonbleeding. SRH Stigmata of recent hemorrhage. 'Post rebleed. 'One died 
before surgery: 1 One treated With loser after rebleed out of trial Rebleed1ng· Spurting and visible 
vessels combined P<0.05: visible vessels alone P<0.05. Other stigmata of recent hemorrhage. No 
significant difference. Mortality P<0.02 

s1g111f1cant reduction m morta ltty with 
a nonsurgical method of tre,1tment. foll 
results are described in Table I. 

In contrast ro most prcc.eding 
studies, patients were entered mto this 
study only if laser therapy was rhoughr 
to he techmcally possible at endoscopy. 
Thus treatment failures were tru ly due 
to inefficacy of laser treatment anJ not 
endoscopic technique. Such factors 
were 1dent1fied in 5% of pat1enrs in this 
study. Mose subsequent mals excluded 
these difficult cases. 
NdY AG laser: This laser has greater 
power output and tissue penetration 
and supenor hemostanc efficiency in 
animal studies than the argon laser 
(22). Laser output 1s focused onto the 
end of a 400 co 600 µm quartz fihre. This 
fibre is contained in a Teflon catheter 
2.6 mm m diameter, which gives It 

mechanical strength and thus a llows it 
to he passed down the working channel 
tif an endoscope. It also a llows a coaxrnl 
stream of gas ro he passed co keep the 
metal tip of the fibre cool and clean -
also to clear the target of blood and 
debm. This technique is noncontacc. 
The tip of the fihre is positioned 5 to I 0 
mm from the target. Pulses arc usually 
applied circumferentially around the 
visible vessel in 0.5 to 1 s shots using a 
power setting of 70 to 80 W. 

Three early tnals (2 3-2 5) showed no 
benefit of Y AG laser. None of these 
studies, however, defined the preuse 
nature of the bleeding point, anJ num
bers were small. In aJdinon, one study 
( 23) was performed using a power of 50 
W, which 1s suboptimal. 

A later study (26) demonstrated in

itial hemnstasis in patients with active 
norn,purting hemorrhage from created 
peptic ulcers co be significantly better 
rhan controls. (Bleeding stopped 111 all 

TABLE 2 
Results for patients with visible ves
sels randomized to Y AG laser or no 
treatment (Mcleod et al 1983) (13) 

Total Re- Emergency Died 
b leed sur~ry 

Loser 8 1 l 
Control 8 8 8 2 
Rebleedlng P<(J.02. Emergency surgery P<0.02. 
Morto//ty no significant difference 

38 pattents tn this group trl'ateJ with 
laser, but in only 25 of 32 or 77°/o of 
wnrrnb.) Rehleedtng occurred in two 
of 38 treated pat 1ents and five of 25 
controls (not sign1f1cant). Emergency 
surgery was required 111 four control 
patients and one patient treated with 
laser (not s1gn1ficant). A separate group 
of patients with peptic ulcers with st ig
mata of recent hemorrhage ( visible ves
sel or fresh clot) were randomized to 
laser or no treatment: three of 14 rehled 
in the laser group and seven of22 m the 
control; this aga in did nor reach statis
tical s1gn1ficance. Unfortunately, the 
actively bleeding, nonspurtmg ulcers 
were not characterized further - these 
ulcers must constitute a heterogeneous 
group of bmh high and low risk lesions. 
A third group of patients with spurting 
arterial hemorrhage was treated with 
laser followmg a local ethical commit
tee decision; 20 of 23 (87%) stopped 
bleeding wnh laser treatment, but the 
recurrence race was high ( 11 of 20 or 
55%). The operation rate in this group 
was 61 'X,. wh ich compares well with a 
rate of 95% for comparable historical 
controls. 

A reduction m rebleeding ma small 
group of patients with visible vesseb 
treated with Y AG was first reported 111 

1983 (13). All pattems had sigm.·of 
maim blood loss (shock or hemoglobin 
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TABLE 3 
Results of NdY AG laser in peptic ulcers with stigmata of recent hemorrhage 

Loser (n=70) Control (n=68) 
Further hemorrhage 

All ulcers with SRH 7 /70 (10%) 27 /68 (40%) P<0.001 
Spurting VV 2/10 (20%) 8/10 (80%) P<0.002 
Nonbleedlng W 4/28 (14%) 15/31 (48%) P<0.00 l 
Minor SRH 0/ 19 (0%) l /14 (7%) NS 
Overlying clot 1 / 13 (8%) 3/ 13 (23%) NS 

Emergency surgery 7 /70 (10%) 24/68 (35%) P<0.005 
Mortality 1/70(1%) 8/68(12%) P<0.05 
n Number of patients: SRH Stigmata of recent hemorrhage; W Visible vessels, NS Not significant 

TABLE 4 
Resul ts o f pre - injection w ith 
adrenaline followed by YAG laser 
photocoagulation in patients with 
visible vessels (Rutgeerts et a l 1984) 
(28) 

Non-
S~urting bleeding 

Initial hemostasis 25/26 
Final hemostasls 22/26 25/28 
Emergency surgery 4/26 3/28 
Mortality 4/26 1/28 

less than IO g/dL). From 657 unselected 
patients, l84 had peptic ulcers and 41 
fulfilled inclusion criteria and had ul
cers accds1ble to laser therapy. None of 
25 patients with minor stigmata of 
recent hemorrhage (red or black spots) 
rebled. The results for patients with 
visible vessels are shown in Table 2. 

Similar results were reported in 
another study (27) on patients with 
spurting and nonbleeding visible ves
sels. There was a trend towards reduc
tion of rebleed ing and the need for 
emergency surgery which was not statis
tically significant, bur there was a sig
nificant reduction in mortality. 

A derai led study from this unit 
produced convincing results (12). One 
hundred and thirty-eight patients with 
peptic ulcer hemorrhage who were 
found to have stigmata at endoscopy 
were randomized to receive YAG laser 
photocoagu la tion or conservative 
management. Their results are shown 
in Table 3. Patients with spurting 
hemorrhage or nonbleeding visible ves
sels treated with laser had significantly 
less chance of further hemorrhage than 
controls. Stmistical significance was 
shown whether these groups were con
sidered individually, together or as part 

of the group showing stigmata of recent 
hemorrhage (Table 3). The incidence 
of rebleeding in ulcers demonstrating 
minor stigmata was very low. Ulcers 
with overlying clot demonstrated inter
mediate risk of rebleeding, presumably 
because this group included some 
patients with hidden visible vessels and 
some with minor stigmata. The need for 
emergency surgery and mortality were 
also significantly reduced in the laser 
group. The data on relative risk of 
rebleeding of the various stigmata pre
viously discussed were derived from the 
combined results of this study and the 
argon laser study from the same group. 

The protocol of chis study was 1den
t ica l to rhe argon laser study. The 
hemostatic efficacy of the NdY AG laser 
can thus be compared d irectly with that 
of the argon laser. Such a comparison 
shows the NdY AG laser to be sig
nificantly better in the groups with all 
stigmata and with visible vessels alone. 

A second study from the Belgian 
group (28) looked at the effect of pre
injection with l: 10,000 adrenaline 
prior to Y AG laser treatment in 
patients with visible vessels (both spurt
ing and nonbleeding) (Table 4 ). In 
87% of the 54 patients studied, com
plete hemostasis was achieved. The 
results for bleeding visible vessels were 
particularly impressive: final hemostasis 
was achieved in 85% resulting in only 
L5% (four of 26) requiring emergency 
surgery. There was no control group in 
this study, but the figures compare very 
favorably with ocher published series. 
One might expect a rebleeding rate of 
around 50 to 60% in such cases overall 
- far higher than the l3% observed. 
The authors ascribed the apparent 
benefit of pre-injection with adrenaline 
to temporary hemosrnsis, which al-

lowed better visual1zarion of the target 
It is likely, however, that some hencnt 
is also derived from vasoconstriction in 
the underlying artery and a consequent 
reduction in removal of heat from tht 
area (the 'heat sink effect'). 

A further study from the Belgian 
group (29) and one from the present 
authors' unit (30), both discusscJ in 
more detail in the next section, havt 
contributed co the weight of ev1Jcnce 
confirming the efficacy ofYAG laser in 

peptic ulcer hemorrhage. 
One recent randomized contwlled 

study (31) reported no benefit from 
Y AG laser in bleeding peptic ulcers. 
Washing of clots at endoscopy was not 
performed, and thus the hleeJing pomt 
was not adequately characteri~eJ m 
most p,niencs. Only 29 visible vc~se~ 
were detected in 174 patients inclu<led 
in the study ( 17%). Th is is very low in 
comparison with most series. The 
protocol excluded patients "too un• 
stable to be moveJ to the laser facility.' 
During the course of che stu<ly thlS 
amounted to 221 patients - more than 
the rnral number included. These 
patients were those with the most 
hemodynamically significant hlecds, 
and as such, they were likely to have 
visible vessels (perhaps explaining the 
low pick-up rate) and thus most likely 
to benefit from laser therapy. The very 
low mortality (I%) seen in this study 
surely reflects the exclusion of these 
high risk patients. 
Heater probe: Experimental studies 
(32,33) comparing methods of electro
coagulation suggested the hearer probe 
to be most promising in terms of efficacy 
and safety. The first of these studies 
found the heater probe and the h1polar 
electrode 10 cause full thickness Jamil&" 
significantly less frequently than the 
liquid or dry monopolar electnxlcs (20 
versus 60%); thus, the risk of perfora, 
tion was thought to he lower with these 
electrodes. The bipolar electrode, how
ever, performed less well than the other 
three in hemostasis. The seconJ study 
confirmed the heater probe anJ the 
bipolar electrode to be safest and found 
the two modalities co be equally effica
cious. 

The heater prohe was developed in 
1978 (34 ). IL was designed to apply pres-
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sure and heat simultaneously to a bleed
ing vessel. The probe comprises a hol
low aluminum cylinder with an inner 
hearer coil and an outer coat mg of non
stick Teflon. It also contains a separate 
thermocouple element in the tip to 
measure temperature. It CcUl l,e heated 
to a maximum of 250°C, a temperature 
which is maintaineJ until a preset 
amount of energy is delivered. l11ere is 
also a proximal irrigation port to allow 
washing of the target even when the 
probe is applied forcibly to tissue. The 
technique employed is to apply the in
activated probe around the bleeding 
point with moderate pressure in order 
to tarnponade bloodflow 111 the under
lying vessel. The probe is then activated 
and a preset quantity of energy de
livered ( usually 30 J ). This procedure 1s 
then repeated at multiple sites circum
ferentially around the l,leedmg point. 
This technique of vessel tarnponade and 
thennal coagulation has been termed 
'coaptive coagu lation' and applies 
equally to all thermal merhoJs apart 
from laser, for which the fibre tip is 
positioned S to l O mm from the target. 

Encouraging results were reponed in 
a pilot study in 198 3 (35) with an early 
heater probe. Patients al ready anes
thetized for emergency operation were 
treated. Final hemostasis was achieved 
in 12 of 15 patients with gastric ulcers; 
only one of 15 required surgery. Ex
perience with duodenal ulcer~ was not 
as impressive - only two of IO avoided 
surgery. There were no deaths in the 
patients with gastric ulcers, but three 
died in the duodenal ulcer group. The 
exact nature of bleeding point was not 
discussed. A similar pilot study (36) also 
produced encouraging results- 12 of 16 
patients proved treatable. (The others 
had large overlying c lots or active 
hemorrhage.) Bleeding was arrested in 
all L 2 patients treated, al though lme 
required a second application. 

A retrospective study ( 3 7) of Y AG 
laser and heater probe in patients with 
spurting and nonbleeding visible ves
sels showed a significant difference in 
final hemostasis in favour of the heater 
probe group: 19 of 20 (95%) of ulcers 
treated with heater probe and 24 of 35 
(69%) of ulcers treated with Y AG laser 
stopped bleed ing ( P<0.05 ). Some 

ranents who rehleJ had second treat
ments, a protocol which has been used 
increasingly in subsequent studies. It is 
interesting to note the very high rate of 
induced bleeding (29%) in laser
treated patients. This did not occur in 
the heater probe group and may ac
count for the apparent difference in 
fina l hemostasis. The diffe rence in 
surgery and mortality in the two groups 
did not reach statistical significance. 
The authors concluded that heater 
probe was more effective than laser as 
well as being quicker and safer; how
ever, the efficacy of heater probe has 
not been shown to be better than laser 
in any of the subsequent prospective 
studies. 

The first pro~pective randomized 
comparison of the two modalities was 
performed in 1987 (30). PHrients with 
peptic ulcers showing stigmata of recent 
hemorrhage ( total 14 3) were random
ized to receive Y AG laser, heater probe 
or no endoscopic treatment. The re
bleeding rate was significantly lower in 
the laser group (20%) than controls 
(42%). Rebleeding in the heater probe 
group (28%}, however, was not signifi
cantly different from controls (al
though there was a strong trend towards 
reduced rebleeding}. There was no srn
tistical difference in deaths in the three 
groups. Combined analysis with results 
of a previous study from the same group 
( 12) and with an identical protocol but 
no heater probe arm showed sig
nificantly fewer rehleeds and deaths in 
patients treated with laser rather than 
heater prol,e. Ulcers with both major 
and minor stigmata of recent hemor
rhage were included in this study. A 
further analysis of subgroups may pro
vide more information, although the 
authors did note that randomization 
was hiased cowards heater prol,e 
therapy. 

Excellent results have subsequently 
been reported in an open prospective 
study (38). Fifty patients with visible 
vessels (28 with spurting hemorrhage) 
were treated with heater probe. The 
results arc shown 111 Table 5. In all, 49 
of 50 visible vessels (98%) were con
trolled with treatment, and only seven 
( 14%) re bled within one week. Hemo
stasis was ach ieved in four of these 

CAN J GASTROENTEROL VOL 4 No 9 DECEMAER 1990 

Endoscopic thermal treatment 

TABLE 5 
Adapted results tor peptic ulcers with 
visible vessels treated with heater 
probe (Lin et al 1988) (38) 

Initial hemostasis 

Final hemostasis 

Emergency 
surgery 

Mortality 

Spurting Oozing 
and non
bleeding 

28/29 21 /21 
26/29 20/21 

3/50 

1/29 0/21 

patients with further heater probe t reat
ment. The ultimate success rate wa~ 
thus 46 of SO patients (92%). The pa
tient whose bleeding was not controlled 
hy innial treatment had a deformed 
duodenal bulb, and the heater prohe 
could not be applied to the bleeding 
source. This patient was the only fatal
ity in the series. A total of three patients 
underwent surgery and survived. 

A recent prospective randomized 
controlled trial from Scotland (39) has 
demonstrated efficacy of heater probe 
against controls. Patients with active 
blcedmg were randomized to treatment 
or no treatment. No rcblecding oc
curred in 20 ratients treated with 
heater probe, but five of 23 controls 
rehled (P=0.05 ). Emergency surgery 
was performed in three of the control 
patients. Consider111g ulcers w ith 
visible vessels, seven of seven in the 
heater probe group d id not rebleed but 
Lhree of four controls rebled (P<0.04 ). 
Bipolar clectrocoagulation: The bi
polar probe consists of two or more 
(commonly three) pairs of bipolar 
electrodes allowing diathenny with tip 
angulation. It comes in various sizes, 
early prohes being 2.3 mm in diameter 
and later ones 3.2 or 3.4 mm in 
diameter. There is a central irrigation 
channel. Early power sources delivered 
25 W - the lacer units SOW. The tech
nique of vessel coagulation is identical 
to that employed with the heater probe. 
In experimental studies, the 3.2 mm 
probe has proven more efficient at 
coagu laLing bleeding mesenteric 
arteries than the 2.3 mm probe (40). 

An early multicentre study ( 41) 
demonstrated clinical efficacy of the 
bipolar 2.3 mm probe. A total of 44 
patients with various actively bleeding 
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TABLE 6 
Patients with peptic ulcers treated with 2.3 mm bipolar probe or no treatment 
(O'Brien et al 1986) (44) 

Treated Control 
Total Continued/ rebleedin Total Continued/ rebleedin 

Adherent clot 18 4 39 5 
BleedingVV 40 6 21 13 
Nonbleeding VV 43 7 43 16 

Contlnued/rebleedlng for all groups P<O.O 1. W Visible vessel 

TABLE 7 
A randomized comparison of 3.2 mm BICAP and Y AG laser with pre -injection 
of adrenaline in patients with peptic ulcers with visible vessels (Rutgeerts et al 
1987) (29) 

Initial hemostasls 
Final hemostasls (one session) 
Rebleedlng after Initial hemostosis 
Second treatment successful 
Final hemostasis (two sessions) 
Emergency surgery 
Perforations 
Mortality 

stomach anJ duodenal lesions were 
treated. Immed iate hemostasis was 
achieved in 38 (86%), and only 11 
patients subsequently rebled. No com
plications were encountered. This study 
paved the way for controlled trials. 

Three controlled trials were con
ducted with the 2.3 mm probe. In the 
first ( 42), 46 patients with peptic ulcers 
which had bled were randomized. The 
ulcers were not characterized further, 
anJ nod ifferences were shown between 
the 2 l treated patients and controls. 
One treateJ patient suffered massive 
bleeding during the procedure. The 
seconJ (43) found no difference be
tween 21 treated and 24 control 
patients with stigmata of recent hemor
rhage. Access with the probe, however, 
was inadequate in half of the patients 
treated. The third trial with this small 
probe did show a statistical reduction in 
rebleeding in patients treated with the 
2.3 mm bipolar probe over controls 
(44). This trial was much larger than 
the previous two and included a 
detailed description of bleeding points 
(Table 6). Two hundreJ and four 
patients with stigmata of recent hemor
rhage were randomizcJ to bipolar treat
ment or control. Overall 17 of l O l 
( 17%) treated patients continued to 
bleed or rebled within five days, versus 

Loser (n=SO) 
45 (90%) 

36 (72%) 

9/45 (20%) 

8/9 (89%) 

44 (88%) 

6 (12%) 

1 (2%) 

7 (14%) 

___ B~ lor ~n=SO) 
48(96%) 

36 (72%) 

12/48(25%) 

7/11 (64% 
43 (86%) 

3 (6%) 

1 (2%) 

7 (14%) 

34 of 103 (34%) in the control group 
(P<0.01). The differences were most 
marked in groups with visible vessels, 
although statistical analysis was not 
done on subgroups. There was no sig
nificant difference in surgery or mor
tality. 

In an open study (45), 53 patients 
with various upper gastrointestinal 
tract lesions were treated with a larger 
(3.4 mm) bipolar electrocoagulator. 
Bleeding was stopped in 52 of 53 
patients and rebleeding noted in only 
15%. Three comparative studies have 
since been carried out with variable 
results. In the first ( 46), 41 patients with 
stigmata of recent hemorrhage were 
randomize<l to electrocoagularion or 
control; six of20 treated and eight of21 
control patients suffered from rcbleed
ing. There was no significant difference 
in any important parameter between 
the two groups. In another small study 
for active hemorrhage from various 
lesions (47), there was a significant 
reduction in the need for emergency 
surgery (14 over 57%, P=O.Ol). The 
rebleeding rares were not discussed and 
there was no significant difference in 
mortality. 

A detailed randomized comparison 
of Y AG laser anJ 3.2 mm bipolar probe 
10 patients with bleeding and non-

bleeding visible vessels was performed 
in 1987 (29). Thisstm.lydiffered in two 
important respects from most previous 
trials. First, all ulcers were pretreated 
with an injection of 1:10,000 
adrenaline. Also, a second treatment 
with the appropriate modality was at· 
tem.pted before patients were classific<l 
as treatment failures anJ treated surg1· 
cally. The results of this trial 
demonstrated excellent hemostanc ef. 
ficiency of both modalities (Table 7). 

The bipolar probe appcarcJ to be 
slightly better at controlling spurting 
hemorrhage (80 over 58%), although 
this difference was not statistically sig
nificant. The overall operative rate m 
this study (9%) is dramatically less than 
the rate expected (28%) if all reblecds 
were subjected to surgery. As repeat en
doscopic thermal treatment with the 
two modalities appeared safe, this prac
tice represents a considerable a<lvance. 
Monopolar electrocoagulation: Mono· 
polar clectrocoagulation involves the 
passage of a high frequency current 
through an electrode which can be 
passed down an endoscope to tissue, 
through the body and to a ground plate 
in contact with the skin. It can he per
formed 'dry' or 'liquid' (through a layer 
of water), which helps reduce tissue aJ. 
herence. The experimental data pre• 
viously d iscussed confirmed the 
hemostatic efficacy of this technique, 
but the high incidence of full rhicknc~ 
damage (32) and undesirable erosion 
from electrical sparking (33) raised 
questions of safety, and relatively few 
clinical trials have been reported. 

A small controlled study of dry 
monopolar coagulation in ulcers w11h 
nonbleeding visible vessels was 
reported in 1979 ( 48). Rebleeding OC· 

curred in only 7% of treated ulcers com
pared with 85% of controls. In a 
subsequent study by the same group 103 
patients with actively bleeding peptic 
ulcers were treated with dry monopolar 
electrocoagulation ( I 5). Initial hemos
tasis was achieved in 94% and the 
rebleeding rate was 12%. Another 
group (49) examined the efficacy of 
liquid monopolar clectrocoagulanon in 
37 patients with ga~tric and stomal ul
cers with visible vessel~. Rebleedingwas 
significantly less common in the treated 
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group (tine of 16) than in controls ( 11 
of2 1 ). There was no difference in mor
caltry. A simi lar Hudy (50) in 3 l 
patients with peptic ulcers with non
bleeding vis ihle ves),cls produced 
similar re~ults. 

COMPLICATIONS OF 
ENDOSCOPIC THERMAL 

MODALITIES 
Hemorrhage: The induction or ag
gravation of anerial hemorrhage from a 
visible vessel 1s the mo:;r commonly ex
perienced complication of Y AG laser 
therapy. This occurred m between 0 
and 29% of patients from different 
series; however, the maJonty of these 
bleeds could he stopped with further 
therapy. Most series therefore repon 
relatively few patientl> wirh important 
aggravated or induced hemorrhage. 
With argon laser, two patients with vis
ible vessels suffered aggravated hem
orrhage out of 22 treated; both had 
surgery and survived ( l l ). With YAG 
laser four of 70 patients with visible 
vessels bled on treatment; all stopped 
with further laser shots, perhaps reflect-

TABLE 8 

mg the superior hemostatlc ability of 
the YAG laser (12). With YAG laser 
plus adrenaline pre inject1on, six of 28 
patients with nonbleeding visible ves
sels suffered aggravated bleeding with 
Y AG laser, and five of 26 with bleeding 
visible vessels contro lled wirh 
adrenalme miecnons rebled with the 
first laser shots; however, a ll of these 
patienrs stopped bleed ing with fu rther 
injections (28). Laser technique varied 
between groups. The authors t reat 
around the sentinel clot, not actually 
firing at it ( 12); this may account for the 
relatively low rate of induced bleeding 
m companson with some studies. lt 
seems likely that disruption of the sen
tmel clot and the underlying ,mery m 
the early phase of treatment before the 
feed ing vessel has been coagulated 1s 
responsible for aggravation of bleeding 
m these cases. Prec1pitat1on of hemor
rhage has not generally been found rn 
he a problem with the other the rmal 
methods; one trial (42) Jid however 
recorJ an induced bleed wnh the 
h1polar probe. 
Perforation: Two early studies ( 11, 14) 

Endoscopic thermal treatment 

with rhc argon laser reported nn ly one 
possible perforat ion in more than 100 
cre,1ted patients. The greater penetra
tion of the infrared beam of the Y AG 
laser in comparison with the argon laser 
led to concern regard mg more frequent 
perforation. Expenmental stuJies (22), 
however, established effective and safe 
guidelines for the use of the Y AG h1ser 
in bleeding gastric ulcers. Cl inical series 
have shown perforation to he very rare 
( less than l % ) when the laser 1s used 
according to guidel ines. Most studies 
have reported very few perforations 
with other thermal methods (Tahk 8). 

OTHER TREATMENT 
PROBLEMS 

Some ulcers in all series arc endo
scop1cally inaccessihle and thus not 
amenable to any thermal method, eg, 
Juodenal ulcers wirh duodenal deform
mes or pylonc stcnosis. Others arc m 
difficult locations where correct target
mg 1s not po:;s1ble. These locations are 
the posrenor/inferior duodenal bulb, 
the mfcnor post hulbar duodenum, the 
high gastnc lesser curve and the post-

Comparison of prospective randomized controlled trial results for thermal endoscopic hemostasis for bleeding peptic 
ulcers 

No. of Major Active Active Bleeding 
patients bleed bleeding bleeding point 

Mod(!!!!y randomized o.!!!}' on!_y +SRH defined Benefit Complications 
Vallon (14) Argon laser 136 + + Na ? 1 perforation 
Swain (11) Argon laser 76 + YesFH+M 2 aggravated bleeding 

Both required surgery 
lhre (23) YAGloser 25 + + No 1 perforation 
Escourrou (24) YAGloser 71 + + No 
Rutgeerts (26) YAGlaser 129 + +/- No+ None 
Macleod (13) YAG loser 45 + + + Vess 
Swain (12) YAGlaser 101 + + Yes FH . S. M 4 aggravated bleeding 

All stopped 
Kreis (31) YAG laser 174 + No 4 aggravated bleeding, 

2 required surgery. 
1 perforation 

Matthewson (30) YAGHP 143 + YAG Yes FH 
HP No 

Fullerton (39) HP 43 + + YesFH 1 perforation 
Groudie (42) BICAP2.3 mm 46 + No 1 Induced bleeding 

No perforations 
Kernohon (43) BICAP2.3 mm 45 + No 
O'Brien (44) BICAP2.3 mm 204 + YesFH 
Brearley (46) BICAP3.2 mm 44 + No 1 perforation 
Laine (47) BICAP3.2 mm 24 + + Vess only None 
Moreto (49) MP 37 + YesFH None 
FH Further hemorrhage. S Emergency surgery; M Mortality + No benefit in terms of the above but there was Significant Initial c ontrol of bleeding. HP 
Heater probe. MP Monopolar; SRH Stigmata of recent hemorrhage 
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erior high gastnc bo<ly. DuoJcnal ulcers 
are in general more Jifficult to treat 
than gastric ulcers. The proportion of 
ulcers that cannot be treated varies be
tween 2 and 26% in different series. 

Rebleeding following initially suc
cessful hemostasts by a thermal method 
occurs m 10 to 30% of ulcers demon
strating visible vessels. A study previ
ously discussed (29) demomtrated that 
the majority of these rebleec.ls can be 
terminated by a further endoscopic 
treatment, and recent experience has 
confinned this. 

LA TE OUTCOME OF 
PATIENTS TREATED FOR 

BLEEDING ULCERS 
A recent study from the authors' unit 

( 51) looked at long term follow-up of 
patients with peptic ulcer hemorrhage 
treated between 1984 and 1986 as part 
of a randomized controlled trial of en
doscopic YAG laser and heater probe. 
Details on 9 3 of 131 patients were ob
tained for an average follow-up period 
of three years. A total of six patients 
suffered further peptic ulcer hemor
rhage during this period: two of 25 
bleeds ocri.;urred in the laser-treated 
group; three of 29 in the heater probe
treated group; and one of 1 7 in the 
control group who did not have surgery. 
No patients who had surgery rcbled. 
Thi~ low rate of recurrent bleeding oc
curred despite a surprisingly high m
cidence of dyspeptic symptoms - 35% 
in patients treated with endoscopic 
thermal methods; 70% of these patients 
were taking Hz receptor antagonists. It 
is concluded that endoscopic therapy 
for peptic ulcer hemorrhage followed by 
long term maintenance Hz receptor an
tagonists provides long term hcmostasis 
in almost all patients. 
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DISCUSSION 
The discovery of the visible vessel as 

the important risk factor for further 
bleeding in peptic ulcer hemorrhage 
has allowed the identification of pa
tients likely to benefit from endoscopic 
therapy. Most studies have been per
formed with the YAG laser and evi
dence for the efficacy of this moJality ts 
convincing. Directcomparisonofargon 
and Y AG lasers from studies with iden
tical protocols from this unit confirmed 
the clinical impression that the Y AG 
laser has superior hemostatic ability. 
There are less data for the other thermal 
modalities. Studies with heater probes 
have produced variable results. The 
authors' present study showed a trend 
towar<ls reduced rebleeding in patients 
treated with heater probe over controls, 
but this was not significant, whereas 
there was a significant reduction in re
bleeding in patients treated with YAG. 
It is likely that type 2 error (not enough 
patients) was responsible for the lack of 
significant difference between the 
heater probe and control groups. The 
clinical impression was that heater 
probe was effective but not as good as 
laser, at least in the authors' hands. 

The other two prospective stuJies 
with the heater probe which charac
terized the bleeding point carefully 
both confirmed efficacy of this device. 
The results of one study (38) were par
ticularly encouraging. The small num
ber of tnals conducted with bipolar and 
monopolar electrocoagulation have 
shown both of these modalities to be 
better than control, but few data are 
available on comparison with the YAG 
laser. The only comparative study (29) 
was well designed and gave excellent 
results for both Y AG laser and bipolar; 
both groups were preinjected with 
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adrenaline. Subsequent studies (52,53) 
have shown that adrenaline mjectinn 
alone 1s effective in reducing furrher 
bleeding from peptic ulcers, although 
the combinatton of adrenaline and a 
thermal method achieved better results. 
Two recent stuJies (53,54) also looked 
at a combination of mjection wuh 
adrenaline and a sclcrosant (Polidoca
nol, Mcthoxysclerol l %, Germany). 
Results with this regimen 111 the second 
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centres, excellent hemostasis ts possible 
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centres with considernble benefit. 
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described in this paper are effective at 
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most convincing for the NdYAG laser, 
bur it is unlikely that any major dif• 
ference between the modalities will 
emerge.The skill and perseverance of 
the endoscopist is almost certainly more 
important than the particular modality 
employed. Personal preference and ex• 
periencc may dctennine which method 
is most appropriate for each endo
scopist. The authors' preference 1s for 
injection with adrenaline followed by 
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