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Surgical management depends on pathology, and in di cussing
the surgical approach to peptic ulcers we must base it on
what is known of the pathogenesis of this condition. Peptic
ulceration is not a single entity, but the common result of
many disturbances, and successful management demands
that we differentiate between the different types of peptic
ulcers on the basis of the antecedent disorder.

The purpose of this paper is to discuss the different types
of peptic ulcers with particular reference to their pathogenesis
and to speculate about the value of the various methods of
surgical treatment available for each one, with the emphasis
on the risks of recurrent ulceration after the operation.

Peptic ulcers are produced by the corroding effect of acid
and pepsin on the mucous membranes of different parts of
the gastro-intestinal tract to which the acid and pepsin have
access, and it is obvious that ulceration will occur as a
result of either an excessive secretion of acid and pepsin, as
occurs in duodenal ulceration, or a decrease in the resistance
of th~ mucous membrane to an otherwise normal secretion
of acid and pepsin, as is seen in gastric ulcers. In view Of
this, the logical form of surgical treatment for duodenal
ulcers is.a removal of the acid-producing area of the stomach4

and operations for gastric ulcers should remove .all the
mucous membrane with a decreased resistance to acid and
pepsin. In both types of operations care should be taken
not to disturb the balance bet\yeeri acid secretion and mucosal
resistance, because this will inevitably result in a recurrence
of ulceration.

GASTRIC ULCERS

It is well known that the mucosal lining of the stomach can
be divided into 3 different types-cardiac, fundic and
pyloric. The fundic mucosa is encountered in the fundus
and .body of the stomach, whereas the cardiac region is
found around the oesophageal opening and the pyloric region
in the pyloric antrum. The pyloric and cardiac mucosae
very closely resemble' each other and for practical purposes
can be described together. 5

The fundic mucosa occupies the vast central area of the
stomach, whereas the pyloric type of mucosa occupies on the
average only 13·8 %_of the area of the adult stomach.1

An interesting feature is that the pyloric mucosa extends
further along the lesser curvature than along the greater
curvature, and we thus find that in the adult the pyloric
mucous membrane extends on the average 39·6% of the
length of the lesser curvature, as opposed to only 13·2 %of
the length of the greater curvature1 (Fig. 4). In absolute
measures the pyloric area in the adult covers on an average
7·2 cm. of the lesser curvature and 5·2 cm. of the greater

* This article is based on papers presented at the 42nd South
African Medical Congress (M.A.S.A.), East London, C.P., Sep­
tember-October 1959.

curvature.1 It is po sible, of course, that the pyloric mucou
membrane might actually join up with the cardiac mucou
membrane in some individual , although I have not per onally
encountered such a ca e in human being. Such a di tribution
of gastric mucous membrane is normal in certain anirnal
like the horse and the pig, and con equently it is conceivable
that it does occur in human beings in certain cases.

My interest in the aetiology of peptic ulcer commenced
early in 1953, when during routine histological examination
of gastric ulcers I was struck by the fact that none of the e
gastric ulcers occurred in an area with fundic mucous mem­
brane and it thus seemed as if gastric ulceration was a disease
of the pyloric mucous memhrane only. This observation led
me to examine 66 gastric ulcers microscopically and I found
that in none of these case was the mucous membrane
adjoining the ulcer of the fundic variety. In all the case
there was a marked gastritis in the neighbourhood of the
gastric ulcer, which frequently obscured the' histological
appearance to a certain degree. In 13 of these cases fundic
mucosa was found very close to the ulcer, varying between
2 and 18 low-power fields away from the ulcer edge itself.

•

:/....:
Fig. I. A photomicrograph to illu !Tate chronic atrophic
gastritis in pyloric mucosa.
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The reason for this susceptibility on the part of the pyloric
mucosa to develop gastric ulceration seemed to be of funda­
mental importance, and I proceeded to investigate the matter
further. Histological examination was made of 28 stomachs,
resected for duodenal or gastric ulcers, by serial sections
taken along the lesser and greater curves and the anterior
and posterior walls. In each one chronic gastritis waS en­
countered. The distribution of this gastritis was carefully
plotted and the severity of the chronic gastritis was subdivided
into chronic superficial gastritis and chronic atrophic gastritis.

Chronic superficial gastritis consists of an abnormal cellular
infiltration with the fonnation of lymphoid follicles in the
deeper layers of the mucosa. It may affect fundic and pyloric
mucous membrane.

Chronic atrophic gastritis is a more advanced stage of
gastritis8 and results in flattening of the rugae and a granular
mucosa which on microscopy, in addition to the features of
superficial gastritis, shows varying grades of atrophy of the
mucous membrane.

In the pyloric mucosa this atrophy results in extreme
thinning of the mucous membrane to a stage where it is

Fig. 2. A photomicrograph to illustrate pseudo-pyloric
glands in fundic mucosa affected by chronic atrophic gastritis.

surprising that it can still resist ulceration (Fig. 1). Iu the
fundic mucosa there is destruction of the chief and parietal
cells, and the response to this irritation appears to be replace­
ment of the damaged fundic glands by non-specific mucus­
secreting cells arranged in coils to resemble the pyloric glands.
These are called pseudo-pyloric glands.2 This post-inflamma­
tory metaplasia was clearly responsible for the original
mistaken belief that gastric ulcers appeared only in the
pyloric mucosa, because many gastric ulcers were found in
fundic mucous membrane transformed by this pseudo-pyloric
metaplasia (Fig. 2).

Another form of reaction is the formation of an intestinal
type of mucosaS,l4-intestinal metaplasia.

Sometimes the glands become distended to form small
cysts. This may be due to destruction and subsequent repair
with fibrosis and obstruction at the neck of the glands,!!
but at other times it is a result of gland regeneration following
injury31 (Fig. 3).

It was now obvious that the original concept was incorrect
and that gastric ulcers may occur not only in pyloric mucosa
but also in fundic mucosa which is the seat of chronic
gastritis, and that the metaplasia described above disguises
the fact that it is truly fundic mucosa. It is not surprising
that such a mistake can be made if only a small portion of
mucosa is available, because sometimes in severe atrophic
gastritis it is impossible to decide whether one is dealing with
pyloric or fundic mucous membrane.

Chronic gastritis is a very common if not invariable finding
in stomachs resected for gastric ulcerationU and the problem
is to decide whether the gastritis is the primarY event which
leads to the development of gastric ulcer or whether it is the
gastric ulcer which in turn produces the chronic gastritis in
the surrounding gastric mucous membrane. Although it is
impossible to give a dogmatic answer to this problem, there
is nevertheless very suggestive evidence that the chronic
gastritis is the primary event.30,35 On many occasions I
have encountered severe chronic gastritis of the superficial or
the atrophic variety without any gastric ulcer present, whereas
I have never encountered a gastric ulcer without severe
surrounding chronic gastritis. The concept is thus that a
chronic gastritis is the primary event and that a gastric ulcer
may develop in this region. .

It is now necessary to explain the cause of this chronic
gastritis which is considered to be the precursor of the chronic
ulcer. There is every indication that in many cases a chronic
irritation of the surface of the gastric mucous membrane is
certainly a very important factor. Such a chronic irritation
can, of course, be caused by food taken by mouth, and a
classical example of such a condition is chronic alcoholism,6
where the recurrent irritation of strong liquor produces severe
chronic gastritis. In this type of chronic gastritis the whole
stomach is usually affected and often the fundic mucosa is
more severely affected than the pyloric mucosa. Because of
this extensive destruction of acid-producing cells, so little acid
is secreted in the stomach that the formation of a chronic
gastric ulcer is unlikely, and one thus not infrequently finds
that these people do not present with a chronic-gastric ulcer,
but rather with diffuse atrophic gastritis and sometimes a
superimposed acute gastritis (following a drinking bout) with
resultant acute erosions and haemorrhage (Fig. 5).

Another known cause of chronic gastritis is gastric stasis,
and this is the explanation for the fairly high incidence of
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Fig. 3. A photomicrograph to show a microcyst in the gastric
mucosa without any obstruction in the neck of the gland.

gastric ulcers after vagotomy without adequate drainage of
the stomach.9 ,lo

Another cause of chronic irritation to the mucous lining of
the stomach occurs after gastrojejunostomy where there is
repeated reflux of bile and pancreatic juice into the
stomach.12,13 This persistent irritation produces a chronic
gastritis which sometimes goes on to produce a chronic
gastric ulcer or haematemesis from multiple superficial
erosions. The gastritis produced by a gastrojejunostomy is
centred around· the stoma, and there seems very little doubt
that it has been produced by the reflux of bile and pancreatic
secretion through the stoma (Fig. 6).

In other eases of gastric ulcer one finds that the chronic
gastritis extends from the pylorus proximally for a variable
distance into the stomach, usually confined to the pyloric
antrum and lowermost portion of the fundus14,30 and mostly
along the lesser curvature2,3 (Fig. 7). It is a common con­
dition, increasing in extent and severity with increasing age.30

The remainder of the gastric mucous membrane appears
normal. It is thus suggestive that the factor producing the
chronic irritation arises in the region of the pylorus and
extends for a variable distance proximally. It seems thus
higWy unlikely that this form of irritation has been produced
by food or fluid taken by mouth and, in view of the fact that

it seems likely that reflux of bile and pancreatic ecretion
through a gastrojejuno tomy stoma can produce urrounding
chronic ga triti , it is sugge ted that thi type of chronic
gastriti , e tending from the pylorus proximally ha ari en
a a re ult of the reflux of tile and pancreatic ecretion
through an incompetent pyloru .

It ha pre iou I been pointed out that the p loru i not
a sphincter which prevents ga tric emptying, but that it
purpose is to pre ent the reflux of bile and pancreatic ecretion
back into the tomach when duodenal contraction take
place.7 If thi function is inadequate then bile and pancreatic
secretion can reflux into the stomach during duodenal
contraction, in which ca e the di tal portion of the tomach
will be con tantly irritated by thi fluid. It is thu uggested
that this type of gastric ulcer i the re ult of an i.ncompetent
pyloric sphincter which allows duodenal reflux and in that
way produces a chronic gastriti in the di tal portion of the
stomach, which i the preeur or of the chronic ga tric ulcer
in that region.

That uch a condition probably exist in many people i
shown in a review of a large number of cases in which it was
found that only 27·8 %of stomachs of normal people showed
absence of gastritis,3 and one has found it in the presence of
duodenal ulcers (Fig. 8). Thi ga tritis always extends from
the pylorus proximally and it is maimal along the le er
curvature, presumably beeau e the tone of the tomach
opposes the anterior and posterior tomach walls, lea ing
only a small region along the lesser curvature for fluid to
reflux, in exactly the same way as liquid taken by mouth
runs down along the lesser curvature. The pre ence of such
a chronic gastritis in the pyloric region of the tomach largel
centred on the lesser curvature i a common finding, and i
not an indication of a diffuse gastritis of the stomach.s

If it is accepted that this type of irritation i a common
feature then, of course, it is easy to understand how in
selected eases a chronic gastric ulcer will occur in the pyloric
region of the stomach, particularly along the lesser curvature.
It is also easy to understand that in some cases a duodenal
ulcer occurs in the presence of a gastric ulcerll because there
is nothing to prevent a hyper eereting tomach from also
having an incompetent pyloric sphincter, thu allowing
sufficient reflux to produce a chronic gastritis along the
lesser curvature with the resultant formation of a chronic
gastric ulcer. In these cases the extent of the chronic gastritis
is limited; otherwise there would not be enough ecretory
cell mass to produce sufficient gastric ecretion to cause a
duodenal ulcer (Fig. 9).

An interesting speculation now is to decide why gastric
ulcers particularly occur in the region of the pyloric muco a.
Is it merely because the pyloric muco a is closer to the pylOIU
and that it is thus likely to be most severely affected by the
refluxing duodenal contents, or is the pyloric muco a in fact
less resistant to this refluxing fluid so that a ga tric ulcer i
produced in tills area in preference to the fundic muco a,?
There has been some suggestion that the pyloric muco a
close to its junetiofi with the fundic mucosa is e pecially
susceptible to ulceration, 32,34 and this will explain the cLas ieal
location of gastric ulcers, but it i by no means invariable,
and we know that a gastric ulcer may be found more
proximally in fundic mucosa30,32,33 (Fig. 10).

In 3 cases studied with severe atrophic gastriti affecting
the pyloric and fundic mucosa, a gastric ulcer was found in

:
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the pyloric region in 2 cases and in the fundic mucosa in 1.
On the other hand, I have found a person with two gastric
ulcers, one in the pyloric and one in the fundic region (Fig. 11).

One interesting finding has been to see the junction between
fundic and pyloric mucous membranes and to find that the
body mucosa shows superficial gastritis only and the pyloric
mucosa immediately adjoining it shows severe atrophic
gastritis, suggesting that the latter area is more susceptible
to irritation (Fig. 17). When performing a gastric resection
for a gastric ulcer, therefore, it is important that the surgeon
hould remove an extensive area of the lesser curvature so

as to remove the pyloric mucous membrane and the area
which has been subjected to gastritis quite irrespective of the
situation of the gastric ulcer. For this reason I recommend
that in all gastrectomies performed for gastric ulceration a
Pauchet manreuvre should be performed to ensure that all
the susceptible and damaged mucous membrane is removed
at the time of the operation to prevent the recurrence of
another gastric ulcer. If this is not done then damaged
mucosa is left behind which may produce another gastric
ulcer.

In these cases the duodenum is normal and therefore there
is no increased chance of a duodenal ulcer occurring later.
There is thus no particular need to perform a Polya type of
operation and I consequently prefer a BiIlroth I operation
because it eliminates the afferent loop, which is the source
of Potential trouble at a later stage.7 There is of course

Figs. 4-15.
Stippled area =normal gastric mucous membrane
Interrupted transverse lines =normal duodenal mucous membrane
Diagonal lines = chronic superficial gastritis
Wavy lines =chronic atrophic gastritis
Black areas = gastro-enterostomy stoma
White areas = gastric ulcers

Thick black line outlines the junction between pyloric and
fundic mucosa. These diagrams illustrate the following:

Fig. 4. The average distribution of cardiac, fundic and pyloric
mucosa in an adult stomach.
Fig. 5. The distribution of gastritis in a stomach resected
for haematemesis in a European male aged 39 who was a
chronic alcoholic. (No chronic ulcer was present.)
Fig. 6. The distribution of gastritis in a stomach resected for
haematemesis in a Coloured male aged 43 who had had a
previous gastro-jejunostomy. (No chronic ulcer was present.)
Fig. 7. The distribution of gastritis in a stomach resected
for a chronic gastric ulcer. (Coloured male aged 49.)
Fig. 8. The distribution of gastritis in a stomach resected
for a chronic duodenal ulcer. (European male aged 43.)
Fig. 9. The distribution of gastritis in a stomach resected
for active chronic gastric and duodenal ulcers. (Coloured
female aged 46.)
Fig. 10. The distribution of gastritis in a stomach resected
for a chronic gastric ulcer high up on the lesser curvature.
(European male aged 68.)
Fig. 1J. The distribution of gastritis in a stomach resected
for two chronic gastric ulcers. (European male aged 42.)
Fig. 12. The distribution of gastritis in a stomach resected
for a chronic gastric ulcer and gastrocolic fistula in a European
female aged 41 who had received large doses of cortisone for
the previous 7 years.
Fig. 13. The distribution of gastritis in a stomach resected
for a jejunal ulcer following a previous gastro-enterostomy
in a European male aged 69.
Fig. 14. The distribution of gastritis in a stomach resected
for a gastric ulcer following a previous gastro-enterostomy
in a European male aged 62.
Fig. 15. The distribution of gastritis in a stomach resected
for a gastric ulcer following a previous Billroth I gastrectomy
for a duodenal ulce~ in a European male aged 51.

the possibility of duodenal reflux into the gastric remnant
with the formation of a new gastric ulcer, and for that
reason I wonder whether a Roux-Y type of operation i
not preferable in this type of lesion.

During this investigation an interesting observation v a
encountered in connection with the effect of cortisone on the
development of peptic ulcers. It is known that cortisone
increases the gastric secretion and in such an event will be
likely to produce a duodenal ulcer if the gastric mucosa i
normal.4 ,lS If, however, cortisone is administered to a person
with an incompetent pyloric sphincter which allows free
reflLL" and the development of chronic gastritis, the anti­
inflammatory effect of cortisone will result in severe gastric
mucosal atrophy with very little inflammatory reaction;
one such case was encountered where a marked feature
was the gross chronic atrophy of the gastric mucosa with
virtually no inflammatory reaction (Fig. l6). This patient
actually developed a spontaneous gastrocolic fistula and no
doubt this extension of gastric ulcer into the colon was also
the result of ~his lack of inflammatory reaction to the irritation
produced by the duodenal reflux (Fig. 12). It thus seems that
the administration of cortisone may be responsible for the
development of either a duodenal ulcer or a gastric ulcer,
depending on the function and efficiency of the stomach and
the pyloric sphincter.

DUODE AL ULCER

This condition is now usually considered to be due to excessive
secretion of acid and pepsin by a stomach which contains an
abnormally large number of acid-secreting cells.16 ,17

The increased volume of acid and pepsin produced by this
increased parietal-ee1J mass will, of course, pass over the
pyloric mucous membrane of the stomach and then down
the bowel, and the fact that it produces an ulcer only in the
first part of the duodenum indicates a relatively poor resistance
in that area. •

The defence of the fundic mucous membrane of the stomach
against this high acid secretion is inherent in the mucosa and
it is clearly very high because ulceration never occurs in
fundic mucosa which is still intact. The pyloric mucosa is •
protected by the mucus and alkali secreted by the pyloric .
glands, and this too is a very efficient protective mechanism,
for it is unusual to find a gastric ulcer in the presence of an
abnormally high acid secretion. Sometimes this does happen
if there is a localized gastritis which lowers the resistance of
that area without interfering with the acid-secreting
mechanism. Under these circumstances we then find the
comparatively rare combination of an active duodenal ulcer
and an active gastric ulcer present at the same time.

Beyond the ampulla of Vater there are virtually no
Brunner's glands, and the protection of the bowel beyond
that point against acid and pepsin depends entirely on the
neutralizing and buffering effect of the bile and pancreatic
secretion.

The first portion of the duodenum up to the ampulla of
Vater depends for its protection on the secretion of mucus
and alkali by the Brunner's ·glands, which closely resemble
the pyloric glands histologicaJJy, S and duodenal ulceration
may thus be considered to be due to an imbalance between
the acid·secreting ceIls of the stomach and the Brunner'
glands. It is known that a congenital inadequacy of the
Brunner's glands may occurs and this may explain those
cases of duodenal ulceration without an abnormally high
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Fig. 16. A photomicrograph showing atrophy of the fundic
muco a without significant ce-lIular iniiltration in a European
female aged 41 with a ga trocolic iistula. She had been on
large doses of cortiwne for 7years.

acid ecretion. 34 In addition, it should be kept in mind
that there is a evere duodenitis present in cases with duodenal
ulceration and mucosal thinning and atrophy of the Brunner's
gland 36 (Fig. 18). Whether this is the cause or the effect
of the duodenal ulcer i uncertain, but the end result in any
event would be a lowering of the mucosal resistance, and
consequently any operation wruch does not divert acid and
pepsin away from the duodenum will be liable to be followed
by a recurrence of a duodenal ulcer. This is probably the
explanation for the comparatively high incidence of duodenal
ulceration after a Billroth I operation performed for duodenal
ulceration l and for the di appointing results with sleeve
resection, which at first glance would appear to be the most
logical operation for a duodenal ulcer.l9•29 For the present
it thu eem as if the Polya type of ga trectomy is the most
reliable operation for duodenal ulceration, although this
type of operation re ult in the reflux of bile and pancreatic
ecretion into the ga tric remnant, wruch may develop

a gastriti and in time a gastric ulcer. It eems likely that a
Hoffmeister valve will a i t in directing the bile away from
the ga tric remnant into the efferent loop and consequently
I feel that thi refinement should be used when performing
a Polya type ga trectomy.

STOMAL ULCER

Ju t as a duodenal ulcer i produced by a hypersecreting
.stomach which overcomes the resistance of the duodenal
mucosa, and many gastric ulcers by reflux of bile and pan~

creatic juice wruch produces chronic gastritis, so we can also
subdivide stomal ulceration after gastrojejunostomy or
gastrectomy into two varieties., The one variety will be
produced by a hypersecreting stemach which produces
irritation of the jejunum leading to a jejunal ulcer (Fig. 13).
On the other hand the stoma allows free reflux of pancreatic
secretion into tRe stomach, producing the surrounding
chronic gastritis wruch will be the precursor of a stomal ulcer
on the gastric side of the suture line (Fig. 14). This, of course,
may occur after a Billroth I operation too (Fig. 15).

The differentiation between these two types of stomal
ulcers is important because the management is naturally
quite different.

If the stomal ulcer is in the jejunum then it is obvious that
an excessively high volume of acid and pepsiiJ. is being
secreted by the stomach, and treatment should be directed
at removing this high volume of acid from the susceptible
jejunum. If the stomal ulcer is on the gastric side of the
suture line, then clearly the treatment should not be directed
at decreasing acid secretion but at the remov~.1 of the affected
gastric mucous membrane and a prevention of a repetition
of the same occurrence by diverting bile and pancreatic
secretion away from the stomach, as with a Roux-Y type of
anastomosis.

What has been said is obviously highly theoretical and
dependent on certain experimental data wruch are as yet
unproved. More proof is obviously necessary before these
factors can be established as fact, and therefore I hope that
this paper will be looked upon as a preliminary and pro­
visional report. We are still in the stage of observation as
far as the correct surgical treatment of peptic ulcers is con­
cerned and we are not yet in a position to formulate a
definite hypothesis. We must thus be careful when attempting
to do so, because a misconception may impede the progress
of knowledge. Any hypothesis must be subjected to repeated
,and stringent criticism and it is in that spirit that I present
this paper.

SUMMARY

1. Gastric ulcers occur in mucous membrane damaged by
chronic gastritis.

2. There are many causes of chronic gastritis, but a
striking type is seen around the stoma of a gastro-enterostomy,
presumably caused by the irritation of refluxing bile and
pancreatic secretion.

3. Many cases have been found with chronic gastritis in
the distal part of the stomach extending from the pylorus for
a variable distance proximally. It is suggested that this may
be due to reflux of bile and pancreatic secretion through an
incompetent pyloric sphincter.

4. The majority of gastric ulcers are found in pyloric
mucosa. This may be due to the distal situation of trus type
of mucosa, but there is some evidence that pyloric mucosa is
less resistant to irritation than fundic mucosa.

5. ot all gastric ulcers occur in pyloric mucosa. Some.are
obviously in fundic mucosa, whereas others are in fact in
fundic mucosa but the pyloric metaplasia of chronic gastritis
disguises this fact.

6. Surgical treatment of gastric ulcers must include removal
of all affected mucous membrane.

7. In cases with duodenal ulceration there is a congenital
or acquired defect in the duodenum and for that reason a
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Fig. 17. A photomicrograph to illustrate an apparent increased susceptibility of the pyloric mucosa to gastntls.
The pyloric mucosa is very thin and atropbic whereas the adjoining fundic mucosa shows only superficial gastriti
Fig. 18. A photomicrograph showing severe duodenitis in a patient with a chronic duodenal ulcer.

Billroth I gastrectomy or a tubular resection will result in a .
recurrence of a duodenal ulcer in many cases.

8. A stomal ulcer may be in the jejunum, due to excessive
acid secretion, or on the gastric side of the stoma following
on the chronic gastritis produced by the refluxing bile and
pancreatic secretion. The surgical treatment will vary accord­
ing to the site of the stomal ulcer.
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A aTE 0 PRIMING THE DEWALL OXYGENATOR
MALCOL.1 B. McKE 'ZIE, M.B., CH.B. (CAPE TOWN), Registrar, Department of Surgery, University of Cape Town

and Red Cross War Memorial Children's Hospital, and
CH:R1snAAN T. BARNARD, M.D., M.MED. (CAPE TOWN), M.S., PHn. (MINNEsoTA), Senior Clinical Lecturer,
University of Cape Town; Senior Surgeon, Groote SChUIU Hospital; Director of Surgical Research, Department of

Surgery, University of Cape Town

In a previous communication we described in detail the
assembly and priming of the helix-reservoir bubble oxy­
genator. l The methods used, though satisfactory in their
end results, are time-consuming. Since the report of I:aggella
et al.,2 however, describing the use of saline at 90°C, and
with our own further experience with this oxygenator, we
have reduced the time of this operation to a few minutes.

METHOD

(a) Initial Priming with Saline
A vacolitre of normal saline is placed in a boiling sterilizer

for 30 minutes, and the helix, blood filter and arterial line
are assembled as we previously described. l The vacolitre
is then removed from the sterilizer and its contents, which
we have found to have a temperature of approximately
900 e at this stage, are poured into the top end of the helix.

The hot aline flows through the helix and filter and,
once the latter has been filled, a clamp is applied to the
arterial line distal to the filter. Filling is then continued
until the helix contains approximately 800 ml. of fluid,
when a second clamp is applied to the arterial line proximal
to the filter, and the saline in the system is inspected for
bubbles.

It is found that few bubbles form when hot saline is em­
ployed for priming, and any bubbles present are easily dis­
lodged by tapping the helix and filter with a patella hammer.
Once the hew and filter have been cleared of bubbles, the
clamps on the arterial line are removed and the saline is
allowed to flow slowly through the remainder of the system.
The metal connectors and opaque section of latex tubing
in the circuit are beaten to dislodge any bubbles which may
have been trapped, and a clamp is applied to the distal
end of the arterial line.

If the temperature of the priming fluid is below 9Ooe,
bubble formation is incre.ased and, if the temperature of
this fluid is allowed to fall appreciably before de-bubbling
is commenced, it is found that bubbles are -more difficult
to dislodge. It is therefore important to perform the priming
as swiftly as possible, and to complete the whole operation
in a few minutes.

Calibration of the arterial pump and pump occlusion are
carried out as described before.l

(b) Priming with Compatible Donor Blood
As soon as the pericardial sac has been opened and the

necessity for direct-vision surgery confirmed by the surgeon,
priming is commenced. Donor blood is pumped from a
blood bottle, by means of the venous pump, into the mixing
chamber, where it is mixed with 100% oxygen. The venous
pump is adjusted so that it is only just propelling the blood
forward. The oxygen flow through the mixing chamber is
regulated so that the oxygen bubbles are seen only just
rising in this chamber. The blood-oxgyen mixture therefore
enters the de-bubbling chamber, where the bubbles are
broken down very slowly, and a stream of blood trickles
gently into the helix, causing no turbulence, and thus no
bubbles form on the blood surface within the helix.

Once the helix contains approximately 800 ml. of blood,
free of bubbles, both the venous pump and the oxygen flow
rate are stepped up, and the remainder of the priming volume
of blood is pushed through the system more rapidly. Should
bubbles form now, they are of no significance, and will
tend to gravitate upwards when perfusion is commenced.

CONCLUSION

Priming the oxygenator with normal saline at 900 e takes
but a few minutes, does not affect the transparency of the
Mayon tubing, and appears to be entirely satisfactory.

Priming the oxygenator with blood as described prevents
bubble formation within the helix, and hence prevents
consequent unforeseen delay during surgery.

SUMMARY

The problem of bubble formation during the operation of
priming the helix-reservoir bubble oxygenator is discussed.
A method of obviating this complication is described.

yve wish to thank Mr. C. C. Goosen, Mrs. V. M. Connell, and
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of priming described.
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