
CONGENITAL HYPERTROPHIC PYLORIC STFNOSIS. 

A 5tudy of the Pathology. Diaznosig,. 

Treata,ert4, 4na_Proanóala with Reference _tg 

Seventeen_ Perqo-cial CageaL 

By 

A.F. COWAN, M.B., Ch.B. ( Edin. ) . 

Thesis for the Degree of Doctor of Medicine. 

October, 1936. 



Iìd`IAO SUCTION and HISTOEICAL REVIEW. 

The condition of Congenital Hypertrophic Pylor- 

ic Stenosis, also commonly called Congenital Pyloric 

Stenosis, or Pyloric Stenosis in Infants, may be 

shortly defined as "A disease in which symptoms of in- 

creasing pyloric obstruction arise in children under 

three months of age" (Parsons and Barlin.g). 

In our opinion the full title Congenital Hyper - 

trophic Pyloric Stenosis is the most desirable in that 

it implies the congenital nature of the malady, and 

emphasises the muscular hypertrophy of the pyloric 

canal so constantly found post mortem and at opera- 

tion in these cases. 

Although much prominence has been given to Con- 

genital Hypertrophic Pyloric Stenosis within the last 

decade, it was a condition not unknown to the physic- 

ians of the seventeenth and eighteenth centuries. 

Thus, in 1629, Fabricius Hildanus (1560 -1634) a 

physician of Cologne, Geneva, and Berne, described a 

case he had seen in 1627, occurring in the small 

wasted six months old heir of Henry Otho, Esq.; this 

boy recovered on treatment with thickened feeds, but 

unfortunately there is no record as to the time of 

onset of his symptoms. 

Three writers of the eighteenth century mention 

cases presenting symptoms that are suggestive. Blair 

in 1717, George Armstrong in 1771, and Beardsley in 

1778; the latter's case occurring in a male child of 
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5 years, and there would seem, therefore, to be some 

doubt as to its being a true Congenital Hypertrophic 

Pyloric Stenosis. 

The year 1841 saw the publication of "A case 

of schirrhus of the stomach, probably congenital" 

by Williamson of London, and in 1842 Siemon- Dawosky 

recorded the first case in Germany. These two 

authors were the first to examine the pathology of 

the condition; both attributing the stenosis to a 

hypertrophy of the submucous layer of the pylorus. 

Siemon- Dawosky, in addition,remarks upon the projectile 

nature of the vomiting. 

Ianderer, in 1879, uses the term "Congenital 

Pyloric Stenosis" for the first time, and in 1887 

Hirschsprung described the clinical features of two 

cases in young infants under his own care. In 1896, 

Finkelstein called attention to the diagnostic sig- 

nificance of a palpable pyloric tumour, and in 

1898 Job,n Thomson, of Edinburgh and London, published 

his well known paper dealing with the pathogenesis 

and clinical symptoms as they had struck him in his 

wide and extensive experience. Thus at the beginning 

of the twentieth century our knowledge of the symp- 

toms, signs and pathogenesis of Congenital Hypertro- 

phic Pyloric Stenosis was fairly complete, and has 

since been supplemented in detail by such well known 

authorities as Still, Sauer, and Ibrahim. 

The history of the Surgical treatment to relieve 

symptoms / 
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symptoms is characterised by the diversity of methods 

employed and the complicated technique required of 

the sargeon. 

Jejunostomy (Cordua), gastro- enterostomy (Lob - 

ker), pyloric divulsion (Lcreta), pylorectomy(Stiles) 

and phioroplasty in its various forms have all enjoy- 

ed a period of popularity. 

Cordua performed the first operation for Con- 

genital Hypertrophic Pyloric Stenosis when,in 1893, 

he carried out a jejunostomy with fatal result; a 

successful gastro -enterestomy was performed, however, 

by Lobker in 1898, and although the operative mortal- 

ity was high, this operation was the method of choice 

for a considerable period. 

Loreta's pyloric divulsion through a gastros- 

tomy was next advocated, but lost favour owing to its 

high mortality and uncertain beneficial effect. 

Pyloroplasty of various types then came into 

vogue, but was attended by a high mortality,until,in 

1907, Fredet instituted a new departure when he per- 

formed a successful pyloroplasty, employing a straight 

incision through the muscular coats of the pyloric 

canal, exposing the mucous membrane in the wound. He 

then fashioned the longitudinal wound in the muscle 

layers into a transverse one,by means of sutures, a 

somewhat similar procedure to that employed in the 

modern pharyngoplasty for cleft palate. 

To Bammstedt (1912) belongs the credit of de- 

vising ; 
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vising the modern and highly successful operation 

generally known as the Fredet- Bammstedt operation. 

He suggested leaving the wound in the pyloric muscu- 

lature unclosed with the mucous membrane bulging 

through it; this procedure obviated the time factor, 

rendered the operative technique extremely simple, 

and was so successful, that it soon became the uni- 

versal method of choice. 

In the following Study of Congenital Hypertro- 

phic Pgloric Stenosis we hope to contrast and com- 

pare the generally accepted views with what we have 

personally observed during a period of residence at 

The Children's Hospital, Sheffield, and the Royal 

Hospital for Sick Children, Edinburgh. 

We wish it further to be understood that, in 

the cases referred to, a definite diagnosis was es- 

tablished either post mortem or at operation. 

Pathology / 
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Pathology :- 

The Pathology and Pathogenesis of Congenital 

Hypertrophic Pyloric Stenosis has given rise to much 

speculation and discussion in the past. Patholo- 

gists have long been familiar with the morbid and 

microscopic appearances of the pyloric region of the 

stomach in this condition, but have failed to reach 

any definite or unanimous conclusion with regard to 

the causative factors producing the pathological 

changes so regularly observed on the post mortem 

table. 

During our period of residence at the Royal 

Hospital for Sick Children, Edinburgh, we were for- 

tunate in securing five post mortem specimens of 

the stomach region. Four of these specimens were 

from male infants who died suffering from Congenital 

Hypertrophic Pyloric Stenosis,an_d otherspecimen was 

from a normal male infant, aged five weeks, who died 

of septicaemia. We propose describing and contrast - 

ing the Morbid and Microscopic appearance found in 

the normal stomach and pylorus with that found in 

these cases of true Congenital Hypertrophic Pyloric 

Stenosis. 

Thereafter the various theories as to the 

Pathogenesis of the condition will be discussed in 

the light of the pathological and clinical findings. 

I. 
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I. The Mac gagsmic Appearances i. the Normal Stovc 

and Pylorus. 

Male child, aged 5 weeks. 

fig. 1. Normal Stomach and Pylorus. 
Male child, aged 5 weeks. 

(Life Size). 

Morbid Appearance g . 

The stomach in this specimen was a little larger 

than is usual at this age, but apart from this slight 

dilatation the specimen was normal in every respect. 

The Pylorus was 1.8 cm. in length and .9 cm. in dia- 

meter. 

Smooth, / 
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Smooth, glistening, transparent peritoneum cover- 

ed the pyloric region and showed the pylorus to have 

a pink colour similar to that of the stomach, but 

quite distinct from the rather darker blueish pink 

colour of the duodenum. When handled with the fingers 

the pylòrus was found to be soft and pliable to the 

touch; a slight increase in diameter and consistency 

could be felt at the duodenal end in the vicinity of 

the pyloric sphincter. On viewing the pyloric sphinc- 

ter through the divided duodenum it could be seen 

bulging in a cone like manner into the duodenal lumen, 

with the opening of the pyloric canal showing as an 

oval at its apex. The appearance presented being 

very similar to the cervix uteri and external os, as 

viewed from the vagina. 

On Longituaisnal_ S et on of the Pylprua. 

The wall of the pylorus was seen to consist of 

five distinct layers. From without inwards these 

layers were the peritoneum, the longitudinal muscle 

layer, the circular muscle layer, the submucous layer, 

and the mucous coat lining the pyloric canal. 

The Peruton tin_ 

The peritoneal covering of the pylorus was of 

negligible thickness and stretched continuously from 

the stomach, over the pylorus, and on to the duodenum 

beyond. It was observed to be closely adherent to 

the underlying longitudinal muscle layer. 

The / 
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The Longitudinal Muscle Laye. 

The longitudinal muscle fibres of the pylorus 

arose from the longitudinal muscle fibres originating 

in the body of the stomach. As these muscle fibres 

approached the pyloric sphincter a differentiation was 

noted when viewed with a lens. The more superficial 

fibres continued onwards to the duodenum without in- 

terruption, whereas the deeper fibres bent sharply in- 

wards, seeming to become interwoven with the circular 

muscle fibres, and together forming the pyloric ring 

sphincter. 

The Circular Muac le .ye 
The circular muscle fibres were of a pinkish 

white colour. This layer, like the longitudinal,took 

origin in the body of the stomach from the circular 

muscle fibres there. These circular muscle fibres, 

continued from the stomach, formed a cylinder surround- 

ing the pyloric canal. At the duodenal end of the 

canal the circular muscle fibres interlaced with the 

deeper fibres of the longitudinal muscle layer, con - 

stituting the pyloric ring sphincter. The circular 

muscle coat ended in the pyloric ring sphincter; the 

circular muscle coat of the duodenum was composed of 

quite a separate and new group of muscle fibres,entire- 

ly isolated from the circular fibres of the pylorus by 

a thin, white, glistening fibrous septum which showed 

as a fine line under a lens. 

The 
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The Suomuçous Laver.. 

This layer was firmly attached to the circular 

muscle layer, but seemed more firmly attached to the 

mucosa lining the pyloric canal. The subrnucous layer 

was a continuation of the submucosa of the stomach, it 

stretched throughout the length of the pyloric canal,to 

be continued on beyond the pyloric sphincter to the 

duodenum. 

The =Mucous, Coat. 

The lining coat of the pyloric canal was a contin- 

uation of the gastric mucosa and presented a similar 

structure. A distinct thickening occurred where the 

mucosa covered the pyloric ring sphincter, but there- 

after it regained its previous thickness and continued 

onwards to line the proximal duodenum. The mucosa 

was thrown into small longitudinal rugae in the 

pyloric canal encroaching slightly upon the lumen,thus 

a view from the pyloric antrum looking towards the 

pyloric canal (before longitudinal section) showed the 

mucosa in stellate outline contained within the cylinder 

composed of the muscle layers. 

II. The MacroagoDic A Dearancea of the Stomach ara 

LYlo u.a_.in Congenital H ert ph. é Pylorus Stan- 

osis. 

The material at our disposal for purposes of ex- 

amination consisted of the stomach and pyloric region 

as it was found post mortem in four infants who had 

died suffering from Congenital Hypertrophie :Pyloric 

Stenosis. 
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Stenosis. Two of the cases had died following the 

Fredet- Rammstedt operation, and the remaining two died 

before operation lad been undertaken. The ages of 

these infants ranged from three to eight weeks at the 

time of death. In order to simplify description the 

Morbid Appearances found in one case only will be de- 

scribed in detail, but the various distinctive features 

will be illustrated from the other three specimens. 

Morbid ApDearancu. 

F.ß:7., aged L. male child. See fig. II. 'below. 

52, 

Stomach and Pylorus in Congenital Hypertrophic Pyloric 
Stenosis. 

F.M. Male Child. 
Aged 5 weeks. 
(Life Size) . 

Note:- Ihe dilated stomach. 
e barrel sba -Dee well marked pyloric tumour. 

The wound of tae Rammstedt operation, perform- 
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The stomach in the specimen was dilated and thick 

walled; the hypertrophy of the muscular coat being 

most marked towards the pyloric end of the stomach. 

The gastric mucosa was congested due to a mild degree 

of gastritis. The Pylorus was easily recognisable by 

reason of its "barrel shaped" enlargement constituting 

the "pyloric tumour". The "tumour" was 2.1 cm in 

length and 13 mm in diameter. See figs. III. and IV. 

fig. III. Stomach and Pylorus in Congenital Hypertro- 
phic Pyloric Stenosis. 
G.C. Male Child. 
Aged 7 weeks. 
Life Size) . 

Note:- The marked pyloric tumour. 
The white translucent colour of the pyloric 
tumour. 

Smooth, tense, glistening, transparent peritoneum 

covered the pyloric region and showed the underlying 

pylorus / 
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pylorus to have a white translucent appearance, quite 

distinct from the pink colour of the stomach and the 

darker blueish pink colour of the duodenum. When 

palpated with the fingers the pyloric tumour was found 

to be hard, tense, and elastic with a cartilaginous 

like consistency. It was impossible to differentiate 

the pyloric sphincter by the touch as it was incorpor- 

ated in the pyloric tumour. 

fig. IV. The Stomach and Pylorus in Congenital Hyper - 
trophic Pyloric Stenosis. 
P.S. Male Child. 

Aged 3 weeks. 
(Life Size) 

Note : - Stomach only slightly dilated. 
Well marked pyloric tumour. 
Wound of Rammstadt operation performed nine 
days before death. 

The pyloric sphincter as viewed from the divided 

duodenum presented the cervix like appearance already 

described / 
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described in the normal specimen. See fig. V. 

To ensure completeness and for purposes of comparison 

we give a table of the length and diameter of the 

pyloric tumour found in each of the four cases examin- 

ed.. 

Initial 

P.S. 
F.M. 
G.C. 
J,B. 

Sex 

M 
M 
M 
M 

Age 

3/52 
5://52 

z2 
8/52 

Length of 
Pylorus 

1.7 c.m. 
2.1 c.m. 
1.8 c.m. 
1.7 c.m. 

Diameter of 
Pylorus. 

12 mm. 
13 mm. 
11 mm. 
11 mm. 
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fig. V. Stomach and Pylorus in Congenital Hypertro- 
phic Pyloric.Stenosis. 

Note :- 

F.M. Male Child. 
Aged 7 weeks. 
(Life Size). 

The dilated stomach. 
The cervix like protrusion of the pyloric 
sphincter as viewed from the reflected duo- 
denum. 

The os like opening of the pyloric canal. 

On LQng Wdinal Section. 

The wall of the pylorus consisted of five distinct 

layers similar to those enumerated in the normal 

specimen. 

The Peritoneum. 

This was very thin and closely adherent to the 

underlying longitudinal muscle layer. 

The Longitudinal Muscle_ Lava. 

This layer took its origin in the body of the 

stomach, formed the outer muscular coat of the pylorus, 

and divided into superficial and deep fibres opposite 

the pyloric sphincter. The superficial fibres con- 

tinued uninterrupted to form the longitudinal muscle 

layer of the duodenum, whereas the deeper fibres bent 

inwards to join the circular muscle fibres in the for- 

mation of the pyloric ring sphincter. 

The Circular Muscle Layer. 

The circular muscle fibres were of a greyish white 

colour and seemed avascular. A very marked increase 

in the thickness of this layer was also noted; the 

increased thickness extended from the pyloric sphincter 

proximally / 
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proximally for the whole length of the canal. The 

hypertrophy continued into the pyloric antrum, and 

thereafter gradually diminished until, at the incis- 

ura angularis of the stomach, the circular muscle 

had regained its normal thickness. At the duodenal 

end of the pyloric canal the circular muscle fibres 

interlaced with the deeper fibres of the longitudin- 

al layer; as far as could be seen there was no 

hypertrophy of the circular muscle fibres actually 

in the sphincteric ring itself e.g., there was no 

marked increase in the size of the pyloric sphincter 

nor did it protrude itself more than usual into the 

lumen of the pyloric canal. 

fig. VI. Stomach and Pylorus in Congenital Hyper - 
trophic Pyloric Stenosis. 
J.B. Male Child. 

Aged 8 weeks. 
(Life Size). 

Note: / 
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Note:- The thick walled. stomach. 
The thick hypertrophie circular muscle coat 
of the pyloric canal. 
The pyloric ring sphincter encroaching but 
slightly upon the lumen of the pyloric canal. 

The circular muscle fibres ended in the pyloric 

ring sphincter; they were observed to be isolated 

from the circular muscle fibres of the duodenum by a 

thin, white, glistening fibrous septum similar to that 

observed in the normal specimen. 

The Submucous Layer. 

This layer was observed to be a little irregular 

in its outline and seemed to be a little thicker than 

it was in the normal specimen. 

The Mucous Coat. 

The mucosa was thrown into well marked longitud- 

inal rugae. In two places it was neatly folded on 

itself, and protruded into the lumen of the pyloric 

canal. See fig VII. below. 

FIG. I lo.-Transverse Section 
of Normal Pylorus, near 
the Duodenum, x 4 dime. 
(From a child of 9 weeks.) 

Fm. irr. -Tra e Section of 

Hypertrophied Pylorus, near the 
Duodenum, x 4 ditto. (Prom a 

child of 9 weeks.) 

fig. VII. Transverse section of Normal 
phied Pylorus. 
Reproduction from Thomson & 
page 348. 

Note:- 

and Hypertro- 

Findlay, 

The mucosa protruding into the lumen of the 
pyloric canal in fig. III. 



17. 

At the pyloric antrum, just as the mucosa was en- 

tering, the pyloric canal proper, it was observed that 

the entering folds were crowded together and contorted 

in their outline. 

Despite the marked circular muscle hypertrophy 

and the enlarged rugae of the mucosa a fine probe one 

and a half millimeters in diameter could be passed 

along the pyloric canal with ease in all f®ur specimens. 

III. The Microagopic Ap a-oe rances in the No'mal Pyloyuj 

and in thg Pylorus in Congenital Hypertroph g, 

Stenosis. 

For the purpose of microscopic examination longi- 

tudinal sections were cut of the pyloric antrum, the 

wall of the pyloric canal, and the pyloric ring sphinc- 

ter. 

The Pyloric Antrum. Examination of the pyloric antrum 

in the normal specimen and in a specimen of Congenital 

Hypertrophic Pyloric Stenosis (hereafter referred to 

as the abnormal) showed a thin ill defined longitudinal 

muscle layer, a thicker well defined circular muscle 

layer with the circular muscle fibres gathered in fasci- 

culi, and the submucosa forming the basement membrane 

for the mucosa of the pyloric antrum. See figs. VIII. 

and IX. 
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fig. VIII. 

Magnification X13. 

The Normal Pyloric Antrum. 
Male Child, aged 5 weeks. 

fig IX. 
Magnification X13. 

The abnormal Pyloric Antrum. 
F.M. Male child, aged 5 weeks. 

Note : - The somewhat thicker circular muscle layer 
in the abnormal as compared with the normal. 
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The ill defined mucous membrane and glands in the 

abnormal as compared with the normal. 

Two points of difference can, we believe, be de- 

monstrated between the two sections. Firstly the cir- 

cular muscle layer is slightly thicker and better de- 

fined in the abnormal than in the normal,and secondly 

the mucosa in the abnormal is ill defined as compared 

with that in the normal. We may infer, then, that 

the hypertrophy of the circular muscle layer of the 

pyloric canal proper is not sharply circumscribed at 

the gastric end of the canal, but extends into the 

pyloric antrum becoming gradually less marked as the 

body of the stomach is reached. The appearance of the 

mucous membrane in the abnormal section is suggestive 

of the condition of subacute gastritis caused by the 

retention of food in the stomach. 

The Walll of the Py1 g Çar aJ . 

Longitudinal Sections of the wall of the pyloric 

canal were made in the normal and abnormal specimens, 

at a point where the wall appeared to be of the greatest 

thickness. 

All five sections showed the longitudinal muscle 

layer to be of small thickness as compared with the 

circular muscle layer; this proportional disparity 

being particularly marked in the abnormal sections. 

The circular muscle layer showed the muscle fibres to 

be grouped together in faseiculi divided from one an- 

other by fibrous tissue, which grew out in finger like 

projections / 
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projections from the submucous layer. The submucous 

layer was of variable thickness in the five sections 

examined; there was no very marked difference between 

this layer as it appeared in the normal and abnormal 

sections. The mucous membrane of the pyloric canal 

appeared to be less well defined in the abnormal spec- 

imens than in the normal.' From figs. XI. and XIII. 

it will be observed that the lumen of the pyloric can- 

al, although encroached upon by the mucous membrane 

was never completely occluded. 

fig. X. 

Magnification X13. 

~4 

4'6 

The Normal Wall of the Pyloric Canal. 
Male Child, aged 5 weeks. 

fig. XI. 

Magnification X13. 
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The Abnormal Wall of the Pyloric Canal. 
E.M. Male Child, aged 5 weeks. 

fig. XI I. 

Magnification X13. 

The Abnormal Wall of the Pyloric Canal. 
P.S. Male Child, aged 3 weeks. 
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fig. XIII. 

Magnification X13. 

The Abnormal Wall of the Pyloric Canal. 
G.C. Male Child, aged 7 weeks. 

fig. XIV. 

Magnification X13. 

The Abnormal Wall of the Pyloric Canal. 
J.B. Male Child, aged 8 weeks. 
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Note : - The thin longitudinal muscle layer in both 
the normal and abnormal sections. 
The very marked increase in thickness of the 

circular muscle layer in the abnormal sections. 
The submucosa little, if It all, increased in 
thickness in the abnormal sections. 

The mucous membrane flattened and rather ill - 
defined in the abnormal sections. 

We believe that comparison between the section 

of the normal pyloric wall and that found in the ab- 

normal sections affords a very striking demonstration. 

of two essential differences. Making allowances for 

disparities in age, it is still very evident that the 

circular muscle layer is almost twice as thick in the 

abnormal sections as it is in the normal. Examina- 

tion of the individual fasciculi of muscle fibres 

shows this thickening to be due to a hypertrophy of 

the individual muscle fibres, and we further believe 

that in some cases (fig. XIII.) the number of individ- 

ual muscle fibres is increased in each fasciculus. 

The mucous membrane affords the other difference 

between the normal and abnormal sections. In the nor- 

mal section it has stained well and its outline is 

easily defined. The abnormal sections, on the other 

hand, show the mucous membrane to have stained poorly 

and to be irregularly definedin outline. These dif- 

ferences in the mucous membrane are, we believe, 

brought about, by pressure when the pyloric muscula- 

ture goes into spasm. 

The Pyloric Ring Sphincter. 

Turning now to the region of the pyloric ring 

sphincter. / 
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sphincter. The normal and abnormal sections of this 

region demonstrated several points in common; in all 

the sections the more superficial fibres of the longi- 

tudinal muscle layer could be seen passing on to form 

the longitudinal layer of the duodenal wall. Careful 

examination of figs XV., XVI. and XVIII. shows the 

deeper fibres of the longitudinal layer turning in- 

wards to intermingle with the circular muscle fibres 

in the formation of the pyloric ring sphincter. As 

the circular muscle fibres approached the pyloric 

ring sphincter they tended to loose their fascicular 

arrangement, and blending with the deep fibres of the 

longitudinal layer fonmed a rather undifferentiated mus- 

cle mass - the pyloric ring sphincter. See figs. XV. 

and XIX. 

A fibrous septum dividing the pyloric ring sphin- 

cter from the circular muscle layer of the duodenum 

could be defined in all the sections ; it is particu- 

larly well marked, however, in figs. XVI., XVII. and 

XIX. The submucosa could be observed passing round 

the pyloric ring sphincter, and continuing uninter- 

rupted into the duodenum. The mucous membrane ap- 

peared a little thicker over the pyloric sphincter,and 
. 

once it had reached the duodenum the more deeply stain- 

ing Brunner's glands could be observed as seen in 

figs. XV. and XVII. 
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fig. XV. 

Magnification XIO. 

The Normal Pyloric Sphincter. 
Male Child, aged 5 weeks. 

fig. XVI. 

Magnification XIO. 

The Abnormal Pyloric Sphincter. 
F.M. Male Child, aged 5 weeks. 
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fig. XVII . 

Magnification XIO. 

The Abnormal Pyloric Sphincter. 
P.S. Male Child, aged 3 weeks. 

fig. XVIII. 

Magnification XIO. 

The Abnormal Pyloric Sphincter. 
G.C. Male Child, aged 7 weeks. 
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fig. XIX. 

Magnification X10. 

The Abnormal Pyloric Sphincter. 
J.B. Male Child, aged 8 weeks. 

We have observed the points in common that were 

demonstrable in the normal and abnormal pyloric ring 

sphincter. In our opinion the pyloric ring sphincter 

is little, if at all, involved in the general circular 

muscle hypertrophy, which was so easily appreciable on 

examination of the normal and abnormal sections of 

the wall of the pyloric canal. No great relative in- 

crease in the size of the pyloric sphincter as a whole 

can be seen in any of the abnormal sections; a glance 

at fig. XIX will show that the sphincter, in this case, 

was relatively very small in size as compared with the 

hypertrophied wall of the pyloric canal. Further,we 

believe that the loss of fascicular formation of the 

circular muscle layer as it approaches the pyloric 

ring 
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ring sphincter and blends with the deep fibres of the 

longitudinal layer is just as well marked in the abnor- 

mal as in the normal specimen. If there was a hyper- 

trophy of the circular muscle fibres in the pyloric 

sphincter itself, we think it likely that there would 

be little loss of fascicular formation of the circular 

muscle fibres, and that the longitudinal muscle fibres 

would undergo f ibrous degeneration due to the pressure 

exerted by the hypertrophied circular muscle fibres. 

No such appearances have been found in the abnormal 

sections, and we therefore feel justified in stating 

that the pyloric ring sphincter is not affected by the 

general hypertrophy of the circular muscle fibres in 

the wall of the pyloric canal. 

Summary :- 

The study of the macroscopic and microscopic ap- 

pearances of the pylorus in a normal child and in Con- 

genital Hypertrophic Pyloric Stenosis has, we believe, 

demonstrated several points of importance. 

From the practical standpoint of surgical treat- 

ment the appearance of the pylorus to the naked eye 

with its barrel shaped enlargement and altered consis- 

tency to the touch, are points of no small importance. 

When the abdomen has been opened a glance at the pylor- 

us and palpation with the fingers will at once confirm 

the 
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the diagnosis of Congenital Hypertrophie Pyloric Sten- 

osis in the surgeon's mind. Londitudinal section of 

the pylorus illustrates clearly the marked local hyper- 

trophy of the circular muscle layer, encroaching upon, 

but never completely occluding, the lumen of the pylor- 

ic canal. This hypertrophy, while extending into the 

pyloric antrum at the gastric end of the canal, does 

not, in our opinion, affect the pyloric ring sphincter, 

as is evidenced by the discreet appearance of the sphin- 

cter in the four specimens we have examined. 

Microscopic examination confirms the existence of 

a hypertrophy of the circular muscle layer of the py- 

loric canal; this hypertrophy extends in some degree 

into the pyloric antrim but gradually disappears. At 

the sphincteric end of the pyloric canal, we earn 
attar believe that the circular muscle hypertrophy 

ceases as soon as the longitudinal and circular muscle 

fibres intermingle to form the pyloric ring sphincter. 

The lumen of the pyloric canal, although diminished by 

the circular muscle hypertrophy, is not completely oc- 

cluded thereby, and we have found no appearance to 

suggest that oedema of the submucosa plays an important 

role in further diminishing the lumen of the canal, 

although the projection of the mucosa in longitudinal 

folds diminishes the lumen to some extent. 

Iv. / 
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IV. The Pathogenesig_of Congen, #ßáa Hvgertruphie 

Pyloric Stenosig. 

The essential pathology of Congenital Hypertroph- 

ic Pyloric Stenosis has been shown to be a hypertrophy 

or local gigantism of the circular muscle fibres of 

the pyloric canal. It has further been demonstrated 

that this muscular hypertrophy is localised to the 

pyloric canal, and does not occur to any appreciable 

extent in the pyloric ring sphincter. 

The underlying cause of this circular muscle 

hypertrophy has given rise to much controversy; the 

points at issue being: - 

1. Whether the condition is congenital or not. 

2. Whether circular muscle hypertrophy can occur as 

the result of long continued spasm of the pyloric 

sphincter. 

1. Hirschsprung and Cautley believed that there was 

a primary congenital circular muscle hypertrophy in 

the pyloric ring sphincter and canal, and that this 

was associated with a secondary increased functional 

activity. The combination of these two factors re- 

sulting in pyloric obstruction by occluding the lumen 

of the pyloric canal. This view is strongly support- 

ed by Strachauer who reports having found circular 

muscle hypertrophy in the pyloric canal of a seven 

months foetus, and having seen this condition in the 

still -born on several occasions. 

Parsons / 
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Parsons and Barling make the following observa- 

tions in support of the primary congenital muscle 

hyperplasia theory. Firstly, the condition of pylor- 

ic spasm has long been recognised as a clinical en- 

tity, but they have never seen a case of pyloro -spasm 

develop into pyloric stenosis, nor can they believe 

this possible. 

Secondly, in the foetus the pyloric canal is 

even more of a canal than in the infant; the pylor- 

ic ring sphincter does not unction as a valve, but 

closure occurs by the contracture of the circular 

musculature of the pyloric canal. In Congenital 

hypertrophic Pyloric Stenosis the whole circular mus- 

culature of the pyloric canal is hypertrophied and 

acts as a sphincter in a manner similar to that of 

the pyloric canal in the foetus. This similarity be- 

tween the normal foetal pyloric canal, and that of 

Congenital hypertrophic Pyloric Stenosis is strong 

evidence in favour of a congenital hyperplasia. 

Thirdly, additional evidence in favour of a primary 

congenital hyperplasis has been adduced by Brash,who, 

in observations in the development of the pylorus, 

found that in a 20 m.m. cat embryo, the pyloric mus- 

culature was so thickened that the mucous coat was 

crumpled and nearly filled the lumen of the canal. 

2. John Thomson, on the other hand, championed the 

theory that there was a primary spasm, and that this 

was followed by the circular muscle hypertrophy. He 

believed 
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believed that a functional overactivity or spasm was 

the primary factor, and that this functional overac- 

tivity was due to a want of neuro- muscular co- ordina- 

tion. 

The error in neuro- muscular co- ordination, in his 

opinion, began before birth, when the activity of the 

stomachspylorus were stimulated by the swallowing of 

liquor amnii; such an error in co- ordination. result- 

ed in an abnormality of function. This abnormality 

or functional overactivity takes the form of an ill 

timed, forcible, and prolonged closure of the pyloric 

sphincter, and it is this spasm that causes the se- 

condary circular muscle hypertrophy to occur. 

This view is supported by the observation that 

the true sphincter muscle of the pylorus does not 

share in the circular muscle hypertrophy, but remains 

small and inconspicuous. (Cameron, Illingworth and 

Dick.) Further the sudden onset of symptoms in some 

cases and the intermission of symptoms for two or 

three days at a time are occurances strongly sugges- 

tive of a primary spasm and secondary muscular hyper- 

trophy. Lastly, no relationship between the size of 

the tumour and the severity of the symptoms has been 

found to exist in our experience. 

White has recently brought forward a theory 

which tries to co- relate spasm and circular muscle 

hypertrophy. He believes that these infants are 

hypertonic, and that there is, in addition, an auton- 

omic into- ordination which leads tO contraction of 

the 
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the pyloric sphincter, instead of relaxation, when 

food reaches the pyloric antrum. This continued in- 

co- ordination increases muscular hypertrophy in a 

child with rapidly growing muscle. Should this re- 

flex maladjustment right itself early,the child will 

recover, but should the inco- ordination continue a 

point is reached when stenosis occurs. 

Whichever of the theories is accepted, and we 

tend to support that of John Thomson, there can be no 

doubt that spasm is the factor that produces the ac- 

tual stenosis of the pyloric canal. In none of the 

post mortem specimens examined was a complete obstruc- 

tion to the pyloric canal demonstrated. There can 

be no doubt that as the circular muscle coat increases 

in bulk the lumen of the pyloric canal is encroached 

upon, because the peritoneal coat is unyielding in 

character. This diminution of the lumen is further 

increased, in some cases, by the rugose oedematous 

nature of the mucosa. We believe that the muscular 

hypertrophy in this way causes a relative stenosis 

of the pyloric canal, but that an element of spasm is 

essential before the stenosis becomes absolute. 

Summary:- 

The two main theories as to the basic cause of 

the circular muscle hypertrophy have been given, and 

three points in favour of each have been mentioned. 

In our opinion that held by John Thomson is the more 

acceptable / 
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acceptable, although it is impossible to dogmatize 

upon this subject. Whatever view be accepted, it is 

important to realise that complete obstruction results 

from a combination of two errors - the increased bulk 

of the circular muscle fibres, and the added spasmo- 

dic contraction of the hypertrophied muscle 

CLINICAL DIAGNOSIS. 

1. Etiology. 

Congenital Hypertrophie Pyloric Stenosis shows 

no racial or climatic predeliction, but many writers 

stress the frequency with which they have encountered 

a hereditary tendency, citing cases they have seen in 

several members of one family, or in succeeding gener- 

ations of a certain stock (John Thomson & Pioche). 

Still more striking is the incidence in male in- 

fants, in the children of so called "nervous" parents, 

and the relative frequency with which the first born 

child is affected. 

The preponderance of male infants has long been 

recognised / 
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recognised, and is remarked upon by Strachauer, Guy 

Cochran, D. Paterson, Wallace and Wevill and others. 

From the table below it will be observed that out of 

a series of 780 cases, collected from various sources, 

the relative incidence of male to female was five to 

one. Over our own small series of cases the inci- 

dence worked out at fifteen males to females two. 

Author No. Q. Cases. Males Females. 

Strachauer 48 46 2. 

Cochran 6 5 1 

Paterson 581 476 105 

Wallace 145 125 20 

Total 780 652 128 

No very satisfactory explanation has yet been 

given for the sex incidence of this condition. Some 

have stressed the presence of inguinal hernia (much 

more common in boys, but not universally present in 

cases of Congenital Hypertrophic Pyloric Stenosis) 

others again, perhaps with more justification, lay 

great emphasis on prepucial irritation as a predispos- 

ing cause. (Tyrrell Gray) . 

As regards the "nervous" type of parent, one has 

frequently been impressed, while taking case histories, 

by the fact that the parents of these children gener- 

ally belong to the age period between twenty -five and. 

thirty years; over the seventeen cases studied the 

average / 
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average age of the parents has been,fathers twenty - 

nine years and mothers twenty -six years. In our op- 
because 

inion this age factor is of importance, /the older the 

parents the more intense is their anxiety for their 

child's welfare. 

Lastly there is the high incidence among first 

born infants; no other disease of infancy presents 

this peculiarity with such remarkable constancy. 

Thus Barrington Ward found the first child in the 

family affected in 57% of his cases; this is borne 

out by Paterson's figure of 53.5iß, and Wallace's fig- 

ure of 56.6 %. Our own percentage incidence is 76.4. 

Three other factors require consideration under 

this heading. 

One may be termed the age of onset, and can be 

taken as under three months of age; this factor will 

be more fully discussed. under the title "Symptoms and 

Signs." The remaining two can be conveniently taken 

together as possible predisposing causes; they are 

concerned with the obstetric history and feeding of 

the newly born infant. Careful enquiry into the 

obstetric history of our cases has shown that an easy 

labour without instrumental delivery is the rule,and 

a survey of the birth weight of these infants gives 

an average of 7 lbs. 8 oz., proving that the cases 

are healthy and well developed at birth. 

The method of early feeding of the child does 

not materially affect the incidence of the condition; 

breast 
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breast fed infants being as frequently encountered as 

these artificially fed in our cases. Irregularity 

in the amount and timing of the feeds, on the other 

hand plays an important role in determing the fre- 

quency and time of onset of the initial symptoms of 

vomiting. 

Summary. 

Congenital Hypertrophic Pyloric Stenosis is a 

condition affecting infants under three months of age, 

showing a marked predeliction for males, the children 

of older parents, generally the first born child. The 

obstetric history of these cases is uneventful and the 

average birth weight is rather above the usual fig- 

ure. Breast and artificially fed children are 

equally affected. 

II. Symptoms and Signs. 

Clinical Diagnosis in Congenital Hypertro- 

phic Pyloric Stenosis is a complex problem. Each 

individual case must be considered separately, giving 

due consideration to the relative value of the posi- 

tive and negative findings. Care and patience in 

the observation and examination of the case are es- 

sential if an accurate diagnosis is to be made. 

We propose classifying the Symptoms and Signs 

under the headings Cardinal and Subsidiary, hoping 

by this means to simplify description and ensure a 

true prospective. 
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Cardinal Symptoms and Signs. 

These are four in number and constitute the basis 

of the diagnosis; rarely do we encounter all four to- 

gether in any one case, but there are few cases in 

which three at least cannot be elicited. They may 

be conveniently summarised as follows :- 

I. Persistent vomiting of projectile type, occurr- 

ing shortly after feeding, the vomitus consisting of 

stomach contents, never bile stained. 

II. The presence of visible gastric peristalsis 

passing from left to right across the epigastrium. 

III. The palpation of a pyloric tumour. 

IV. Constipation with small hard stools. 

The above Cardinal Symptoms and Signs will now be 

considered in some detail in order to ascertain their 

frequency of occurrence and true diagnostic value. 

I. Persistent yomiting of the projectile type. 

Vomiting is the symptom constantly complained 

of in all cases; a gradual onset is reported in the 

vast majority, although cases do occur in which the 

onset of vomiting is acute. 

Detailed questioning is usually unnecessary when 

enquiring with regard to the history of onset and de- 

velopment of this symptom; it is such a striking 

phenomenon that the lay mind is impressed by its oc- 

currence, and the mother can give a most graphic de- 

scription / 
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scription of all that she observed. The typical 

history is that the child thrived at first, then he 

began to vomit occasionally after a feed, within a 

few days the vomiting became more frequent, and was 

seen to be more forcible in character. Later still 

the feed was "shot out" over the floor when he vomit- 

ed, and curds tended to be forced through the nose at 

these times. This is a very typical history, and the 

genesis of true projectile vomiting at once supplies 

a clue with regard to the further investigation of 

the case from the diagnostic standpoint. 

These children are eager for their feeds, tend to 

take the feed quickly, then - either before the feed 

is actually finished or within five to ten minutes 

after finishing a feed - the feed is forcibly regurgi- 

tated. The vomit is either found on the floor at the 

side of the cot, or, if the child is sitting seated 

on its mother's knee, it may be projected a distance 

of some two to four feet. Observation during such 

an attack will reveal the fact that the regurgitation 

also takes place through the nose, and that instead 

of crying afterwards as one would expect, the infant 

tends to fall back exhausted by the effort. 

The actual amount and character of the vomitus 

is most important. Frequently it will be noted that 

the amount vomited is in excess of the actual feed 

just given; this, of course, is due to delay in 

gastric emptying, and gives a valuable indication 

both / 
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both of the degree of pyloric obstruction which exists, 

and the amount of consequent gastric dilation that has 

occurred. The character of the vomitus affords in- 

formation which isequally important. The presence of 

bile in the vomitus indicates obstruction beyond the 

pyloric sphincter; a bile stained vomit, therefore, 

is not compatible with an obstruction of the type that 

we associate with Congenital Hypertrophie Pyloric Sten- 

osis. Careful examination of the vomited material 

will often reveal the presence of excess mucus, and 

occasionally a little blood. This finding, in con- 

junction with an increased amount of vomited material, 

confirms the existance of delayed gastric emptying, 

dilatation, and consequent gastritis from irritation. 

No mention has yet been made of the time of onset 

of this symptom, and the factors which influence it. 

Strachauer classifies the vomiting and its time of in- 

cidence as follows:- "Vomiting commencing at the end 

of the second week of life, becoming alarming by the 

end of the third week, and definitely projectile in 

character by the fourth or fifth week. Sauer, on 

the other hand, states that 11% of his cases vomited from 

birth, 85% after the first week, and 33iß after the 

third week. In his opinion the most frequent time of 

onset of vomiting is the end of the second week and 

the beginning of the third week. Steen and Davison 

have both reported cases in which vomiting occurred 

very late, at the age of seven months and eight months 

respectively; / 
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respectively; these cases are rarities, however,and 

need not materially influence our conclusions. 

A study of the table below shows that the aver- 

age age of incidence is toward the end of the second 

week and the beginning of the third week. In this 

connection our own average age of onset is three 

weeks. The earliest age of onset being one week; 

this early onset was experienced in three cases. 

Authority Age at onset of vomiting. 

Staucbauer end of second week. 

Sauer end of second week and begin- 
ning of third week. 

McLeod average 32 weeks. 

Paterson average 3 weeks (581 cases) 

Wallace average 3 weeks. 

Thomson & Gaisford average 2 weeks 4 days. 

Turning now to the factors which influence the 

age of onset. Our study of the pathology in Con- 

genital Hypertrophie Pyloric Stenosis has revealed 

the existence of marked hypertrophy of the pyloric 

canal; we have also concluded that, in order that 

complete obstruction may occur, superadded spasm is 

necessary. 

During the first week of life little food is 

taken and consequently there is little chance of the 

"vomiting threshold" being reached. In the second 

and third weeks, however, the amount of food ingested 

greatly 
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greatly increases, gastric retention, with its assoc- 

iated gastritis occurs, the "vomiting threshold" is 

reached and vomiting occurs. Gastric retention and 

gastritis increase reflex spasm, and hence the vomit- 

ing becomes more forcible as the visious circle be- 

comes more chronic. 

Such an explanation as to the cause and progres- 

sive nature of the vomiting will at once make it ob- 

vious that the nature of the feeds and the regularity 

with which they are given are most important factors 

in determining at what age vomiting is likely to make 

its first appearance. This irregular feeds or large 

feeds at long intervals, or irritant feeds will tend 

to produce gastric dilation and gastritis, and the 

"vomiting threshold" will therefore be reached at an 

earlier age. We can conclude, therefore, that "er- 

rors"in feeding whether by the breast or bottle, 

will lead to vomiting at an earlier age than in chil- 

dren that are correctly fed. 

II. Visible Gastric Paristalsis. 

This sign has been present in all our cases, ad- 

mittedly it has been more marked in some than others, 

but careful and patient observation of the child has 

shown it to be present in some degree in all cases. 

Leonard Findlay states that this is the most im- 

portant single sign on which to base a diagnosis of 

Congenital Hypertrophie Pyloric Stenosis. Sauer, in 

an analysis of 113 cases, found it present on 96 

occasions / 
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occasions, and entirely absent in the remaining 17 

cases. 

In its classic form the peristalsis reveals it- 

self as a tumour, most frequently likened to a "golf - 

ball" in appearance, which arises from beneath the 

left costal margin and passes slowly towards the 

right across the epigastrium,.rarely crossing the mid 

line by more than an inch or an inch and a half. The 

point at which the tumour disappears is determined by 

the position of the pylorus, and as soon as the peri- 

staltic wave reaches this point a fresh "golf ball" 

appears under the left costal margin, and commences 

its progress across the epigastrium from left to. 

right in similar fashion to the first. 

fig. XX. Visible Gastric Peristalsis. 
Reproduction from Thomson and Findlay. 

page 342. 

The time at which this sign can best be seen 

varies from case to case. In some infants it occurs 

during / 
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during a feed, in others it can be seen betweem feeds, 

but more usually it is best seen during the five or 

ten minutes immediately following a feed. In order 

that it may be best demonstrated the mother should be 

seated in a good light, preferably beside a warm 

fire. The upper abdomen is then exposed and the peri- 

stalsis watched for before and during a feed. Should 

no peristalsis be seen during the feed the mother 

should now move a little closer to the fire in order 

that the warm air may play on the child's abdomen; 

this simple procedure is often remarkably successful 

in stimulating the appearance of visible peristalsis. 

In the event of peristalsis still being absent, the 

skin of the left upper abdomen may be flicked with 

the finger or the stomach palpated with the hand in 

order to stimulate peristalsis. There are few cases 

in which one or other of these simple procedures 

fails to reveal visible peristalsis; it is not suf- 

ficient to examine.the child on one occasion only; 

careful observation should be made before, during, 

and after each feed, over a period of several days, 

before all hope of demonstrating this sign is given 

up. 
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III. The Paîpát ion of a Pyloric Tumour. 

Contention wages round this sign among all pae- 

diatricians, some hold that it can be demonstrated by 

careful palpation in all cases, others again,maintain 

that by reason of the anatomical position of the pylor- 

us palpation is a physical impossibility in many cases. 

When palpation of the pyloric tumour is possible, it 

is felt most usually an inch to the right and just 

above the umbilicus. The tumour presents to the 

fingers a feeling of elasticity through the abdominal 

wall. In size and shape it may be likened to a small 

walnut. 

Turning now to the question of the relative fre- 

quency with which this sign can be elicited, we find 

that opinions vary very considerable on this point. 

The table below gives figures from the case records 

of several well known authorities,and shows that 

there is a wide divergence as regards the results. 

In our own series a tumour was definitely palpated 

in seven cases out of a total of seventeen. 

Author- No. of cases Tumour palpataa Tumour nó..ß 

itv. palpated. 

Still 248 246 2 

Poynton 55 54 1 
Strauss 221 5 166 
Davison 60 3 22 
Sauer 119 111 8 

Wallace 145 35 110 

Bolling 454 453 1. 

The reasons for such widely divergent results 

are not difficult to find if we bear in mind the 

fact / 
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fact that the liver occupies from two fifths to three 

fifths of the whole abdominal cavity in young infants. 

Thus the pylorus may be completely covered by the 

lower lobe of the liver, and cannot be palpated for 

this reason. Again, the thickness of the abdominal 

wall, and the degree of relaxation at the moment of 

palpation, are bound to influence the success or other- 

wise of the examination. Some clinicians advise 

turning the child on its face on to the warm. hand, 

hoping to bring the pylorus up against the abdominal 

wall by this manoeuvre. In all cases frequent and 

patient examination must be made; no case can be said 

to have been completely investigated unless the pylor- 

ic tumour has been sought while the child is asleep, 

while feeding is in progress, and immediately follow- 

ing gastric lava ge. There are clinicians who advo- 

cate the administration of a light general anaesthet- 

ic to facilitate examination, but this is neither safe, 

nor certain in the results achieved. Every effort 

should be made to demonstrate the presence of a pal- 

pable pyloric tumour, because it affords, in our op- 

inion, "The" most valuable diagnosic sign in this 

condition. Care must be taken, however, in the iden- 

tification of the tumour, such conditions as prolapsed 

right kidney, congenital cystic kidney, Spigelian Lobe 

of the liver, and a distended gall bladder may simu- 

late a pyloric tumour. The occurrence of these condi- 

tions / 
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tions, along with the other symptoms and signs of 

Congenital Hypertrophie Pyloric Stenosis is very un- 

likely, and therefore, this danger is probably more 

theoretical than real. 

Iv. Constipation. 

This symptom is present in almost all the cases 

encountered ; in our own experience it was present 

in 98% of cases on admission to hospital. The sever- 

ity of the constipation is closely related to the 

frequency with which vomiting is occurring in each 

case, and we have found that marked constipatuon goes 

hand in hand with projectile vomiting due to the small 

amount of fluid entering the intestine. The stools 

are small, well formed, and scanty; the size of 

stool passed is important, as it affords an index of 

the amount of nourishment that is passing through 

the pylorus. Occasionally constipation alternating 

with diarrhoea may be found. This diarrhoea is of 

the "starvation type ", and consists of mucus mixed 

with the intestinal secretions; this type of diar- 

rhoea may therefore be anticipated in any case in 

which little or no nourishment is passing through the 

pylorus into the intestine over a long period. 

B) Subsidiary Symptoms and Signs. 

The following symptoms and signs, although not 

essential for diagnosis, are of considerable value 

as confirmating evidence of the existence of Can- 

genital 
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genital Hypertrophie Pyloric Stenosis. Taken in as- 

sociation with the four Cardinal Symptoms and Signs 

they represent the clinical picture that might be ex- 

pected in a classical case of the diseas. 

I. The fades. 

The appearance of the child as it lies in bed 

us frequently striking and rather characteristic. 

The face is pale and thin, the brow furrowed, and the 

eyes bright. The sucking pads are prominent,and when 

observed over a period of time the infant is usually 

found sucking a finger or gnawing its fist at inter- 

vals, but otherwise he lies quietly in bed. 

II. Loss of Weight,. 

This symptom requires some qualification; a 

failure to gain in weight, in the absence of fever or 

other sign of infection, is a more accurate descrip- 

tion. It has already been noted that these infants 

are a little above the average weight at birth, on 

their admission to hospital, however, they are usual- 

ly considerably below the average weight for their 

age. Those looking after them at home are often 

struck by the fact that no progress is being made,or 

that the child's skin is loose and hanging in folds, 

especially over the abdomen and lower extremities. 

In some cases the loss of weight is so extreme as to 

constitute true emaciation.. The normally rounded 

contours of an infant's body are lost due to lack of 

fatty / 
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fatty tissue, the brows are prominent and the eyes ap- 

pear deep set; the skin hangs in superfluousinelas- 

tic folds from the lower extremities and abdomen. 

III. Dehyar tt Ion. 

This sign varies considerably, and its degree 

depends upon the severity and frequency of the vomit- 

ing which is occurring. An accurate indication of 

the presence of dehydration can be obtained from the 

examination of the anterior fontanelle and the tongue 

in these cases. A dry white coated tongue indicates 

that there is a lack of fluid and, should the anter- 

ior fontanelle also be depressed, measures should at 

once be instituted to increase the fluid intake, as 

a state of marked dehydration then exists. 

IV. Jkalos .g. 

Graham and Morris, of Glasgow, have drawn atten- 

tion to the frequency with which signs of alkalosis 

can be observed in cases of Congenital Hypertrophia 

Pyloric Stenosis. They have made clinical observa- 

tions with coincident blood analysis in these cases, 

and have reached the following conclusions. 

(a) "Pyloric Stenosis in infants is associated with 

alkalosis,due to loss of the acid radical chlor- 

ine from the body; the loss of chlorine 'is 

roughly related to the severity of the vomiting ". 

(b) "The rise in Cot in the blood is evidenced by a 

depression of the breathing (Biot type of 

respiration / 
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respiration), which affords a ready method of 

its clinical recognition." 

Routine blood analysis is neither practical nor 

desirable in all cases, but in view of the above con- 

clusions the clinical observation of a very drowsy 

child with a shallow type of respiration, and a dim- 

inished respiratory rate, or - in severe cases - per- 

iods of aponea followed by three or four shallow re- 

spirations (Biot respiration), is sufficient to in- 

dicate the presence of alkalosis. Cases have been 

described, however, in which the alkalosis was so 

profound that the child exhibited hypertonicity of 

the muscles, carpo -pedal spasm, and a positive Chvos- 

tek sign. We have never seen a case of Congeni- 

yal Hypertrophic Pyloric Stenosis showing these signs 

of advanced alkalosis, but when present they are suf- 

ficiently striking to merit careful attention. 

The infrequent occurrence of tetany is no doubt 

due to CO2 retention occasioned by the shallow type 

of respiration (Maizels) . 

V. Changes in t g UDpe a omen . 
Inspection of the upper abdomen may afford con- 

firmatory evidence of pyloric obstruction, and thus 

aid in diagnosis, In some cases a degree of flat - 

ening may be observed in the R- hypogastrium due to the 

failure of food to pass into the duodenum and 

upper / 



51. 

upper ileum. Much more frequent, however, is the 

observation of a distinct fulness in the epigastriurn, 

due to dilatation of the stomach and hypertrophy of 

its musculature. 

VI. X -Ray ADpearáDégz. 

The routine administration of a barium meal and 

the taking of x -ray photographs at intervals there- 

after has fallen into disfavour in this country. 

There are two objections to this type of investiga- 

tion. In the first place the barium meal upsets the 

child considerably, and secondly the results obtained 

tend to be confusing rather than helpful. The most 

that can be expected from such an examination is the 

demonstration of a dilated stomach and a long delayed 

gastric emptying; this is illustrated in the repro- 

ductions in figx. XXI., XXII., and XXIII.which show 

somewhat dilated stomachs and delayed emptying after 

a period of four hours. 

fig. XXI. fig. XXII. 
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figs XXI. XXII. & XXIII. 

X -Ray Appearances of the stomach in Congenital 
Hypertrophic Pyloric Stenosis. 

fig. XXI. P.S. aged 3 weeks. 
fig. XXII. W.L. aged 7 weeks. 
fig. XXIII.D.B. aged 8 weeks. 

Note:- Retention of barium in the stomach after 
four hours. 
Dilatation of the stomach well marked in 
fig. XXII. 

Many American authors, and most notably Strauss, 

stress the importance of examing these cases under 

the x -ray screen after a barium meal; they claim 

that by this means a positive diagnosis can be made 

in almost every case and Strauss, moreover, under- 

takes to differentiate between true Stenosis and 

Spasm by this means. 

"A small amount of barium sulphate is added to 

the breast milk which the infant is given while he is 

being observed under the fluoroscope. The rhythmic, 

snake like, peristaltic contractions seen in the pylor- 

us, independent of the contractions of the rest of 

the stomach, are absolutely pathognomic of Congenital 

Pyloric Stenosis." (Strauss). 

VII. The Urine. 

This is small in amount, of high specific grav- 

ity, and usually alkaline, p. H. 6 -7. 

Should there be an element of alkalosis present 

the urine may, however, be acid, p.H. 4 -5, due to 

the retention of the bicarbonate in the blood and 

tissues to compensate for the chloride ion lost dur- 
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during vomiting. 

Men vomiting is very severe the urine is fre- 
quently free of chloride, as demonstrated by the ab- 

sence of a white precipitate when AgNO3 is added to 

the urine already acidified with nitric acid. 

Summary. 

The importance and clinical significance of the 

Four Cardinal Symptoms and Signs have been described, 

and an attempt made to elaborate how they may be eli- 

cited by careful and repeated clinical observation. 

Seven Subsidiary Symptoms and Signs are enumerated 

which, while not comprehensive, are in our opinion 

the most helpful, as confirmatory findings, making 

diagnosis more certain. 

Here, as in all disease of early infancy, the 

key to Diagnostic Success lies in painstaking examina- 

tion, and careful continuous clinical observation of 

the patient. 

Differential Diagnosia.. 

There are two other conditions which should be 

considered before a positive diagnosis of Congenital 

Hypertrophic Pyloric Stenosis is made. 

The first is Pyloric Spasm or Pylorospasm; a 

condition which presents features very similar to Con- 

genital / 
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genital Hypertrophie Pyloric Stenosis. So much akin 

are the manifestations of these two conditions that a 

most detailed analysis of the symptoms and signs is 

necessary, before an opinion can be given with any 

degree of accuracy. 

The second can be termed Duodenal Obstruction, 

and should afford little difficulty in differentia- 

tion, if a careful clinical examination is made and 

an accurate history is obtained. 

yloriç Spasm has received extensive study 

both in America and France within recent years, and 

the following points of difference between the two 

conditions have been noted. 

I. Pyloric Spasm is much more common in female than 

in male infants. 

II. No predeliction for the first born child has been 

found. 

III. Children with Pyloric Spasm tend to vomit from 

birth or within the first week of life; the 

vomiting occurs regularly after every feed,and 

is projectile in type from its commencement. 

IV. Gastric peristalsis, while demonstrable, is sel- 

dom so well marked as in Congenital Hypertrophie 

Pyloric Stenosis,and is often accompanied by 

spasms of colicky pain which cause the child to 

scream. 

V. No pyloric tumour can be palpated. 

VI. / 
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VI. Constipation is invariably present,but the stool 

is usually larger in bulk. 

VII. The infant with Pyloric Spasm is restless and 

irritable in bed, and frequently inhibits 

signs of muscular hypertonia. Such muscular 

hypertonia can be best demonstrated by lifting 

the infant by the wrists when the elbows will 

remain partially flexed; the knees similarly, 

fail to extend fully when the infant is lift- 

ed by the ankles. 

VIII. As previously mentioned some writers claim 

that the appearances of the stomach and pylor- 

us under the fluorescent screen during the in- 

gestion of a barium meal are suggestive. Thus 

a case in which rhythmic pyloric contraction 

çóincident with gastric contraction is seen 

would suggest Spasm rather than true Congeni- 

tal Stenosis in which the pyloric contractions 

are ,independent of the gastric contractions. 

IX. During the routine x -ray examination of cases 

of Pyloric Spasm an enlargement of the thymus 

gland has been demonstrated with remarkable 

regularity. Thus Rubin, in 1928, reported the 

co- existence of an enlarged thymus gland along 

with Pyloric Spasm in thirteen consequative 

cases, whereas he found an enlarged thymus in 

only one case out of seven in Congenital Hyper - 

trophic Pyloric Stenosis. 

X./ 
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X. It has been found that Spasm of the Pylorus re- 

sponds readily to treatment with anti - spasmodic 

drugs, atropine sulphate being the most commonly 

used. Ward writes in this connection : - "If, on. 

the administration of atropine sulphate and on a 

thick diet, the child improves, the case is one 

of Pylorospasm; if no improvement follows these 

measures, or if the symptoms continue to grow 

worse despite them, a diagnosis of organic ob- 

struction is made." 

B) Duodenal Obst'uetj,an may occasionally simulate 

the Signs and Symptoms of Congenital Hypertrophie Py- 

loric Stenosis, but we would lay stress on the fact 

that some additional symptoms or signs are usually 

present in these cases, which, if given their proper 

value, make erroneous diagnosis unlikely. On the 

other hand, cases of Duodenal Obstruction do occur 

in which differentiation is extremely difficult,unless 

due weight be given to the absence of positive signs 

of Congenital Hypertrophie Pyloric Stenosis. 

To make these points clear the following cases 

are referred to:- 

I. Case reported by H.H. Greenwood. 

J.V.C. aged 3/12th years. 

History.- First born male child,breast fed through- 

out. Attacks of acute colicky pain when aged two and 

a half months; pain relieved by vomiting partially 

digested milk and some greenish bile,. 
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On Examjnation. 

No visible gastric peristalsis. 

Edge of liver 2" below the R- costal margin. 

Attached loosely to the liver margin,but much 

more mobile, was a tense hard swelling about the size 

of a walnut, close under the thin abdominal wall. 

IApotomy Finding a. 

Gall bladder enormously and tightly distended. 

The antrum of the gall bladder lay across the 

second part of the duodenum compressing it against 

the spine. 

Comm.Q t :- 

The occurrence of acute colicky pain and the 

bile stained vomitus, taken in conjunction with a 

"tumour" attached to the liver margin, all pointed to 

some other condition than Congenital Hypertrophic 

Pyloric Stenosis. This interpretation of the find- 

ings was confirmed by the absence of visible gastric 

peristalsis. There were, then, in this case addi- 

tional symptoms and signs which would lead to the 

consideration of Duodenal Obstruction as the cause 

of the symptoms. 

II. Four cases reported by E.F. Burt and R.M.Tyson. 

These cases were aged one day, three weeks, four 

weeks, and two days respectively, when vomiting com- 

menced. 

The vomiting was projectile in type and never 

bile stained. 
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Peristalsis was seen in two cases, and absent in 

the first and third. 

In no case was a pyloric tumour palpated,and con- 

stipation is not remarked upon. 

LaDaroto y. 

In all four cases the obstruction was caused by 

primary transduodenal bands; these bands were of con- 

genital origin and stretched from the under surface of 

the liver and gall bladder to the pylorus and duoden- 

um. They were similar in type to the adhesions and 

bands which Morris, in 1905, called `i Cobwebs in the 

attic of the abdomen . " 

Comment: - 

These four cases were typified by the absence of 

positive symptoms and signs of Congenital Hypertrophie 

Pyloric Stenosis; this would seem to have been the 

only factor by which they could have been differentia- 

ted from Duodenal Obstruction. 

The findings at laparotomy constitute a rare 

cause of duodenal obstruction, and the absence of bile 

from the vomitus is especially difficult to explain. 

III. Case seen in the Sick Children's Hospital, Shef- 

field. 

C.M.W. age 3/52. 

Male child, first born in the family. Breast fed 

throughout. 

Vomiting commenced on the third day of life and 

was / 
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was in. termi tten. t at first. By the end of the second 

week the vomiting was definitely projectile in type, 

occurred after almost every meal, the vomitus being 

slightly bile stained. The bowels were at first 

constipated, but later the stools became frequent, 

loose and green. 

On EXMIDatiorl. 

A wasted dehydrated infant. 

Slight gastric paristalsis seen on three occa- 
sions following a feed. 

No pyloric tumour palpated.. 

A barium meal revealed gastric retention after 
four hours, and a small residue of barium in 
the stomach after ten hours. 

Laparotomy. 

Right paramedian incision under local anaesthes- 

ia. Stomach grossly dilated; no free fluid in the 

abdomen. Slight thickening of the pylorus,but no 

definite tumour present. Rammstedt's operation per- 

formed. 

Progress: - 

The bile stained vomiting continued after opera- 

tion, and the child became still more dehydrated, 

Death occurred two days after operation. 

Post Mortem Resort. 

General aDDearance:- 

A very wasted male child. 

Recent clean laparotomy wound. 

Peritonea. No peritonitis. 

Stomach. Dilated. 
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Recent Rammstedt operation wound in the pyloric 

region. 

Intestin as. 

The duodenum was dilated as far as the flexure. 

The Caecum and appendix were found lying immed- 

iately over the duodeno- jejunal flexure. The 

Caecum and terminal ileum were twisted on them- 

selves four or five time s, and this volvulus was 

pressing on the terminal duodenum. The remaind- 

er of the small intestine was very dark in col- 

our and congested,but there was no evidence of 

actual gangrene. 

Conclusion. 

Volvulus caecum and lower ileum causing ob- 

struction of the duodeno-jejunal flexure. 

Comment. 

The diagnosis was missed in this case,because 

the significance of the slightly bile stained 

vomit was disregarded. On the other hand, no 

pyloric tumour could be felt, and it is surpris- 

ing that the volvulus was not palpated when these 

examinations were made. 

At the operation there was no free fluid in the 

abdomen nor was there any difficulty in delivering the 

pylorus into the small incision employed. It was 

only when vomiting continued after operation,an.d the 

child's condition became grave,that duodenal obstruc- 

ton was thought of as the cause of the initial symp- 

toms. 
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STJPEILZY 

The major points of difference between Pyloric 

Spasm and Congenital Hypertrophic Pyloric Stenosis 

have been enumerated. With the exception of the 

radiological differentiation, the other features can 

be easily elicited from a careful history and a simple 

analysis of the clinical signs. 

The rare condition of Duodenal Obstruction wheth- 

er due to the pressure of a hollow viscus,congenital 

adhesions, or volvulus has been described and illus- 

trated by cases. The possibility of such an occur- 

rence must always be considered when bile appears in 

the vomit. 
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'+ ENT:- 

The treatment of Congenital Hypertrophic Pyloric 

Stenosis is Medical and Surgical. 

The view most commonly held in this country at 

the present time is that the infant should be admit- 

ted, in the first place, to a medical ward, where 

treatment is inaugurated to ameliorate symptoms and 

improve the general condition of the child. Such 

treatment should not be persevered with too 3.ong un- 

less marked improvement is taking place, as soon as 

the physician feels that no further progress is being 

achieved a surgeon should be asked to operate, other- 

wise the infant will be so debilitated that surgical 

operation holds small prospect of success. Following 

operation the child should again return to the medi- 

cal wards for the equally important medical care fol- 

lowing operation. 

This view advocates initial treatment as a 

"feeding case" and, in the event of non success, the 

immediate employment of surgery as an "incident" in 

treatment, at a time when the child is in the optira- 

mum. condition to ensure surgical success. Such a scheme 

of treatment is usually applicable to these cases, 

considerable variation is bound to occur, however, 

depending upon the state of the infant when first 

seen., and the length of time that has elapsed since 

the onset of vomiting. 

Medical treatment alone has been carried out 

with / 
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with considerable success within recent years both in 

America and in. Denmark. In these countries boundless 

time and thought are devoted to these infants, and 

with the help of a large staff working continuously 

day and night medical treatment has effected- a perma- 

nent cure in many cases. 

Occasionally cases are seen in which the infant's 

condition is so grave as to constitute an "abdominal 

emergency" from the first. In such cases the minimum 

of time is given to preparing the child for the sur- 

geon; the only hope of recovery lying in the remark- 

able rapidity with which the general condition im- 

proves following operation. 

I. We propose dealing with the General Medical 

Treatment of a case of Congenital Hypertrophic Pylor- 

ic Stenosis and then giving the indications for surgi- 

cal operation. 

II. A brief survey of the relative advantages and 

disadvantages of Medical Treatment Alone will be made. 

III. Lastly the Preoperative Preparation, actual 

Operative Technique, and Post - Operative Treatment of a 

case will be described. 

I. General Medical Treatment. 

The aim of treatment is to decrease or stop 

vomiting, and improve the general condition of the in- 

fant. If the child is breast fed every effort should 

be made to continue breast feeding; the mother being 

urged to live near the hospital, or arrangements being 

made / 
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made to evacuate the breasts with a pump several times 

in the day. 

I. The ideal place to nurse a case of Congenital 

Hypertrophic Pyloric Stenosis is an isolation ward, 

here the child can lie quietly, undisturbed by other 

children, and far removed from the possibility of in- 

fection which is ever present in a general ward. This 

method is employed in the Children's Hospital, Shef- 

field, with marked success. 

II. Equally important is the nursing staff; the 

nursing of a "Pyloric Baby" requires skill, patience, 

and experience ón the part of the nurse, if possible, 

she should devote her whole time and attention to the 

one case, and thus ba able to give adequate time to 

the feeding and observation of her little patient. 

III. Coming now to the question of feeding, no matter 

what type of feed is being given the cardinal rule 

should be small feeds at short intervals. 

Most physicians advocate gastric lavage before 

the administration of a feed; this procedure removes 

any curds retained from the last feed and excess mucus 

present from gastritis, and this minimises the chance 

of vomiting following the subsequent feed. Many babies 

do not tolerate lavage well and become exhausted if it 

is persisted with, in the majority of cases, however, 

it will be found beneficial if used with discretion. 

In the event of the child being breast fed every 

effort must be made to continue with this. The infant 

should / 
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should be put to the breast for a period of from 10 to 

15 Minutes every 2 hours, but it is probably better 

to withdraw the milk from the mother with a breast 

pump, and then administer it with a spoon to the child. 

In this way the amount given to each feed can be more 

accurately controlled according to the child's age 

and weight. 

If artificial feeding is adopted there is a 

choice of feeds. Initially a mixture of either, milk 

and water half in half with sodium citrate gr. i. to 

the ounce or, lactic acid skim milk and water in the 

proportions of one to a half should be tried. Dextri- 

maltose gr. to the ounce may be added to either of 

these feeds. In the event of vomiting persiting 

changes in the proportion of milk to water should be 

tried, and a slight lengthening of the time between each 

feed up to three hours instituted. Should vomiting 

still continue recourse may be taken to the administra- 

tion of thickened cereal feeds. This method of feed- 

ing is strongly advocated by Sauer, who advises the 

following method of preparation and administration of 

the feed:- 

Ingred,tent s 
Skimmed milk 9 oz. 
date r 12 oz. 
Farina 6 tablespoonfuls 
Dextri -maltose 3 tablespoonfuls. 

Preparation: - 

Mix together and boil for one or two hours in a 

double boiler. 

Administration:- 

The/ 
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Administration :- 

The thick feed should be scraped off a spoon on 

to the back of the tongue with a spatula. Feeds of 

two to eight tablespoonfuls should be given six times 

in the day. Wollstein advocates that the feed be 

given through a modified Hygeia nipple, the thickened 

feed being "basted" in with a spoon. Sauer had great 

success with this thick feed in 28 out of 35 cases, 

and L. Porter also reports success in ten cases so 

treated. 

In our experience the feed advocated by Sauer is 

too thick, but good results have been seen repeatedly, 

using Benger's Food 1 oz. to a pint of milk or water 

mixture for thickening; this has the additional ad- 

vantage of easy administration. The explanation why 

thickened feeds often effect an improvement is given 

by Hotz as follows:- "The stomach wall has the power 

of surrounding and grasping its food content; this is 

termed peristolic function (Stiller). The peristolic 

activity is not well developed in the new born infant, 

but is best brought out when food of sufficiently thick 

consistency is taken. At such times the gastric con- 

tent is subject to the combined muscular peristalsis 

and peristolsis. The latter tends to retain the food 

and the former to propel it." 

Davison has suggested a further method of try- 

ing to overcome persistent vomiting, although we have 

not seen this method employed it seems worthy of trial 

in difficult cases. He writes : - "The fact that in 

many / 
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many cases of pyloric stenosis a palpable tumour can 

only be palpated immediately after a peristaltic wave 

would seem to indicate that the hypertrophied pyloris 

is relaxed between gastric contractions. Because of 

this fact feeding and refeeding is frequently success- 

ful. If food is administered persistently, eventual- 

ly some of it may pass the hypertrophied pylorus during 

one of its periods of partial relaxation, and in this 

way the patient's nutrition may be maintained." 

IV. Certain antispasmodic drugs are frequently used 

in conjunction with feeding methods in an effort to 

reduce the vomiting by relaxing pyloric spasm. 

Atropine sulphate, Tincture of Belladonna, Luminal, 

and more recently Lumydrin have all been used some- 

times with marked success, and at other times with 

equally marked failure. 

AtroDhine Sulphate. 

This drug can be administered orally or by hypo- 

dermic injection; whichever method is employed the 

importance of using a freshly prepared solution should 

be borne in mind. For oral administration the init- 

ial dose is one drop of 1 in 1,000 solution (.05 mgm.) 

half an hour before a feed; this can be increased by 

one drop at every alternate feed up to the point at 

which vomiting ceases, or a dry tongue, dilated pupils, 

and physiological flushing appear, indicating toxic 

effect. We have not seen this method of treatment 

employed / 
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employed, but Haas, Ibrahim, and A. Johannessen all 

report its beneficial effect. 
1 

Burt and. Tyson employed atropine sulphate 1000__ 

gr. hypodermically quarter of an hour before a feed; 

this method has obvious disadvantages if employed over 

a long period of time. 

jnçture o _mil lónna . 
This drug is administered orally half an hour be- 

fore a feed in doses of one drop, increasing by one 

drop with each feed until vomiting ceases or physio- 

logical effects similar to those of atropine poisoning 

make their appearance. It was used in the treatment 

of three cases, subsequently operated upon in the Sick 

Children's Hospital, Sheffield. In these cases it 

failed to stop vomiting, but in two of the cases 

vomiting was reduced from after every feed, to two or 

three times in twenty four hours. 

Luminal. 

Sodium Luminal has been tried by some clinicians 
1 1 

in doses of $ to .6 of a grain, half an hour before 

feeds, in the belief that it depresses the vomiting 

centre and damps down reflex spasm. Its use is not 

without danger, however, especially if alkalosis is 

suspected, as depression of the respiratory centro is. 

also liable to occur. 

Eumydrin. 

L. Svensgaard of Rigs hospital, Copenhagen, pub- 

lished / 
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lisped a series of cases in 1935, treated by this new 

drug. Eumydriñ is Atrropiñemethylnitrate and is fifty 

times less poisonous than atropine, although the effi- 

cacious dose is only two or three times larger. A 

i in 10,000 fresh solution is used in doses of 5 or 

2.5 cc., three or four times a day, half an hour be- 

fore a feed. At first 5 cc was employed, equalling 

.5 mgn of the drug, but more recently good effect has 

been observed with 2.5 cc or .25 mgn of the drug. 

Toxic effects are indicated by a redness of the skin 

and same slight pyrexia; these have only been noted 

in cases where treatment was commenced before dehydra- 

tion had been overcome. 

This method of treatment was employed in Copen- 

hagen in 61 cases, without operation, with a mortality 

of 1.6 %. The drug has been employed in the Royal 

Hospital for Sick Children, Edinburgh, with good re- 

sults. One case so treated indicates the value of 

this new treatment under certain circumstances. 

C.S. a female child aged 2/12 years on admission. 

The history was that she was bottle fed and. had vomi- 

ted persistently for two weeks. 

The birth weight was 84 lb s and her weight on 

admission was 6 lbs. 

She had been markedly constipated with small hard 

stools for two weeks before admission. 

On examination visible gastric paristalsis was 

seen on several occasions,but there was some doubt 

as 
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as to whether the pyloric "tumour" could be palpated. 

Treatment: - 

The little patient had been treated by her own 

doctor with feeds thickened with Sister Laura's food, 

and drop doses of atropine sulphate without any appre- 

ciable improvement. 

On admission she was given three hourly feeds of 

a milk and water mixture equal parts, with Eumydrin 

5 cc (.5 mgm ) half an hour before each feed; this 

brought about a marked improvement. The weight,af ter 

about one month in hospital, was 72 lbs. and vomiting 

occurred occasionally, but seldom more than once in 

the day. At this point, when she was three months 

old, it was thought advisable to employ surgical aid, 

and accordingly operation was arranged for. On the 

morning of operation, however, the temperature had 

suddenly risen to 103.40F, the respirations were So 

per minute, and raies could be heard all over the 

chest. An acute bronchitis had developed and surgery 

was therefore deemed impossible. Eumydrin treatment 

was continued, and once the acute infection of the 

chest had cleared up the vomiting practically ceased, 

and the child continued to gain weight. 

Comment: - 

This case recovered without surgical aid on Eumy- 

drin treatment alone. Atropine sulphate had previous- 

ly been used without good effect; the results from 

Eumydrin were much more satisfactory, 11141 Eumydrin 

undoubtedly 
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undoubtedly carried this child through a very difficult 

and dangerous period when surgical aid was impossible, 

because of the presence of an acute infection. The 

age of the child (2,12) when admitted may, however, 

have been an important factor in this case as it is 

well known that the spontaneous cure of Congenital 

Hypertrophic Pyloric Stenosis frequently occurs during 

the age period three to four months. On the other 

hand, the facts that no pyloric tumour was ever de- 

finitely palpated and that the patient was a girl 

might be taken as indicative of Pylorospasm rather than 

true Hypertrophic Stenosis. 

V. Dehydration must be combated from the outset in 

these infants, probably the best means of replacing the 

fluid loss due to vomiting is by the administration of 

subcutaneous or intravenous saline. Rectal salines 

are seldom retained well by young infants, and only 

tend to induce diarrhoea. The subcutaneous saline may 

consist of Normal Saline (.9 per cent Na C1), Ringer's 

solution (Na Cl .7 per cent, K Cl .01 per cent, and 

Ca 012 .02 per cent), or 6 per cent anhydrous glucose 

saline, and can be given twice in the day as a routine 

or in proportion to the frequency and severity of the 

vomiting. The amount given at a time varies from 60 

to 150 cc; the best rule in this connection being to 

give an amount that the tissues seem capable of absorb- 

ing without becoming indurated and waterlogged. 

In the event of dehydration being very marked at 

the / 
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the outset it can be more rapidly overcome by the in- 

travenous administration of any of the previously men- 

tioned solutions. The amount given by the intravenous 

route should depend on the weight of the infant; 25 

to 30 cc of normal saline or Ringer's solution per 

pound body weight and 20 to 25 cc of glucose saline 

per pound body weight being the usual proportion. The 

fluid,heated to body temp., should be run in slowly by 

the gravity method through a metal needle inserted in- 

to the longitudinal sinus at the posterior angle of 

the anterior fontanelle. 

By_ the introduction of fluid the infant's general 

condition is rapidly improved, colour returns to the 

face, the breathing becomes stronger, and the pulse is 

better sustained. 

VI. Obstinate Constipation can be relieved by the 

gentle administration of a soap and water enema every 

second day as required. In some cases it may be nec- 

essary to augment this by a saline purge; these are 

best avoided if at all possible, because they tend to 

irritate the empty intestines and cause diarrhoea. 

VIII. The hygiene of the mouth and nose require care- 

ful attention if projectile vomiting is occurring; the 

nose should be washed out with warm normal saline or 

water after every vomit in order to clear it of small 

clots of curd which lodge in the nasal passages and 

cause irritation. 

Ix. / 
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IX. A most careful watch should be kept for a slight 

rise in temperature or undue irritability on the part 

of the child. These signs at once suggest the ad- 

visability of an auroscopic examination, as otitis 

media is liable to occur following projectile vomiting 

which forces organisms or foreign material up the Eus- 

tachian tube. 

X. Lastly the child's weight should be taken each 

day or every alternate clay. In this way an accurate 

record of progress can be kept, and the efficacy of 

treatment evaluated. 

Indications tgr Surgical gperat on:- 

The determination of the correct time at which to 

employ surgical aid in Congenital Hypertrophic Pyloric 

Stenosis is not an easy matter, but there are certain 

factors and signs which serve as a guide in this re- 

spect, and provide definite indications for surgical 

operation. Consideration of the child's age may lead 

the physician to delay operation longer than would 

ordinarily be justified. Thus it is justifiable to 

persist with medical treatment if the child is at or 

past the age of three months, when spontaneous recov- 

ery can be reasonably expected to occur within a short 

time. Again the desirability of the continuance of 

breast feeding makes early operation essential in some 

cases. If the mother can only report at the hospital 

for a short time, or if her milk shows signs of fail- 

ing, then operation is immediately indicated to ensure 

the / 
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the supply of breast milk during convalescence. The 

persistence of frequent projectile vornitsngafter seven 

to ten days of careful medical treatment should lead 

to the consideration of surgery, and if, in addition, 

the weight is not increasing then operation is indica- 

ted without delay. A steady loss in weight, even as- 

sociated with a decrease in the frequency of vomiting, 

is an indication for operation before the child's con- 

dition becomes worse; Cochran recommends operation if 

the child has lost more than 20% of the birth. weight. 

Lastly, the child that is amaciated, collapsed, and 

dehydrated on admission :must be treated as a surgical 

emergency. Only a few hours are given to the restor- 

ation of body fluids, and then operation is performed 

in the belief that the only hope of recovery in this 

type of case lies in the very rapid, and often miracu- 

lous improvement that follows operation. 

In conclusion we briefly enumerate the indications 

for operation thus :- 

(1) Operate on the breast fed infant to ensure the 

continuance of breast milk during convalescence. 

(2) Operate when vomiting persist, and the weight is 

stationary. 

(3) Operate when the weight is decreasing. 

(4) Operate on the amaciated, dehydrated, collapsed 

infant. 

Summary 
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Summary:- 

Breast feeding must be continued if at all pos- 

sible once the child has been admitted to hospital; 

should the mother be unable to attend the hospital for 

the purpose of suckling her child the importance of 

trying to keep her breasts active until the child can 

go home, after operation, should be emphasised to her. 

Gastric lavage in conjunction with regular feeds - 

in proportions and at times found suitable by trial - 

is the basis of medical treatment. These measures will 

usually be found to considerably decrease the frequency 

with which vomiting occurs. Should little or no im- 

provement be achieved than a trial can be made of the 

thickened feed. In the event of continued non -success 

recourse can be taken to the administration of one of 

the anti -spasmodic drugs. ÿumydrin is, in our limited 

experience, a much more effective and less dangerous 

drug than any of the older remedies. 

Dehydration must be combated from the outset, if 

well marked when the child is first seen the intraven- 

ous administration of fluid is indicated, followed 

later by subcutaneous salinos at intervals. We are 

well aware that subcutaneous salines tend to be pain- 

ful during administration, but their continued use 

over a long period is less dangerous than frequent 

puncture of the longitudinal sinus through the anter- 

ior f ontene l le . 

The time at which surgical operation is to be 

undertaken 
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undertaken is a matter for the judgment of the physi- 

cian in the light of his previous experience of these 

cases. Early operation is the safest choice, and de- 

lay - once a definite diagnosis has been arrived at - 

is fraught with considerable danger. 

II. The Advantages and Disadvantages of Medical 

Treatment Alone. 

A comparison of the mortality rate in medically 

treated cases, and those that are operated on as an 

"incident" in treatment shows conclusively that sur- 

gery raises the mortality rate. In 1930, Bammstedt 

published interesting figures in this connection, col- 

lected from sixty different clinics. The total num- 

ber of cases was 1,842, and of these 1,342 were treat- 

ed medically with a mortality of 16%. On the other 

hand, the 497 cases treated by surgical operation . 

showed a mortality of 22.5%. 

Taking the figures quoted in Sven card's paper 

in December 1935 thus :- 

Authority Medical 
Treatment 

Bayer 
Birk 
Behrmann 
Munting 
Wiedhopf 
Willi 
:ochste in 

40 

6 
66 

7 
92 

Mortality 
per cent. 

2.5 
18 
18 
16.6 
5.7 

l .4 

Surgical 
treatment 

46 
20 
50 
58 
15 

117 0 

Mortality 
per cent. 

26 

28 
12 

13.3 
24.3 
3.4 

We find the total number of cases treated by these 

seven authorities was 773, of these 437 were treated 

medically / 
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medically with a mortality of 7.2, whereas 336 cases 

surgically treated show a mortality of 15.2%. 

This lower mortality figure is the only advantage 

which medical treatment alone has over surgical treat- 

ment, and in our opinion it is far outweighed by the 

very real disadvantages now to be described. 

The disadvantages of medical treatment alone are 

largely economic; such treatment is lengthy, costly, 

and not without danger. Medical treatment involves 

a very long stay in hospital. 

The average stay in hospital of a case treated 

surgically was 19 days in our series of cases; com- 

pare this with the average of 53 days for medical treat- 

ment quoted by Davison, or the still longer period of 

77 days quoted by Svengaard.. Medical treatment is, 

then, at a definite disadvantage as regards the econ- 

omic factor of length of time spent in hospital. Again 

medical treatment is costly; extra nurses are re- 

quired to carry out the detailed nursing regimen so 

necessary for success, and should the baby be breast 

fed the mother may require financial assistance to en- 

able her to attend the hospital. Further, medical 

treatment carried on for a long period of time may 

suddenly prove unsuccessful; the child is then left 

to face operation in a grave state of malnutrition. 

lastly, and not least important, is the fact that 

every extra day in hospital is continuing the danger 

of enteritis developing. No matter what precautions 
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are taken a young infant nursed for a long period in 

a general hospital, where there are bound to be cases 

of enteritis in the wards from time to time, is ever 

open to this risk. We have been fortunate in Edin- 

burgh in this respect, largely due to very efficient 

nursing. In Sheffield, on the other hand, two deaths 

from enteritis had occurred in "Pyloric Babies ", 

shortly before the custom of nursing the child in an 

isolation ward was adopted. 

20112a17:- 

Medical Treatment Alone has been very successful 

as regards the lower mortality prevailing in the Scan - 

danavian hospitals. Such results can only be achieved 

by long continued patient nursing, an exacting atten- 

tion to detail, and a highly specialised nursing staff 

working day and night. 

In our opinion the difference between the Medical 

and Surgical mortalities is not sufficiently great to 

Justify the increased cost, exposure to the risk of in- 

fection, and exacting nursing regimen entailed if Medi- 

cal Treatment Alone is adopted as the ideal for all 

cases. 

III. The Surgical Treatrent of Congenital Hypertro- 

Ihic Pyloric Stenosis. 

To ensure clarity of description we propose divid- 

ing this subject into three parts. 

I. The Preoperative Preparation of a Case. 
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H. The Actual Operative Technique. 

III. The Post operative Treatment. 

(a) The Preoperative Preparation of a Case. 

Preoperative treatment is aimed at combating 

these conditions which make operation dangerous; in 

Congenital Hypertrophie Pyloric Stenosis such condi- 

tions as dehydration, alkalosis, starvation, and anae- 

mia, all tend to greatly increase the operative risk. 

The combating of these risks is, then, the first pur- 

pose of the Preoperative Preparation. In the second 

place, everything must be done to make the operation 

easy for the surgeon, and to minimise the possible 

risks arising out of the actual technique of the oper- 

ation. 

Dehydration can be combated by the administration 

of normal saline, 6% glucose saline, or Ringer's sol- 

ution. In our experience the subcutaneous infusion 

of from 60 to 120 cc of normal saline, half an hour 

before going to the operating theatre, is all that is 

required. If the child. be very dehydrated,however, 

the intravenous administration of 6% anhydrous glucose, 

20, to 25 cc. per pound of body weight, is probably a 

better method of restoring the fluid loss. 

On the other hand, if vomiting has been very 

persistent and there is reason to fear the onset of 

acute alkalosis 5% calcium chloride, 4 cc. per pound 

body weight, should be given along with normal saline, 

by the intravenous route, before operation. 

Emaciation / 
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Emaciation and anaemia can be best overcome by the 

simultaneous administration of a blood transfusion and 

10 to 20% glucose saline. Four of the cases in our 

series had a blood transfusion of 15 cc of citrated 

blood, per pound body weight, along with 15 to 25 cc. 

of 10,ó glucose saline before operation. The transfu- 

sion was given within three hours of operation,direct- 

ly into the longitudinal sinus, and in all cases a 

beneficial effect was noted. From the cases observed 

we would strongly urge the adoption of preoperative 

blood transfusion as a routine measure, in the belief 

that such a procedure would materially lower the opera- 

tive mortality, by reducing post -operative shock and 

increasing the child's resistance. 

Turning now to those measures that aim at making 

the operation easy for the surgeon. The stomach should 

be washed out with normal saline half an hour before 

the operation; this is a most important matter and 

should never be omitted. By this means the dilated 

stomach is emptied, and thus becomes much easier to 

handle once the abdomen has been opened. Should acci- 

dental perforation of the stomach or proximal duodenum 

occur during operation, the resultant soiling of the 

peritoneum will be less dangerous if the stomach has 

been previously washed out. Again there is a distinct 

danger of the child vomiting during operation under 

local anaesthesia, if the stomach has not been washed 

out and respiratory obstruction is liable to occur, 
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with disastrous results. Lastly, when the operation is 

complete, stagnant food and mucus will pass into the 

easily irritated intestine or a plug of mucus may block 

the pyloric canal. To avoid such undesirable occurren- 

ces a careful gastric lavage before operation is essen- 

tial. 

It has been our custom to administer Luminal half 

a grain, and atropine sulphate 1/250 gr., three quar- 

ters of an hour before the operation. The Luminal en- 

sures that the child will be quiet and drowsy by the 

time he reaches the operating theatre; this greatly 

facilitates the injection of local anaesthetic, and pre- 

vents spasmodic contractions of the abdominal muscles 

with resultant protrusion of the viscera at a later 

stage in the operation. The atropinesulpháte diminish- 

es the secretions during operation, and the child is 

also adequately prepared for a general anaesthetic 

should it be found necessary. Just before being car- 

ried to the operating theatre the infant is tied to a 

padded "Pyloric board" or a wooden cruicif ix with the 

arms stretched out at right angles to the trunk. This 

ensures the minimum of movement during operation, and 

allows of an adequate exposure of the upper abdomen, 

without removing warm clothing from the arms, thorax, and 

lower trunk. 

(B) Operative Technique. 

The classical Fredet- lta.mmstedt operation was per- 

formed on all the cases in this series, the average 
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time taken to the operation from start to finish being 

from ten to fifteen minutes. To ensure such speedy 

and expeditious work it is essential to have an adequate 

and well organised theatre staff; the theatre sister 

must have the instruments, sutures etc., prepared before 

the child arrives, and should be fully conversant with 

the steps in the operation. It is her duty to have 

the operating theatre at a temperature of from 75 to 800F, 

thus keeping the child warm during operation and mini- 

mising surgical shock. 

4ne:,egathe sia. 

The injection of local anaesthesia has been found 

most satisfactory in our cases; on only two occasions 

was it found necessary to administer a light gas and 

oxygen anaesthetic towards the end of the operation. 

This was rendered necessary by spasmodic contractions 

of the abdominal muscles which tended to cause omental 

herniation, and made closure of the peritoneum difficult. 

Novocain 2% was the local anaesthetic used, with 

three to four drops of 1 in 1,000 adrenalin hydrochlo- 

ride added to ensure haemostasis in the operative field. 

The anaesthetic was administered by means of a 

long fine needle introduced under the skin of the abdo- 

men over the right rectus muscle, midway between the 

umbilicus and the costal margin. Working upwards and 

downwards from this point the sheath and contents were 

infiltrated with the anaesthetic. The skin and super- 

ficial planes were first anaesthetised and then the 
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deeper structures, special care being exercised to ade- 

quately anaesthetise the posterior rectus sheath and 

underlying peritoneum. In this way an area as illus- 

trated in fig. XXIV. was rendered insensative . We 

have found that some means of distracting the child's 

attention during the administration of the local anaes- 

thetic and subsequent opening of the abdomen is an 

advantage. A small feed of sterile glucose water is 

given for this purpose, and the child focuses its atten- 

tion on this while the injection. is given and the abdo- 

men opened. As soon as the peritoneum has been in- 

cised a number fourteen rubber catheter is passed down 

the oseophagus to withdraw the fluid_ and air from the 

stomach before it is handled by the surgeon. 

Actual Operation:- 

The abdomen is opened by a right paramedian inci- 

sion two to two and a half inches in length, commencing 

at a point quarter of an inch below the costal margin. 

The employment of this high incision ensures that the 

lower margin of the liver will prevent omental and vis- 

ceral herniation once the peritoneum has been incised. 

All bleeding points should be secured with artery for- 

ceps, and haemastasis effected with the coagulating 

diathermy current. When the peritoneum is incised 

the lower lobe of the liver usually presents in the 

wound; this should. be gently pushed upwards and to 

the right exposing the pyloric end of the stomach. 

See. / 
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S5.-Operation: A. Line of incision. B. Exposure of stomach and liver. 

fig. XXIV. The l'redet- Bamrnstedt Operation. 
Reproduction after Bevan. 

Note:- 

Ao i The shaded area of anaesthesia. 
ii The high incision. 

B. (i ) The lower lobe of the liver presenting 
in the wound. 

(ii) The pyloric end of the stomach exposed 
by pushing, the liver upwards and to 
the right. 

With the pyloric end of the stomach as a guide the 

pylorus can now be delivered with the fingers, and 

should be rotated so that its upper posterior surface 

looks directly forwards. Holding the tumour between 

the forefinger and thumb of the left hand it is then 

incised longitudinally from end to end through the 

bloodless area above the level of the pyloric vein. 

The incision should, be half to three quarters of an 

inch in length, and is made with the special sharp 

bladed Tyrrell Grey knife. It is carried down to,but 

not into, the sub,mucosa, which is easily recognised 

by / 
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by its yellowish white glistening syrface . See fig. 

XXVI. C. At the duodenal end, the incision should 

commence at a point half a centimeter proximal to the 

transverse vein of Mayo, and should be extended 

through the longitudinal and circular muscle fibres of 

the pylorus well on to the pyloric antrum. The very 

greatest care is required while making the incision at 

the duodenal end of the tumour, because the muscle 

coats and duodenal mucous membrane are thin and perfor- 

ation may easily occur. Should such perforation take 

place it may be recognised by the escape of bile 

stained bubbles, and can be closed by the procedure il- 

lustrated in fig. XXV, as advocated by Lamson. 

L.UISO.A: ('OAGESIT.U. 1I1PBI:'fROPIiIC I'l'LORIC tiP6XOSIS da) 

Fig 
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fig. XXV. Lamson method of closure in the event of 
accidental perforation of the mucosa. 

The separation of the divided longitudinal and 

circular muscle fibres is now completed by the inser- 

tion into the incision of a pair of blunt f orcepswith 

the blades closed, by gradually opening the blades the 

muscle edges can be pushed apart so that the submucosa 

bulges in the wound. Care must be taken to ensure 

that ; 
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that every circular muscle fibre is divided as other - 

wise the. submucosa will be constricted at one point, 

and the obstruction to the pyloric canal will remain. 

See fig. XXVI. D & E. 

Fig. M.-Met hod of exposure and spreading of hypertrophied nmsculatere 
which forms the tumor. 

fig. XXVI. The Eedet- Rammsted.t Operation. 
Reproduction after Bevan. 

Note :- 
C. (i) The pylorus gripped between the fore- 

finger and thumb of the left hand. 
(2) The line of incision. 

D. (i) The method of separation of the divided 
muscle fibres with forceps. 

E. (i) The sub -mucosa of the pyloric canal 
bulging in the wound. 

There is little likelihood of bleeding from the 

field of operation, but should this ensue every effort 

must be made to stop it. Such haemorrhage can be best 

controlled by undercutting the vessel with a small 

round needle and fine catgut; such procedures as the 

implantation of a tag of omentum or a shred of muscle 

over the bleeding point are usually unnecessary, and 

add to the time taken in the operation. 

The pylorus is now returned to the abdomen,and the 

wound closed in layers. The closure of the wound in 
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the abdominal wall is best achieved by means of three 

"through and through" silkworm -gut sutures which are 

inserted before the peritoneum is closed. The peri- 

toneum and muscle layers are closed by means of contin- 

uous catgut sutures, or silk can be used for the peri- 

tcneum if preferred. The skin edges are approximated 

with fine interrupted silkwork -gut sutures, and finally 

the "through and through" sutures - already inserted - 

are lóosely tied, so as to ensure adequate apposition 

of the cut surfaces during healing. 

.(C) Post Operative Treatment. 

On its return from the operating theatre the child 

is wrapped in a warm blanket, and put in its cot under 

an electrically heated shock cage. Every effort must 

be made to keep the child warm at this period as post 

operative shock is often well marked. The oral admin- 

istration of fluid is best commenced two to four hours 

after the operation. A definite scheme such as that 

here detailed has proved satisfactory in oli.r exper- 

ience, although some physicians believe in hourly feeds 

during the first twelve hours following operation. 

I. Two hours after operation give one drachm of ster- 

ile water or sterile glucose water (k a drachm to i 

ounce) by the mouth with a spoon. 

H. Increase the amount of fluid by one drachm every 

two hours, until -at the end of twelve hours- one ounce of 

fluid is being given. 

III. Fourteen hours after operation a test feed is 

given. / 
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given. This should consist of the mixture used before 

operation either milk and water mixture equal parts 

with sodium citrate gr i or lactic acid skim milk and 

water equal parts. The test feed should. be one ounce 

in quantity and is given slowly. If it is well retain- 

ed On the first occasion, it should be continued at two 

hourly intervals until the end of the first twenty four 

hours. 

IV. During the following twenty four hours the feeds 

can be gradually increased by half an ounce until 

three ounce feeds are being given every three hours. 

Thereafter the amount of the feed can be adjusted 

in proportion to the child's age and weight. 

In the case of breast fed infants, we have found 

that the best results are obtained by putting the child 

to the breast twenty four hours after operation. 

It may be necessary to further augment the fluid 

intake of the child within the first twenty four hours 

after operation; this can be done by the administra- 

tion of subcutaneous glucose saline twice in the day. 

Vomiting may occur following operation but this is un- 

common. In our series only three cases vomited after 

operation, and thatvas on the second and third days. 

McLeod states that he has found vomiting after opera- 

tion occurring most commonly either during the first 

three days, or from the ninth to the fourteenth day. 

We have not seen a case that vomited so late after 

operation. Breast fed infants can be allowed home 
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four or five as after the operation, with an adhes- 
ive dressing over the wound ; they should return to 

have the sutures removed on the tenth day. The arti- 

ficially fed child has the sutures removed on the 

eighth day, and in our experience has been ready for 

discharge home fourteen to twenty -one days after the 

operation. 

Summary. 

The importance of making every effort in pre- opera- 

tive preparation cannot be overstressed. few hours 

devoted to the restoration of body fluids, and the ad- 

ministration of a blood transfusion before operation, 

frequently weigh the balance in favour of the child's 

life following the operation. 

The actual technique of the operation is simple, 

and is attended with little danger if adequate care is 

exercised when making the incision through the muscle 

layers of the pylorus. Gentle handling of the viscera 

by the surgeon, and the close co- operation of the thea- 

tre sister are the essential factors which go far to 

minimise shock by excluding trauma and diminishing the 

time taken to the operation. 

Post operative treatment is largely a question of 

careful nursing; keeping the infant warm, restoring 

body fluids, and ensuring sleep are the three ideals 

aimed at to ensure the best chance of recovery. 

Post / 
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Post Operative Complications:- 

We propose describing the principal complica- 

tions commonly met with following operation and giving 

the reasons for these. It will be evident that most 

of these complications can be prevented by adequate 

pre- operative preparation and care during the actual 

performance of the operation. 

I. Heamorrhage. 

This takes the form of a steady oozing from the 

exposed surface of the pyloric mucosa or a frank arter- 

ial bleeding from the vessels in the divided muscle 

layers. The capillary oozing from the mucosa is due 

to the fact that the coagulation time of the blood in 

these infants is delayed; haemorrhage from the divided 

muscles, on the other hand, is reactionary in type. 

Every precaution should be taken at the operation to en- 

sure complete haemostasis. As already described hae- 

morrhage from the divided muscle edges can usually be 

controlled by undercutting the vessel with a fine cat- 

gut stitch. Should bleeding persist, or the oozing of 

blood from the exposed mucosa be noted, the more elabor- 

ate muscle or omental graft must be employed to ensure 

haemostasis before the pylorus is returned to the abdo- 

men. 

II. Peritonitis:- 

This is caused by the accidental perforation of 

the / 



91. 

the mucosa of the stomach or duodenum in the course of 

the pyloroplasty, and the subsequent escape of food or 

secretions into the peritoneal cavity. Such an occur- 

rence should never take place if adequate care is taken 

when making the incision and muscle separation at the 

duodenal end of the tumour. Once the muscle separa- 

tion is completed, inspection should be made for the 

escape of bile stained bubbles which are a sure indica- 

tion of perforation. 

Should such a perforation be discovered or suspected 

it must there and then be repaired by the Lamson method 

already illustrated in fig. XXV. 

III. Shock. 

Post- operative shock is probably the most com- 

mon complication of operation in Congenital Hypertro- 

phic Pyloric Stenosis. Dehydration, emaciation, and 

anaemia existent before operation undoubtedly play a 

large part in producing this shock,but we would stress 

the fact that a preliminary blood transfusion, keeping 

the child warm, and handling the viscera gently during 

operation will greatky minimise the degree of shock 

produced. 

IV. Herniatj n of Abdominal contents 

This is the only complication that we have actually 

experienced following operation on our series of cases. 

The factors that make its occurrence likely are an ex- 

treme degree of emaciation which renders healing very 

slow,the employment of inadequate through and through 
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"stay sutures ", the presence of a low grade infection, 

or a haematosa in the wound. Any one of these factors 

may be present alone, but they are more frequently en- 

countered together in view of their close inter -rela- 

tionship. 

Omental herniation occurred in a male child, aged 

five weeks, who was under our care in the Royal Hospi- 

tal for Sick Children, Edinburgh. The child vomited 

on two occasions after operation, and developed loose 

green stools three days after the operation. On the 

seventh day, when the dressing was removed from the 

wound on the anterior abdominal wall, it was found 

that a piece of omentum had herniated between the sut- 

ures, and had become congested, swollen, and. odema- 

tous. The child was at once taken to the operating 

theatre, the wound was opened, and the omentum was re- 

turned to the abdomen. During this procedure it be- 

came evident that the omentum had pushed its way 

through a small gap left in the peritoneum during the 

previous closure. On this second occasion great care 

was taken in closing the muscle layers, and the child 

aided by a blood transfusion, made an uninterrupted 

recovery thereafter. 

Comment. 
The cause of the herniation in this case was 

slow healing of the wound in conjunction with an im- 

perfeèt closure of the peritoneum at operation, which 

had allowed the initial escape of the omentum. There 
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was no haematomna or infection of the wound, and three 

through and through "stay" sutures had been employed. 

V. The Presence of Prólectlle Vomiting. 

This is uncommon, but may occur within the first 

three days following the operation for the following 

reasons. In the first place, a few transverse muscle 

fibres may have beat left undivided when the submucosa 

of the pyloric canal was exposed at operation. These 

tend to form a residual constricting band, and in con- 

junction with the oedema of the tissues following in- 

cision in this area cause a complete occlusion of the 

pyloric canal. Secondly, it is essential to extend 

the incision well on to the pyloric antrum as other- 

wise symptoms of vomiting will reappear. Gaisford re- 

ports a case in which a second operation was necessary, 

twenty -three days after the first, in order to rectify 

such an error in operative technique. Thirdly, in 

cases where pre- operative gastric lavage have not 

been employed there is a very real danger that a plug 

of raucous or curd may lodge in the pyloric canal and 

form a complete obstruction. 

VI. =. nteritia. 

This is one of the most fatal complications met 

with and must.be carefully guarded against by careful 

feeding and general management. The most probable 

reasons for its frequent occurrence are as follows: - 

(a) In many cases little or no food has been pass- 
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passing into the bowel before operation; following 

operation food begins to reach the bowel regularly. 

Frequently the bowel is found to be unused and unpre- 

pared for its normal function and diarrhoea will ensue. 

CO Again, by reason of its previous lack of 

function, the bowel is rendered more susceptible to 

irritation, and has little immunity to the organisms of 

infective diarrhoea. Hence when food arrives in the 

intestine after operation it sets up irritation and 

causes infection more easily than would be the case 

had the bowel been functioning normally from birth. 

(c) Lastly, the amount of the feed may be too 

rapidly increased following operation. The bowel is 

not able to absorb all the food it receives, fermenta- 

tion in the bowel occurs, and enteritis ensues from 

this irritation. 

VII. Hy-eerpyrexia. 

A rise in temperature following operation may be 

met with; this is possibly due to the shock of opera- 

tion disturbing the heat regulating centre which is 

very susceptible to stimulus in an already dehydrated 

exhausted infant. Again, there is reason to believe 

that the passage of food into the small intestine after 

a period of starvation causes a rise in temperature. 

In our series of cases the highest temperature recorded 

following operation was 101 °F, on the other hand, Ram- 

say has reported a case in which the temperature rose 

to 108 °F before death occurred. 

VIII. 
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VIII. Otitis Media. 

The lowered general resistance following operation 

may lead to this complication. Projectile vomiting 

forces organisms from the naso- pharynx and small clots 

of curd up the Eustachian tube; should the child be 

unable to resist this invasion an acute otitis media 

will result. We have already stressed the importance 

of immediately examining the ears with an auroscope if 

the child develops a temperature or becomes fretful for 

no apparent cause. 

Summary. 

Light post-operative complications have been enum- 

erated,and their underlying cause and prevention have 

been discussed. 

Shock following operation is, in our opinion, by 

far the most common complication; its degree in all 

cases depending upon the condition of the child before 

operation and the time taken to perform the pyloroplasty. 

We believe that the employment of local anaesthesia in 

these cases does not increase the post -operative shock. 

L *nteritis is the most fatal of all the complica- 

tions following operation; we have been fortunate in 

avoiding it in our series of cases thanks to the high 

standard of nursing our cases have received, and the 

short interval elapsing between diagnosis and operation. 

Of the other complications haemorrhage,peritonitis, 

herniation of viscera,and post operative projectile 

vomiting are all grave occurrences which manifest them- 
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selves from time to time. Adequate care on the part 

of the surgeon in the performance of the pyloroplasty 

and subsequent closure of the abdomen will, however, 

greatly reduce the incidence of these complications. 
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Prognosis:- 

The parents of a chill with Congenital Hypertrophie 

Pyloric Stenosis which is treated medically with surgi- 

cal operation as an incident in treatment demand an 

opinion on two points. They wish to know the chances 

of survival of the operative risk, and they tyrant an 

assurance that, should the child survive operation, it 

will be cured of its symptoms. The prognosis with re- 

gard to the operative risk should always be very guard- 

ed, as the mortality is high, and the factors influenc- 

ing it are complex. On the other hand, an assurance can 

be given that, once the operative risk is passed suc- 

cessfully, a complete cure will eventuate, and that no 

further disability need be feared in later life. 

We have already stated that the operative mortality 

is high; this is borne out by the figures below col- 

lected from the statistics quoted by several well known 

authorities on the treatment of this condition by the 

Fredet- Bammstedt method. 

Author) . 

Borchard 
Grey & Reynolds 
Findlay 
Parsons 
Sauer 
Page 
Paterson 
Lanman & Mahoney 
Wallace & Nevi11 
Thomson & Ga isf ord 
Rammstedt 

Number of cases. 

301 38 

70 
120 
90 
581 
150 
145 
178 
497 

Mortalit 
16.3 

66 
45.8 
13.2 
12.2 
30 
2 

24.8 
16.4 
22.5 

Of the 14 cases operated upon in our series, 

three died, giving a mortality of 21 %. This figure 

compares favourably with the results obtained by the 

authorities 
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authorities already quoted, although the total number 

of cases is small. 

It has long been recognised that the operatuve 

mortality is very high in hospital cases, and striking- 

ly low in the privately treated case. Thus Paterson 

treated 581 cases in hospital with a mortality of 30%, 

and treated 24 cases privately without a single death. 

Barling's figures in this connection are also striking; 

of the 75 cases he treated in hospital 48% died, where- 

as all of the 15 cases treated privately recovered. 

This difference in the mortality rate among hospital 

and private cases is remarked upon by Herzfeld and 

Wallace in their paper on "Prognosis in Congenital Sten- 

osis of the Pylorus ", and we quote the following ex- 

tract from their paper explaining why difference 

exists, and stressing the factors which make the prog- 

nosis more gloomy in the hospital case: - 

How does the hospital case differ from the private 

case? alt birth there is probably no difference at all, 

both infants apparently being strong and healthy, and 

not infrequently above the average birth weight. It 

is after the characteristic symptoms have commenced 

that the difference manifests itself. The mother of 

the infant which is ultimately brought to hospital is 

frequently harassed and preoccupied, and the fact that 

her baby is vomiting occasionally may not at first give 

rise to any serious concern. eventually, perhaps on 

the prompting of a neighbour, she will decide that her 
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breast milk is not agreeing with the child, and var- 

ious feeds are tried in quick succession in a vain at- 

tempt to find something "which suits baby's stomach". 

The medical profession is not altogether blameless in 

this respect, since it is not always the interfering 

but well -meaning neighbour who advises the mother to 

wean her infant. Finally, after several weeks have 

elapsed, during which time the infant has been going 

rapidly downhill, he is brought to hospital in a state 

of extreme inanition, and operation is fraught with 

serious risks. It is this long delay which is so dis- 

astrous in a high percentage of hospital cases, since 

it means not only that at operation the child's resis- 

tance is at its lowest ebb, after weeks of starvation, 

but also that thereafter he is irrevocably deprived of 

his mother's milk which has long since dried up. It is 

little wonder that the mortality rate in such cases is 

high. 

The well -to -do mother has more leisure and can 

usually observe her infant more closely, and., perhaps, 

though not always, more intelligently. Further, she 

is apt to be far more exacting in her demands on her 

medical attendant; he is likely to be summoned at the 

first sign of trouble, and she does not hesitate to de- 

mand a second opinion regarding her infant if she is 

not completely satisfied. This attitude reacts favour- 

ably on the infant, since it means that the pyloric 

obstruction will probably have been diagnosed 
and 

treated / 
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treated at an earlier stage than has that of the hos- 

pital infant, the child will not be so starved and de- 

hydrated when it comes to operation, and, furthermore, 

the mother's milk will still be available at the cri- 

tical post -operative period - a point of extreme im- 

portance. We believe that the mother is the best cus- 

todian of her infant in sickness or in health, and the 

very fact of removing an infant from its mother and 

placing it in the strange, somewhat impersonal atmos- 

phere of a hospital, may do much more harm than is 

generally realised. 

Here, then., are factors which may serve to guide 

us in giving an opinion regarding the immediate prog- 

nosis in any particular case. We must ascertain the 

duration and severity of symptoms, we must note the 

infant's general condition, and we must determine 

whether breast -feeding is going to be possible after 

operation. If these crucial questions have to be ans- 

wered unfavourably, prognosis must be very guarded, 

since the mortality -rate may be 20 per cent. or even 

higher. If, on the other hand, the answers are fav- 

ourable, we are justified in giving a favourable prog- 

nosis since, in our experience, the mortality -rate in 

this type of case is extremely low. In the exper- 

ience of one of us (G. H.) over a number of years, the 

mortality -rate in hospital cases of pyloric stenosis 

is rather more than 20 per cent., whereas no private 

case has been lost, and we suggest that this remark- 

able difference may be explained to a large extent by 

the factors outlined above. 
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The conclusions drawn from this paper are borne 

out by Darling, who analysed ninety cases we had 

treated with a view to finding out what factors in- 

fluenced prognosis. Fifteen of his cases were pri- 

vately treated without a death; the average time of 

operation after the onset of symptoms was thirteen 

days. Seventy five of his cases were treated in hos- 

pital with a mortality of 48%. Those cases operat- 

ed upon up to eighteen days after the onset of symp- 
survived, 

toms/ those cases operated upon twenty five days or 

later, after the onset of symptoms, all died. He 

concludes from this analysis that if all cases were 

operated on within fourteen days of the onset of symp- 

toms the mortality rate would be less than 5%. 

Sunmary : - 

The prognosis with regard to operation depends 

upon. the duration and severity of the symptoms, the 

child's general condition, and the mode of feeding, 

when it is first seen. Should the symptoms be of 

short duration and the infant be breast -fed a very 

much better prognosis can be given than would other- 

wise be the case. An assurance can always be given 

that, should the child survive the operative risk 

and the complications of convalescence, a permanent 

recovery will ensue. 
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Conclusion :- 

Our study of Congenital Hypertrophic Pyloris Sten- 

osis has shown it to be a condition associated with 

pathological changes of a constant and well defined 

nature. A marked hypertrophy of the pylorus, caused 

by local gigantism of the circular muscle fibres con- 

stituting the wall of the pyloric canal, is the most 

striking feature of the pathology. We believe that 

this circular muscle hypertrophy affects only the py- 

loric antrum and canal, and does not occur in the py- 

loric ring sphincter. Such hypertrophy of the circu- 

lar muscle layer, combined with the protrusion of the 

mucosa into the lumen of the pyloric canal, constitutes 

a relative obstruction. Our observations have, how- 

ever, convinced us that an element of spasm is essen- 

tial, if complete obstruction of the pyloric canal is 

to occur. The pathological appearances and clinical 

features of this condition have led us to support the 

view held by John Thomson in regard to the pathogene- 

sis of Congenital Hyperthrophic Pyloric Stenosis; no 

one has yet been able to explain why there is a want 

of co- ordination between the sympathetic and parasym- 

pathetic fibres supplying this area, but no doubt the 

explanation will emerge as our knowledge of the func- 

tion and control of the sympathetic ganglia increases. 

There is an impression amongst doctors that Congenital 

Hypertrophic Pyloric Stenosis is a rare condition, and 

that the clinical diagnosis requires the skill, percep- 

tion, and acumen of a paediatric specialist. 
It is 

true / 
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true that careful observation and repeated examination 

may be necessary before the four cardinal signs and 

symptoms are ascertained, but when present their ob- 

servation and significance should at once suggest the 

diagnosis to the family doctor. Elaborate clinical 

methods of investigation are neither necessary nor de- 

sirable in order to make an accurate diagnosis; the 

occurrence of forceful vomiting in a first born, male 

infant, under three months of age, is highly suggestive 

of the condition and if, in addition, visible gastric 

peristalsis can be seen and constipation exists the di- 

agnosis is almost certain, The palpation of a pyloric 

tumour is, in our experience, the least commonly demon- 

strable sign; we believe that failure to elicit this 

sign is seldom due to lack of perception on the part 

of the examiner, but rather to the anatomical position 

of the tumour beneath the lower border of the liver. 

Consideration of the subsidiary symptoms and signs, 

while not essential for clinical diagnosis, will un- 

doubtedly help to make the diagnosis more certain in 

the difficult case. Recent observations on the exis- 

tence and. manifestations of alkalosis in this condition 

constitute an important advance in our knowledge, by 

facilitating diagnosis, and awakening a new conscious- 

ness of the risk of surgery without adequate preopera- 

tive preparation. 

The differential diagnosis of IIypertrophic Steno-: 

sis from Pyloric Spasm and Duodenal Obstruction should 

not present any great difficulty if the different sex 

incidence, / 
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incidence, earlier onset, and tendency to hypertonicity 

in the former, and the presence of bile in the vomitus 

in the latter are borne in mind by the physician. 

Turning now to the question of treatment in Congenital 

Hypertrophia pyloric Stenosis, we are of the opinion 

that the results achieved do not justify the adoption 

of medical measures alone in the treatment of this con- 

dition. The optimam chance of recovery for the in- 

fant lies in the closest co- operation between the 

physician and the surgeon; the initial stages of treat- 

ment should be medical, so that while the general con- 

dition of the patient is being improved coincident ob- 

servations can be made which will ensure the speedy 

formation of a definite diagnosis in the physician's 

mind. The determination of the psychological moment at 

which to operate is a matter which the physician must 

decide for himself, aided by his past experience of 

these cases; early operation, as soon as a definite 

diagnosis has been made and the infant's condition im- 

proved, undoubtedly holds the best promise of a success- 

ful cure . We would strongly urge the desirability of 
with 

continuation. breast feeding in these cases if at all 

possible; early operation to ensure the continuance 

of breast feeding during convalescence is a procedure 

always attended with the best results. From our lim- 

ited experience we have formed the opinion that : umy- 

dri.n is an antispasmodic drug well worthy of a trial, in 

the event of careful feeding combined with gastric lav- 

age proving unsuccessful in diminishing the frequency 

of projectile vomiting. 
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The classical Fredet- Pammstedt operation has now 

become the standard method of surgical treatment in 

this condition, and has proved to be the simplest and 

most efficacious procedure yet devised. The ultimate 

success of this operation depends in large measure up- 

on careful pre -operative preparation, which aims at im- 

proving the :general condition and resistance of the 

patient, while also rendering the operation simple in 

execution and minimising the serious risk of post -óp- 

erative complications. The adequate administration of 

fluid before operation is of considerable importance, 

not only does this procedure tend to improve the gen- 

eral condition of the infant and counteract operative 

shock, but it also allays the very real danger of alka- 

losis before operation which has recently been stress- 

ed by Maize is and Morris. We believe that blood 

transfusion holds pride of place in the pre -operative 

measures adopted to compensate for the anaemic, emacia- 

ted, dehydrated state of many of these infants before 

operation; the routine adoption of such treatment 

would, we believe, very substantially reduce the opera- 

tive mortality by putting the infant in the best posi- 

tion to withstand the shock of operation. Preliminary 

gastric lavage and the administration of a mild hypno- 

tic greatly facilitate the safe and speedy execution 

of the operation, by rendering the stomach easy to 

handle, and reducing movement to the minimum. In the 

presence of these favourable conditions the operative 

technique 
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technique is simple in execution and the hazards few, 

if the operator. is full;; alive to the danger of per- 

forating the duodenum or closing the abdomen before 

satisfactory haeuostasis has been secured in the opera- 

tive field. Once completed the success or failure 

of the operation depends in large measure upon the sub- 

sequent nursing of the infant. Small frequent feeds 

preferably of breast milk, the supplementary adminis- 

tration of fluid, and the maximum of sleep in warm sur- 

roundings will go far to ensure a speedy and success- 

ful recovery. 

Post -operative complications should be of infre- 

quent occurrence in the rands of an experienced sur- 

geon, who has made a careful inspection of the pylorus 

before returning it to the abdomen, and has repaired 

the abdominal wall to the best of his ability when 

closing the wound. A high standard of nursing and the 

short time spent in hospital probably explain the fact 

that we have not experienced the dread results of enter- 

itis after operation; this risk can, we believe, be 

still further reduced by nursing these cases in an iso- 

lation ward. 

Despite the very satisfactory results of surgical 

treatment in Congenital Hypertrophie Pyloric Stenosis 

the prognosis should always be guarded. At the pre- 

sent time the lives of many infants suffering from this 

condition. are needless lost owing to long delay in 

diagnosis, foolhardy experiments with medical treat- 

ment, and a lack of appreciation of the correct time 

t / 
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at which to operate. The very low mortality amongst 

private cases emphasises the fact that early diagnos- 

is and prompt treatment affects the mortality very 

favourably, and for this reason we hope that in the 

future every family doctor will be alive to the pos- 

sibility of Congenital Hypertrophic Pyloric Stenosis, 

whenever he is called to see an infant with persis- 

tent vomiting, visible gastric peristalsis, and pro- 

gressive constipation, and that he will act imrnedia.te-- 

ly to safeguard the best interests of his patient. 

In conclusion we wish to express our appreciation 

and acknowledge the kindness of Mr W. J. Lytle, 

F.R.C.S. and Miss G. Herzfeld, F.R.C.S.E., in allow- 

ing us to publish these cases treated in the wards 

under their care, and to Dr R.L. Saunders, Department 

of Anatomy, University of Edinburgh, for his help in 

the preparation and microphotography of the pathologi- 

cal material used in this paper. 
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