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ABSTRACT

A review is presented on the theories concerning the
cause of pyloric stenosis with emphasis on the pri-
mary position of inherited hyperacidity in pathogene-
sis. Existing theories are critically analysed and the
hyperacidity theory is precisely defined in the light of
recent physiological insights into the gastrointestinal
hormone matilin. The progressive fixed fasting hy-
pergastrinaemia within the first few weeks of life will,
in the baby who inherits acid secretion at the top of
the normal range, produce hyperacidity of sufficient
severity to trigger the process of acid-induced work
hypertrophy of the pylorus. The potential contribu-
tion of moatilin is discussed. The baby who inherits a
normal gastric acidity will not reach acid levels severe
enough to trigger sphincter hypertrophy despite the
early gastrin stimulus. The potential threat will cease
when gastrin naturally declines with age and the py-
loric canal becomes wider. Genetic factors clearly
must also be involved and these are separately dis-
cussed.
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1. OVERVIEW

There can be few clinical conditions more fascinating and
less understood than hypertrophic pyloric stenosis of
infancy (IHPS). It is the most common cause of upper
gastro-intestinal obstruction in the neonatal period.

Any theory of cause clearly requires to explain and be
consistent with the extraordinary clinical features.
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Four main theories of causation have emerged.
1) Immunohistochemical abnormalities.

2) Genetic abnormalities.

3) An infectious cause.

4) The hyperacidity theory.

2.IMMUNOHISTOCHEMICAL
ABNORMALITIES

It is accepted that the sphincter muscle abnormality con-
sists of both hyperplasia and hypertrophy of the circular
muscle fibres[1].

2.1. Local Growth Factorsand M echanisms

Histo-chemical techniques have suggested that growth
proteins and other factors are increased within the sphinc-
ter muscle. Increased sphincter levels of insulin-like growth
factor (IGF), platelet-derived growth factor (PDGF) [2]
and growth signalling pathways [3] as well as other
growth indicators [4] have been recorded by the same
principal investigator.

The significance of these findings is much reduced
because

1) Control sphincter specimens were harvested vari-
able hours after death.

2) Only qualitative findings were reported in so far as
no allowance was made for the greatly increased contri-
bution from smooth sphincter musclein IHPS.

3) Smooth muscle hypertrophy for any reason such as
work hypertrophy has been shown depend upon the ac-
cumulation of local growth factors probably produced by
the smooth muscles themselves [5-7].

Thus, there are as yet no reliable evidences of a pri-
mary abnormality in local growth factors in the patho-
genesis of IHPS.

2.2. Neural and Neuro-Transmitter Abnormalities

Selective reduction of intramuscular nerve supporting
cells [8]; neural cell adhesion molecules [9]; cholinergic
innervation [10] and neurotrophins [11] have also been
reported.
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The comparative controls again relied on post-mortem
normal sphincters hours after death and the studies were
again qualitative. Hence the contribution of nerve fibres
to the dide image is likely to have been skewed by the
increased smooth muscle mass in the pyloric tumour
specimens.

Others have reported on qualitative analysis of myen-
teric plexus nerves which are described as longer or thic-
ker with shorter nerves in the longitudina layer in the
human pylorus. There was, in addition, a reduced ex-
pression of muscle-relaxing neurotransmitters such as ni-
tric oxide synthetase and vasoactive intestinal peptide [12].

Some breeds of dogs also suffer from what appears to
be canine IHPS [13].

When quantitative histological analysis is attempted
using computer-assisted analysis with post-mortem nor-
mal controls, there was no change in the innervation of
the pylorus compared to the reported changes above in
the human pylorus [14]. Immunohistochemistry reveaed
that nitric oxide synthetase was expressed normally as
was substance p (a tachykinin). Only vasoactive intesti-
na polypeptide (VIP) was shown to be reduced com-
pared with the normal post-mortem canine pylorus [14].

The interstitial cells of Cahal (ICC) react with heme-
oxygenase 2 (HO) to locally release carbon monoxide—a
gaseous neurotransmitter which relaxes smooth muscle.
Both HO and ICC were found to be deficient or absent in
the full thickness biopsies from 15 pyloric tumours. The
8 controls who were not well matched (age range 1 day
to 5 years) had no gastro-intestina disease and were
presumably autopsy controls but this is not stated [15].
The ICC cells are thought to mediate in inhibitory effects
on the pyloric and oesophageal sphincters. [16] and a
decrease has been reported in several disorders of gas-
tro-intestinal motility [17] including IHPS [18] The in-
traamuscular 1CC cell has aso been thought to play a
part in the nitric oxide dependant inhibitory mechanism
which inhibits the pyloric sphincter [16].

There are so many observed abnormalities that it is
unlikely that anyone of them is a prime mover in patho-
genesis. Most reported abnormalities are uncertain since
post-mortem sphincters controls have been used as con-
trols and few have attempted quantification. Moreover,
the abnormalities, if correct, may simply be the mecha-
nism by which a sphincter becomes hypertrophic as a
result of frequent contraction.

3. THE GENETIC CONTRIBUTION

The well-documented prevalence in high-risk families
and the increased incidence among siblings testify to an
inherited component. A multifactorial sex-modified thresh-
old method of inheritance has been proposed which sat-
isfies the known inheritance patterns[19].

Copyright © 2012 SciRes.

Syndrome and monogenic forms exist [20,21] as well
as chromosomal abnormalities including translocation of
chromosome 8 and 17 and a partia trisomy of chromo-
some 9 [22,23]. Autosomal-dominant monogenic forms
have also been reported [24,25].

A locus for monogenic IHPS susceptibility has been
identified at 16p13-p12 on linkage analysis [26] and aso
on 16024 [27]. and a genetic heterogenicity is thought
likely [26]. The gene on chromosome 12q which encodes
for the enzyme which produces the muscle relaxant nitric
oxide (neuronal NO synthetase) is considered also to
have arole[28,29].

A more recent study using Single Nucleotide Poly-
morphism (SNP) based linkage analysis has been re-
ported. 81 pedigree families with IHPS were investigated.
Non-parametric and parametric analysis identified loci
on chromosomes 11q14-g22 and Xg23. These two linked
regions contain functional candidate genes which belong
to the Transient Receptor Potential genes (TRPC) which
have a possible role in smooth muscle control and hyper-
trophy [30]. The authors concede however that an envi-
ronmental factor—as yet unknown—is aso clearly im-
plicated and isrequired.

They also concede that the common form of IHPS is
inherited as a complex multi-factorial trait.

One consequently should not be surprised to find that
the concordance rate in monozygotic twins (0.25 - 0.44)
while higher than in dizygotic twins, nevertheless is
much less than unity [31].

Neither the genetic nor the immunohistochemical theo-
ries address the curious clinical and important time-
sensitive features of this condition. The acceptance of a
genetic heterogenicity is in agreement with the multifac-
torial sex-modified threshold pattern of inheritance.

A genetic theory based on TRPC stimulus to smooth
muscle growth would not explain the long-term cure by

pyloromyotomy.
4. THE INFECTION THEORY

The search for a time-sensitive precipitant and the need
to discover the environmental factor in pathogenesis has
led to speculation about a self-limiting infection.

Pyloric babies have been investigated by examining
throat swabs and comparing them with normal controls.
There was no difference when the common naso-pha-
ryngeal viral pathogens were analysed [32].

Helicobacter pylori (H Pylori) the important gastric
pathogen and known stimulant of gastric acid secretion
[33] has aso been investigated.

H. Pylori is known to be present in babies from 6
months in age. In a5 year follow-up study of mother and
child random amplified polymorphic DNA fingerprinting
has revealed that mother to baby transmission does occur
[34].
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In another study prompted by an index case suspicion
of H. Pylori organisms on histology, 16 consecutive ba-
bies with IHPS underwent gastric biopsy pre-operatively.
All the urease tests were negative; there were 4 cases of
chronic gastritis; 6 of mild gastritis and 5 with normal
histology. No H. Pylori were discovered on histology.
[35]. At the age of pyloric presentation immunological
tests for H. Pylori are unreliable since maternal transmit-
ted immunity may last up to 6 months.

A further study using stool culture for H Pylori in 39
consecutive babies with IHPS failed to discover a single
case. Control babies were also negative [36].

Curioudly the major consequence of H. Pylori infesta-
tion in adults—namely hyperacidity—is not mentioned
as apossible link between infection and the development
of IHPSin any of the cited papers.

In the absence of a known cause the gastritis recorded
on biopsy presumably would simply be a consequence of
prolonged gastric stasis.

There is consequently no evidence at present to sup-
port an infectious cause.

5. REQUIREMENTSFOR ANY THEORY
OF CAUSE

Any acceptable theory of cause would naturally require
to explain

1) The male/female ratio of 4/1 [37].

2) The rapid disappearance of the tumour and long-
term cure after pyloromyotomy [38].

3) The persistence of the tumour after gastroenterostomy
[39].

4) The absence of the tumour at birth and the presence
of the tumour at around 4 weeks of age [40].

5) The known positive influence of a family history
[41].

6) The finding of high acid secretion in babies with
IHPS and an increased incidence of duodenal ulcer dys-
pepsia and high volume outputs in long term survivors
[42].

7) An increased incidence with erythromycin therapy,
an antibiotic which increases antral and pyloric contrac-
tion [43,44].

An excellent contemporary review of the clinical and
epidemiological features of this condition may be ob-
tained by consulting areview by MacMahon [45].

There are in addition two requirements which need to
be addressed by any theory of causation.

1) A temporary developmental factor

Any condition which presents within a narrow age
range of 4 weeks and which goes away and does not re-
turn (if the baby is kept alive by standard medical treat-
ment) is likely to be caused by developmental and time-
sensitive factors.

Copyright © 2012 SciRes.

In other words, a mechanism must come into play at
around 4 weeks of age which is of atemporary nature.

2) A sphincter factor

Any condition which is cured by dividing a sphincter
islikely to be caused by the contraction of that sphincter.
This is especialy true when the hypertrophied sphincter
disappears within a matter of weeks. Thus, it is to be
expected that the tumour will persist after gastroente-
rostomy and it does [39].

6. THE HYPERACIDITY THEORY

A theory is proposed which does satisfy al the known
clinical features and is also consistent with the additional
two requirements.

The theory is based on the inheritance of an acid-se-
creting ability—possibly a parietal cell mass—at the top
of the normal range and the consequence of hyperacidity
on sphincter function.

If fasting gastric acidity is simply assessed by meas-
uring the pH there is little difference between IHPS ba
bies and matched controls although recorded pH levels
tend to be lower [46]. The pH logarithmic scale would
require a huge difference in H+ ions before statistical
significance is reached.

However, when the stomach is emptied and basal acid
secretion is measured, untreated babies with PS secrete
much more acid than matched controls Indeed, the dif-
ferenceishuge [47].

When histamine stimulated acid secretion is measured
7 days after successful pyloromyotomy, the pre-operative
hypersecretion of acid is maintained [48]. Thus the acid
hypersecretion isreal and is not due to failure of the acid
to leave the stomach.

Supporting evidence for the assertion that hyperacidity
isthe prime mover in pathogenesisis as follows:

1) Medical treatment with gastric wash-outs; cautious
underfeeding and precise body-weight titrated atropine
therapy produce long term cure rates similar to surgical
cure. The seminal paper by Jacoby in which 200 babies
were randomly allocated to receive medical or surgical
treatment. Jacoby performed both surgery and the medi-
ca treatment. The mortdity was approximately 1% in
both groups of 100 babies and there were no recurrences
[49].

The components of medical treatment all reduce gas-
tric acidity for the temporary period during which treat-
ment is given.

2) Any baby in the pyloric age group who persistently
vomits and who is akalotic, is invariably found to have
IHPS [50]. That is, there is more acid lost from babies
with IHPS than from controls.

3) The notable experiments of Prof. Dodge in 1976
revealed that 25% of new born puppy dogs, developed
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pyloric stenosis (PS) indistinguishable from IHPS when
pentagastrin injections were given before labour to their
mothers [51]. Even more puppies developed PS when
pentagastrin injections were given to them after birth and
16% displayed superficial mucosal ulceration of the py-
loric mucosae [51]. It has now been established that gas-
trin crosses the placental barrier of dogs to cause gastric
acid secretion in the foetus [52].

4) Pyloric stenosis shares the same male/female sex
ratio as duodenal ulcer in adults, a condition known to be
due to hyperacidity.

Hence it is reasonable to suppose that hypersecretion
of acid isfundamental to the pathogenesis.

It is of particular interest in this regard to note the re-
port that pre-term normal male babies produce more acid
than female babies, during the first 10 days of life [53].
Thisfinding remains unchallenged.

If it is true the male predominance, according to this
theory, would be explained.

More supporting evidence for hyperacidity in patho-
genesis comes from the observation by Dodge of a pre-
ponderance of Group O blood group in babies with IHPS
[54]—a preponderance shared by patients known to suf-
fer from duodenal ulcer [55].

6.1. The Consequences of Hyperacidity on the
Pyloric Sphincter

The most potent cause of pyloric muscle contraction in
dogsisthe entry of acid into the duodenum [56,57].

When intravenous pentagastrin is given to adults, the
first consequence is pyloric delay (presumably from py-
loric contraction) [58].

In adults with hyperacid disease, the early symptom of
post-prandial bloating (pyloric delay), is quickly relieved
when acid secretion is abolished by timely antacid ther-
apy. Indeed, selected cases of pyloric stenosis in adults
may be successfully managed by antacid therapy [59].

On alonger term view, why should simple division of
the sphincter so regularly produce a complete cure for all
time—if the repeated contraction of a competent sphinc-
ter is not part of the pathogenetic process? Simple divi-
sion would produce only a temporary mechanical solu-
tion if the pathogenesis involved pyloric muscle hyper-
plasia from genetic abnormalities controlling smooth
muscle growth or from the primary inappropriate accu-
mulation of local growth factors.

Hence a competent sphincter-freely able to contract
must be integral to the pathogenesis.

6.2. The Consequences of Repeated Pyloric
Contraction

There is no reason to suppose that the pyloric circular
muscle differs from muscles elsewhere. Consequently,

Copyright © 2012 SciRes.

with repeated acid-induced contraction, it will undergo
hypertrophy and hyperplasia mediated by local growth
factors (The first mention of work-hypertrophy as a po-
tential cause occurred in 1921 but it was dismissed pre-
sumably because of an absence of a known-sphincter-
stimulating factor) [60].

Work hypertrophy within the first few weeks is likely
to be further enhanced by the high plasma levels of the
trophic gastro-intestinal hormone gastrin known to be
present in increasingly high levels within the first 4
weeks of life. In normal babies fasting gastrin levelsrise
steeply within a few days of birth to reach levels much
greater than the usual levels recorded in adults even after
food [61,62].

Feeding is an obvious stimulus to sphincter contrac-
tion.

All clinicians will have witnessed the food stimulated
regular contraction of the hypertrophied sphincter during
atest feed.

Post-delivery enteral feeding is thought necessary for
the usual development of IHPS and aso is required for
the development of neonatal hypergastrinaemia[62].

The first-born baby who vomits is likely to be imme-
diately put back on the breast by an anxious first-time
mother thus facilitating the process of hypertrophy and
explaining the phenomenon of primogeniture.

The experienced mother probably (and wisely) will
give the stomach arest.

The low incidence of PS countries such as Africa and
Asia where undernutrition is common may be explained
by relative underfeeding and a reduced frequency of
sphincter contraction [63].

A 7-fold increase in the incidence of IHPS has been
reported among newborn infants who had received ery-
thromycin in antibiotic doses for post-exposure pertussis
prophylaxis [44].

Erythromycin, a macrolide antibiotic, specificaly in-
creases antral motility [64] and contraction of the pyloric
bulb [65,66] by binding to motilin receptors. These re-
ceptors not only exist in cholinergic nerves but aso are
thought to exist directly on smooth muscle. The strongest
antral contractions induced by large doses of erythromy-
cin are not blocked by atropine and direct muscle stimu-
lation is likely [67]. Indeed the authors of the pertussis
report [44] speculate that that the marked increase of
gastric motility may cause (work) hypertrophy of the
pylorus.

Motilin enhances intestinal contractions and the re-
ceptors are not functional before 32 weeks of gestation or
at birth and may develop at around the time presentation
of IHPS[67].

Itisof course of great interest to know how the release
of motilin relates to the hyperacid theory of IHPS.

Despite the original finding that duodenal alkalinisa-
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tion releases motilin [68] further enquiries have shown
that duodenal pH does not influence endogenous motilin
release if the pH is between 2 and 8.5 [69] and that the
presence of nutrient in the duodenum strongly suppresses
the typical pulsed interdigestive motilin release [70,71].

Hence the empty duodenum in IHPS may provide a
means whereby motilin maintains the stimulus to pyloric
sphincter contraction.

Even more intriguing is the finding from Bloom’'s
group that duodena acidification releases motilin [72].
Hence the primary pyloric contraction from acid stimula-
tion may aso be motilin related.

The voltage-tension curves for the antral-pyloric re-
gion coupled with the narrow pyloric diameter mean that
the interdigestive phase 2 first contractions will regularly
encounter a closed pylorus consistent with sieving func-
tion of phase 2 contractions [73].

Studies in adult with an active duodenal ulcer (and
presumed hyperacidity) have shown that Phase 2 gastric
contractions-rhythmic and phase locked but not expul-
sive occur in the inter-digestive phase. Phase 111 con-
tractions which empty the stomach require acid-blocking
drugs to alkalinise the antral contents [74,75]. The fed-
pattern contractions will also increasingly meet with a
closed pylorus as the condition develops.

Hence the baby with uncontrolled high gastric acidity
is vulnerable to regular continuous antro-pyloric contrac-
tions with little opportunity for loss of acid through gas-
tric emptying. Given that the acid stimulus acid will be
retained, this situation will be conducive to work hyper-
trophy.

It is of further interest to record that motilin plasma
levels rise steeply after birth in normal infants reaching
levels greater than those in fasting adults by day 24.
These high levels only occur in the fed baby [62].

There is one report of low levels of plasma motilin in
IHPS [76] and these studies need further corroboration.

An analysis of the motilin gene (MLN) has compared
normal controls with babies with IHPS and no mutations
or differences have been detected [77].

6.3. The Consequences of a Stenosed or
Obstructed Pyloruson Acid Secretion

Adults with pyloric stenosis are known to secrete more
basal acid and mesat-stimulated acid than those with non-
obstructing duodenal ulcers [78,79] and gastric hyper-
plasia has been shown to follow artificial duodenal ob-
struction in rats [80].

When the pylorus is artificially narrowed in rats, acid
secretion (and meal-stimulated gastrin secretion) is in-
creased [81].

In addition a pyloro-oxyntic autonomic nerve reflex
for increasing acid secretion in response to antral disten-
sion has been shown to exist in dogs [82].

Copyright © 2012 SciRes.

Thus when early pyloric stenosis begins and outlet ob-
struction occurs, a further acid stimulus is triggered by
many different factors and the process becomes self-
perpetuating.

A recent decline in the incidence of IHPS that parallels
the decline of sudden infant death (SIDS) has been ob-
served in Sweden, coinciding with the implementation of
the “back to deep campaign” [83]. Gastric emptying is
likely to be reduced in the prone position given that the
second part of the duodenum will require to empty
against gravity. Thus the improved gastric emptying in the
supine position may explain the reduced incidence.

6.4. The Developmental Factor

In adults there is a negative feedback between antral
acidity and plasma gastrin. Thus acid secretion is nor-
mally under a control mechanism in which dangerous
hyperacidity is avoided because gastrin secretion is
switched off [84].

A rising gastrin and rising acid e.g. Zollinger Ellison
(ZE) syndrome means that gastrin would be presumed to
be the primary cause of the acid secretion and the nega
tive feed-back is consequently ineffective. With ZE syn-
drome, maximal gastrin secretion is inferred by the ab-
sence of any further post-prandia gastrin increase.

Histamine-stimulated acid secretion has been assessed
in normal babies from 12 hours to 3 months of age. Acid
output rose gradually to a peak at around 3 weeks of age.
Males and female babies were not separately assessed
[85].

The observation of the greatest interest is that fasting
gastrin levels are also rising during the first 2 - 3 weeks
of life and do not begin to fall until 6 weeks of age [61,
86,87]. One possible explanation is that the negative
feed-back isineffective or immature at thistime.

There are indeed reports which suggest that this is
true.

When fasting gastrins are high at around 60 hours of
age, there is no post-prandial gastrin response. At around
3 weeks of age the fasting gastrins are alittle lower and a
post-prandial gastrin response can be detected [88].

The authors also explain these findings on the basis of
ardative insensitivity of the gastrin-acid relationship. By
this they mean it has not matured sufficiently to respond
inversely to antral acidity. The rising gastrin in the enter-
aly fed baby is thought to stimulate gut hypertrophy and
act in addition as a gastro-intestinal trophic agent [89].

Hence the 2 - 3 week normal baby exhibits some of
the biochemical findings of atemporary ZE state.

Earlier proposal that smply elevated plasma gastrin
may be primarily driving the hyperacidity in IHPS [90]
have generaly not been supported by fasting or post-
prandial gastrin measurements [89-91]. One would ex-

OPEN ACCESS



102 I. M. Rogers/ Open Journal of Pediatrics 2 (2012) 97-105

pect lower fasting gastrins in the hyperacid pyloric baby
and their normality may indicate arelative elevation.

Thus the baby who inherits a capacity to produce acid
secretion at the top of the range (perhaps due to an inher-
ited supernormal parietal cell mass) is especially vulner-
able to uncontrolled hyperacidity in the first 3 weeks of
age. There is no negative feed-back control.

Consequently repeated acid-provoked pyloric sphinc-
ter contraction will lead naturally to pyloric work hyper-
trophy of the sphincter muscle with IHPS as the natural
outcome.

The Primary Hyperacidity Theory explains al the
classical and less well known clinical observations.

It explains the male predominance—the self-cure with
time—the typical presentation at 4 weeks of age—the
familia (genetic) inheritance and the increased incidence
of hyperacid disease in adulthood. It aso may explain
the increased incidence in oesophageal atresia when al-
kalinising amniotic fluid may not enter the stomach and
hyperacidity is relatively unchecked both before and
immediately after birth [92].

It explains the complete cure by sphincter division and
the good response to antacid measures which result from
standard medical treatment at the critical time.

Hyperacidity occurring at beyond the classical 4 - 6
weeks age of presentation is unlikely to produce the
typical tumour since the negative feedback will have
become established and the normal pyloric widening
with age will also make critical pyloric obstruction less
likely.

The occasional phenomenon of IHPS which appears to
change vary from day to day is also consistent with the
Hyperacidity theory as here presented. The degree of
outlet obstruction is a dynamic process in these babies
with the improving consequences of the passage of time
in a changing balance with the deteriorating food-related
process of work hypertrophy.

7. CONCLUSIONS

The genetic theories while clearly meaningful and essen-
tial can not stand on their own. The poor concordance in
monozygotic twins needs to be explained. Why potential
smooth muscle stimulators (TRPC) should confine them-
selves to the pyloric sphincter is also not explained.

Genetic abnormalities may contribute in two ways.

1) By facilitating sphincter hypertrophy through growth
factors such as TRPC acting on a sphincter which is be-
ing primarily stimulated by hyperacidity.

2) By producing congtitutional hyperacidity in the neo-
nate through a heterogeneity multifactorial mechanism.

The histochemical theories suffer from problems re-
lated to adequate control specimens. They do not explain
the time issues. If accurate the changes may simply re-
flect the process by which work hypertrophy occurs.

Copyright © 2012 SciRes.

The infectious agent theories satisfy the need for a
self-limiting precipitant but so far have only produced
negative results.

It is clear that an environmental factor is necessary to
explain the time-sensitive aspects of IHPS. The hyperac-
idity theory here presented satisfies all the clinical ob-
servations including the time-sensitive presentation.

REFERENCES

[1] Oue, T. and Puri, P. (1999) Smooth muscle cell hyper-
trophy versus hyperplasia in infantile hypertrophic pylo-
ric stenosis. Pediatric Research, 45, 853-857.
doi:10.1203/00006450-199906000-00012

[2] Oshiru, K. and Puri, P. (1998) Increased insulin-like
growth factor and platelet-derived growth factor system
in the pyloric muscle in infantile hypertrophic pyloric
stenosis. Journal of Pediatric Surgery, 2, 378-381.
doi:10.1016/S0022-3468(98)90467-5

[3] Guarino, N., Shima, H., Oue, T. and Puri, P. (2000) Glial-
derived growth factor signalling pathways in infantile
hypertrophic pyloric stenosis. Journal of Pediatric Sur-
gery, 35, 835-839. doi:10.1053/jpsu.2000.6855

[4] Miyazaki, E., Yamataki, T., Ohshiro, K. and Taira, P.
(1998) Active collagen synthesis in infantile hypertrophic
pyloric stenosis. Pediatric Surgery International, 13, 237-
239. doi:10.1007/s003830050306

[5] Fath, K.A., Alexander, R.W. and Delafontaine, P. (1993)
Abdominal coarctation increases ILGF im RNA levelsin
rat aorta. Circulation Research, 72, 271-277.

[6] Hannson, H.A., Jenmache, E. and Shottner, A. (1987)
IGFI expression in blood levels varies with vascular load.
Acta Physiologica Scandinavica, 129, 165-169.
doi:10.1111/j.1748-1716.1987.tb08055.x

[7] Giandlla-Neto, D., Kamyar, A., Norstedt, G., et al. (1992)
Platelet derived growth factor isoforms decrease insu-
lin-like gene expression in in rat vascular smooth muscles
cells and selectively stimulate the biosynthesis of insu-
lin-like growth factor binding protein 4. Circulation Re-
search, 71, 646-656.

[8] Kabayashi, H., O'Briain, D.S. and Puri, P. (1994) Selec-
tive reduction in intramuscular nerve supporting cells in
infantile hypertrophic pyloric stenosiss. Journal of Pedi-
atric Surgery, 29, 651-654.
doi:10.1016/0022-3468(94)90733-1

[9] Kaobayashi, H., Wester, T. and Puri, P. (1997) Age-related
changes in innervation in hypertrophic pyloric stenosis.
Journal of Pediatric Surgery, 32, 1704-1707.
doi:10.1016/S0022-3468(97)90509-1

[10] Kaobayashi, H., O’'Briain, D.S. and Puri, P. (1994) Defec-
tive cholinergic innervation in pyloric muscle of patients
with hypertrophic pyloric stenosis. Pediatric Surgery In-
ternational, 9, 338-341. doi:10.1007/BF01685995

[11] Guarino, N., Yoneda, A., Shima, H. and Puri, P. (2001)
Selective neurotrophin deficiency in infantile hypertro-
phic pyloric stenosis. Journal of Pediatric Surgery, 36,
1280-1284. doi:10.1053/jpsu.2001.25795

OPEN ACCESS


http://dx.doi.org/10.1203/00006450-199906000-00012
http://dx.doi.org/10.1016/S0022-3468(98)90467-5
http://dx.doi.org/10.1053/jpsu.2000.6855
http://dx.doi.org/10.1007/s003830050306
http://dx.doi.org/10.1111/j.1748-1716.1987.tb08055.x
http://dx.doi.org/10.1016/0022-3468(94)90733-1
http://dx.doi.org/10.1016/S0022-3468(97)90509-1
http://dx.doi.org/10.1007/BF01685995
http://dx.doi.org/10.1053/jpsu.2001.25795

(12]

(13]

(14]

(19]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

[24]

[29]

[26]

I. M. Rogers/ Open Journal of Pediatrics 2 (2012) 97-105

Abel, R.M. (1996) The ontogeny of the peptide innerva-
tion of the human pylorus, with special reference to un-
derstanding the aetiology and pathogenesis of infantile
hypertrophic pyloric stenosis. Journal of Pediatric Sur-
gery, 31, 490-497. doi:10.1016/S0022-3468(96)90481-9

Bellenger, C.R., et al. (1990) Chronic hypertrophic pylo-
ric gastropathy in 14 dogs. Australian Veterinary Journal,
67, 317-320. doi:10.1111/j.1751-0813.1990.tb07813.x

Abel, R.M, Dorey, C.J, Bishop, A.E., Facer, P., Polak,
JM., Spitz, L. (2002) A quantitative study of the neural
changes underlying pyloric stenosis in dogs. Anatomia,
Histologia, Embryologia, 31, 139-143.
doi:10.1046/].1439-0264.2002.00375.x

Piotrowska, A.P., Soali, V. and Puri, P. (2003) Distribu-
tion of heme oxygenase-2 in nerves and interstitial cells
of Caja in the normal pylorus and in infantile hypertro-
phic pyloric stenosis. Archives of Pathology & Labora-
tory Medicine, 127, 1182-1186.

Ward, S., Morris, G., Reese, L., et al. (1998) Interdtitial
cells of Cahal mediate enteric inhibitory neurotransmis-
sion in the lower oesophageal and pyloric sphincter. Gas-
troeneterology, 115, 314-329.
doi:10.1016/S0016-5085(98)70198-2

Rolle, U., Piazseczsna, P.A., Nemeth, |., et al. (2002)
Altered distribution of interstitial cells of Cahal in
Hirschprung disease. Archives of Pathology & Labora-
tory Medicine, 126, 928-933.

Vanderwinden, JM., Liu, H., De Laet, M.H., et al. (1996)
Study of the interstitial cells of Cahal in infantile hyper-
trophic pyloric stenosis. Gastroenterology, 111, 279-288.
doi:10.1053/gast.1996.v111.pm8690192

Carter, C.O. (1961) The inheritance of congenital pyloric
stenosis. British Medical Bulletin, 17, 251-254.

Jackson, L., Kline, A.D., Barr, M.A., Koch, S. (1993) De
Lange syndrome: A clinical review of 310 individuals.
American Journal of Medical Genetics, 47, 940-945.
doi:10.1002/ajmg.1320470703

Smith, D.W., Lemli, L. and Opitz, JM. (1964) A newly
recognised syndrome of multiple congenital anomalies.
Journal of Pediatrics, 64, 210-217.
doi:10.1016/S0022-3476(64)80264-X

Heller, A., Seidel, H., Hubler, A., et al. (2000) Molecular
cytogenetic characterisation of partial trisomy 9 g in a
case with pyloric stenosis and a review. Journal of
Medical Genetics, 37, 529-532. doi:10.1136/jmq.37.7.529

Hodgeson, S.V., Berry, A.C. and Dunbar, H.M. (1995)
Two brothers with an unbalanced 8:17 translocation and
infantile pyloric stenosis. Clinical Genetics, 48, 328-330.

doi:10.1111/j.1399-0004.1995.tb04120.x

Finsen, V.R. (1979) Infantile hypertrophic pyloric steno-
sissunusual familia incidence. Archives of Disease in
Childhood, 54, 720-721. doi:10.1136/adc.54.9.720

Fried, K., Aviv, S. and Nisenbaum, C. (1981) Probable
autosomal dominant infantile pyloric stenosis in a large
kindred. Clinical Genetics, 20, 328-330.
doi:10.1111/j.1399-0004.1981.tb01043.x

Capon, F., Reece, A., Ravindargiah, R. and Chung, E.
(2006) Linkage of monogenic infantile hypertrophic py-

Copyright © 2012 SciRes.

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

103

loric stenosis to chromosome 16p12-p13 and evidence for
genetic heterogenicity. American Journal of Human Ge-
netics, 79, 378-382. doi:10.1086/505952

Everett, K.V., Chiosa, B.A., Georgouls, C., et al. (2008)
Genome-wide high density SNP-based linkage anaysis
of infantile hypertrophic pyloric stenosis identifies loci on
chromosomes 11g14-g22 and Xg23. American Journal of
Human Genetics, 82, 756-762.
doi:10.1016/j.a1hg.2007.12.023

Chung, E., Curtis, D., Chen, G., et al. (1996) Genetic
evidence for the neurona nitric oxide synthetase gene
(NOSL) as a susceptibility locus for infantile hypertrophic
pyloric stenosis. American Journal of Human Genetics,
58, 363-370.

Saur, D., Vanderwinden, JM., Seidler, B., et al. (2004)
Single-nucleotide promotor polymorphism alters tran-
scription of neuronal nitric oxide synthetase exon 1c in
infantile hypertrophic pyloric stenosis. Proceedings of the
National Academy of Sciences of the USA, 101, 1662-
1667. doi:10.1073/pnas.0305473101

Everett, K.V., Chiosa, B.A., Georgouls, C., et al. (2008)
Genome-wide high density SNP-based linkage anaysis
of infantile hypertrophic pyloric stenosis identifiesloci on
chromosomes 11g14-g22 and Xg23. American Journal of
Human Genetics, 82, 756-762.
doi:10.1016/j.ajhg.2007.12.023

Schechter, R., Torfs, C.P. and Bateson, T.F. (1997) The
epidemology of infantile hypertrophic pyloric stenosis.
Paediatric and Perinatal Epidemiology, 11, 407-427.
doi:10.1046/j.1365-3016.1997.d01-32.x

Mcheik, JN. (1982) Are viruses involved in IHPS?
Journal of Medical Virology, 12, 2087-2091.

Dahshan, A., Donovan, K.G., Halabi, I.M., et al. (2006)
Helicobacter Pylori and IHPS. Is there a possible rela-
tionship? Journal of Pediatric Gastroenterology and Nu-
trition, 42, 262-264.
doi:10.1097/01.mpg.0000189359.76545.0b8

Konno, M., Fuji, N., Yokota, S., et al. (2005) Mother and
child transmission of H. Pylori. Journal of Clinical Mi-
crobiology, 43, 2246-2250.
doi:10.1128/JCM.43.5.2246-2250.2005

Paulozzi, L.J. (2000) Is helicobacter pylori a cause of
IHPS? Medical Hypotheses, 55, 119-125.
doi:10.1054/mehy.1999.1020

Sherwood, W., Choudhry, M. and Lakhoo, K. (2007)
Infantile hypertrophic pyloric stenosis: An infectious
cause. Pediatric Surgery International, 1, 61-63.

Graham, D.A., et al. (1993) Pyloric stenosis. The Christ-
church experience. New Zealand Medical Journal, 106,
57-59.

Steinicke, O. and Roelsgard, M. (1960) Radiographic
follow-up in hypertrophic pyloric stenosis. Acta Paedi-
atrica, 49, 4-16. doi:10.1111/j.1651-2227.1960.tb07699.x
Dickinson, S.J. and Brant, E.E. (1967) Congenital pyloric
stenosis. Roentgen findings 52 years after gastroen-
terostomy. Surgery, 62, 1092-1094.

Wallgren, A. (1941) Incidence of IHPS. American Jour-
nal of Diseases of Children, 62, 751.

OPEN ACCESS


http://dx.doi.org/10.1016/S0022-3468(96)90481-9
http://dx.doi.org/10.1111/j.1751-0813.1990.tb07813.x
http://dx.doi.org/10.1046/j.1439-0264.2002.00375.x
http://dx.doi.org/10.1016/S0016-5085(98)70198-2
http://dx.doi.org/10.1053/gast.1996.v111.pm8690192
http://dx.doi.org/10.1002/ajmg.1320470703
http://dx.doi.org/10.1016/S0022-3476(64)80264-X
http://dx.doi.org/10.1136/jmg.37.7.529
http://dx.doi.org/10.1111/j.1399-0004.1995.tb04120.x
http://dx.doi.org/10.1136/adc.54.9.720
http://dx.doi.org/10.1111/j.1399-0004.1981.tb01043.x
http://dx.doi.org/10.1086/505952
http://dx.doi.org/10.1016/j.ajhg.2007.12.023
http://dx.doi.org/10.1073/pnas.0305473101
http://dx.doi.org/10.1016/j.ajhg.2007.12.023
http://dx.doi.org/10.1046/j.1365-3016.1997.d01-32.x
http://dx.doi.org/10.1097/01.mpg.0000189359.76545.b8
http://dx.doi.org/10.1128/JCM.43.5.2246-2250.2005
http://dx.doi.org/10.1054/mehy.1999.1020
http://dx.doi.org/10.1111/j.1651-2227.1960.tb07699.x

104

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

(59]

(56]

I. M. Rogers/ Open Journal of Pediatrics 2 (2012) 97-105

Mitchell, L.E. and Risch, N. (1993) The genetics of
I.LH.P.S. A reanalysis review. American Journal of Dis-
eases of Children, 147, 3-11.

Wanscher, B. and Jensen, H.E. (1971) Late follow-up
studies after operation for congenital pyloric stenosis.
Scand. Journal of Gastroenterology, 6, 597-599.
doi:10.3109/00365527109181140

SanFilippo, A. (1976) Infantile hypertrophic pyloric
stenosis related to the ingestion of erthromycine estolate:
A report of five cases. Journal of Pediatric Surgery, 11,
177-180. doi:10.1016/0022-3468(76)90283-9

Honein, M.A., Paulozzi, L.J.,, Himelright, I.M., et al.
(1999) Infantile pyloric stenosis after pertussis prophy-
laxix with erythromycin: A case review and cohort study.
Lancet, 354, 2101-2106.
doi:10.1016/S0140-6736(99)10073-4

MacMahon, B. (2006) The continuing enigma of pyloric
stenosis of infancy. A review. Epidemology, 17, 195-201.
doi:10.1097/01.ede.0000192032.83843.c9

Rogers, .M., Davidson, D.C., Lawrence, J., Ardill, J. and
Buchanan, K.D. (1974) Neonatal secretion of gastrin and
glucagons. Archives of Disease in Childhood, 49, 796-
801. doi:10.1136/adc.49.10.796

Rogers, |.M., Drainer, |.K., Dougal, A.J., Black, J. and
Logan, R. (1979) Serum cholecystokinin, basal acid se-
cretion and infanctile hypertrophic pyloric stenosis. Ar-
chives of Disease in Childhood, 54, 773-775.
doi:10.1136/adc.54.10.773

Heine, W., Grager, B., Litzenberger, M. and Drescher, U.
(1986) Results of Lambling gastric juice analysis (hista-
mine stimulation) in infants with spastic hypertrophy py-
loric stenosis. Padiatrie und Padologie, 21, 119-125.

Jacoby. N.M. (1962) Pyloric stenosis. Selective medical
and surgical treatment. Lancet, 279, 119-121.
doi:10.1016/S0140-6736(62)91128-5

Maizels M. (1931) Alkalosis in the vomiting of infancy.
Archives of Disease in Childhood, 1, 293-302.
doi:10.1136/adc.6.35.293

Dodge, J.A. and Karim, A.A. (1976) Induction of pyloric
hypertrophy by pentagastrin. Gut, 17, 280-284.
doi:10.1136/gut.17.4.280

Bruckner, W.L., Snow, H. and Fonkalsrud, E.W. (1970)
Gastric secretion in the canine foetus following maternal
stimulation: Experimental studies on placental transfer of
insulin, histamine and gastrin. Surgery, 67, 360-363.

Ames, M. (1959) Gastric acidity in the first 10 days of
life of the prematurely born baby. American Journal of
Diseases of Children, 2, 1123-1126.

Dodge, JA. (1971) Abnormal distribution of ABO blood
groups in Infantiloe Pyloric Stenosis. Journal of Medical
Genetics, 8, 468. doi:10.1136/jmg.8.4.468

Koster, K.H., Sindrup, E. and Serl, V. (1955) ABO blood
groups and gastric acidity. The Lancet, 269, 52-55.
doi:10.1016/S0140-6736(55)92159-0

Cook, A.R. (1974) Duodena acidification: Role of the
first part of the duodenum in gastric emptying and secre-
tion in dogs. Gastroenterology, 67, 85-92.

Copyright © 2012 SciRes.

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

(69]

[70]

[71]

Fisher, R.S, Lipshutz, W. and Cohen, S. (1973) The hor-
monal regulation of the pyloric sphincter function. Jour-
nal of Clinical Investigation, 52, 1289-1296.
doi:10.1172/JC1107297

Hunt, JN. and Ramsbottom, N. (1967) Effect of gastrin
11 on gastric emptying and secretion during a test meal.
British Medical Journal, 4, 386-390.
doi:10.1136/bmj.4.5576.386

Tabot, D. (1993) Treatment of adult pyloric stenosis: A
pharmacolical aternative? British Journal of Clinical
Pharmacology, 47, 220-221.

Thomson, J. (1921) Observations on congenital hyper-
trophy of the pylorus. Edinburgh Medical Journal, 26,
1-20.

Rogers, .M., Davidson, D.C., Lawrence, J., Ardill, J. and
Buchanan, K.D. (1974) Neonatal secretion of gastrin and
glucagons. Archives of Disease in Childhood, 49, 796-
801. doi:10.1136/adc.49.10.796

Lucas, A., Adrian, T.E., Christofides, N., Bloom, S.R.
and Aynsey-Green, A. (1980) Plasma motilin, gastrin
and enteroglucagon and feeding in the new-born. Ar-
chives of Disease in Childhood, 55, 673-677.
doi:10.1136/adc.55.9.673

Joseph, T.P. and Nair, R.R. (1974) Congenital hypertro-
phic pyloric stenosis. Indian Journal of Surgery, 36,
221-223.

Di Lorenzo, C., Flores, A.F., Tomomamas, T. and Hyman,
P.E. (1994) Effect of erythromycin on antroduodenal mo-
tility in children with chronic functional gastrointestinal
symptoms. Digestive Diseases and Sciences, 39, 1399-
1404. doi:10.1007/BF02088040

Boiron, M., Dorva, E., Metman, E.H., Alison, D.,
Gameiro, L. and Rouleau, P. (1997) Erthromycin €licits
opposite effects on antro-bulbar and duodenal motility:
Anaysis in diabetics by cineradiography. Archives of
Physiology and Biochemistry, 105, 591-595.
doi:10.1076/apab.105.6.591.3281

Jadcherla, S.R., Klee, G. and Berseth, C.L. (1997) Regu-
lation of migrating complexes by motilin and pancreatic
polypeptide in human infants. Pediatric Research, 42,
365-369. doi:10.1203/00006450-199709000-00018

Coulie, B., Tack, J., Petters, T. and Janssens, J. (1998)
Involvement of two different pathways to the motor ef-
fects of erythromycin on the gastric antrum in humans.
Gut, 43, 395-400. doi:10.1136/gut.43.3.395

Brown, J.C., Johnson, C.P. and Magee, D.F. (1966) Ef-
fect of duodena alkalinisation on gastric motility. Gas-
troenterology, 50, 333-339.

Kusano, M., Sekiguchi, T., Nishioki, T., et al. (1993)
Gastric acid inhibits antral phase 111 activity in duodenal
ulcer patients. Digestive Diseases and Sciences, 38, 824-
831. doi:10.1007/BF01295907

Itoh, Z. (1997) Review. Motilin and clinical application.
Peptides, 18, 593-608.
doi:10.1016/S0196-9781(96)00333-6

Mori, K., Seino, Y., Yanaihara, N., et al. (1981) Role of
the duodenum in motilin release. Regulatory Peptides, 1,
271-277. doi:10.1016/0167-0115(81)90050-1

OPEN ACCESS


http://dx.doi.org/10.3109/00365527109181140
http://dx.doi.org/10.1016/0022-3468(76)90283-9
http://dx.doi.org/10.1016/S0140-6736(99)10073-4
http://dx.doi.org/10.1097/01.ede.0000192032.83843.c9
http://dx.doi.org/10.1136/adc.49.10.796
http://dx.doi.org/10.1136/adc.54.10.773
http://dx.doi.org/10.1016/S0140-6736(62)91128-5
http://dx.doi.org/10.1136/adc.6.35.293
http://dx.doi.org/10.1136/gut.17.4.280
http://dx.doi.org/10.1136/jmg.8.4.468
http://dx.doi.org/10.1016/S0140-6736(55)92159-0
http://dx.doi.org/10.1172/JCI107297
http://dx.doi.org/10.1136/bmj.4.5576.386
http://dx.doi.org/10.1136/adc.49.10.796
http://dx.doi.org/10.1136/adc.55.9.673
http://dx.doi.org/10.1007/BF02088040
http://dx.doi.org/10.1076/apab.105.6.591.3281
http://dx.doi.org/10.1203/00006450-199709000-00018
http://dx.doi.org/10.1136/gut.43.3.395
http://dx.doi.org/10.1007/BF01295907
http://dx.doi.org/10.1016/S0196-9781(96)00333-6
http://dx.doi.org/10.1016/0167-0115(81)90050-1

[72]

(73]

[74]

(79]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

I. M. Rogers/ Open Journal of Pediatrics 2 (2012) 97-105

Mitznegg, P., Bloom, S.R., Domschke. W., et al. (1976)
Release of motilin after duodenal acidification. Lancet,
11, 888-889. doi:10.1016/S0140-6736(76)92101-2

Szurszewski, JA. (1986) Electro-physiological basis of
gastro-intestinal motility. In: Johnson, L.R., Ed., Physi-
ology of the Gastrointestinal Tract, 2nd Edition, Raven
Press, New Y ork, 383.

Kusano, M., Segikuchi, T., Nishioka, T., et al. (1993)
Gastric acid inhibits antral phase 111 activity in duodenal
ulcer patients. Digestive Diseases and Sciences, 38, 824-
831. doi:10.1007/BF01295907

Segikuchi, T., Kusano, M., Nishioki, T., et al. (1990)
Gastroduodenal motor dysfunction and plasma motilin
concentration in patients with duodenal ulcers. In: Itoh, Z.
Ed., Moyilin, Academic Press, San Diego, 226-245.

Christofides, N.D., Mallet, E. and Bloom, S.R. (1982)
Plasma motilin in IHPS. Biomedical Research, 3, 571-
572.

Svenningson, A., Lagenstrad, K., Omrani, M.D. and Nor-
denskjold, K. (2008) Absence of motilin gene mutations
in IHPS. Journal of Pediatric Surgery, 43, 443-446.
doi:10.1016/j.jpedsurg.2007.10.006

Konturek, S.J., Biernat, J. and Oleksy, J. (1974) Serum
gastrin and gastric acid responses to meals at various pH
levelsin man. Gut, 15, 26-30. doi:10.1136/gut.15.7.526

Walshe, JW., Richardson, C.J., Fordtran, J.S. (1975) pH
dependance of acid secretion and gastrin release in nor-
mal and ulcer patients. Journal of Clinical Investigation,
55, 462-468. doi:10.1172/JC1107952

Crean, G.P.,, Hogg, D.F. and Rumsey, R.D.E. (1969)
Hyperplasia of the gastric mucosa produced by duodenal
obstruction. Gastroenterology, 56, 193-199.

Omura, N., Kashiwagi, H. and Aoki, T. (1993) Changes
in gastric hormones associated with gastric outlet ob-
struction. An experimental study in rats. Scandinavian
Journal of Gastroenterology, 28, 59-62.
doi:10.3109/00365529309096089

Debas, H.T., Konturek, S.J., Walshe, JH. and Grossman,
M.I. (1974) Proof of a pyloro-oxyntic reflex for stimula-
tion of acid secretion. Gastroenterology, 66, 526.

Persson, S., Ekbom, A., Granath, F. and Nordenskjold, A.

ABBREVIATIONS

IHPS: Idiopathic hypertrophic pyloric stenosis of in-
fancy.

ICC: Interstitial cells of Cahal.

IGF: Insulin like growth factor.

Copyright © 2012 SciRes.

(84]

(85]

(86]

(87]

(88]

(89]

(90]

(91]

[92]

105

(2001) Parald incidence of sudden infant death syn-
drome and infantile hypertrophic pyloric stenosis. Pedi-
atrics, 108, E70. doi:10.1542/peds.108.4.e70

Waldum, H.l., Fossmark, R., Bakke, |., Martinsen, C. and
Qvigstad, G. (2004) Hypergastrinaemia in animals and
man: Causes and consequences. Scandinavian Journal of
Gastroenterology, 39, 505-509.
doi:10.1080/00365520410005072

Agunod, M., et al. (1969) Correlative study of hydro-
chloric acid, pepsin and intrinsic factor secretion in new-
borns and infants Amer. Journal of Digestive Diseases,
14, 400-413. doi:10.1007/BF02239360

Euler, A.R., Byrne, W.J,, Cousins, L.M., et al. (1969)
Increased serum gastrin concentrations and gastric acid
hyposecretion in the immediatete newborn period. Gas-
troenterology, 72, 1271-1273.

Sann, L., Chayvialle, JA., Bremond, A. and Lambert, R.
(1975) Serum gastrin level in early childhood. Archives of
Disease in Childhood, 50, 782.
doi:10.1136/adc.50.10.782

Rodgers, B.M., Dix, P.M., Tabert, JL. and MacGuigan
JE. (1978) Fasting and post-prandial serum gastrin in
normal human neonates. Journal of Pediatric Surgery, 13,
13-16. doi:10.1016/S0022-3468(78)80204-8

Grochowchowski, J., Szafran, H., Sztefeo, K., et al.
(1980) Blood immunoreactive gastrin levels in infants
with I.H.P.S. Journal of Pediatric Surgery, 15, 279-282.
doi:10.1016/S0022-3468(80)80136-9

Rogers, I.M., Drainer, |1.K., Moore, M.R. and Buchanan,
K.D. (1975) Plasma gastrin in congenital hypertrophy
pyloric stenosis. A hypothesis disproved? Archives of
Disease in Childhood, 50, 467-471.
doi:10.1136/adc.50.6.467

Moazam, F., Rodgers, B.M., Tabert, M.D. and MacGui-
gan, J.E. (1978) Fasting and post-prandial serum gastrin
levels in infants with congenital hypertrophic pyloric
stenosis. Annals of Surgery, 188, 623-626.
doi:10.1097/00000658-197811000-00006

Vilarino, A., Costa, E. and Ruiz, S. (1977) Association of
oesophageal atresia and hypertrophy pyloric stenosis.
Cirugia Espanola, 31, 239-241.

PDGF: platelet derived growth factor.

Sp: Substance P,

VIP: vasoactive intestinal polypeptide.
Haem: oxygenase 2(HO).

ZE syndrome: Zollinger-Ellison Syndrome.

OPEN ACCESS


http://dx.doi.org/10.1016/S0140-6736(76)92101-2
http://dx.doi.org/10.1007/BF01295907
http://dx.doi.org/10.1016/j.jpedsurg.2007.10.006
http://dx.doi.org/10.1136/gut.15.7.526
http://dx.doi.org/10.1172/JCI107952
http://dx.doi.org/10.3109/00365529309096089
http://dx.doi.org/10.1542/peds.108.4.e70
http://dx.doi.org/10.1080/00365520410005072
http://dx.doi.org/10.1007/BF02239360
http://dx.doi.org/10.1136/adc.50.10.782
http://dx.doi.org/10.1016/S0022-3468(78)80204-8
http://dx.doi.org/10.1016/S0022-3468(80)80136-9
http://dx.doi.org/10.1136/adc.50.6.467
http://dx.doi.org/10.1097/00000658-197811000-00006

