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Abstract
Objective-To assess whether diagnostic imaging

of pyloric stenosis has made a difference in rapidity
of diagnosis, duration of pre-operative hydration,
and length of stay in hospital.
Design-Chart review of infants with confirmed

diagnosis of pyloric stenosis.
Setting-Paediatric teaching hospital.
Subjects-215 infants with a confirmed diagnosis

ofpyloric stenosis seen during 1974-7 and 187 infants
with pyloric stenosis seen during 1988-91.
Main outcome measures-State of hydration on

admission, time between presentation to hospital
and a definite diagnosis, techniques used to make the
diagnosis, whether a pyloric mass was felt before or
after an imaging procedure, time between presenta-
tion and surgery, and length of stay in hospital.
Results-The average age at presentation was 40

days in both groups. A pyloric mass was palpated
either without or before an imaging study in 87%
(187/215) of cases during 1974-7 but in only 49%
(91/187) during 1988-91. The use of barium meal
examination and ultrasonography increased from
20% (42/215) of cases during 1974-7 to 61% (114/187)
during 1988-91. There were no significant differences
between the two groups in the time taken to establish
a diagnosis, the mean duration of preoperative
treatment, or the length of stay in hospital (after
allowance for the decline in average length of stay of
all hospital patients between the two periods).
Conclusions-An increased use of diagnostic

imaging for pyloric stenosis did not lead to earlier
diagnosis or better management. While imaging is
important in identifying pyloric stenosis in difficult
cases, increasing reliance on imaging has reduced
doctors' skills in diagnosing pyloric stenosis clinic-
ally.

Introduction
Hypertrophic pyloric stenosis occurs in about

3/1000 live births.' Few other paediatric illnesses are as
gratifying to diagnose and as uniformly responsive to
treatment. The diagnosis can be made clinically by
careful abdominal examination after a suggestive
history has been obtained. Visible gastric peristalsis is
a supportive finding, while palpation ofan olive shaped
mass in the right upper quadrant of the infant's
abdomen is diagnostic. The availability of barium
studies and ultrasonography, however, has raised
questions as to the best method of diagnosis.2-5 A study
at the Children's Hospital of Pittsburgh from 1912 to
1967 found that a palpable pyloric mass was detected in
80% of cases.6 From a study of 200 infants Stunden
et al suggested that diagnosis by means of clinical
methods alone is possible in 84% of cases.7 Such
patients should be operated on without undergoing
imaging studies.238

In 1934 it was shown that pyloric stenosis could be
confirmed by barium meal examination,9 and in 1977
Teele and Smith first described the use ofultrasound in
the diagnosis.'0 These techniques have been relied on
increasingly to evaluate vomiting infants. Scharli et al
noted a 23% rise in the use of barium meal examina-
tions over the 55 years of their study,6 while Breaux
et al reported a 34% increase in the use of imaging

techniques between 1980 and 1984, largely attribut-
able to the use of ultrasound.5 In both studies the
authors emphasised that most of the pyloric stenoses
could have been diagnosed clinically and that many of
the imaging studies performed were not only unneces-
sary but also not cost effective. It has been recom-
mended that radiologicial examination should be
reserved for patients who present with confusing or
indistinct diagnostic features.2 3

This study compares the methods used to diagnose
pyloric stenosis at Camperdown children's hospital
during two periods, 1974-7 and 1988-91, to determine
whether imaging is being used more frequently and
whether it has led to earlier diagnosis and better
management of pyloric stenosis.

Methods
The medical records for all cases of pyloric stenosis

seen at the Children's Hospital, Camperdown, during
1974-7 and 1988-91 were reviewed. Cases were
included only if the diagnosis was confirmed at
surgery. Because we were specifically looking at the
assessment of children who presented to hospital with
vomiting and a possible diagnosis of pyloric stenosis we
excluded children admitted for other conditions who
subsequently developed symptoms in hospital that led
to a diagnosis of pyloric stenosis. There were four such
exclusions in 1974-7 and three in 1988-91. An example
was a child admitted for surgical repair of a tracheo-
oesophageal fistula who developed pyloric stenosis in
hospital postoperatively.
Each patient's record was reviewed to obtain the

following information: age and sex; history; state of
hydration on admission; whether a pyloric mass was
felt; whether a test feed was given during abdominal
examination; and whether any diagnostic imaging was
used. We also measured the time between presentation
to hospital and a definite diagnosis of pyloric stenosis
being made; time between presentation to hospital and
surgery; length of preoperative rehydration treatment;
and total length of stay in hospital.
The XI test was used to compare proportions

between the groups, and the 95% confidence interval of
the difference is given when appropriate. The Mann-
Whitney test was used to compare continuous variables
(Minitab data analysis software release, State College,
Pennsylvania).

Results
Altogether 406 infants met the study criteria, and

the records of 402 were available for study: 215 during
1974-7 (group A) and 187 during 1988-91 (group B).

Age, sex, and clinical presentation
The ratio ofmale to female infants in group A (3:8:1)

was similar to that in group B (4 8: 1). The average age
of infants at presentation was 40 days in both groups,
and 188 (87%) of those in group A and 168 (90%) of
those in group B were aged between 2 weeks and
2 months on admission. The median duration of
vomiting before admission was also similar in both
groups, being seven days in group A and eight days in
group B (W=39799-5, p=0 34 (95% confidence
interval -2-0 to 0 0)). Thirty nine infants (18%) in
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groupA and 44 (24%) in group B had been vomiting for
three weeks or more before admission. About half of
the infants in each group were not clinically dehydrated
on presentation to hospital (102 (47%) in group A and
99 (53%) in group B), 102 (47%) in group A and 75
(40%) in group B were mildly dehydrated (by up to
5%), 10 (5%) in group A and 11 (6%) in group B were
moderately dehydrated (5-10%), and only one child in
group A and two in group B were dehydrated by 10%
or more.

Palpation ofpyloric mass
An infant suspected ofhaving pyloric stenosis would

usually be assessed by a house officer in the casualty
department and then referred for a surgical consulta-
tion. In group A 212 (99%) of the 215 infants had a
pyloric mass palpated preoperatively compared with
148 (79%) of the 187 infants in group B. This
difference was significant (X2=38-4, p<0001 (0-1 to
0-3)). There were also significant differences between
the two groups in the technique and results of abdomi-
nal palpation by the first hospital doctor to assess the
patient, usually the medical resident or registrar. In
group A 101 (47%) of those first to see the infant
gave a test feed compared with 41 (22%) in group B
(x2=26-4, p<0-001 (0-2 to 0 3)). In group A 94 (44%)
of those first to see the infant could palpate a pyloric
mass compared with 61 (33%) in group B (x2=4-7,
0-02<p<005 (0-02 to 0 2)).

Diagnostic imaging
Table I shows that 20% of infants in group A had at

least one imaging study whereas 61% in group B had
such studies, a more than threefold increase (X2=70-5,
p<0001 (0-3 to 0 5)). The 42 patients imaged in
group A had 46 barium meal examinations, while the
114 infants imaged in group B had 86 barium meal
examinations and 67 ultrasound scans. The number of
imaging studies performed outside the hospital
increased from 19 (9%) in group A to 59 (32%) in group
B, an almost fourfold increase (X2=31-9, p<0-001 (0-2
to 0 3)). Of these imaging studies performed before
presentation to hospital, four (2 1%) barium meal
examinations gave false negative results in group A
while six (14%) barium meal examinations and 10
(31%) ultrasound scans gave false negative results in
group B. Of the studies done at the hospital, one (4%)
barium meal examination in group A and two (5%)
barium meal examinations and one (3%) ultrasound
scan in group B gave false negative results.

Combinations ofdiagnostic methods
Table II shows that a clinical diagnosis-that is,

palpation of a pyloric mass either without or before an
imaging study-was made in 187 (87%) cases in group

TABLE I-Where imaging studies were performed in cases of pyloric
stenosis at Children's Hospital, Camperdown, during 1974-7 and
1988-91

No (%) of cases

1974-7 (group A) 1988-91 (group B)
(n=215) (n= 187)

Where imaging was done
Outside hospital 19 (9) 58 (31)
At hospital 23 (11) 56 (30)

Aillpatients 42 (20) 114(61)

Imaging procedures
Outside hospital:
Barium meal examination 19 42
Ultrasonography 32

At hospital:
Barium meal examination 27 44
Ultrasonography 35

All procedures 46 153

TABLE II-Order in which different techniques were used to diagnose
pyloric stenosis at Children's Hospital, Camperdown, during 1974-7
and 1988-91

No (%) ofcases

1974-7 (group A) 1988-91 (group B)
(n=215) (n= 187)

Palpation before imaging 14 (7) 20 (11)
Palpation afterimaging 25 (12) 57 (30)
Palpation without imaging 173 (80) 71(38)
Imaging without palpation 3 (1) 39 (21)

A and 91 (49%) in group B (X2=67-O, p<0-001 (0 3 to
0 5)). A diagnosis ofpyloric stenosis was based entirely
on the result of imaging in 1% of cases in group A
compared with 21% in group B (x2=35 7, p<0-001
(0- I to 0 2)).

Time taken to reach diagnosis
Twenty eight (13%) infants in group A and 71 (38%)

in group B were referred to the hospital with a
diagnosis of pyloric stenosis, made either clinically or
by diagnostic imaging. We compared the times taken
to establish a definite diagnosis for the remaining
infants from the time of presentation at the hospital. In
group A 114 (62%) were diagnosed within six hours,
124 (67%) within 12 hours, and 140 (76%) within 18
hours. This compares with 56 (48%), 68 (59%), and 83
(72%) respectively in group B. The proportions were
not significantly different between the groups (X2=5-8,
(-05<p<O 1).

Preoperative management
On average the infants in both groups were operated

on on their second day in hospital. After exclusion of
those who had been rehydrated intravenously before
admission to the hospital the median duration of
preoperative rehydration treatment was similar in both
groups (21 hours in group A and 22 hours in group B;
W=35 314-5, p=0-2 (-4-3 to 0 8)).

Duration ofstay
The average stay in hospital fell from 7-2 days in

group A to 4-9 days in group B. This reflects the
declining length of stay for all patients in this hospital,
from an average of 7 8 days during 1974-7 to 4- 1 during
1988-91.

Discussion
Abdominal palpation is an accurate method of

diagnosing pyloric stenosis, and 80% of the infants
proved to have pyloric stenosis at surgery during
1974-7 had a pyloric mass palpated without an imaging
study. Another 7% had a mass palpated before imag-
ing, giving a total of 87% of cases that were diagnosed
clinically. Although a clinical diagnosis can usually be
made, the rate of clinical diagnosis by palpation
declined between 1974-7 and 1988-91, and the reliance
on imaging studies increased more than threefold.
There has been a trend for the clinical diagnosis of
pyloric stenosis to be preceded by an imaging study:
during 1974-7 only 25 (12%) infants were imaged
before a mass was palpated compared with 57 (31%)
during 1988-91.
Other authors have noted high rates of use of

imaging studies to diagnose pyloric stenosis5' and
have suggested that some of these studies are unneces-
sary.6 Forman et al suggested that ifpyloric stenosis is
suspected the child should be examined by an experi-
enced doctor before an imaging study is ordered since
the high sensitivity ofabdominal palpation achieved by
experienced doctors should limit imaging of infants.2
One criterion for a patient's inclusion in this study

was that pyloric stenosis had to be confirmed at
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surgery. Thus false positive cases, when a diagnosis of
pyloric stenosis was not confirmed at surgery, were not
included. The proportion of false positive diagnoses
with physical examination is generally accepted to be
low. Scharli et al noted two false positive diagnoses
(both an annular pancreas) in a series of 1215 infants
examined by experienced surgeons,6 and other studies
support this finding.82
From clinical and economic viewpoints a careful

abdominal examination should be the first assessment
of a vomiting child. Not only is it cheaper than other
methods but, with experience, it is also sensitive.67 If
the diagnosis of pyloric stenosis is not confirmed at the
first test feed the examination can be repeated or
imaging performed. A further clinical examination is
time consuming since it entails preparing another feed
and watching or palpating the abdomen throughout a
feed. Ultrasonography may be more economical in
terms of medical time in cases in which abdominal
palpation gives initially negative or equivocal results.
During 1988-91 most imaging studies were per-

formed in general hospitals or radiological practices
before the infant was seen at our hospital. The high
proportion of false negative results obtained empha-
sises that imaging studies on infants are best done by
those who perform them regularly and have developed
skill in paediatric diagnostic imaging.

Ultrasonography is ideal for infants since it does not
entail ionising radiation, allows parents to be present
during the examination, and is non-invasive. For these
reasons it is the imaging procedure of choice.257 This
study, however, showed increased use of barium meal
examinations, from 46 during 1974-7 to 86 during
1988-91. While barium studies may exclude other
causes of vomiting such as gastro-oesophageal reflux
and intestinal malrotation, barium adds volume to the
obstructed stomach of an infant with pyloric stenosis,
increasing the risk of further vomiting and aspira-
tion.2 4

The high standard of diagnostic imaging skills at our
hospital has led to a decreased reliance on clinical
findings. Test feeding was used less often, and the
ability of junior house staff to palpate a mass was

considerably less, during 1988-91 than during 1974-7.
The art of palpating for a pyloric mass should be
taught by experienced senior staff to junior staff and
students.'3

During 1988-91, 38% of infants were referred to our
hospital after pyloric stenosis had been diagnosed, a
larger proportion than during 1974-7 (13%). Despite
the increased use of imaging there was still a similar
delay in recognising the condition before admission
since there were no significant differences between the
two periods with regard to age on admission, duration
of vomiting, and state of hydration on presentation.

Imaging has an important place in confirming or
excluding pyloric stenosis in difficult cases. During
1974-7, however, the diagnosis could be made clinic-
ally in 87% of cases without the use of radiology or
ultrasonography. The increasing reliance on imaging
suggests that the technique of palpating a pyloric
tumour is a declining art.

We thank Donna Waters for her help in statistical analysis.

1 Incidence of infantile hypertrophic pyloric stenosis. [Editorial.] Lancet
1984;i:888-9.

2 Forman HP, Leonidas JC, Kronfeld GD. A rational approach to the diagnosis
of hypertrophic pyloric stenosis: do the results match the claims? J Pediatr
Surg 1990;25:262-6.

3 Is ultrasound really necessary for the diagnosis of hypertrophic pyloric
stenosis? [Editorial.] Lancet 1988;i: 1146.

4 Garcia VF, Randolph JG. Pyloric stenosis: diagnosis and management. Pediatr
Rev 1990;11:292-6.

5 Breaux CW, Georgeson KE, Royal SE, Curnow AJ. Changing patterns in the
diagnosis of hypertrophic pyloric stenosis. Pediarics 1988;81:213-7.

6 Scharli A, Sieber WK, Kieswetter WB. Hypertrophic pyloric stenosis at the
Children's Hospital of Pittsburgh from 1912 to I%7. J Pediatr Surg
1969;4: 108-14.

7 Stunden RJ, Le Quesne GW, Little KEG. The improved ultrasound diagnosis
of hypertrophic pyloric stenosis. Pediatr Radiol 1986;16:200-5.

8 Perry EP, Fraser IA, Rhodes A. Ultrasound and pyloric stenosis. Lancet
1988;ii:391.

9 Menussen T, ShaffJ. Roentgen examination ofthe pyloric canal of infants with
hypertrophic pyloric stenosis. AmJ Dis Child 1934;48:1304.

10 Teele RL, Smith EH. Ultrasound in the diagnosis of idiopathic hypertrophic
pyloric stenosis. N EnglJ Med 1977;2%:1149-50.

11 Schuman Fl, Darling DB, Fischer JH. The radiographic diagnosis of
congenital hypertrophic pyloric stenosis. J Pediatr 1967;71:70-4.

12 Leahy PF, Farrell R, O'Donnell B. 300 infants with hypertrophic pyloric
stenosis: presentation and outcome. IrMedJ 1986;79:114-6.

13 Beasely S. The myth of the test feed. J Paediatr Child Health 1991;27:231.

(Accepted 9 December 1992)

Department of
Microbiology, University
ofLeeds, Leeds LS2 9JT
E A Eady, seniorfellow
C E Jones, research technician
J L Tipper, postgraduate
student
J H Cove, senior lecturer

Department of
Dermatology, Leeds
General Infirmary, Leeds
LS1 3EX
W J Cunliffe, consultant
A M Layton, senior registrar

Correspondence to:
Dr Eady.

BMJ 1993;306:555-6

Antibiotic resistant
propionibacteria in acne: need
for policies to modify
antibiotic usage

E A Eady, C E Jones, J L Tipper, J H Cove,
W J Cunliffe, AM Layton

Antibiotics have been used to treat acne for over 30
years and are still widely prescribed. Their efficacy is
due partly to their inhibitory effect on cutaneous
propionibacteria-the micro-organisms implicated in
the pathogenesis of the disease.' Until the late 1970s
these organisms were uniformly sensitive to thera-
peutically useful antibiotics.2 Since then an association
has been found between the carriage of resistant strains
and failure to respond to treatment with the corres-
ponding antibiotic.3'- We report the results of a survey
of the incidence of resistant propionibacteria in
patients with acne.

Patients, methods, and results
We studied 468 patients with acne attending the

outpatient clinic at Leeds General Infirmary between
1 March 1991 and 29 February 1992. There were 229
new referrals from general practice, most ofwhom had

previously received one or more courses of antibiotic
treatment; 155 existing patients who showed little or
no clinical improvement after at least three months'
antibiotic treatment; and 84 patients sampled for other
reasons (mainly anxiety and screening after treatment
with isotretinoin). Resistant propionibacteria were
detected by rubbing facial skin with a moistened
swab, which was used to inoculate a series of plates
containing selective antibiotics. Plates were examined
for growth after seven days' anaerobic incubation at
37°C. Resistance profiles of purified isolates were
determined in conventional disc tests.

Overall, 178 patients carried propionibacterial
strains resistant to one or more antibiotics. Resistance
to erythromycin was the most common (124 patients),
and most of these strains (73 out of 110 tested) were
cross resistant to clindamycin. Tetracycline resistant
propionibacteria were carried by 61 patients; such
isolates are cross resistant to doxycycline but sensitive
to minocycline. Thirty patients carried strains with
reduced sensitivity to trimethoprim. Importantly, 27
patients carried two or more strains with different
antibiotic resistances.
The resistance patterns of 171 resistant propioni-

bacteria obtained from 143 patients were analysed in
detail (table). Overall, 153 strains were resistant to
trimethoprim or erythromycin alone or cross resistant
to tetracycline and doxycycline or to erythromycin and
clindamycin. Thirteen strains were resistant to three or
more antibiotics.
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