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in Early US Diagnosis’
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The diagnosis of hypertrophic pylo-
nc stenosis (HPS) with ultrasonog-
raphy (US) is dependent on mea-
surements of pyloric diameter (PD),
pyloric length (FL), and muscle
thickness. The authors were unable
to confidently diagnose the condi-
tion with US in 45% of patients who
underwent surgery for HPS because

all three criteria were not fulfilled.
An overall measurement of the
“amount” of pyloric hypertrophy
was introduced: pyloric volume
(PV), which was equated to 1/4T X

PD2 x FL No overlap was found

between patients with HPS (n = 22;

Pv = 3.13 mL; range, 1.4-5.1 mL)
and asympp�omatic control subjects
(n = 28; PV = 0.65 mL; range, 0.2-1.3
mL) or symptomatic subjects with-
out HPS (n = 25; PV = 0.86 mL;
range, 0.4-1.3 mL). A positive corre-
lation was found between age at di-
agnosis and PV, a finding reflecting
that HPS is an acquired condition.
In patients less than 4 weeks of age,
the criterion of PV greater than or
equal to 1.4 mL proved to aid in the
identification of early HPS more ac-
curately than any existing criteria.
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I N the years after the introduction
of ultrasonography (US) as an aid

in the diagnosis of hypertrophic py-
boric stenosis (HPS) (1), criteria have
been established for measurements
of the pylonic muscle in the normal

and hypertrophied state (2-20). Be-

cause considerable overlap was
found between healthy subjects and

patients with HPS in measurements
of pyloric diameter (PD) (6,9,10-

14,17,19), muscle thickness (MT)
(4,6,10-14,17,19), and pyloric length
(PL) (13,17-19), controversy still ex-

ists about the criteria to be employed
for the reliable US diagnosis or ex-
clusion of HPS in infants with a his-
tory of vomiting (20). Whatever crite-
na are chosen, the diagnostic proce-
dune to be followed is not clear when
all three criteria are not fulfilled.

Because HPS is regarded by most

authors (21,22) to be an acquired
rather than a congenital condition, a
“gray area” between normality and
HPS is to be expected. In infants with
a short duration of symptoms in

whom no “olive” can be felt, US is
expected to play an important role in

the medical decision process (20).

Conversely, in more advanced cases
with a larger, palpable pybonic mus-
cle, imaging will not be required for

diagnosis.
The purpose of this study was to

prospectively reevaluate the reliabil-
ity of the previously mentioned diag-
nostic US criteria, especially in the
younger age groups, and to deter-
mine the value of an overall mea-
surement of pyloric hypertrophy that
is derived from PD and PL values:
pybonic volume (PV).

PATIENTS AND METHODS

From September 1986 to August 1988,

47 infants with a history of vomiting who

were suspected to have HPS were re-

ferred to the US department. There were

33 boys and 14 girls, aged 7 days to 18

weeks. A group of 28 infants hospitalized

for unrelated conditions constituted the
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control population (neonatal abstinence

syndrome, n 8; low birth weight/pre-

maturity, n 7; cardiac malformations, n
= 4; seizures or hypotonia, n 4; pneu-

monia, n = 1; vitamin K deficiency, n 1;

congenital hypothyroidism, n = 1; acute

tubular necrosis, n = 1; postnatal asphyx-

ia, n 1; and cephaihematoma, n 1).

This control group included 18 boys and

10 girls, aged 9 days to 16 weeks.

US was performed with a real-time

scanner equipped with a 5-MHz trans-

ducer (Diasonics, Milpitas, Calif; Acuson,

Mountain View, Calif). Because disten-

tion of the pyloric antrum with a clear

fluid facilitates US imaging of the pylo-

rus, all symptomatic infants were first

screened in the supine position to deter-

mine the amount of gastric retention. To

improve imaging of the pylorus, if neces-

sary, the patients were bottle-fed and

then examined. All control subjects were

examined immediately after a usual feed-
ing. The pyborus was imaged most often

with the child in the right decubitus posi-

tion. Longitudinal and transverse sec-

tions were obtained through the antropy-

boric region, and this area was observed

for approximately 10 minutes for signs of

pyboric relaxation and passage of gastric

contents.

The pyloric muscle was measured for

diameter, thickness, and length (Fig la,

ic). Throughout the study, the criteria for

HPS formulated by Tunell and Wilson

(10) were employed (PD � 1.3 cm, MT �

0.4 cm, PL � 1.9 cm). With these criteria,

the study population was divided into

three groups: definite HPS (all three cri-
teria were fulfilled [Fig lb. id), HPS not

supported (none of the criteria were met

[Fig 2]), and indeterminate findings (Fig

3). For reproducibility, PD was only de-

termined with the muscle closed (Fig 2a).

In patients in whom the muscle was not
seen to close during the observation pen-
od, the lumen diameter was subtracted

from the measured value of PD with the

muscle open. In addition to the three cri-

teria already mentioned, we introduced

PV as a new criterion. With the volume of

Abbreviations: HPS = hypertrophic pyloric
stenosis, MT = muscle thickness, PD = pyloric
diameter, PL = pyloric length, PV = pyloric
volume.



PV = �r x (�\2 x PL

a. b.

Figure 2. Transverse US scans through upper abdomen show normal pylorus. ST = fluid-

filled stomach, V = vertebral body. (a) With pylorus closed, PD = 1.1 cm (between Xs), PL =

1.2 cm (between +s), calculated PV = 1.14 mL. (b) Pylorus is seen in open position for pas-

sage of gastric contents.
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Figure 1. (a) Schematic representation of the pylonic muscle as a cylinder with radius PD/2 and height PL. (b, c) Longitudinal US scans

through large pylonic muscle mass show HPS. (b) Prominent antral beak, pyloric shoulder, and double-track signs are present. (c) PD = 1.7

cm (between open arrows), PL = 2.1 cm (between curved arrows), calculated PV = 4.8 mL.

a cylinder with radius r and height h be-
ing equal to ir X r2 X h = ‘/4ir X (2r)2 X h,
we defined PV on the basis of the formula
PV = ‘/47r X (PD)2 X PL (Fig la). For all
measurements studied, the mean values

and standard deviations in the three
study groups were calculated, and differ-

ences were checked for statistical signifi-
cance with a two-sided Student t test.

RESULTS

Table 1 and Figure 4 summarize

the results of pyboric measurements

in the group of 47 vomiting infants,

compared with those in the 28 con-

trol subjects. Twenty-two infants

(two female and 20 male, aged 18-

103 days) underwent surgery for

HPS. In 12 of these 22 patients (55%),
HPS had been confidently diagnosed

with the aid of US (Fig lb. ic). How-

ever, in 10 infants with HPS, US

findings were indeterminate because

all three criteria were not met. Find-

ings were positive in seven patients

with only the PD and MT criteria, in

two with only the MT criterion, and

in one with only the PD criterion. In

all 10 patients, the diagnosis was es-

tablished with a barium study (Fig 3).

Two illustrative case reports follow.

Case 1.-An 18-day-old infant boy

presented with a history of projectile

vomiting for 2 days. Because his fa-

ther and brother had undergone sur-

gery for pylonic stenosis, early medi-

cal advice was sought by the parents.

US scans demonstrated gastric reten-
tion and some passage of air and flu-

id through a minimally elongated

pyloric channel, with prolonged gas-

troesophageal reflux. Pybonic muscle

measurements were considered inde-

terminate (PL = 1.8 cm, PD = 1.0 cm,

MT = 0.3-0.4 cm, calculated PV = 1.4

mL). A barium study was therefore

recommended and showed a double-

track sign and hyperpenistalsis with-

out passage; thus, the patient under-

went immediate surgery for HPS. A

small pyboric muscle mass was found,

and pyboromyotomy was performed

(penioperative measurements: PL =

1.5 cm, PD = 1.2 cm, MT = 0.3-0.4

cm, calculated PV = 1.7 mL).

Case 2.-A 26-day-old infant boy

was admitted because of persistent

vomiting since birth, recently in a

projectile manner. A barium study at

the age of 12 days had demonstrated

delayed gastric emptying without

signs of HPS. Because mild refbux

was seen, the patient underwent an-
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tireflux therapy, without much suc-

cess. At admission, US scans showed

an elongated, thin pyboric muscle (PL

= 1.8 cm, PD 0.9 cm, calculated PV

= 1.1 mL). Normal passage was ob-

served and confirmed with a barium

study, which again showed no signs

of HPS. Antireflux measures were

continued, and a regimen of small

frequent feedings was instituted un-

den clinical observation, with moder-

ately successful results. During a 24-

hour pH monitoring examination

performed 2 weeks later, vomiting

increased considerably and resulted

in hypochboremic acidosis. At that

time, the US findings were strongly

positive (PL 2.5 cm, PT = 1.5 cm,

MT = 0.6 cm, calculated PV 4.4

mL), and HPS was confirmed at sur-

gery.

In the remaining 25 symptomatic

infants, HPS was not supported with

US findings. HPS was excluded with

the help of a barium study in the 12

patients in whom this test was per-

formed. US scans showed regular

opening of the pybonic muscle with

passage of gastric contents in all 25

patients (Fig 2). In all these infants

with vomiting, gastroesophageal re-
flux was diagnosed on the basis of ei-

ther barium studies (n = 12), 24-hour

pH monitoring (n = 7), or clinical

course and relief of symptoms with

antireflux therapy (n = 6). Because

these 25 patients improved with con-

servative treatment, no false-negative

US results were encountered in this

group. PV was calculated for all pa-

tients and control subjects (Table 1).

Statistically significant differences

(P < .001) between patients with and

without HPS were found in mean
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values of PD, PL, and PV. Overlap-

ping values between patients with

and without HPS were found in PD

from 1.0 to 1.3 cm, PL from 1.5 to 1.7

cm, and MT of 0.3 cm (Table 1, Fig 4).

In contrast, PV values in these

groups did not overlap, and a corn-

plete separation at 1.4 mL was ob-

served. Figure 5 shows PV as a func-

tion of age in all symptomatic pa-

tients and control subjects. In HPS,

larger pylonic muscles were found

with increasing age, whereas in pa-

tients with reflux and control sub-

jects no such relationship existed.

DISCUSSION

Of all sonographic criteria for the

diagnosis of HPS reported in the lit-

erature, measurements of PD and MT

can be most easily performed with

transverse sections through the hy-

pertrophied muscle, which demon-

strate the typical “target” or “cervix”

sign in the right side of the upper ab-

domen (6). However, because a con-

siderable overlap of 1.2-1.5 cm was

found in PD measurements between

healthy and control subjects, the vab-

ue of this criterion was questioned

(9,10). Our results showed that little

overlap occurs when measurements

are performed only on the closed

muscle or are corrected for lumen di-

ameter when the pylorus does not

close during the examination. With

this caveat, we found that PD, with a

cutoff point of 1.3 cm, was a reliable

criterion that can be determined ac-
curately on both transverse and, pref-

erably, longitudinal sections through

the pyloric muscle. Only two patients

with HPS had values for PD of less

than 1.3 cm (Fig 4a).

Assessment of MT is hampered by

the large measurement inaccuracy of

1 mm relative to the 3-4 mm criteri-

on, on either side of which normal

cases and cases of HPS are seen to

cluster (10,11). In an asymmetrically

hypertrophied muscle, as is often the

case (Fig ic), it is not clear where MT

has to be measured. However, this

easily performed and reproducible

measurement allows normal cases to

be separated from abnormal cases

(18), as confirmed by our results.

During real-time US screening, MT is

simply evaluated and visually most

directly related to the “amount of

muscle hypertrophy” present.

Many transverse sections can be

made through an elongated, hyper-

trophied pylonic muscle, but a true

longitudinal section is more difficult

to obtain. Measurements of length

are therefore less reproducible. In

theory, only one such section is pos-

sible. In practice, the pybonic channel

cannot always be imaged at full

length in one sectioning plane be-

cause it is often curved (Figs lb. 3a).

Although PL is advocated as the most

reliable criterion (1 0,1 1,13,14), this

measurment is inherently less accu-

rate for the reasons discussed previ-

ously. In addition, this criterion can

be expected to fail in cases of short-

segment pyboric stenosis (23). In our

study, we used a cutoff point of 1.9

cm on the basis of the data of Tunebl

and Wilson (10); however, on the ba-

sis of more recent studies (13,14) and

our results (Fig 4b), a value of 1.7 cm

would be more appropriate for the

separation of normal from abnormal

cases. Still, a small overlap between

the two groups was observed by most

authors (13,17-19) and was also not-

ed in our results. Although a lower

length criterion of 1.7 cm would

have reduced the number of indeter-
minate cases of HPS in our study

from 10 to five without causing false-

positive diagnoses, a complete sepa-

ration between normal cases and

cases of HPS could not be reached by

means of any combination of the PD,

MT. and PL measurements.

We found that PV was the most re-

liable overall measurement of muscle

hypertrophy. Although mean values

of PD, PL, and PV were all found to

differ significantly (P < .00 1) be-

tween individuals with and without

HPS, PV was the only criterion that

showed no overlap between these

groups. We were able to calculate PV

from the data presented in two pub-

lished series (12,15). The results of

these calculations are similar to those

obtained in our study (Table 2).

A seemingly more exact but com-

plicated formula (pyboric muscle in-

dex) to calculate pybonic volume has

been presented in an article by

Carver et ab (24). The results in this

study are similar to those observed in

ours. However, a correction for body
weight was required to separate nor-

mal from abnormal cases, which we

found to be unnecessary. Calcula-

tions in both the study by Carver et

ab and our study were based on the

formula for the volume of a cylinder

with flat ends, but the often curved

and asymmetrically hypertrophied

pybonic muscle is not exactly shaped

that way (Figs lb. 3a). Our approxi-

mation of PV appeared to be suffi-

ciently reliable for practical use, and

we question the need for the employ-

ment of more “exact” calculations be-

cause the aim is merely to separate

normal from abnormal cases. In most

cases of HPS, the measurements and

calculations discussed in this article

are superfluous, and the experienced

sonographer can establish the diag-

nosis with inspection alone. In the

relatively few doubtful cases that

may remain, our formula for PV,
which is simple and easy to memo-

rize, might find wider acceptance

than the pybonic muscle index dis-

cussed previously.

The age-dependency of PV in our

cases of HPS (Fig 5) further supports

the theory that HPS is an acquired

rather than a congenital condition

evolving within a short period of

time from prolonged pyborospasm

(21,22). Interestingly, slightly larger

pylonic muscles were found in pa-

tients with reflux than in asympto-

matic control subjects (mean PV

0.86 and 0.65 mL, respectively; P

.02). Delayed gastric emptying due to

pylorospasm is one of the factors

known to contribute to gastroesopha-

geal reflux (25,26). In the pathogene-

sis of HPS, an all-or-nothing mecha-

nism seems to operate when the criti-

cal volume of 1.4 mL is reached. In
our opinion, case 1-which demon-

strates this borderline value in a

young patient with a short history of

vomiting-represents the earliest

phase of pybonic hypertrophy. Case 2

illustrates the natural course of the

disease with a transition of intermit-

tent pyborospasm into complete HPS
in less than 2 weeks, a time period in
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which PV was seen to increase from
1.1 to 4.4 mL.

In borderline cases, we found pybo-
nc dimensions to depend critically

on the peristaltic contraction phase
of the antropyloric area (Fig 3). Dur-
ing active peristalsis, the pybonic

muscle appeared shorter, thicker, and
more curved than during relaxation
of the gastric outlet, factors resulting
in the conflicting measurements ob-

tamed during the same examination.

In contrast, PV values were about the

same in both instances and were
clearly within the pathologic range.
For this reason, it is imperative that
PV be calculated by means of PD and
PL values obtained from the same
freeze-frame image of a longitudinal
section through the pyloric muscle. If
only th�’ largest PD measured on the

contracted muscle and the largest PL

determined in the relaxed state were
used, PV would be overestimated.

In conclusion, we showed that our
criterion of PV greater than or equal
to 1.4 mL proved to help identify ear-
ly HPS more accurately than any of
the existing criteria, especially in
young infants with a short history of
vomiting and a small pyloric muscle
mass. U
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