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urrent management of hypertrophic pyloric stenosis

udrun Aspelund, MD, Jacob C. Langer, MD
rom the Division of General Surgery, University of Toronto, Hospital for Sick Children, Toronto, Ontario, Canada.
Hypertrophic pyloric stenosis (HPS) is a common condition affecting infants that presents with
progressive projectile nonbilious vomiting. The pyloric portion of the stomach becomes abnormally
thickened and manifests as gastric outlet obstruction. The cause is unknown. Pyloromyotomy remains
the standard of treatment and outcome is excellent. This article reviews the diagnostic work up and
imaging, preoperative resuscitation, the various surgical approaches used, and the effect of subspecialty
training on outcomes after pyloromyotomy. Postoperative care and the variety of postoperative feeding
regimens applied after pyloromyotomy are reviewed, as well as intra- and postoperative complications.
Finally, medical management, in lieu of surgery, is discussed.
© 2007 Elsevier Inc. All rights reserved.
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Hypertrophic pyloric stenosis (HPS) is a condition af-
ecting infants, in which the pyloric portion of the stomach
ecomes abnormally thickened and manifests as obstruction
o gastric emptying. The infant presents in the first 2 to 12
eeks of life with forceful or projectile nonbilious vomiting

fter feeding. With protracted vomiting, the emesis may
ecome blood-tinged because of gastritis. Jaundice occurs
n about 2% of infants with HPS secondary to defective
epatic glucuronyl transferase activity, which resolves after
urgery.1 The incidence of HPS is about 2 to 4 per 1000 live
irths in Western populations,2 but it is less common in
frican and Asian populations, with a male-to-female ratio
f approximately 4:13. The basis for higher male suscepti-
ility is unknown. There is evidence both for and against an
ncreased incidence in the first-born child, and there is
amilial clustering of HPS, but not in a Mendelian pattern.3

PS appears to be more common in bottle-fed infants,4 in
ural populations,2 and in the summer months (Langer and
oworkers, unpublished data).

Address reprint requests and correspondence: Jacob C. Langer,
D, University of Toronto, Division of General Surgery, Hospital for Sick
hildren, Toronto, 555 University Avenue, Room 1526, Toronto, Ontario
5G 1X8, Canada.
oE-mail: jacob.langer@sickkids.ca.

055-8586/$ -see front matter © 2007 Elsevier Inc. All rights reserved.
oi:10.1053/j.sempedsurg.2006.10.004
The first clinical description of HPS was by Fabricious
ildanus in 1627, but Harald Hirschsprung’s seminal

rticle in 1888 led to our modern understanding of the
ondition.5 Although HPS is the most common surgical
ondition producing emesis in infancy,1 its etiology is
nknown. Whether the condition is congenital or ac-
uired is debated.6 Neonatal HPS does exist but is very
are.3 Variations in HPS incidence, trending over time,
uggest that unknown environmental factors have an im-
act.2 The mechanism underlying the narrow window of
iagnosis between approximately 2 and 12 weeks is ob-
cure, but may reflect normal postnatal physiology, such
s introduction of enteral feeding, acting on abnormal
yloric tissue.3 Deficiency of nerve terminals, markers
or nerve-supporting cells, peptide containing nerve fi-
ers, mRNA production for nitric oxide synthase and
nterstitial cells of Cajal have all been found in the
uscular layer of the pylorus,7-11 as well as increased

nsulin-like and platelet-derived growth factors.12,13 This
bnormal innervation is postulated to lead to failure of
elaxation of the pylorus muscle, increased synthesis of
rowth factors, and subsequent hypertrophy.14 It is likely
hat a spectrum of genetic mutations involving the pro-
uction of nitric oxide may be responsible for many cases

f HPS.15



P

T
o
a
p
c
i
t
i
a
p
s
n
i
p
t
i
t

e
t
p
w
a
c
i
s
r
o
i
r
i

s
s
T
m
v
o

R

V
p
p
n
l
r
a
b
d
n
l
p
t
a
m
i
u
p
s

F
fl
p
a
c
s
n
c
a

F
t

28 Seminars in Pediatric Surgery, Vol 16, No 1, February 2007
reoperative evaluation

he diagnosis is initially suggested by the history. Palpation
f a hypertrophied pyloric muscle, or “olive,” is diagnostic
nd successful in the majority of infants with a 99% positive
redictive value16,17 (Figure 1). Despite the fact that HPS
an be diagnosed solely by palpation, there is a trend toward
ncreased reliance on imaging as a substitute or complement
o physical examination. In one report, there was a threefold
ncrease in use of imaging between the periods 1974 to 1977
nd 1988 to 1991, with a decrease in cases diagnosed by
alpation (from 87% to 49%) during the two periods, re-
pectively.18 Although imaging is highly sensitive, it does
ot lead to increased accuracy of diagnosis, and it does
ncrease cost.16 Some have speculated that decline in pal-
able HPS and therefore increased use of imaging is related
o earlier presentation of patients in recent times so that
nfants are less emaciated, healthier, and more vigorous, and
hus more difficult to examine.19

Other methods of diagnosis must be used when physical
xamination is unsuccessful. Fluoroscopic upper gastroin-
estinal contrast study was first proposed in 1918, and is
erformed with the child drinking from a bottle.5 In patients
ith HPS, there is failure of relaxation of the prepyloric

ntrum and the pyloric canal is outlined by a string of
ontrast material. The thickened muscle causes an external
mpression on the gastric antrum, termed the “shoulder
ign.” Fluoroscopy can be time consuming and involves
adiation. Sensitivity as high as 95% is reported but depends
n experience and skill of the examiner.20 Ultrasonography
s noninvasive, can be performed quickly and there is no
adiation exposure (Figure 2). Accuracy approaches 100%
n experienced hands,20 with 99.5% sensitivity and 100%

igure 1 Palpation of the “olive.” The child’s hips should be
exed to relax the abdominal wall. The abdomen should be pal-
ated gently, focusing on the space midway between the umbilicus
nd the xiphoid, between the two rectus muscles. If the child is
rying, he can be given a bottle of sugar solution or electrolyte
olution. If this is unsuccessful, it is useful to palpate with a
asogastric tube in place, while feeding the child. This permits
omplete abdominal wall relaxation without the stomach filling up
mnd getting in the way. (Color version of figure is available online.)
pecificity.16 Thickened prepyloric antrum can be demon-
trated bridging the distended stomach and duodenal bulb.
he hypertrophied pyloric canal may range from 14 mm to
ore than 20 mm in length and the muscle thickness is

ariable (from 3 to 5 mm). Real time observation of failure
f relaxation of the pyloric canal is important.21

esuscitation

omiting of gastric contents leads to depletion of sodium,
otassium, and hydrochloric acid, which results in hy-
okalemic, hypochloremic metabolic alkalosis.22 The kid-
eys conserve sodium at the expense of hydrogen ions,
eading to paradoxical aciduria. In more severe dehydration,
enal potassium losses are also accelerated owing to an
ttempt to retain fluid and sodium. This cycle can only be
roken by adequate fluid and electrolyte replacement. The
egree of dehydration can be estimated by clinical exami-
ation, urine output, and serum chloride and bicarbonate
evels. Surgery should be deferred until the infant is appro-
riately resuscitated. Most infants with HPS require hospi-
alization and intravenous fluid replacement therapy, usu-
lly consisting of 5% dextrose in 0.45% saline at 1.5 times
aintenance rate. Infants with severe dehydration should

nitially receive boluses with isotonic saline solution. When
rine output has been demonstrated, 10 to 20 mEq/L of
otassium chloride can be added to the fluids. Resuscitation
tate is determined by serum electrolytes, skin turgor, moist

igure 2 Ultrasound documenting increased length (A) and
hickness (B) of the pyloric muscle.
ucous membranes, and urine output. Serum bicarbonate
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29Aspelund and Langer Hypertrophic Pyloric Stenosis
ess than 28 mEq/dL and serum chloride over 100 mEq/dL
re generally required for safe anesthesia.

urgical technique

xtramucosal longitudinal splitting of the pyloric muscle
ithout suturing was introduced by Ramstedt in 1912.23

raditional surgical access has included midline laparotomy
Fredet in 1908), oblique right upper quadrant incision
Robertson in 1940), and right upper abdominal transverse
uscle-splitting incision (Rickham in 1940).1 In 1986, Tan

nd Bianchi introduced the circumumbilical incision for
yloromyotomy.24 Their technique involved a three-quarter
ircle incision in the natural superior skin fold following the
urve of the umbilicus. The peritoneal cavity was then
ntered through the midline via the linea alba, to the right of
he umbilical vein. Many use this skin incision today but
nter the abdominal cavity through a transverse fascial in-
ision, ligating the umbilical vein.25,26 In either case, the
yloric muscle is pulled through the wound, the pyloromyo-
omy performed, and the pylorus then returned to the ab-
ominal cavity. The scar is retained within the umbilical
rease, and thus is hardly visible later. Concerns regarding
higher incidence of complications (wound infections, in-

isional hernias, mucosal perforations, and serosal tears)
ompared with the right upper quadrant approach have been
aised; these complications have shown a trend toward in-
reased hospital stay, but no long-term sequelae in retro-
pective reviews.27 Others found no difference in compli-
ations but slightly longer operative time for the umbilical
ncision, with excellent cosmetic results.26,28,29

Alain and coworkers30 first described a laparoscopic ap-
roach to pyloromyotomy in 1991 (Figure 3). This approach
as since gained popularity among pediatric surgeons, al-
hough potential increased risks with this approach have
een a point of concern.31 A meta-analysis of open versus
aparoscopic pyloromyotomy found 8 studies comparing the

igure 3 Laparoscopic pyloromyotomy; the 3-mm laparoscopic

cpreader is shown. (Color version of figure is available online.)
methods from 1966 to 2002 and included 595 patients
355 open and 240 laparoscopic).32 Mucosal perforation and
ncomplete pyloromyotomy occurred less frequently in the
pen group, although not significantly so. Three mucosal
erforations during the laparoscopic operations were not
oticed during the original procedure and were corrected
ater by an open procedure. Overall, 5% of laparoscopic
rocedures were converted to open. No difference was
ound in wound infections or operating time, but time to full
eeds and postoperative length of stay were significantly
horter following laparoscopy. Four studies were retrospec-
ive reviews and 3 were performed prospectively. Only 1
tudy was a randomized controlled trial, comparing 10 lapa-
oscopic pyloromyotomies with 10 open umbilical fold py-
oromyotomies.33 Recently a single-center randomized trial
as completed, demonstrating no difference between the

aparoscopic and open approach for operating time or length
f stay.34 However, the laparoscopic group required less
oses of analgesia and experienced fewer episodes of post-
perative emesis. A multicenter prospective randomized
linical trial (the “Pi trial”) is currently underway.

A recent retrospective review compared 232 laparo-
copic pyloromyotomies with 225 open procedures over a
6-month interval.31 Overall, the 2 approaches had similar
esults with no significant difference in rate of complica-
ions; however, the distribution and type of complications
iffered. The conversion rate to open pyloromyotomy was
.7%. Eight patients in the open group had mucosal perfo-
ation compared with 1 in the laparoscopic group. Two
aparoscopic patients suffered duodenal injury related to
rasping, and 2 patients in the laparoscopic group presented
ith incisional hernias at the upper abdominal surgical sites.

n addition, 5 patients in the laparoscopic group and none in
he open group required revision pyloromyotomy. Others
ave shown decreased complication rates from laparoscopic
yloromyotomy with increased experience.23

ffect of subspecialty training and volume
n outcome

ecause HPS is so common, and pyloromyotomy is a rel-
tively simple procedure with excellent outcome, the oper-
tion is often performed by general surgeons without sub-
pecialty training in pediatric surgery. There has been
ontroversy in the literature about whether outcomes for this
peration are the same when the operation is performed by
eneral surgeons as it is when the operation is performed by
ediatric surgeons. This controversy has become more
eated in recent years, as evidence for volume-outcome and
raining-outcome relationships accumulates for a variety of
urgical procedures.35-39 A number of retrospective studies
ave addressed this question, and have suggested that gen-
ral surgeons’ outcomes are equivalent.40-43 However, more
ecent population-based studies have suggested that out-

omes such as length of stay and complication rates are
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etter when the operation is performed by pediatric sur-
eons compared with general surgeons,44 or that higher
urgeon and hospital volumes lead to improved out-
omes.45,46

Ly and coworkers analyzed data from the year 2000 in
he United States Kid’s Inpatient Database, a pediatric-
pecific database from 27 states, and showed that infants
ndergoing pyloromyotomy were often treated by low-vol-
me surgeons (�3 pyloromyotomies/year) and at low-vol-
me hospitals (�4 patients with HPS/year).45 Ten percent
f infants were operated on by a surgeon who performed
nly 1 pyloromyotomy in 2000. From this database, it was
ot possible to identify whether the surgeons had pediatric
urgical training. Higher hospital volume was strongly as-
ociated with shorter postoperative stay but no effect of
urgeon volume was found on length of stay. Higher sur-
eon volume was, however, associated with fewer compli-
ations, with surgeons with the highest volume (�14 pro-
edures/year) having 90% lower risk than those with the
owest volume (1-5 procedures/year). Similar results were
eported by Langer and To,44 who found that pediatric
urgeons had a shorter postoperative stay and a lower rate of
ucosal perforation. However, general surgeons with high

olumes of pyloromyotomy had complication rates similar
o those of pediatric surgeons (Figure 4). Safford and co-
orkers analyzed 11,003 patients from the 1994 to 2000 US
ational Inpatient Samples database and evaluated the as-

ociation between provider volume and outcomes.46 Pa-
ients operated on by low-volume surgeons (�1 case/year)
ere more likely to have complications compared with

hose operated on by medium- (1-5 cases/year) or high-
olume (�5 cases/year) surgeons. Likewise, patients oper-
ted on at low-volume hospitals (�5 cases/yr) were more
ikely to have complications compared with those operated

igure 4 Graph showing perforation rate in pyloromyotomies
one by pediatric surgeons and general surgeons. In general, pe-
iatric surgeons had a lower rate of mucosal perforation. However,
eneral surgeons who did a high volume of pyloromyotomies had
perforation rate that approached that of the pediatric surgeons.44
pColor version of figure is available online.)
t medium- (5-15 cases/year) or high-volume (�15 cases/
ear) hospitals.

Because pyloromyotomy is so common, it is not practical
o recommend that all infants with HPS be operated on by
pediatric surgeon, particularly in rural areas that may not

ave a pediatric surgeon. Transport to hospitals with high-
olume surgeons may have only a small overall impact on
orbidity and mortality.45 A process of education, mentor-

ng, and focusing of community practices to the point that
eneral surgeons who choose to care for children with HPS
an maintain adequate volumes and therefore achieve the
ame outcomes as trained pediatric surgeons is probably a
ore practical approach.44

ostoperative feeding

variety of postoperative feeding regimens have been used
fter pyloromyotomy. Many surgeons impose a period of no
eeding, with or without nasogastric suctioning, followed by
radual advancement of amounts and strengths of feeds.
his traditional cautious approach came about because of
oncerns about emesis and possible aspiration. However,
vidence to document reduced emesis or morbidity with this
pproach is limited.47 A prospective randomized study of
hree different feeding regimens showed postoperative eme-
is to be self-limited and independent of the dietary regi-
en.48 Retrospective studies have reported shorter postop-

rative hospital stays in patients receiving accelerated
eedings, with either insignificant increase49 or no in-
rease50 in vomiting. Similarly, postoperative ad libitum
eeding has been shown to result in earlier discharge and no
ncrease in morbidity compared with historical controls.47

arly ad libitum feeding after laparoscopic pyloromyotomy
esulted in significant increase in vomiting in a retrospective
eview, without any difference in length of stay or compli-
ations compared with a more cautious feeding protocol.51

long preoperative history of emesis (frequently with elec-
rolyte abnormalities) is thought to be a risk factor for
ignificant postoperative emesis and prolonged stay.50 Be-
ause infants now tend to present earlier in the course of
heir illness than in the past, and are less compromised,19

ost should be able to tolerate early and accelerated feed-
ngs.

utcomes: Complications

yloromyotomy is associated with a low incidence of mor-
idity and mortality. A retrospective review of a large num-
er of patients from 2 pediatric surgical centers between
969 and 1994 revealed a 10% overall complication rate.52

ver the 25-year period, 901 infants underwent pyloromyo-
omy via a right upper quadrant incision. Intraoperative
omplications occurred in 4% of patients (39 duodenal

erforations, 1 difficult intubation). Postoperative compli-
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31Aspelund and Langer Hypertrophic Pyloric Stenosis
ations occurred in 6% (1% wound infection, 3.5% postop-
rative vomiting beyond 48 hours, and 1 death from delayed
iagnosis of Hirschsprung’s disease and enterocolitis). There
ere no incomplete pyloromyotomies. Other large series have
aried widely in reported complication rates; 0.3% to 12% for
ound infection, 0% to 11.5% for mucosal perforation, and
% to 60% for postoperative vomiting.27-29,31,32 In a district
eneral hospital, a perforation rate of 19% was considered
cceptable after open pyloromyotomy, as all events were
ecognized and no morbidity resulted.53 However, a perfo-
ation rate of this degree would not be considered accept-
ble in most specialized centers. Incomplete pyloromyot-
my is reported in 0% to 5.5% of laparoscopic procedures
nd in 0% to 1.9% of open pyloromyotomies.23,29,31,32,54

he wide variation between institutions may be due to
ifferences in the definitions of wound infection and post-
perative vomiting, the experience of the surgeons and
nstitutions, or the use of administrative data which may
esult in under-reporting of complications.

Successful management of duodenal perforation is con-
ingent on accurate intraoperative recognition of the com-
lication. The simplest surgical option is to repair the per-
oration with several mucosal sutures, with or without the
ddition of an omental patch. Alternatively, some surgeons
ompletely close the myotomy, rotate the pylorus 180°, and
erform a second myotomy on the posterior side of the
ylorus. Because this is a relatively rare complication, there
re no data in the literature that compare these approaches.

Repeat operations after pyloromyotomy are rarely per-
ormed, and usually due to an incomplete first operation or
ess commonly an unrecognized perforation. Most authors
ecommend doing a second pyloromyotomy on the other
ide of the pylorus in this situation. Recurrent HPS after few
eeks of tolerating feeds and weight gain has also been
escribed, and probably represents a different process than
ncomplete pyloromyotomy.55,56 Far more common causes
or persistent vomiting postoperatively are gastroesophageal
eflux and gastritis; these should be considered if emesis
ersists, particularly if the vomiting is not after every feed.
ontrast radiography can demonstrate reflux or gastric out-

et obstruction, but is of little help postoperatively to deter-
ine whether there has been an incomplete pyloromyot-

my, since the radiological picture does not change
erceptibly after surgery.57 In rare cases, a child with HPS
ay also have a congenital cause of obstruction such as

uodenal web,17 which may cause persistent obstruction
equiring additional surgery. Ultrasound is also of limited
alue in the postoperative period, as the muscle thickness
nd length has been shown to take up to 4 to 5 months to
eturn to normal.58

Mortality after pyloromyotomy is less than 0.4% in most
ajor centers.1 Long-term sequelae are rare, but acquired
PS can result from an unrecognized perforation and leak,

nd small bowel obstruction from adhesions has been de-

cribed.52 f
onoperative treatment

efore the widespread use of pyloromyotomy, HPS was
ften treated medically. However, the excellent outcome
ssociated with the Ramstedt’s procedure has led to virtual
bandonment of nonoperative management of HPS. Re-
ently, medical treatment has been reappraised, primarily
utside North America.59,60 This approach involves intra-
enous and oral atropine (an acetylcholine inhibitor) in
ddition to fluid and electrolyte replacement. The theory is
hat muscular spasm leads to hypertrophy, and then ongoing
pasm exacerbates the fixed obstruction that is responsible
or the symptoms of HPS. According to the theory, atropine
emporarily suppresses muscular contractions and decreases
astrointestinal peristalsis, and therefore breaks the cycle
hich caused the symptoms. Using intravenous atropine

0.01 mg/kg/day), Kawahara and coworkers treated 19 con-
ecutive patients 6 times a day, 5 minutes before feeding,
hich were gradually advanced.61 Patients were converted

o oral atropine when they were tolerating full feeds. Ultra-
onography was performed at diagnosis and at 3 weeks, 6
onths, and 1 year. Atropine treatment was successful in 17

f the 19 patients with the remaining 2 requiring surgery
fter 9 and 18 days. Total median hospital stay was 13
range 6-20) days. The median duration of intravenous and
ubsequent oral atropine was 7 and 44 days, respectively.
yloric muscle thickness decreased significantly (from 5
m to 3 mm) 3 weeks after completion of oral atropine and

t the same time flow through the pyloric canal was noted.
t 6 months, pyloric canal length had shortened. No major

omplications were reported after the atropine treatment.
he authors’ recent nonrandomized follow-up study con-
rmed their preliminary results.61 Compared with pyloro-
yotomy (n � 40) performed at the same time, the hospital

tay was shorter for the surgical patients (mean 5 versus 13
ays). Complications in the surgical group were wound
nfection (10%) and hemorrhagic shock in a patient with
emophilia, compared with a urinary tract infection, upper
espiratory tract infection, and a transient elevation of liver
unction tests in 1 patient each from the atropine group
n � 52).

Yamataka and coworkers retrospectively compared con-
ecutive cases of HPS treated either surgically (umbilical
ncision, n � 20) or medically (oral atropine 0.05 mg/kg/d,
� 14).60 Oral feedings were started 3 hours after surgery

nd gradually increased at 3-hour intervals, and in the at-
opine group, feedings were gradually advanced after con-
rming tolerance for oral dextrose solution. With vomiting,

he atropine was increased to a predetermined maximum
ose of 0.1 mg/kg/day. If oral atropine was not tolerated, a
onversion was made to intravenous atropine on day 3 (2
atients). If atropine treatment failed, the infant was referred
or a pyloromyotomy no later than 7 days after commence-
ent of treatment. Patients were maintained on intravenous
uid as well throughout the treatment. The authors reported
5% success with the atropine group compared with 100%

or the pyloromyotomy group. Atropine was continued until
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ormalization of the pyloric muscle on ultrasound (�3.5
m), which took 3.2 � 2.3 months. This time length was

onsistent with how long it took the pylorus muscle in the
urgical group to return to the same value (3.8 � 2.0
onths). However, this is quite different than in the afore-
entioned studies, and this discrepancy, which is noted by

he authors, is not explained. The total cost of hospitaliza-
ion or follow-up visits was significantly less in the medi-
ally treated group (including those that had an operation)
ompared with the surgical group. Two wound infections
ccurred in the surgical group but no adverse effects in the
edical group, and there was no recurrence of vomiting in

ither. Prolonged hospitalization, skilled nursing, and care-
ul follow up while patient is on the atropine is required.
hus, it is unlikely that atropine will replace surgery for
PS, especially in North America. However, it could be an

lternative to pyloromyotomy in children with significant
ontraindications to anesthesia or surgery.

Endoscopic or image-guided balloon dilation of the py-
orus has also been described for patients with HPS. How-
ver, preliminary reports documented an unacceptably high
ate of both perforation and failure to relieve the obstruc-
ion,62 and this technique has not been widely adopted. Like
he use of atropine, it may still have a role for children with
significant contraindication to surgical pyloromyotomy.63
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