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Shelf-life of scientific discoveries is usually less
than few decades because science itself is an
ever evolving discipline. Therefore, it is truly
remarkable that pyloromyotomy described by
Conrad Ramstedt (Fig. 1) is celebrating centen-
nial this year. In October 1912, Ramstedt de-
scribed the cure of hypertrophic pyloric steno-
sis (HPS) and that serendipitous discovery has
stood the test of 100 years! (Fig. 2) It is also the
most satisfying of all surgical procedures that
offers consistent cure and it has saved millions
of infants from premature death. Athena is
pleased to join the fraternity of pediatric sur-
gery in celebrating Ramstedt’s achievement [1].

Colossal success of a curative procedure usu-
ally obviates the need for further scientific re-
search by solving the underlying problem.
Athena is curious to know the impact of
Ramstedt on the research and literature per-
taining to HPS. She searched Pubmed titles us-
ing the key words “pyloromyotomy”, or “hy-
pertrophic pyloric stenosis”. Contrary to the
expectations, the number of research articles

has progressively increased over the last cen-
tury (Fig. 3). Some of the recent research pa-
pers conclude diametrically opposite of the
views held in the past.

Figure 1: Profile photograph of Conrad Ramstedt (Left). Professor Ramstedt is get-
ting ready to perform a pyloromyotomy (Right). (Original source of these photo-
graphs and copyright status are unknown - Reproduced under “Fair use” doc-

trine for non-profit academic purpose).
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Aus dor Hedwigsklinik (Dr. Rammstedt) und dem Sluglingshoi;\;
(Dr. Schulte) in Maunster i. W.

Zur Operation der angeborenen Pylorusstenose?)
von
Prof. Dr. Rammstedt, Oberstabsarzt.

Die Frage, ob man die Pylorusstenose der Sduglinge
intern oder operativ behandeln soll, wird heute wobl von
keinem Piidiater mehr cinseitiz im Sinne der internen Be-
bandlung beantwortet, sondern von Fall zu Fall entschieden.
Da unzweifelhaft unter zweckmiiBigen diditetischen MaB-
nahmen, wie sie besonders Heubner, Pfaundler, Ibrabim
und Anderc empfoblen haben, dic griBte Zahl der Siuglinge
mit Pylorusstenose ausheilt, ist eine abwartende Therapie
in allen Fiillen crst zu versuchen. Schwicriger ist die Frage
zu beantworten, wie lange man diesc durchfiibren soll, wenn
der Erfolg auf sich warten liBt. Diesc Entscheidung
wird, wie mir scheint, wesentlich mit dadurch be-

') B. z. Clir, Bd. 58.

7) .Ueber chronische Wirbelsiuleversteifung". F.
Bd. 10, H. 5.

3) Nach einom Vortrage, gehalten auf der Natarforscherversamm-
luug in Minster 1912,

d 2
Rontg:, ! im Erfolge mindestens zweifelhaft ist.

Berichte iiber Krankheltsﬂﬂlq und Behandlungsverfahren.

| &

einfluBt, daB der operative Eingriff an sich von den
inderdrzten sowohl wie von den Chirurgen immer
noch als besonders gefahrvoll fiir den Séugling an-
gesohen wird. Diese Furcht ist meiner Ueberzeugung
nach nur berechtigt, wenn die betreffenden S#uglinge schon
sehr heruntergekommen sind und an Widerstandskraft ver-
loren haben. Dem Chirurgen kann es daher nur willkommen
sein, wean ibm die I"dlle méglichst frithzoitig oder wenig-
stens in noch leidlichem Kriiftezustande zugefiihrt werden.

Anderscits ist es Pflicht des Operateurs, den
Eingriff so zu gestalten, daB er miglichst einfach
und ungefithrlich ist, ein Minimum von Zeit erfordert
und dennoch Erfolg verspricht.

Diese Forderung erfiillen nun, wie ich glaube,
diec bisher angewandten Operationsmethoden nicht
oder wenigstens nicht in ausrcichendem MaBe.

Betrachten wir dieselben einmal kritisch:

1. Die Jejunostomie ist our einmal von Cordua ausgefiihrt
mit letalem Ausgange. Sie groift das Uebel nicht bei der Wurzel
an, schafit einen unnatirlichen Zustand, cine Fistel, deren Be-
handlung bei einem Saugling an sich schon iiberaus schwierig und

2. Die Pylorusresektion ist ebenfalls nur cinmal mit un-
i A t. Sie ist viel zu cingreifend und

Figure 2: Title page of the historic article.
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Figure 3: Number of Pubmed-indexed articles on Hypertrophic pyloric stenosis
published during the last 100 years. (Plots for 2011 -20 period were calculated by
projecting the number of articles published during 2011-12).

Contrary to the endurance of Ramstedt’s oper-
ation, diagnostic modality has drastically
changed in the last few decades. The younger
generation of pediatric surgeons, probably, no
longer has the tact and patience of palpating
the “pyloric olive” - “the peanut under the blan-
ket”. [2] Increasingly more reliance is placed on
imaging studies. Conventionally, pyloric muscle
thickness more than 3 mm in ultrasonography
is considered diagnostic of HPS. The rationale
of this arbitrary number has recently been
questioned. This criterion is promulgated based
on the common age of clinical presentation at
around 3 to 6 weeks. However, this rigid crite-

rion is likely to miss HPS in its evolving phase
prior to 3 weeks. Illogicality of it is also obvious
in preterm infants in whom the muscle mass is
expectedly thinner than term neonates. Pyloric
muscle under physiological contraction or
spasm may appear deceptively thick. Therefore,
several workers have recently attempted to ra-
tionalize the diagnostic criterion.

Igbal et al [3] have studied the correlation be-
tween thickness and length of the pylorus with
age and weight of the infant. They used linear
12 MHz transducer to study 304 infants of
whom 67 had proven HPS. Initial scan was re-
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ported as negative in two HPS because of mus-
cle thickness less than 3 mm. But a repeat
scan after 5 days showed a muscle thickness of
3.3 mm and 4.9 mm respectively. In one pa-
tient HPS was diagnosed despite muscle thick-
ness (2.9 mm) falling short of the diagnostic
criterion. They have shown, using Pearson cor-
relation, a negative correlation between pyloric
thickness versus age and weight in healthy in-
fants (i.e. muscle thickness decreases with in-
creasing age or weight). Contrarily, the correla-
tion was positive in HPS infants. Athena is en-
thralled, yet puzzled, by the observation that
the pyloric muscle undergoes ontogenic regres-
sion in thickness with increasing age. Under-
standing more about this phenomenon may di-
vulge the pathogenic secrets of HPS. However,
she is also disappointed that the sample size of
the study is too small to form age or weight
specific nomograms. In a similar study involv-
ing 189 proven cases of HPS, Said et al [4]
showed that muscle thickness positively corre-
lates with age and weight while pyloric length
has no correlation with these parameters.

Huang et al [5] examined if pyloric ratio is bet-
ter than linear measurements in a small series
of 12 infants. Although a diagnostic ratio be-
tween pyloric wall thickness and pyloric diam-
eter was described by Lowe et al in 1999, the
concept is yet to find its acceptance in clinical
practice. Huang et al [5] have proposed a new
ratio called Alternative Pyloric Ratio (APR). It is
defined as the ratio of pyloric intermuscular
space diameter to the diameter of the pylorus.
Lowe’s ratio more than 0.30 or APR less than
0.11 are diagnostic of HPS. However, APR was
better than Lowe’s ratio in predicting adequacy
of pyloromyotomy in follow-up scans. With ade-
quate myotomy, ARP doubled as early as the
first post-operation day while Lowe’s ratio re-
mained unchanged for several days. Every pe-
diatric surgeon might have experienced an oc-
casional case wherein vomiting recurs after
pyloromyotomy. The usual dilemma is about
the adequacy of myotomy and the need of a re-
operation. Athena finds the concept of APR very
useful in such situations. If APR has doubled in
the follow-up sonography, post-operative vom-
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iting is unlikely to be due to inadequate
myotomy.

Etiology of HPS is a fascinating subject. Adding
to a long list of etiologic factors Krogh et al [6]
recently implicated bottle-feeding. They studied
70148 singleton infants using Danish National
Birth registry. There were 65 infants with HPS
of whom 36 had exclusive breastfeeding and 29
had bottle feeds. Hazards ratio was calculated
using a Cox regression model. The authors
conclude that the risk of HPS in bottle-fed in-
fants was 4.6 fold higher than that of breastfed
infants. Two decades ago textbooks used to
mention breastfeeding as a risk factor of HPS
[7]. Athena is amused by the swing of pendu-
lum in the opposite direction. At the same time
she did not fail to note that Krogh et al were
conveniently silent as to the feeding practices of
the remaining 70083 infants who did not de-
velop HPS. How many of the 70083 infants
were bottle-fed and why did they not develop
HPS? Sensibleness perhaps counts more than
statistics.

Non-bilious projectile vomiting is traditionally
considered characteristic of HPS. Because of
the physical occlusion of pyloric canal, bile-
stained vomiting is logically impossible in HPS.
But, medicine is a soft science defying all
logics. In a retrospective cohort of 354 HPS
Piroutek et al [8] have shown bile-stained vom-
iting in 5 (1.5%) infants. Interestingly, pyloric
muscle thickness was smaller in them than
those who did not have bilious vomiting. Athe-
na is surmising as to the nature of electrolyte
and acid-base imbalance occurring in this sub-
set of HPS with bilious vomiting.

Simplicity of approach, absence of complicated
dissections and suturing maneuvers, consistent
cure and short duration of surgery are charac-
teristic of Ramstedt’s operation. These attrib-
utes have made pyloromyotomy an ideal tool for
testing newer modalities of minimally invasive
surgery. In the last 10 years there have been 4
meta-analyses [9 - 12] comparing laparoscopic
pyloromyotomy (LP)

pyloromyotomy (OP) [Table 1].
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Table 1: Summary of Meta-analyses (2002 - 2012) on Laparoscopy versus Open pyloromyotomy

Author (Year) Resource Ma- | Sample size Outcome
terial
n) Major complica- Overall complica- Mean time to full Hospital
tions* tions feedst stay T
Oomen (2012) | 4 RCT LP 247 LP>OP LP=0P LP <OP LP <OP
OP 255 (4.9% vs. 2 %) (10.5 % vs. 11 %) (2.3 hrs) (2.4 hrs)
Jia (2011) 3 RCT LP 237 LP >0OP LP=0P LP=0P LP=0P
OP 245 (3.8% vs. 1.2%) (2.1%vs. 3.7%) (0.7 hrs) (1.3 hrs)
Sola (2009) 5RCT LP 303 LP>0OP§ LP <OP LP <OP LP <OP
1PC OP 322 (9.2 % vs 14.6 %) (2.6 hrs) (3.7 hrs)
Hall (2004) 2RCT LP 240 LP>OP LP >OP LP <OP LP <OP
6 PC OP 355 (5% vs 1.7%) (13.3 %0.8 %) (8.7 hrs) (7 hrs)

LP - Laparoscopic pyloromyotomy; OP - Open pyloromyotomy;

RCT - Randomized Controlled Trials, PC - Prospective Cohort Study

* Major complications usually include mucosal perforation and incomplete myotomy.
t Values in parenthesis are mean difference between the groups

§ Incomplete myotomy was significantly more common in LP than OP

Another randomized controlled trial (RCT) [13]
published subsequent to these meta-analyses
showed no significant difference between OP
versus LP with respect to complications (7.1%
vs. 3.6%), operation time (52 vs. 55 min), time
of re-feeding (6.04 vs. 6.00 hrs) and length of
hospital stay (1.1 vs. 1.3 days). Body image
scores (28 vs. 24) and cosmetic score (27 vs.
17) were significantly higher in LP than OP.
Athena, after carefully considering all these ev-
idences, is not convinced about the superiority
of LP over OP. Not infrequently meta-analyses
and RCTs conclude in favour of LP based on
few hours of difference in the time of re-feeding
or hospital stay. Athena wish to remind that
statistical significance need not be synonymous
with clinical significance.

Furthering the concept of minimally invasive
surgery, Turial et al [14] have described a mi-
cro-laparoscopic technique. Instead of conven-
tional laparoscopic instruments they have used
specially designed - needle-like - 2 mm instru-
ments. This technique has also been referred to
as needle-scope surgery. In a prospective co-
hort of 110 HPS they compared micro-laparo-
scopic pyloromyotomy (MLP; n=28) with Bian-
chi’s circum-umbilical pyloromyotomy (BUP;
n=56) and conventional open pyloromyotomy
(COP; n=26) [15]. MLP was found to be advan-
tageous over BUP and COP with respect to op-
erating time (20 vs. 38 vs. 50 min), time of re-

feeding (32 vs. 48 vs. 70 hrs) and hospital stay
(82 vs. 75 vs. 90 hrs). There were no major
complications in any of the groups.

Recent enthusiasm on single-incision laparos-
copy (SILS) is yet another advancement in min-
imal invasive surgery. In this method, a single
umbilical port is used for instrumentation in-
stead of the 3 or 2 ports of conventional lapa-
roscopy. Kozlov et al [16] compared 24 LP and
12 SILS pyloromyotomies. Operating time, time
of re-feeding, analgesic requirement and hospi-
tal stay did not significantly differ between the
groups. As a variant of the theme, Bertozi et al
[17] reported laparoscopy-assisted single in-
cision pyloromyotomy in 19 infants. In this hy-
brid procedure, pylorus is visualized using a
telescope inserted through a single umbilical
port. Under laparoscopic vision the pyloric olive
is grasped and exteriorized through the umbili-
cal-port incision. Pyloromyotomy is then com-
pleted by conventional open technique.

Crowding of instruments in SILS makes it
technically demanding. In conventional lapa-
roscopy, grasping instrument held in surgeon’s
left hand is used to retract the first part of du-
odenum while the right hand instrument is
used to perform the myotomy. But in SILS such
a maneuver is ergonomically cumbersome, if
not impossible. Harmon’s team has described a
“cross-technique” to circumvent this problem

Journal of Neonatal Surgery Vol. 2(1); 2013




Centennial of Pyloromyotomy

[18, 19]. In this technique, surgeon’s left hand
instrument is used to grasp the antrum of
stomach and traction is applied leftward to ex-
pose the pylorus diagonally. Right hand in-
strument is used as usually to carryout
myotomy. Thus, the two instruments are
crossed intra-abdominally - a concept alien to
laparoscopic surgery.

Athena wonders at the insatiable desire of man
to avoid scars. After familiarizing laparoscopy,
micro-laparoscopy and SILS, the pagan has
now moved to a new deity called NOTES (Natu-
ral Orifice Transluminal Endoscopic surgery).
Kawai et al [20] have recently described a novel
technique of endoscopic pyloromyotomy. In this
technique a flexible endoscope is passed per
orally into the stomach and saline is injected
into the submucosa of pylorus. Through a tiny
mucosal incision, a submucosal tunnel of 5 cm
is created. Visualizing through this tunnel,
myotomy of circular fibers is done until the
outer longitudinal muscle layer is reached.
Myotomy is stopped at this point and the mu-
cosal incision is re-approximated using endo-
scopic clips. Feasibility of this technique was
tested in a porcine model. Pyloric resting pres-
sure dropped from 16 mmHg to 6 mmHg im-
mediately after the procedure. There were no
acute complications such as bleeding or perfo-
ration. Although technical feasibility of endo-
scopic pyloromyotomy has been established its
safety and applicability in human infants is yet
to be ascertained. Athena keeps wondering as
to how many more ways are there in store to
skin the proverbial cat.

Dramatic relief of symptoms following
pyloromyotomy has lured many pediatric sur-
geons to declare a cure after one or two follow-
up visits. Long term results are generally pre-
sumed to be good rather than proved by evi-
dences. Two recent papers question this com-
mon assumption. Using Baylay scales, Walker
et al [21] assessed neurological development of
52 infants with HPS and 211 healthy infants at
1 year of age. Cognitive, receptive language and
motor scores were significantly lower in HPS
infants than in controls. It is unclear whether
this adverse outcome is attributable to the dis-
ease process or to anesthesia administered dur-
ing surgery. Although further studies are need-
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ed to conclude whether this difference is of any
practical significance, the findings of this study
are certainly a source of concern. Saps and
Bonilla [22], in a case-control study, studied
100 HPS patients and 91 controls in their late
childhood. The mean follow-up period was 7.2
years. Nearly 25% of those who underwent
pyloromyotomy in infancy developed chronic
abdominal pain at a later age; while only 6% of
the controls were so. Irritable bowel syndrome,
functional dyspepsia and functional abdominal
pain were more common in HPS group than in
control group. Athena considers these two
studies as eye-openers necessitating long-term
follow-up of HPS infants.
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