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Foreword

In 1968 the first contacts were arranged with the publishing house of Urban &
Schwarzenberg concerning the establishment of a periodical to be produced in
English with the aim of publishing important scientific work in pediatric surgery
and related disciplines. I thought especially of certain excellent inaugural disser-
tations and theses. When Urban & Schwarzenberg promised to start such a series,
I recruited Peter Rickham, then in Liverpool and now in Ziirich, and Jean Prévot
of Nancy as executive editors. We chose the title Progress in Pediatric Surgery —
Fortschritte der Kinderchirurgie — Acquisitions en Chirurgie Enfantile as the name
of our new series. The first volume was published in 1970, followed by another 16
volumes during the next 14 years. At the suggestion of Michael Urban, we turned
from the publication of long papers to theme-based volumes, which proved to be
extraordinarily useful. Mr. Urban, the head of Urban & Schwarzenberg, told us
in 1982 that his firm could no longer look after Progress in Pediatric Surgery. With
the agreement of Mr. Urban, we had to look for another: publisher and found
Springer-Verlag, who agreed to continue publishing Progress in Pediatric Surgery
in the approved lay-out. We cordially thank Dietrich Gétze of Springer-Verlag
for his helpful support. This volume (No. 18) is the first of Progress in Pediatric
Surgery to appear under the guidance of Springer-Verlag.

We want to express our thanks to Mr. Urban and Dr. Miiller of Urban &
Schwarzenberg for all of their help with Progress in Pediatric Surgery for 14 years.
Furthermore, we want to express our thanks to Springer-Verlag and especially to
Professor Gotze for taking over the publication of our pediatric surgical series.

Professor Rickham retired from active executive editorship as of last year.
However, he will be of further help to us as senior editor of Progress in Pediatric
Surgery. We are pleased to have Urs Stauffer of Ziirich and Lewis Spitz of
London as new executive editors as well as Thomas Angerpointner of Munich as
assistant editor. It is our aim to publish two or three pediatric surgical theme-
based volumes every 2 years.

On behalf of the editors

‘WALDEMAR CH. HECKER, Munich



Preface

The themes of gastroesophageal reflux and problems of splenic surgery were
selected because the operative treatment of gastroesophageal reflux has been put
on a completely new basis due to more recently developed methods of examina-
tion, such as pH monitoring and esophagomanometry. For many years it has been
known that the effects of gastroesophageal reflux vary widely. Everything is pos-
sible, from harmless changes that heal spontaneously to Barrett’s syndrome,
where fatal complications and malignant degenerations have been observed. To
bring clarity to the subject the attempt has been made to discuss the problems
thoroughly. A similary weighty problem has become evident in recent years:
following splenectomies there is a disposition to develop so-called overwhelming
postsplenectomy infection. Things have become uncertain here, as well. View-
points must be revised and new methods found.

In addition to using the known statistics and surveys from abroad, we have
tried to clarify the situation in our own area with the help of collected statistics,
which are discussed by the contributing authors. We hope in this way to be able to
indicate a significant direction for future work.

PeTER WURNIG. Vienna
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Physiology and Pathophysiology
of the Esophagus in Childhood*

M. HoLiwarts and E. Uray!

During the past, considerable progress has been achieved regarding gastro-
esophageal reflux (GER) and related disturbances in childhood. This report can
only present some of the results which are, in the authors’ opinion, most con-
vincing and reflect some points of personal experience, too.

Anatomy

The esophagus in the newborn child is about 10-11 cm long (Hollwarth 1979). The
high-pressure zones at the proximal and distal ends of the esophagus are known
as sphincters. The upper sphincter consists of striated muscles and is similar to the
cricopharyngeal muscle. However, the esophagus does not show a commensurate
anatomically evident sphincter system in the area of the distal high-pressure zone.
Liebermann and colleagues investigated the esophagogastric junction in its
natural position and tension (Liebermann-Meffert et al. 1979). A distinct zone of
muscular thickening running diagonally from the lower right to the upper left side
could be identified. On the side of lesser curvature, this thickening is formed by
horizontal sphincter fibers of the esophagus and on the side of greater curvature
by diagonal muscle fibers of the stomach. The lower esophageal sphincter (LES),
therefore, originates in the junction of the two fiber systems. This muscular
gastroesophageal ring lies exactly at the point of transition of the esophageal fold
into the gastric fold and is clearly distal to the Z line (squamacolumnar junction)
and the phrenicoesophageal membrane. The LES lies in the diaphragmatic hiatus,
which is a muscular channel about 1cm long in children, and 3—-4cm long in
adults. Usually there is no intra-abdominal esophagus (Hollwarth 1979; Muller
Botha 1958).

Innervation

The innervation of the esophagus reveals an extrinsic and an intrinsic system
(Weisbrodt 1976). The extrinsic system, controlled by the deglutition center, is

* Supported by Grant No. 2883 from the “Fonds zur Forderung der wissenschaftlichen For-
schung in Osterreich”.
! Univ.-Klinik fiir Kinderchirurgie, Heinrichstrafle 31, A-8010 Graz/Austria
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Ed. by P. Wurnig
© Springer-Verlag Berlin Heidelberg 1985




2 M. Héllwarth and E. Uray

responsible for the function of the pharynx, the upper esophageal sphincter, and
the proximal striated esophageal muscle. In the distal esophageal region, com-
posed of smooth muscle as well as the LES, the intrinsic innervation of the plexus
myentericus and plexus submucosus is sufficient for normal functioning, although
extrinsic influences are present, like, for example, the relaxation of the lower
sphincter by stimulation of the vagus nerve. The maintenance of the resting pres-
sure of the lower sphincter at about 15-30 mmHg is extremely complex. Stimu-
lating as well as inhibiting influences can be recognized in almost all known recep-
tor systems (Goyal and Rattan 1978). In addition to a definitely proven higher
baseline tension of the sphincter muscle as compared with the muscle fibers of the
nearby distal esophagus or stomach, tonic effects from very different neuro-
humoral and hormonal substances and drugs have been revealed (Castell 1978)
(Tables 1 and 2).

Years ago, gastrin was considered to be of decisive physiological influence.
Since then, however, this view has been largely revised because gastrin has pre-
sumably no influence on the lower esophageal sphincter under physiological con-

Table 1. Some agents producing increased LES pressure

Hormones Other
Gastrin/pentagastrin Histamine
Cerulein Gastric alkalinization

Substance P Metoclopramide

Protein meal
Neurotransmitters Prostaglandin Fya
Alpha-adrenergic agonist (norepinephrine) Indomethacin
Cholinergic (betanechol) Coffee

Anticholinesterase 5-Hydroxytryptamine

Table 2. Some agents producing decreased LES pressure

Hormones Foods
Secretin Fat
Cholecystokinin Chocolate
Glucagon Peppermint
GIP

VIP Other

Neurotransmitters
Beta-adrenergic agonist
Alpha-adrenergic antagonist
Dopamine

Anticholinergic (atropine)

Theophylline

Gastric acidification
Diazepam

Morphine
Prostaglandins Eq, E;, A,
Inflammation
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ditions (Dodds et al. 1981). However, pharmacological doses, as used for stimula-
tion of the gastric acid output, cause an increase of tonus. Important among the
pressure-inhibiting substances is prostaglandin E, which is released by inflamma-
tion. This fact explains why an additional decrease of pressure of the LES during
esophagitis can be observed.

Deglutition

The bulbar deglutition center, activated by neural impulses from the cortex and
the peripheral receptors, coordinates the regular progression of the deglutition
program.

The act of swallowing occurs normally by means of a primary propulsive
peristalsis over the esophagus and effects a relaxation of the LES (Dodds 1977).
During propulsive peristalsis, the esophagus is shortened considerably (up to 3—4
cm) causing a distinctive upward slide of the lower esophageal sphincter into the
chest (Dodds 1977). This emphasizes the difficulty in the differential diagnosis of
small sliding hiatus hernias. The border between physiological and pathological
conditions is fluid (see also the chapter by Fotter, Hollwarth, and Uray in this
volume).

Gastroesophageal Reflux

Several factors are responsible for the inhibition of gastroesophageal reflux
(GER). Extrasphincteric mechanical factors are found in the mucosal flap, in the
angle of His, in the collapse of the sphincter region during inspiration, in the
pinch-cock closure of the diaphragm, in the phrenoesophageal membrane, and in
the mucosal adhesion at rest (Dodds et al. 1981; Edwards 1982). It is fairly certain
that the squeezing action of the diaphragm is of considerable importance
(Edwards 1982; Habibulla 1972; Muller Botha 1958), which can be demonstrated
manometrically in some patients with hiatus hernias (Fig. 1) and a reflux-compe-
tent diaphragm. However, it is apparent, too, that the lower esophageal sphincter
alone can be fully competent and major emphasis was therefore given to the
closing pressure of this mechanism. Even though the -sphincter pressure in
patients with reflux is considerably lower than that in healthy individuals, there is
a wide overlap of pressure levels. Lower levels in healthy people as well as normal
pressure values in patients with reflux have been found (Edwards 1982). There-
fore, not so much the mechanical pressure barrier but, in our opinion, a functional
factor has to be considered as the more frequent cause of gastroesophageal reflux.
This is extensively documented by the research done by Dodds and Dent (Dent et
al. 1980; Dodds et al. 1982). According to their studies, spontaneous relaxation
occurs several times a day in healthy persons, mainly after meals, and results in an
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Fig.1. Manometric tracings in a patient with hiatus hernia. The two pressure zones are clearly
separated. The diaphragm (diaphr.) is completely pressure competent. Therefore, only intra-
thoracic pressure values exist in the hernia. The distance between the two pressure zones cor-
relates with the length of the herniated stomach. sz, stomach; pip, pressure inversion point;
cardia, lower esophageal sphincter

unrecognized gastroesophageal reflux in 34% of relaxation episodes. In patients
with reflux esophagitis, spontaneous relaxation occurs much more often and is
connected with reflux in two-thirds of the cases. The sphincter pressure at rest can
definitely remain at the ncrmal value. Half of the remaining third of the reflux
episodes are caused by an increase of the intra-abdominal pressure; the other half
occurs in those phases where the resting sphincter pressure levels are under
5SmmHg during a longer period of time. Moreover, in patients with GER as well
as in healthy individuals there are considerable temporary variations of the
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Fig.2. The manometric GER shows the time of opening of the LES. In the esophagus it can be
demonstrated by the common cavity phenomenon. The figure shows relaxation of the LES
(cardia) and reflux in the upper and lower esophagus (oel, oe2)

sphincter pressure values during the day. This explains why, in spite of patho-
logical reflux, the sphincter pressure levels can be normal and reflux can also be
found in healthy individuals. Investigations over a short period of time may er-
roneously reveal negative findings. According to our experience, pathological
reflux episodes in infancy and childhood are mostly brought about by overly long
relaxation phases, which can be superbly illustrated by manometric investigations
(Fig.2). In our studies, we could not demonstrate any adaptive cholinergic LES
response to abdominal compression. '

In infants with hypertrophic pyloric stenosis, GER usually also exists (Roviralta
syndrome); GER, however, disappears spontaneously after successful treatment
of the pyloric stenosis (Signer and Fridrich 1975). Whether a delay in gastric
emptying is of considerable importance as a pathogenetic factor itself in infants
with GER, or if it is only a part of a complex functional disturbance, is not clearly
understood yet (Velasco et al. 1982; Hillemeier et al. 1981).
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Development in the Child

What are the conditions in early childhood? For a long time low sphincter pres-
sure values were postulated in the newborn. These values seemed to adjust them-
selves to the levels of adults in the course of a few weeks or months (Boix-Ochoa
and Canals 1976; Gryboski 1965). However, the manometric equipment used
lacked high-pressure pumps and the constant perfusion was technically in-
adequate. In contrast, our own studies using improved techniques showed that
newborns already had normal sphincter pressure values which are comparable
with those found in adults (Hollwarth 1979, 1980). Only the values of patients
with gastroesophageal reflux were partly lower.

Newborns in the first month of life have a definitely poorer propulsive peristal-
sis. This means that until the 10th day only about 60% of induced swallows are
followed by proper propulsive contractions. Throughout the 1st month the rate
increases to 80%, which is probably a normal value (Hollwarth 1979). However,
in infants with gastroesophageal reflux the disturbance of the propulsive peristal-
sis during swallowing is particularly noticeable and, in our opinion, it also indi-
cates an apparent functional connection between the propulsive peristalsis of the
esophageal body and the LES mechanism.

Therefore, disorders of motor coordination of the esophageal and sphincter
function may be found in the healthy newborn and normally fade away by the end
of the 1st month of life. Gastroesophageal reflux during the next months of life

Table 3. Three phases of the disease of gastroesophageal reflux

Gastroesophageal reflux
+

Esophageal motor function disturbance

Until the 30th day Until the 180th day After the 180th day
Malcoordination Delay in maturation Definitive disorder

May be combined with

% Apnea syndrome
* Brain damage
* Malformation
(esophageal atresia, diaphragmatic hernia)
* Delay of gastric emptying
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may be seen as a delay in maturation, and it usually resolves spontaneously during
the first 6-9 months. A gastroesophageal reflux lasting more than 6-9 months is
to be considered definitively pathological, since we have never seen a sponta-
neous normalization of the esophageal function with disappearance of the gastro-
esophageal reflux after the 6th month in any patient we have tested and examined
repeatedly.

Nevertheless, it is important to know that the typical clinical signs of reflux
stop generally between the 6th and 12th month and thus simulate healing. This is
independent of spontaneous maturation or continued existence of reflux. This
experience, as well as the fact that it was possible to show a relevant history for
each of the older children with persisting gastroesophageal reflux or related
complications, is basic to our working hypothesis that the gastroesophageal reflux
beyond the 1st year of life is always to be considered as congenital. In the “reflux
disease”, therefore, three phases may be differentiated (Table 3). The first phase
during the 1st year of life is accompanied by more or less distinctive symptoms,
mainly spitting up and vomiting; the second phase may be with or without clinical
symptoms; the third phase is (again, after years) marked by the recurrence of
symptoms but now usually as signs of complications, such as esophagitis and
stenosis.

Clinical Findings of Gastroesophageal Reflux in the Child

Vomiting or recurrent spitting up are the primary reasons that most children are
brought in for examination during the first 6 months of life. (Table 4). As men-
tioned above, these symptoms almost always stop during the following months,
and the children appear healthy and without complaints by the end of the 1st year
(Fig.3). Only a more thorough investigation, preferably with 24-h pH monitoring,
shows whether or not the dysfunction is cured in these patients (Jolley et al. 1978,
1980). In contrast, typical reflux history symptoms, such as failure to thrive,
anemia, and sideropenia, are much more rarely seen.

Reflux and disorders of motor function produce different symptoms. Reflux
leads to spitting up or vomiting, with the typically related symptoms; we even
have observed two children with reflux who had developed rickets. Of special
concern are patients with recurring respiratory infections or asthma and those
with respiratory distress (Jolley et al. 1980). Vomiting, with the subsequent effect
of gastric acid, can secondarily cause esophagitis with its characteristic symptoms,
such as periumbilical or epigastric pain (in childhood one seldom finds retro-
sternal pain), dysphagia caused by stenosis, or anemia and hypochromasia. Func-
tional motor disorders of the esophagus only lead to dysphagia and regurgitation.
Rare symptoms include the Sandifer syndrome with spastic torticollis and the
protein-losing syndrome with clubbed fingers (Herbst 1978). Serious complica-
tions are reflux-induced apneas, which have a considerable importance because of
their relation to the sudden infant death syndrome (Herbst et al. 1979) (see also
the chapter by Kurz, Héllwarth, and Fasching in this volume).
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Table 4. Symptoms in gastroesophageal reflux
Aspiration
Recurrent airway infection
Asthma
Spitting up Failure to thrive
vomiting

GER ——

Apneas

Respiratory distress
L Rickets

— Epl.gastqc., Pain
periumbilical
Anemia
Sideropenia
L—— Esophagitis

——— Crying in the night

Stenosis
Dysphagia
—— Brachyesophagus
Endobrachyesophagus
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Fig. 3. Symptoms of GER, such as vomiting and spitting up as well as apneic spells, disappear
existence of reflux (n = 32)

until the end of the 1st year. This is independent of the spontaneous maturation or continued
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Esophagitis

An important point in the consideration of the gastroesophageal reflux problem is
determined by when and whereby esophagitis occurs and how long the epithelium
of the esophagus can resist the aggressive influences of the refluxed material
(Fig.4). Among 100 fasting infants examined, we found pH values constantly
under 4 in the first 6 months and levels constantly under 3 in the second half of the
1st year. The caustic effect of hydrogen ions is increased primarily by pepsin,
which effects a change in the esophageal membrane much sooner than low pH
levels alone. Alkaline reflux in childhood is, in our opinion, of no importance.
Factors which hinder esophagitis are, beside the antireflux mechanism, the
esophageal clearance for volume and acid and the resistance of the mucosa.
Advantageous for quick esophageal clearance is the position of the body, whereby
elevating the upper body accelerates expulsion of refluxed materials (Ramenofsky
and Leape 1981). The reflux itself primarily leads to a secondary peristalsis, which
is caused by stretching of the esophageal wall. Following swallows gradually
normalize the pH values. It is almost always possible to find esophageal motor
disorders in brain-damaged children (Wesley et al. 1981) and in patients with
esophageal atresia (Fotter and Hollwarth 1979). Such motor disturbances natural-
ly decidedly hinder the acid clearance, even when reflux episodes seldom occur.

After all, the resistance of the esophageal squamous epithelium to caustic
influences is still much lower than that of the cylindrical epithelium in the region
of the cardia. Acids and pepsin destroy the intercellular junctions. In the early
stage of inflammation, only the surface epithelial cells are affected; the epithelial
layer itself remains intact through an increased cell turnover, which can be shown
histologically by the broadened basal cell layer and the relatively elongated papil-
lae (Ismail Beigi et al. 1970). Leukocytes and round cells appear only when the
inflammation advances; erosions and ulceration follow (Savary and Monnier
1980).

Fig.4. The development of esophagitis in patients with GER depends on the balance between
aggressive and defensive mechanisms
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Brachyesophagus and Endobrachyesophagus

One of the serious complications of reflux disease, secondary brachyesophagus, is
brought on by the shrinkage of the length of the organ, which is caused by inflam-
mation. The most serious complication (especially in childhood), however, is the
endobrachyesophagus, in which the squamous epithelium is destroyed by acid and
replaced by the cylindrical epithelium of the cardia (Fig.5). The significance of
the endobrachyesophagus is that the metaplastic cylindrical epithelium now is not
replaced by the normal squamous epithelium, even after successful antireflux
surgery. Based on the adenocarcinoma rate of 10%, it must be considered as a
precancerous stage (Philippe et al. 1982; Rossetti and Barone 1979). Whether or
not there is a congenital brachyesophagus is highly questionable. Only evidence of
an arterial blood supply of the hiatus hernia by branches of the thoracic artery
could prove this beyond a doubt (Rossetti and Barone 1979). Not only the compe-
tence of the diaphragmatic pinch-cock and the esophageal sphincter but also the
length of the herniated stomach, based on the distance between the two pressure
zones, can be checked manometrically (Fig. 1).

The fact that in some patients the diaphragmatic esophageal hiatus constitutes
a perfect pressure barrier indicates its importance as an additional antireflux

Fig.5. A 7-year-old boy with endobrachy-
esophagus as well as stenosis and Barrett’s
ulcer. The histologic specimen showed cylin-
drical epithelium below the stenosis
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mechanism. On the other hand, the lower high-pressure zone positioned in the
thorax can also be fully reflux competent.

Conclusion

Knowledge of the functional disturbances of the esophagus in the 1st year of life
— GER with the typical complications and the relationship of GER to the sudden
infant death syndrome - is of considerable importance for clinicians. We are
getting more and more information about “simple spitting up” but a lot of studies
are necessary in the future to bring the different results into focus.

Summary

Gastroesophageal reflux (GER) is the most important disorder of the esophagus
and the lower esophageal sphincter (LES) in early childhood. Functional disturb-
ances with inadequate relaxation of the LES have to be considered as patho-
genetic factors. In the 1st month many newborns have some disorder of motor
coordination of the esophagus. After that time, persisting GER may be seen as a
delay in maturation, which fades away by the end of the first half year. GER after
6-9 months is to be considered as a definitively pathological condition that will
not spontaneously normalize. Nevertheless, it is important to realize that the
typical clinical signs of reflux stop generally between the 6th and 12th month, and
so simulate healing independent of whether spontaneous maturation occurs or
there is continued existence of reflux. Reflux-induced apneic spells are severe
complications of this esophageal disorder in the 1st year of life.

Esophagitis, usually a late complication, occurs when the aggressive factors
win their fight against clearance and mucosal resistance of the esophagus. Brachy-
esophagus and endobrachyesophagus are severe late complications.

Résumé

Le reflux gastro-cesophagien est la plus importante perturbation fonctionnelle de
I'cesophage et du sphincter eesophagien inférieur chez le jeune enfant. Les troubles
fonctionnels avec relaxation inadéquate du sphincter cesophagien inférieur doivent
étre considérés comme des facteurs pathogéniques. Durant les premiers mois, de
nombreux nouveaux nés présentent des troubles de la coordination motrice de
I'cesophage. Par la suite, un reflux gastro-oesophagien peut étre considéré comme
un signe de maturation retardée qui disparait vers ’dge de 6 mois. Par contre, un
reflux gastro-cesophagien persistant entre 6 et 9 mois, sans signe de normalisation
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spontanée, est un facteur pathologique définitif. Dans ce contexte, il ne faut pas
oublier que les symptdmes cliniques tendent a disparaitre entre 6 et 9 mois, don-
nant I'illusion d’une guérison et il faut alors redoubler d’attention.

Dans la premiére année de la vie, les crises d’apnée induites par le reflux con-
stituent la complication la plus grave de ce trouble cesophagien. L’eesophagite,
habituellement une complication tardive, survient lorque les facteurs agressifs
I’emportent sur les mécanismes de nettoyage spontané et sur la résistance de la
muqueuse cesophagienne. Brachyeesophage et endobrachycesophage sont de
graves complications tardives.

Zusammenfassung

Der gastrodsophageale Reflux (GER) ist die wichtigste Storung im Bereich des
Osophagus und des unteren Osophagussphinkters (LES) im frithen Kindesalter.
Funktionelle Stérungen mit inadiquaten Relaxationen des LES miissen als patho-
genetische Faktoren betrachtet werden. Im 1. Monat zeigen viele Neugeborene
Stérungen der motorischen Koordination des Osophagus. Danach kann ein per-
sistierender GER noch als Reifungsverzégerung angesehen werden, die bis zum
Ende des ersten halben Jahres verschwindet. GER ohne spontane Normalisie-
rung nach 6-9 Monaten muB als definitiv pathologisch angesehen werden. Den-
noch ist es wichtig zu wissen, daf die typischen klinischen Refluxsymptome
zwischen dem 6. und 11. Monat authdren und somit eine Heilung vortduschen,
gleichgiiltig ob spontane Reifung eingetreten ist oder der Reflux weiterbesteht.
Refluxinduzierte Apnoeen sind ernste Komplikationen dieser dsophagealen St6-
rung im 1. Lebensjahr.

Eine Osophagitis, gewdhnlich eine Spatkomplikation, tritt dann auf, wenn die
aggressiven Faktoren tiber die Reinigungsmechanismen und die Resistenz der
Osophagusmukosa die Oberhand gewinnen. Brachydsophagus und Endobrachy-
dsophagus sind schwere Spatkomplikationen.
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Correlation Between
Manometric and Roentgenologic Findings of Diseases
of the Esophagus in Infants and Children*
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In 1978 we began to set up a correlation between the findings of the roentgenologic
and manometric investigations of diseases of the esophagus in infants and chil-
dren. Since that time, we have performed 360 esophagograms and 361 manometric
investigations of the esophagus. With this combined procedure it is possible to
determine the exact localization of the lower esophageal sphincter (LES) in rela-
tion to the anatomical position of the esophageal hiatus. A correlation between
the predominantly manometrically defined LES and the roentgenologically detect-
able esophageal hiatus results in a slightly modified concept of the pathology of
this complicated region.

We used both methods to analyze (a) disturbances in motor function of the
esophagus, gastroesophageal reflux (GER), and (c) sliding hiatus hernia (SHH).
The results of the investigations disturbances in motor function of the esophagus
will not be discussed in this paper.

Gastroesophageal Reflux

The roentgenologic investigation of the esophagus in infants and children with
suspected reflux symptoms is absolutely necessary for the knowledge of the
morphologic situation. In addition, with an appropriate technique the esophago-
gram permits a simple and quick detection of GER with high sensitivity (Blum-
hagen and Christie 1979; Fotter and Hollwarth 1981). Because the GER is a
transient event, the detection of a spontaneous GER is dependent upon the dura-
tion of the fluoroscopical observation of the cardia region. But prolonged irrada-
tion must be avoided in pediatric radiological diagnosis. Provocative maneuvers,
like manual compression of the abdomen, are not physiologic and should be
avoided.

In our institution we have been performing the so-called water siphon test
since 1978 (Blumhagen and Christie 1979; De Carvalho 1951; Fotter and Héll-
warth 1981). This is a simple and easily performed roentgenologic method for
demonstrating GER with a high degree of reliability. The mechanism of the test
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depends upon relaxation of the LES which normally occurs during swallowing. In
this stage the GER is best provoked and documented. We perform the water
siphon test just after the conventional esophagogram. Barium sulfate suspension
is given orally, and swallowing and esophageal motility are observed. Esophageal
anatomy is documented on spot radiographs. A volume sufficient to distend the
stomach is administered; this volume varies from 120 to 250 ml. There is a con-
sistent attempt to approximate the typical volume of formula given to bottle-fed
babies per feeding. The patient is then brought into an upright position (the infant
is burped prior to the test), in order to detect an air reflux. This can be differ-
entiated from burping through the duration of relaxation of the LES. Then the
patients is placed supine and approximately 25° right posterior oblique (RPO) on
the table, so that barium fills the fundus of the stomach and covers the gastro-
esophageal junction. From 40 to 120 ml of tea or water is then given while the
lower esophagus is observed. Reflux generally occurs abruptly just after a bolus of
water enters the stomach. A positive result constitutes a column of barium filling
the width of the esophagus and reaching the carina or the upper esophageal
sphincter (UOS). The maximal height is documented on spot radiographs. A thin
trickle of barium is not considered a positive result.

The results of the roentgenologic reflux test were compared with the ma-
nometric outcomes. For this study 28 patients were completely evaluated. Of the
17 patients with a positive manometric reflux study, none had both spontaneous
reflux and a negative water siphon test. While 100% of this group had a positive
water siphon test, only 59% showed spontaneous reflux. Of the 11 patients with a
negative manometric reflux study, two had both spontaneous reflux and a positive
water siphon test. One case was a technically unsatisfactory manometric investiga-
tion, and one could be a false negative manometry. Two cases of this group had
only a positive water siphon test. These were borderline cases which would not be
judged positive now, but which we left in this study. The excellent accordance of
the results of the water siphon test and the manometric reflux study demonstrates
the great reliability of this roentgenologic technique for the detection of the
pathologic GER.

Sliding Hiatus Hernia

In this disease there are numerous different statements in the literature regarding
the incidence, anatomical definition, and clinical relevance.

Anatomy of the Gastroesophageal Junction

1. The esophageal hiatus is not a slit, but a channel measuring 3-8 mm in length
(Botha 1958).

2. The LES is located at the hiatus or rising a little above it (Friedland 1978).



16 R.Fotter et al.

3. The thick mucosal folds of the stomach end at or below the hiatus (Steiner and
Obst 1977).

4. The angle of His is more obtuse in infants than in adults and changes with
respiration.

5. The upper margin of the anatomical hiatus is located higher than the roent-
genologic medial contour of the diaphragm in the anteroposterior (AP) projec-
tion. The hiatus is located higher in the midpart of the diaphragm, which is
ascending ventrally, but in the AP projection it is not visible. In a slight right
anterior oblique (RAO) projection, it is sometimes visible (Fig. 1).

Definition of Sliding Hiatus Hernia in Infants and Children

There are two types of hiatus hernia seen in infants and children: the tubular and
the locular. The locular type is uncommon.

Diagnostic Criteria

1. The LES is totally above the esophageal hiatus (Steiner and Obst 1977)

(Fig. 2).
2. Thick mucosal folds extend above the hiatus (Steiner and Obst 1977) (Fig. 3).

Fig.1. Slight RAO position. Upper margin of esophageal hiatus is visible (arrow)
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Fig.2. Sliding hiatus hernia, tubular type.
Roentgenologic LES (arrow) is located
above the hiatus

Fig. 3. Tubular type of sliding hiatus hernia.
Tunnel sign. Thick mucosal folds of the
stomach rising above the hiatus

3. A very wide hiatus with tunnel formation of the cardia (tunnel sign) is seen
(Darling 1975). This is only reliable if combined with the criterion 1 and/or 2
(Fig. 4).

4. A noncontractible epiphrenic loculus (locular type of hiatus hernia) occurs
(Fig. 5).
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Fig. 4. Same patient as Fig. 3. Tunnel sign. Hiatus hernia. LES (arrow) is located above the hiatus

Fig. 5. Sliding hiatus hernia, locular
type. Small epiphrenic loculus. LES
(arrow) above the hiatus

Criteria Which Can Lead to a False Positive Diagnosis

1. Tunnel sign alone (without criterion 1 and/or 2) (Fig. 6).
2. Beak sign (Darling 1975) (Fig.7).
3. Hole sign (Darling 1975) (Fig. 8).
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Fig. 6. Tunnel sign alone at antegrade passage; not a true hiatus hernia

Fig.7. Beak sign (arrow)

The beak sign is considered to indicate a minor degree of opening of the LES
and the hiatus. More severe forms are designated as the tunnel sign and lead to an
episode of GER. The hole sign alone is also only a tunnel sign during a phase of
air reflux in the prone position and not a hiatus hernia.
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Fig. 8. Hole sign (arrow)

In patients who only had a tunnel sign, beak sign, or hole sign alone, we were
able to exclude the presence of a hiatus hernia with simultaneous manometric and
roentgenologic studies. The LES was located in the anatomical (effective) esopha-
geal hiatus and not above. The tunnel sign represents a uniform roentgenologic
symptom, but basically it is formed by different functional or organic factors. For
better understanding of this probably often misinterpreted roentgenologic sign
and in order to avoid false positive results regarding hiatus hernia, a definition of
the different anatomical and functional forms is presented.

1. i i . .
Tunnel sign with antegrade passage } functional variant

without GER

2. Tunnel sign with antegrade passage functional and anatomical damage
and with GER (reversible)
3. Tunnel sign only with GER (no hiatus hernia)

4. Tunnel sign with or without GER } true hiatus hernia

as a hiatus hernia (see definition)

Summary

Roentgenologic and manometric findings in diseases of the esophagus in infants
and children were compared. With both procedures combined it was possible to
determine the exact localization of the lower esophageal sphincter. For the
demonstration of gastroesophageal reflux the roentgenologic water siphon test
was used. The excellent correspondence of the results of the water siphon test
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with manometric findings demonstrated the reliability of this roentgenologic
method for detection of reflux. In borderline cases simultaneous manometric and
roentgenologic studies were also of great use for demonstration of hiatus hernia.

Résumé

Les résultats radiologiques et manométriques dans les maladies de 1’cesophage
chez ’enfant ont été comparés. L’utilisation des deux procédés permet de déter-
miner la localisation exacte du sphincter cesophagien inférieur. Le test radio-
logique du siphon d’eau fut utilisé pour la démonstration du reflux gastro-
csophagien. L’excellente concordance des résultats du siphon d’eau avec les
études manométriques démontre la valeur de I’étude radiologique pour la détec-
tion du reflux. Dans les cas limites, ’étude manométrique et radiologique simul-
tanée est d’'un grand secours pour démontrer la hernie hiatale.

Zusammenfassung

Rontgenologische und manometrische Befunde bei Erkrankungen des Osophagus
im Séuglings- und Kindesalter wurden miteinander verglichen. Bei kombinierter
Anwendung beider Methoden war eine exakte Lokalisierung des unteren Oso-
phagussphinkters (LES) moglich. Der Wasser-Siphon-Test wurde zur Demon-
stration eines gastro-0sophagealen Refluxes (GER) benutzt. Die ausgezeichnete
Ubereinstimmung der Befunde des Wasser-Siphon-Testes mit denen der Mano-
metrie zeigte die grofle Zuverléssigkeit dieser rontgenologischen Methode. Simul-
tane manometrische und rontgenologische Untersuchungen waren auch in der
Diagnostik bei Grenzfillen von Hiatushernie von groBem Nutzen.
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Significance of Esophageal Manometry and Long-term
pH Monitoring for the Evaluation of Gastroesophageal
Reflux in Infancy and Childhood*

A.KocH, R. Gass, and M. BETTEX'

Esophageal manometry and pH monitoring have found increased use in recent
years for diagnosing reflux in childhood. It was, however, not taken into con-
sideration in the evaluation of these methods that they provide different kinds of
evidence. While pH monitoring directly documents gastroesophageal reflux
(GER), manometry demonstrates only partial aspects of reflux prevention or
relief mechanisms. Thus a direct comparison of the methods is not valid. Only the
contribution of each method to the diagnosis of reflux can be the subject of discus-
sion.

The age group mainly involved in reflux problems is certainly children in their
1st year of life. This group, however, shows dietary and behavior characteristics
that must set them apart from the other phases of childhood.

In the following we shall therefore attempt to demonstrate the conclusions
provided by both methods of reflux diagnosis — in infants, the larger group, by
statistical methods, and in children, more sparsely represented, using character-
istic examples.

Patients and Methods

Patients

According to purely clinically defined criteria, 40 infants with GER symptoms
were selected at random and compared with 15 asymptomatic infants. With aver-
age ages of 4.6 and 3.1 mon (P>0.05) both groups were homogenous.

The symptoms were classified into three degrees of severity (Table 1). For
degrees [ and 11, the frequency of vomiting was the defining factor, and for degree
IIL, it was the presence of complications due to GER. Before the special diagnosis
(to be discussed later) radiological examination using a contrast passage of the
esophagus and stomach was performed in all patients, endoscopy in 23 patients,
and pulmonary scintigraphy in three patients with previous aspiration (Table 2).

Reflux seen radiographically was called “spontaneous” if it occurred without
any manipulation, and “provoked” if it was observed during movements or at-
tempts to drink water.

'Pediatric Surgical Clinic, University of Berne, Inselspital, Freiburgstr.15, CH-3010 Berne/
Switzerland
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Table 1. Grading of symptoms in 40 infants with GER

Grade Definition n

I. Slight Moderate vomiting 23
(= 3 x/day)

II. Moderate Frequent vomiting 9
(>3 x/day)
III. Severe Complications of GER 8

— Frequent vomiting with failure to thrive
>3-4 weeks 4

— Esophagitis/stenosis 1
— Documented aspiration 3

Table 2. Previous investigations in symptomatic

GER (n =40)

1. Oesophagography 40
— No GER 6
- Spontaneous GER 27
— Provoked GER 6
— Stenosis without GER 1

2. Esophagoscopy 23
— Normal 21
— Edema 1
— Stenosis 1

3. Pulmonary scintigraphy 3
— Negative 3

In 34 children over 1 year (average age 6.4 years), manometrics were per-
formed for comparison between infancy and childhood. Nine children (average
age 7.2 years) underwent pH monitoring for the same comparison. The reason for
these investigations were intermittent vomiting in the younger children and coliky

upper abdominal pain in the school age, both of which were considered to be
related to reflux noted on X-ray.

Methods

Manometry

A three-point method manometric examination was performed in the form
modified by us for children using permanently perfused catheters (Koch and
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Rueggeberg 1978). The resting pressure of the lower esophageal sphincter (LES)
was measured as well as its competence under spontaneous intragastric pressure
increase and under an increased intragastric pressure induced by manual ab-
dominal compression. A resting pressure in the LES of >12 mmHg was regarded
as normal, and a pressure of <12mmHg as hypotonic.

If there was transmission of the fundus pressure wave into the esophagus, this
was regarded as insufficiency (“common cavity phenomenon”™).

Long-term pH Monitoring

For the pH monitoring in the distal esophagus, a combination electrode specially
constructed for infants was used (Fig.1). It could be used in infants as young as
1 week old because of its small dimensions. Moreover, because there is no

seperate reference electrode it can be used in an almost physiological way (Koch
and Gass 1981).

\T% opening for

J reference electrolytes
1 solution of increased
] . .
/LDV viscosity (KCI)
A
~ </
/&T \
x|rhx
N polyvinyl —tube @ 3mm
%
I
X
E P
© x
(x)
Y——— reference electrode
* X
x coaxial wire @ Tmm

electrolyte solution

measuring electrode Fig.1. Specially constructed com-
glass electrode @ 2mm bined pH probe for use in infants
-membrane during the first weeks of life (Koch

diaphragm and Gass 1981)
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7

Fig. 2. Reflux time (R) and clearance time (CI). Reflux is indicated by a drop in pH to less than
4 for a minimum of 30s. Clearance time is the time necessary to return pH to 6

After connection to a digital pH meter and a one-channel penwriter, the probe
was placed 3cm above the manometrically recorded cranial margin of the LES.
During the 24h of registration and continuous observation, the following indi-
cators were recorded:

1. Vigilance (whether asleep or awake)

2. Food intake

3. Specific activities, such as crying, coughing, and regurgitation of food
4. Change of position

“Reflux” was defined as a drop in pH to less than 4 during a minimum period
of 30s. “Clearance time” was the time necessary to return pH to 6 (or 5.5, the
highest value observed in one case) (Fig. 2).

Statistics

Only the pH values of the infants were analyzed statistically. Significant mean
value differences between asymptomatic and symptomatic infants were obtained
with the help of the unpaired #-test and the limits of confidence of the mean values
were compared. The chosen parameters per 24 h were:

— Number of reflux episodes

— Total reflux duration

— Longest reflux episode

— Mean reflux time

— Mean clearance time of the individual episodes
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The number of reflux episodes of both groups lasting = 5 min were compared
separately.

All indicator-specific parameters with a -test difference at the 5% level were
tested for their separation ability by means of discriminance analysis. Auxiliary
variables were established according to the marginal values of their areas of
confidence.

Results

Manometry

Among the 40 infants, four instances of hypotonia and one instance of insuffi-
ciency of the LES were found. Grading the pathological results according to
severity of symptoms, it was found that three hypotonic infants had low-grade
symptoms, and the one high-grade symptomatic child had extremely severe
cerebral palsy (Table 3). All other high-grade symptomatic patients showed
normal pressure values. The only instance of insufficiency with normal sphincter
pressure was found in a middle-grade symptomatic infant, also with severe
cerebral palsy, induced by a hydrocephalus internus.

In the 34 children over 1 year, eight instances of hypotonia were detected, but
in none of the children was there an insufficiency of the LES. In three children
this result corresponded to an endoscopically verified ulcerous esophagitis. In the
group between 6 and 11 years, children with hypotonia had unspecified symptoms
with intermittent brief vomiting or unclear epigastric pain.

Table 3. Comparison between manometric findings and symptoms of GER in
infants (n = 40)

Symptoms. Resting pressure of LES Total
(grade)

Normal Normal Hypotonic
(>12mmHg) but insufficient  (=12mmHg)

I 20 - 3 23
1 8 1 - 9
111 7 - 1
Total 35 1 4 40
pH Monitoring

The number of reflux episodes per 24 h, differentiated as absolute and according
to indicators, showed no significant difference between symptomatic and asymp-
tomatic infants. Of the other variables examined at the 5% level, fifteen para-
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Fig.3. Comparison of the total reflux
duration/24h after the 2nd postprandial
hour during sleep in asymptomatic
(AS) and symptomatic (S) infants. The
latter ‘were graded into subgroups (I-
IIT) according to the severity of symp-
toms (X = SEM)

Fig.4. Comparison of the mean reflux
time/24h while crying in asymptomatic
(AS) and symptomatic (S) infants
(X = SEM)

meters could differentiate between the two groups. The discriminance analyses
thus disclosed that the indicators which best distinguished between the two groups
were, described with regard to the asymptomatic collective
1. The complete lack of reflux episodes and
2. The complete lack of reflux episodes outside the 2 postprandial (p.c.) hours
and with regard to the symptomatic collectives
1. The total length of reflux per 24 h = 13 min aside from 2 h p.c. during sleep and
2. The mean reflux time of = 3 min during crying

With the help of these four variables a sensitivity (correct assignment to symp-
tomatic collective) of 90% and a specificity (correct assignment to asymptomatic
collective) of 86.7% were reached.

By comparing the mean values of these important parameters of influence —
the total length of time of reflux beyond 2h p.c. while sleeping and a medium
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Fig. 5. Initially intermittent, then continuous reflux during restless sleep 2h after feeding (p.c.)
in a markedly symptomatic infant of 2 mon. A, next meal
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Fig. 6. Same patient as in Fig. 5 with reflux already occurring 40 min after last meal. Increased
reflux during crying (C) and restlessness (M), reduced but adequate clearance during sleep (S)

reflux time while crying — there were significant differences also between the
asymptomatic collective and the first symptomatic subgroup (Figs.3 and 4).
Generally, the reflux became manifest after the 2-h p.c. limit (Fig. 5). The 13-min/
24-h period proved to be the borderline value exceeded by the symptomatic
collective on the average. In infants however who were fed on demand or who
were fed more than six times per day due to poor drinking, the reflux episodes
began prior to this time (Fig. 6). The more intensive the restlessness and crying,
the earlier the reflux episodes with increasing acidity. The optimal dividing point
for the middle reflux time during crying proved to be 3 min.
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In § of the 2- to 11-year-old children the reflux episodes progressively were
limited to the waking state with increasing age and were of a shorter average
length than in infancy.

In seven children the shortness of the total and middle reflux time definitely
correlated with the mild symptoms.

Discussion

This study tried to avoid the disadvantages of a collective judgment (Boix-Ochoa
et al. 1980; Jolley et al. 1978) by separating the infant age group mainly affected
from the other age groups differing in feeding and behavior.

For manometry, it was shown that a significant contribution to the diagnosis of
reflux consists in localizing the LES and thus making the uniform placement of the
pH probe possible. At the same time it gives us a first overall picture of the func-
tion of the LES and the tubular esophagus. The height of the resting pressure of
the LES, contrary to the claims of earlier authors (Euler and Ament 1977), cor-
relates in infancy only extremely rarely with the competence of the LES or the
severity of the symptoms.

On the other hand, in small children hypotonia correlated better with forms of
reflux complications. Therefore a hypotonic resting pressure in the case of an
uncomplicated reflux was the reason for further testing and short-term control
examinations.

For pH monitoring, the applied statistical methods confirmed the clinical
assumption that reflux outside the 2-h period after feeding and, above all, during
sleep is especially suitable to characterize the symptomatic reflux in infancy.

In contrast to the opinions of other authors (Euler and Byrne 1981), the decid-
ing factor was not the number of reflux episodes but rather the total reflux time
and/or the mean reflux time. The equation partly formed with the number of
refluxes which is used by these authors to investigate the pathological reflux is
called into question, as is the “scoring” largely based on the number of reflux
episodes (Boix-Ochoa et al. 1980; Hill et al. 1977; Jolley et al. 1978). On the other
hand, the total length of time and the average length of episodes during which the
esophageal mucosa is exposed to a pH value of <4 seem to provide a more
plausible basis for the calculation of risk. However, a strict association of the
parameters selected by means of discriminance analysis with the severity of
symptoms was not possible for any of the clinical groups or-for individual patients.
This could be due to the small number of middle- and high-grade symptomatic
groups. But the low number of reflux complications in early infancy in general and
in the patients examined here in particular seems to be decisive. This fact can be
explained by the regular neutralization of the acid content of the stomach by the
almost exclusively milk diet typical for this age group.

The very rare cases of inflammatory changes in this early age and their con-
sequences indicate that there is another influence — apart from a delayed reflux
clearance — which has not yet been dealt with by this method.
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The observations made so far over 1-3 years on the 35 conservatively treated
infants show that even highly pathological reflux values do not prohibit a rapid
and definitive normalization.

In the few cases with pulmonary aspiration, either clinically diagnosed or
radiologically suspected, we could not establish a correlation between reflux
documented by pH monitoring and pulmonary complications despite of con-
tinuous observation. Also, in contrast to the findings of other authors (Jolley et al.
1981), there were no exceptionally frequent or long refluxes during sleep in these
cases. Therefore, pH monitoring, as it is used here, cannot give causal explana-
tions for pulmonary complications. Long-term pH monitoring has shown itself
suitable, however, to deepening our knowledge of the pathophysiology of GER
especially in infancy, as summarized by the following four factors:

1. Documentation of acid GER

2. Correlation between GER and activity/position

3. Documentation of clearance (measurement of normalization)
4. Correlation between clearance and activity/position

The conclusions we can draw from it for therapy and prognosis are limited due
to the bad correlation between the original pH monitoring findings and the clini-
cal progress.

Summary

From examinations and clinical observations of 40 infants and a varying number
of children from 2 to 11 years who all had characteristic symptoms of gastro-
esophageal reflux (GER), an attempt was made to establish the diagnostic contri-
bution of esophageal manometry and long-term pH monitoring.

A correlation between decreased resting pressure (<12mmHg), or a sphincter
insufficiency, and the degree of reflux symptoms was completely absent in infancy
and increased only very slightly in young children.

The most influential pH monitoring parameters were reflux during sleep,
beyond 2h postprandial, and during crying. These correlated most with the symp-
toms in infants. On the other hand, clinical developments were independent of
the extent of the pH monitoring findings.

Résumé

Dans le cas de 40 nourrissons et d’un certain nombre d’enfants 4gés de 2 2 11 ans,
présentant tous les symptomes caractéristiques du reflux gastro-cesophagien, on a
recherché I'intérét diagnostique de la manométrie cesophagienne et du contrdle
pH métrique.

Chez le nourrisson, on a constaté qu’il n’existait aucune congruence entre
I'abaissement de la pression de repos (12 mmHg) ou I'insuffisance du sphincter et
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I'importance des symptdmes de reflux et que chez le petit enfant, il n’y avait guere
plus de congruence.

Parmi les parameétres obtenus par contrdle pH métrique, il s’est avéré que les
plus importants étaient les périodes de sommeil en dehors des deux heures apres
les repas et les périodes de cris et de pleurs, ce qui correspond fort bien aux
symptdmes observés. L’évolution clinique, par contre, est tout a fait indépend-
ante des résultats du controle pH métrique.

Zusammenfassung

Anhand von Untersuchungen und Verlaufsbeobachtungen an 40 Sauglingen und
einer unterschiedlichen Anzahl von Kindern des 2.—11. Lebensjahres, die eine fiir
einen gastrodsophagealen Reflux (GOR) charakteristische Symptomatik auf-
wiesen, wurde versucht, den diagnostischen Beitrag der osophagealen Mano-
metrie und Langzeit-pH-Metrie zu bestimmen.

Eine Ubereinstimmung zwischen erniedrigtem Ruhedruck (<12 mmHg) bzw.
Sphinkterinsuffizienz und dem Grad der Refluxsymptomatik fehlte im Sauglings-
alter vollstdndig und nahm im Kleinkindesalter nur geringgradig zu.

Unter den pH-metrischen Parametern erwiesen sich gerade fiir das Sauglings-
alter der Schlaf auBerhalb der postprandialen 2h und das Weinen als EinfluB-
groBen, die am besten mit der Symptomatik korrelierten. Hingegen gestaltete
sich der klinische Verlauf unabhingig vom AusmaB des pH-metrischen Befundes.
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Progress in the Diagnosis
of Gastroesophageal Reflux in Childhood:
24-Hour pH Monitoring

K.-P.ERBELDING, F. SieMENs, and T. A. ANGERPOINTNER'

Introduction

For the past several years, 24-h pH monitoring has been applied in adult medicine
as well as in pediatrics in the United States. This is well documented in a number
of publications (De Meester and Johnson 1976; Euler and Byrne 1981; Hill et al.
1977; Johnson and De Meester 1974; Jolley et al. 1978, 1981). In Europe, how-
ever, this method has not yet come into general use. The introduction of esopha-
geal pH monitoring in pediatric surgery was particularly influenced by Boix-
Ochoa of Barcelona (1979) and Koch of Bern (personal communication, 1983).
We have been using 24-h pH monitoring as a routine diagnostic method at our
hospital since May 1982.

Materials and Methods

Our pH monitoring device consists of a pH probe, a pH meter, and a pen writer.

At the moment, we are using the combined pH probe 440 M 4 (manufactured
by Ingold, Zurich/Frankfurt) with a diameter of 4mm and a length of the glass
probe of 20mm. These dimensions allow transnasal positioning of the probe 2-3
cm above the lower esophageal sphincter. The exact position is controlled either
by radiography, manometry, or pH monitoring, or by the combination of these
methods. Radiography shows the tip of the probe at the level of the diaphragm;
in manometric control, first the position of the lower esophageal sphincter (high-
pressure zone) must be found, then the distance is measured, and the probe
brought into place thereafter. In control by pH monitoring, the probe is first put
into the stomach, which is characterized by low pH values, and then gradually
withdrawn. A sharp pH increase shows the border between esophagus and
stomach. Then the probe is fixed 2-3 cm above this border. An exact positioning
of the probe was possible in all patients using these methods. The long probe wire
(length 3 m) is connected to the pH meter (digital pH meter 646 manufactured by
Knick, Berlin). The pH meter is in turn connected to a pen writer, which registers
the data continuously.

Dept. of Pediatric Surgery, University Children’s Hospital, Lindwurmstr. 4, D-8000 Munich/
F.R.G.
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The children are normally fed immediately after positioning of the probe and
setting up of the equipment. Problems caused by the probe were seen in only one
patient, who had been operated for esophageal atresia. The children were not
sedated. It was possible for the parents to carry the children around and play with
them, since they usually tolerated the procedure well after a short period of adap-
tation.

The following data were obtained through pH monitoring:

A drop in pH below 4

Duration of reflux episodes

Frequency of reflux episodes

Clearance time, i.e., the time necessary to return pH to normal

BRD

According to these criteria, a pathological GER was easily diagnosed.

Results

We have used 24-h pH monitoring in 43 children since May 1982. A few examples
of pH recordings in our patients may be demonstrated (Figs. 1-5).

Case 1 (Fig.1). Three-week-old infant, operated for double jejunal atresia, no
spitting-up, no vomiting. pH monitoring showed unconspicious findings. Diagno-
sis: NAD (no abnormality discovered).

Case 2 (Fig. 2). Three-month-old girl with relaxatio diaphragmatica and radiolo-
gical signs of an upside-down stomach. Preoperative 24-h pH monitoring showed

soastn Sasa m Akt
-pH1 - , -pH4-

25
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Fig.1. Record of pH monitoring in a 3-week-old infant with normal cardia. Time in min (horizon-
tal line), pH values (vertical line). Only one short reflux episode with normal clearance time

(right-hand side)
‘ﬂ ! —phY

] —pHi—
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Fig. 2. Preoperative record of pH monitoring in a 3-mon-old girl with radiological evidence of an
upside-down stomach. Several short reflux episodes with normal clearance time
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Fig.3. Record of a 5-week-old girl with recurrent vomiting; operations for repair of myelo-
meningocele and for correction of hydrocephalus. Slow decrease of pH below 4; no clearance;
very slow increase of pH above 4. Diagnosis of cardial insufficiency with long-standing GER

Fig.4. Record of 2-mon-old boy with recurrent vomiting; radiological signs of severe GER;
operation for repair of omphalocele. Frequent reflux episodes, delayed clearance. Diagnosis of
severe cardial insufficiency with GER

Fig.5. Record of 5-year-old boy who had been operated on to correct an esophageal atresia
(Vogt I1Ib). Recurrent bronchopneumonia. No radiological evidence of GER. Frequent reflux
episodes with delayed clearance. Diagnosis of severe cardial insufficiency with GER
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normal conditions with only short reflux episodes and normal clearance time.
Diagnosis: NAD.

Case 3 (Fig. 3). Five-week-old girl, operated for myelomeningocele and hydro-
cephalus, recurrent vomiting. pH monitoring revealed a steadily decreasing pH
below 4, no clearance, very slow pH increase above 4. Diagnosis: cardial insuffi-
ciency with severe GER.

Case 4 (Fig.4). Two-week-old boy, operated for omphalocele; recurrent
vomiting, radiological signs of severe GER. pH monitoring showed frequent
reflux-episodes with delayed clearance. Diagnosis: severe cardial insufficiency
with GER.

Case’5 (Fig. 5). Five-year-old boy who had been operated for esophageal atresia
(Vogt IIIb); recurrent bronchopneumonias. Radiologically no signs of GER
evident; pH monitoring revealed frequent reflux episodes of longer duration.
Diagnosis: cardial insufficiency with severe GER.

Discussion

Methods applied for the diagnosis of GER in adults are of considerably less use in

children, since children are uncooperative and unable to express their complaints

(Blum and Siewert 1981). GER was proven radiologically in only 58% of adults

and 65% of children with symptoms of severe reflux and absolute indication for

surgery (Hill et al. 1977). Endoscopy is also limited use in diagnosis, since 44% of
the patients with clinical signs of severe GER show no change of the esophageal
mucosa (DeMeester and Johnson 1976). The unreliability of these methods as
well as the difficulties encountered in infants and children require very time-
consuming procedures and often render an exact investigation impossible.

In contrast, 24-h pH monitoring is

1. Easy to apply because (a) the children need not be sedated, (b) the positioning
of the probe requires very little time, and (c¢) normal activities are possible
after setting up of the equipment. ,

2. More physiological, since the function of cardia and esophagus can be measured
over 24 h without maneuvers like pressure on the abdomen and instillation of
an acid or a radioactive substance.

3. More reliable, since long-term evaluation is possible, the procedure is repro-
ducible, and false-negative results can be avoided by correct application and
intact equipment.

For these reasons, 24-h pH monitoring should be preferred in future for the
diagnosis of GER in pediatric surgery and pediatrics if recurrent vomiting, recur-
rent bronchopneumonia, apneic spells of unknown origin, and near-miss sudden
infant death are conditions being investigated.
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Summary

Twenty-four-hour pH monitoring is a reliable and secure method for use in the
diagnosis of gastroesophageal reflux (GER). Compared with other methods, this
technique is well tolerated and without complications. In contrast to other tech-
niques (cineradiography, manometry, scintiscanning, endoscopy), long-term pH
monitoring is the only method to measure the dynamics in the distal esophagus
under nearly physiological conditions and to register the data obtained via pen
writer for any time desired. Thus, 24-h pH monitoring is the most sensitive and
expressive method for the diagnosis of GER in childhood, providing more secure
operative indications combined with other methods.

Résumé

Un contrdle pH métrique sur une période de 24h est une méthode fiable, bien
tolérée et ne comportant aucun risque de complications pour le diagnostique du
reflux gastro-cesophagien. Contrairement a d’autres méthodes, telles que la radio-
logie, la manométrie, la scintigraphie et ’endoscopie, le contrdle pH métrique
permet d’étudier ’cesophage dans des conditions quasi physiologiques et d’enregi-
strer les résultats durant n’importe quel laps de temps souhaité. C’est donc la
méthode de choix pour un examen minutieux et révélateur et pour le diagnostic
du reflux gastro-cesophagien chez I’enfant.

En combinaison avec les autre examens mentionnés, le controle pH métrique
sur une période de 24h permet de poser l'indication de l'intervention en toute
connaissance de cause et sécurité.

Zusammenfassung

In der Diagnostik des gastroosophagealen Refluxes (GER) ist die 24-h-pH-Metrie
eine genaue und sichere Untersuchungsmethode. Diese Methode ist im Vergleich
zu anderen Untersuchungsmethoden wenig belastend und ohne nennenswerten
Komplikationen. Im Gegensatz zu den anderen Methoden (Rontgen, Mano-
metrie, Szintigraphie, Osophagoskopie) ist die Langzeit-pH-Metrie als einzige in
der Lage, die Vorginge im distalen Osophagus unter nahezu physiologischen
Verhiltnissen zu studieren und, mittels eines Schreibers, {iber jeden gewiinschten
Zeitraum festzuhalten. Die 24-h-pH-Metrie ist somit die empfindlichste und aus-
sagekréftigste Untersuchungsmethode in der Diagnostik des gastrodsophagealen
Refluxes im Kindesalter. In Verbindung mit den anderen genannten Unter-
suchungsmethoden wird dadurch die Indikationsstellung zur Operation sicherer.



Progress in the Diagnosis of Gastroesophageal Reflux in Childhood 37

References

Blum AL, Siewert JR (1981) Refluxtherapie. Springer, Heidelberg New York

Boix-Ochoa J (1979) Report of the 76th Ross conference on pediatric research 1979. Ross
Laboratories, Columbus, Ohio

DeMeester TR, Johnson LF (1976) The evaluation of objective measurements of gastro-
esophageal reflux and their contribution to patient management. Surg Clin North Am 56:39

Euler AR, Byrne WJ (1981) Twenty-four-hour esophageal intraluminal pH probe testing: a com-
parative analysis. Gastroenterology 80:957-961

Hill JL, Pellegrini CA, Burrington JD, Reyes HM, DeMeester TR (1977) Technique and
experience with 24-hour esophageal pH monitoring in children. J Ped Surg 12:877-887

Johnson DG, De Meester TR (1974) Twenty-four-hour pH monitoring of the distal esophagus.
A qualitative measure of gastroesophageal reflux. Am J Gastroenterol 62:325

Jolley SG, Johnson DG, Herbst JJ, Perra A, Garnier R (1978) An assessment of gastro-
esophageal reflux in children by extended pH monitoring of the distal esophagus. Surgery
84:16-22

Jolley SG, Herbst JJ, Johnson DG, Matlak ME, Book LS (1981) Esophageal pH monitoring
during sleep identifies children with respiratory symptoms from gastroesophageal reflux.
Gastroenterology 80:1501-1506



Endoscopic Findings in Reflux Esophagitis
in Childhood

H.D.JaeGer?

Until 1980 at our clinic all endoscopic investigations of the esophagus and stomach
were done using rigid instruments. After that time, we began using a flexible
gastroesophagoscope for children (Olympus GIF — PII).

The introduction of this instrument has changed our attitude concerning the
way of investigation.

As the quality of information obtained by endoscopy is by far superior to that
obtained by roentgenology, which had up to this point been the prevailing form
of investigation of the upper intestinal tract, our checkup program has been
changed to relegate roentgenologic examinations to second place.

Figure 1 summarizes all esophagoscopies performed in 1982 and shows that
this procedure has also been applied during the first months of life.

Up to the age of 10 years, the endoscopies were performed under general
anesthesia; in older children we tried it with sedation only, depending on how
cooperative the children were. In only one child, a 12-year-old girl, did we have
to give up and finish endoscopy under general anesthesia. We did not face any
severe complications, even in young babies; specifically, tracheal compressions,
as reported in the literature, were not seen with optimal posture of the patient and
careful anesthesia.

Table 1 shows the indications for endoscopy and the rate of esophagitis. We
were surprised by the fact that in spite of the high number of operations of over
3500 per year, we have found hardly any complications of reflux esophagitis
recently. This is also documented by our operative rate for hiatus hernia. While
during the 1960s and early 1970s we did an average of 10-12 gastropexies or
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Fig.1. Age distribution in 65 children upon whom esophagogastrocopy was performed in 1982
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Table 1. Esophagogastroscopies performed in 1982

Fig. 2. Stages of reflux esophagitis, according to Savry and Miller
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fundoplications yearly, we have found an indication for these operations only
three times during the last 5 years.

For classification of our endoscopic findings, we use the staging rules by
Sawary and Miller (Fig.2), but we would like to add the erythema as an early
phase of an inflammatory reaction, as in such cases there was always evidence of
incompetence of the cardia under simultaneous manometric investigation. We are
unable to report on bioptic findings yet, but we shall add this possibility in select-
ed patients in the future. In babies suffering from pyloric stenosis and Roviralta
syndrome, with esophagoscopy we found inflammatory reactions (stage 1 and 2)
after prolonged disease. In three patients with Roviralta syndrome, there were
two instances of stage 2 esophagitis. The majority of cases of esophagitis belonged
to stages 1 and 2. We are unable to show any advanced forms of reflux esophagitis,
as no such cases have turned up since colored endophotography has been at our
disposal. This favorable development is apparently the result of an optimal early
diagnosis by our pediatrician colleagues.

Thus, years ago we were led to abandon our previous concept of therapy
under the influence of sometimes disappointing operative results, to give prefer-
ence to conservative treatment.

In summary we should like to stress that for the planning of treatment, esophago-
scopy has proved to be an investigation which gives us most valuable information
without causing too much trouble to our little patients. It is superior to roentgeno-
graphic investigation of the esophagus in recognizing an esophagitis at stages 1
and 2. In addition it is valuable in the follow-up of all kinds of inflammatory dis-
orders. The endoscopic evaluation of the esophageal mucosa holds a key position
among the diagnostic possibilities of reflux esophagitis, which otherwise consist of
manometry, pH monitoring, and mucosal biopsy.

Summary

The position of esophagoscopy as a diagnostic aid in reflux esophagitis in 65 cases
is discussed. Especially since fiberscopes have come into use, the diagnosis of
reflux esophagitis by endoscopy is absolutely better than with radiological proce-
dures.

Résumé

Le role de I'cesophagoscopie en tant qu’aide diagnostique dans les cesophagites
par reflux est discuté, aprés observation de 65 cas. On a pu constater que, depuis
I'utilisation des fibroscopes surtout, I’endoscopie permet un diagnostic beaucoup
plus exact que la radiologie et doit donc étre la méthode de choix.
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Zusammenfassung

Es wird iiber die derzeitige Stellung der Osophagoskopie in der Diagnostik der
Refluxdsophagitis anhand von 65 Fillen berichtet. Besonders der Einsatz der
Glasfiberendoskopie 146t eine viel exaktere Diagnostik der Refluxdsophagitis zu,
so daB die Endoskopie hier gegeniiber der Rontgenuntersuchung vorrangig ist.
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Morphological Findings in Peptic Esophageal Stenosis
with Barrett’s Ulcer in Children

P. WurniG, R. KrepLer, and W. Kosak!

Today it is a well-known fact that reflux esophagitis with its serious complications
of peptic stenosis (Savary and Miller 1976; Shmerling 1976; Wienbeck et al. 1976)
and possibly Barrett’s ulcer (Barrett 1951; Wurnig 1963) (Tables 1 and 2) often
occurs in hiatus hernia in infants and children. This knowledge is supported and
extended mainly by the results of pH monitoring and esophageal manometry

Table 1. Synonyms for the so-called Barrett’s syndrome

S

. Ulcus oesophagi (Barrett 1951)

. Peptic esophageal stenosis (Barrett 1951)

. Barrett’s ulcer (Barrett 1951; Wienbeck et al. 1976)

. Brachyesophagus, Endobrachyesophagus (Konrad and Rotthof 1959; Savary and Miller

1976; Wienbeck et al. 1976)

. Brachyoesophagus congenitus (Huber 1959; Konrad and Rotthof 1959; Savary and Miller

1976; Wienbeck et al. 1976)

. Ascending fibrosis of the esophagus (Kelly Brown 1930)
. Peptic esophageal stenosis with marginal ulceration (Wolf et al. 1955, 1958)
. Peptic ulcer of the esophagus with partial thoracic stomach (Stewart, Hartfall) (Wurnig

1955a)

. Esophagus lined with gastric mucosa (Allison 1949)
. Intrathoracic displacement of the cardia without hiatus hernia (Wurnig 1955a)

Table 2. Stages of the “short esophagus”, i.e., conditions as listed in Table 1 (Wurnig 1963)

Stage Endoscopy Radiology Anatomy
I Gastroesophageal reflux, Temporary spasm of the
catarrhal or erosive lower esophagus with
esophagitis shortening or hiatus
hernia; “congenital
brachyesophagus™
1I Gastroesophageal reflux, Permanent stenosis and Flat, longitudinal
erosive or ulcerous shortening of the esophagus,  ulcerations of the
esophagitis, stenosis, always hiatus hernia squamous epi-
infiltration of the wall of thelium, inflamma-
the esophagus tion of the esopha-
geal wall, and
periesophagitis
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Table 2 (continued)

Stage Endoscopy Radiology Anatomy
111 Gastroesophageal reflux, Severe, irregular stenosis Extended ulceration
severe ulcerous pseudo- 5-10cm above the dia- of the lower esopha-
membranous esophagitis, phragm; hyperperistalsis gus with stenosis by
severe stenosis, infiltra- with funnel-shaped de- severe submucosal
tion of the esophageal formity of the stomach weal in and above
wall, peptic ulcer distal below the stenosis, there- the stenosis; scarring
to the stenosis (rarely fore no, or only smali, periesophagitis;
visible) hiatus hernia; immediate- penetrating callous
ly below the stenosis, a ulcer at the junction
penetrating ulcer or of gastric and esoph-
“diverticulum” (not al- ageal epithelium
ways visible)
v Same as stage III, but severe complications by progression as perforation of the ulcer

into the mediastinum, pleura, or cardiac atrium or ventricle or malignant degenera-
tion (adenosarcoma)

(Wienbeck et al. 1976). In some cases purely conservative treatment is sufficient
(Carre 1954; Prinsen 1975); in others the peptic stenosis is treated by fundoplica-
tion and dilatation and possibly a myotomy, as well. Extreme cases could require
a resection with colonic interposition.

In recent decades since Barrett’s publication (Barrett 1951) and apart from
superficial biopsies of the mucous membrane (Paull et al. 1976, cited Postle-
thwaith and Sealy 1978), only a few reports on histological changes can be found
on the resected esophagus in peptic stenoses in children. Therefore, some cases
should be demonstrated, where the attempted fundoplication with myotomy and
mobilization failed and a resection had to be carried out.

Case Reports

There were three patients between 14 months and 4 years of age in whom organ-
conserving operative therapy had not brought about an improvement, as shown in

Table 3. For this reason, a resection with colonic interposition had to be per-
formed.

Case 1. Z.F., a 4-year-old boy; roentgenogram showed a short esophagus, (stage
IIT) with a clear niche formation of a penetrating ulcer inside the stenosis. The
operation showed (Fig. la—e) a subaortic stenosis in the area of the inflammed
esophagus with severe periesophagitis, so that this area had to be resected. This
region showed macroscopically extensive ulcerous esophagitis with flat ulcera-
tions, a submucousal weal in the same area above the stenosis, just below it a
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Table 3. Therapy of patients with resected Barrett’s ulcer in childhood

Name and age Duration Therapy
at onset of
of therapy dysphagia
Z.F., 4 years 3 years Fundo- — Addi- — Progress — Resection
(Fig. la—c) (asthma) plication tional of steno- + colonic
-+ bougien- gastro- sis, and inter-
age stomy Barrett’s position
(Fig. 1a) 3 mon ulcer
(Fig. 1b)
A.E., 4 years 6 weeks Gastrostomy — Progress — Resection + colonic
(Fig. 2a) 3 mon of stenosis interposition
M.S., 8 mon 3 mon Gastro- — Progress — De- — Colonic
(Fig. 2b) stomy of stenosis hiscence inter-
-+ fundo- Trans- Empyema position
plication thoracic Resection
+ bougien- “myo- Esoph-
age 3 mon tomy” agostoma
+ fundo-
plication
due to per-
foration

penetrating peptic ulcer, and adjacent to it macroscopically normal gastric mucous
membrane (Fig. 1a, e).

The corresponding histological specimen cut longitudinally showed extensive
damage of the submucosa which reached the esophageal muscle layer, with
squamous epithelium in this area. Below the penetrating ulceration, normal
gastric mucosa of the fundus type, with parietal and chief cells, was entirely intra-
thoracically situated (Fig. le).

Case 2. A.E., a 4-year-old boy; roentgenogram (Fig. 2a) showed no improvement
after a gastrostomy. An ulcer-niche was evident under the area of stenosis, similar
to case No. 1. Resection and colonic interposition were carried out. The resected
lower esophagus in the thoracic area showed, on histological examination, an
extended weal destroying the muscularis propria of the esophagus. Below the
stenosis was normal gastric mucous membrane with normally formed fundus
glands and abundant chief, parietal and adjacent cells.

Case 3. M.S., a 14-month-old girl; roentgenogram (Fig.2b) showed a short
esophagus (stage II-III). There was no improvement after gastrostomy; during an
attempted myotomy the stenosis was perforated. It was covered by means of a
fundoplication. Later, on a disruption required resection of the esophagus and
colonic interposition.
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c d e

Fig.1a—e. Barrett’s ulcer in childhood, in Z.F., a 4-year-old boy. a 11.1.67: Improvement after
gastrostomy. b 11.4.67: Ascending stenosis with penetrating ulcer (5”). ¢ Situs during surgery:
stenosis diaphragma. Resected area between arrows. d Resected specimen of esophagus.
e Histologic specimen; / squamous epithelium; / flat ulcerations; ,” submucosal weal and
destruction of muscularis; d' gastric epithelium; 5" penetrating ulcer (Barrett’s ulcer)
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a b

Fig. 2. a Barrett’s ulcer in A.E., a 4-year-old boy. No improvement after gastrostomy, leading to
a penetrating ulcer (same as Fig. 1). b Barrett’s ulcer in M.S., a 14-mo-old girl. No improvement
after gastrostomy and myotomy. Eventual perforation of a penetrating ulcer during attempted
myotomy

Discussion

In the original publication of Barrett (1951) the esophagus of a 13-year-old boy
showed the intrathoracically situated normal gastric mucous membrane (Fig. 3a),
with a perforating ulcer in the substenotic region; above this, flat ulcerations
destroying the esophageal mucosa; and a clear submucosal weal, shown in
schematic drawing (Fig.3b). In earlier examinations of resected specimens from
adults with Barrett’s ulcers, the same changes were found, mainly characterized
by flat, often fibrin-covered, longitudinally positioned ulcers in the squamous
epithelium of the esophagus, with severe inflammation of the esophageal wall. In
later stages there were extended, often circular, but always flat ulcerations in the
lowest part of the esophagus, which ended caudally in tonguelike formations with
bleeding and pseudomembranous fibrin coatings (Fig. 3¢).

There were stenoses in this area, with heavy submucosal weals, mainly devel-
oped cranially to the stenosis (ascending fibrosis, according to K.Brown) (Kelly
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Fig. 3a. Original specimen from Barrett’s first pub-
lication (1951). b Scheme of morphological struc-
tures and destructions. ¢ Specimen from an adult
with Barrett’s ulcer. /' Squamous epithelium of the
esophagus; # superficial ulceration in the “lower
esophagus”; /” weal of the submucosa and destruc-
tion of the muscularis propria; %" penetrating
Barrett’s ulcer (marginal ulceration) (Wolf et al.
1953, 1958); o' gastric mucosa (intrathoracic)

Brown 1930). Histological destruction and scarring of the submucosa and muscu-
laris propria occurred in this area (Figs. la—e, 3b).

Aboral to this, macroscopically gastric mucous membrane of cardia and
fundus type and an ulcus callosum penetrans of the peptic ulcer type could be
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found on the gastroesophageal epithelium (Barrett’s ulcer, marginal ulceration,
according to Wolf, Marshall, and Som) (Barrett 1951; Huber 1959; Kelly Brown
1930; Moersch 1948; Wolf et al. 1955, 1958; Wurnig 1955a, 1971) (Figs.1d,c,
3b,c). These changes are regularly found in adults and can also be seen in resec-
tion specimens of children. This was also described by Kelly and Forshall (Kelly
Brown 1930; Forshall 1955).

The progression of these changes was first described in children by Kelly
Brown (1930) as a so-called ascending esophageal fibrosis. This was also obvious
in our first case (Fig. 1a,b).

The best name, which recognizes the special localization of the callous ulcera-
tion, is that of Wolf, Marshall and Som (Wolf et al. 1955, 1958) (peptic esophageal
stenosis with marginal ulceration; Table 1), whereby the submucosal stenosing
scar is the “peptic esophageal stenosis” and the “marginal ulceration” denotes the
constant penetrating peptic ulcer on the esophageal-gastric mucous membrane
border, while the flat ulcerations in the upper esophagus are not specially men-
tioned.

To evaluate the condition endoscopically, the staging of Savary (Savary and
Miller 1976) can be referred to. It must be mentioned, however, that according to
the original presentation by Barrett, the actual Barrett’s ulcer (marginal ulcer)
may not be completely seen, or may not be seen at all, because it is below the
stenosis (Figs. 1b—e, 3a—c). Only the flat ulcerations within the area of squamous
epithelium above and in the stenosis may be visible (Fig. 3a,c).

The comparison of our resection specimens with those from adults shows
identical relations, which are schematically shown in Fig.3b,c. The progressive
process can be divided into four stages, whereby the first three stages of the short
esophagus are equivalent to Savary’s four stages of reflux esophagitis (Savary and
Miller 1976) (Table 2).

Evaluation in the Light of Operative Procedure

Besides the demonstrated progress without therapy (K. Brown, Forshall, our own
patients), there are also patients that recover considerably, even after gastro-
stomy alone (Wurnig 1955a) and Hofmann (personal communication), and one of
our own patients with leukemia. On the other hand the endoscopic stage IV
according to Savary (Savary and Miller 1976) (our stage III) does not heal, and
above all the development into stage IV with its terminal complications must be
avoided (Table 2).

The morphological changes in advanced cases (stage III) are largely uniform,
so that myotomy for elimination of the stenosis could easily, if not certainly, lead
to the perforation of the esophagus (case 3). In contrast to cardiac achalasia,
where the stenosis is situated in the muscular region, the peptic stenosis is situated
in the submucosa; in addition in this area flat ulcerations of the esophageal mucous
membrane can occur, so that after the splitting of the submucosal scar which
forms the stenosis, the esophageal lumen is already perforated.
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The dilatation of the peptic stenosis alone is not sufficient if the development
has gone so far that in the substenotic area gastric mucous membrane with parietal
and chief cells can be found. In these cases a progression, in spite of dilatation and
fundoplication, can be expected, as we see in our patient, Z.F., case 1.

When one is evaluating these patients, a penetrating ulcer in the stenosis or
below must be searched for carefully. If an ulcer can be found, the organ-preserv-
ing, semiconservative procedure is of no use.

We mentioned the disposition to carcinoma of a endobrachyesophagus with
Barrett’s ulcer as early as 1963 (Wurnig 1963). In the meantime this has been
confirmed and is of special consideration in childhood (Smithers 1950; Wienbeck
et al. 1976). Thus a careful follow-up examination is necessary in these cases.

To conclude this section on indications for operation and the type of opera-
tion, it must be emphasized that it is most important to apply the therapy as effec-
tively as possible and as soon as possible, before an irreversible stage is reached.
Certainly at stage T and probably at stage II, conservative measures can be carried
out if they are done intensively and exactly enough. At stage II, organ-preserving
surgical measures are certainly sufficient. In a definite stage III (endobrachy-
esophagus with Barrett’s ulcer, peptic esophageal stenosis with marginal ulcera-
tion, only colonic interposition can be carried out in children as a long-term solu-
tion, if the morphological findings of resected specimens are taken into considera-
tion. The attempt to cure the disease with organ-preserving operations, such as
dilatation of the stenosis and fundoplication or similar procedures, would require
at least careful long-term check-ups because of the danger of a progression to
stage IV, according to our scheme.

Summary

The morphological findings in three resected specimens of Barrett’s ulcer in chil-
dren are discussed. Nearly identical morphologic changes are found in all cases,
even in adults. This pathologic condition is understood as the third or fourth stage
of reflux esophagitis. Perforation or even malignant degeneration is described in
these cases. Therefore mainly all therapeutic aims must be to prevent these stages.

Résumé

Les auteurs décrivent les modifications morphologiques de I’cesophage chez
Penfant a partir de trois observations de résection cesophagienne pour ulcere de
Barrett (endo-brachycesophage avec ulcére de Barrett).

Ces lésions sont identiques tous les cas et parfaitement comparables aux
lésions correspondantes chez I’adulte. Ces 1ésions sont a considérer comme stade
III ou IV de I'esophagite par reflux du fait que les stades I-1II d’cesophage court
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correspondent aux stades I-IV d’eesophagite par reflux d’aprés Savary. Les
auteurs insistent sur la difficulté de diagnostiquer I'ulcére de Barrett lui-méme car
il est dans presque tous les cas situé en dessous de la sténose et de ce fait non visible
ou tres difficilement visible par endoscopie. Le role des mesures thérapeutiques
dans ce domaine est d’éviter I’évolution des stades III en stade IV avec perfora-
tion de 'ulcere ou dégénerescence maligne.

Zusammenfassung

Anhand von 3 Fillen resezierter Barrett-Ulzera des Osophagus im Kindesalter
(Endobrachydsophagus mit Barrett-Ulkus) werden die morphologischen Verin-
derungen beschrieben. Sie sind in allen Fillen nahezu identisch, auch im Ver-
gleich mit den entsprechenden Veranderungen beim Erwachsenen.

Der Zustand wird als Stadium IIT oder Stadium IV der Refluxgsophagitis auf-
gefaBt, wobei die Stadien I-III des kurzen Osophagus den Stadien I-IV der
Refluxdsophagitis nach Savary entsprechen. Auf die Schwierigkeit, das Barrett-
Ulkus selbst zu diagnostizieren, wird hingewiesen, da es typischerweise in nahezu
allen Fillen unterhalb der Stenose gelegen und daher endoskopisch nur sehr
schwer oder gar nicht einsehbar ist. Da in diesen Fallen des Stadiums III des kur-
zen Osophagus, die Weiterentwicklung ins Stadium IV mit Perforation des Ulkus
oder maligner Degeneration moglich ist und mehrfach beobachtet wurde, ist das
therapeutische Riistzeug darauf auszurichten, die Entwicklung dieser Stadien zu
verhindern.
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Combined Disturbance of Respiratory Regulation
and Esophageal Function in Early Infancy*

R.Kurz!, M. HoLLwartr!, M. Fascuing!, R. Hammaver?, K. P. PFEIFFER?,
and T. Kenner?

Introduction

Studies of central respiratory regulation disturbances (Haidmayer et al. 1982b)
and esophageal motor functioning (H6llwarth 1979) in infants, which have been
done independently of one another, called our attention to the frequent coinci-
dence of apnea during sleep and gastroesophageal reflux (GER). Since both
frequent and long periods of sleep apnea (Guilleminault and Ariagno 1977; Haid-
mayer et al. 1982a,b; Naeye 1977, Southall et al. 1980; Steinschneider 1972) as
well as gastroesophageal reflux (Downing and Lee (1975; Herbst et al. 1978, 1979;
Lawson 1981; Leape et al. 1977; Ramenofsky and Leape 1981) are associated with
the sudden death syndrome (SIDS), we tried to establish the coincidence of both
disorders quantitatively.

Methods

In 43 infants between the ages of 1 and 18 weeks, we performed impedance
pneumography and esophageal manometry. The impedance pneumography was
accomplished using a strip chart recorder (Hellige) throughout at least 1 hour of
sleep. The length and frequency of the apneic episodes were read from the record-
ing curve and stored in a digital computer (Hewlett Packard 2100A). The length
of the interruptions in breathing during sleep are expressed by the mean apnea
length (MA) values.

total apnea duration (s)

MA (s/min) = (Haidmayer et al. 1982a,b).

period of recording (min)

Infants, whose breathing during sleep repeatedly stopped for no clear reason and
resulted in cyanosis of various intensities, were classified as risk cases with clini-
cally evident apneas during sleep. Some of them needed artificial respiratory help
(the so-called near miss infants). Like in earlier reports, apneas in risk cases
appeared more frequently and mostly periodically with the maximum duration of
the single apneic phases being generally longer than 10s.

The esophageal manometry was done on unprepared patients as a three-point
pressure measurement with continous perfusion (0.2-0.5ml 5% glucose) using a

* Supported by Grant No.2883 from the “Fonds zur Férderung der wissenschaftlichen For-
schung in Osterreich”.

! Univ.-Klinik fiir Kinderchirurgie, HeinrichstraBe 31, A-8010 Graz/Austria
2 Physiologisches Institut der Karl-Franzens-Universitit, Harrachgasse 21, A-8010 Graz/Austria
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Table 1. Age and weight data for the three groups of patients

Age Weight Birth weight Gestational age
(weeks) (8) (2) (weeks)
Group A 5 3570 2980 36.5
(n=10) (1-14) (2830-4500) (1800-4300) (28-39.5)
Group B 7 4060 3071 37.0
(n=12) (1-14) (2090-7680) (1040-3950) (28-40)
Group C 6 3373 2671 35
(n=21) (1-18) (2170-5720) (850-4950) (27-40)

Group A, control group
Group B, infants with recurrent vomiting
Group C, infants with prolonged sleep apneas

high-pressure perfusion pump. First, several pressure profiles of the lower
esophageal sphincter (LES) were taken. Following that, two measuring points
were placed in the esophagus and a third in the stomach. The spontaneous
esophageal motor function as well as the common cavity phenomenon as a mano-
graphic reflux manifestation were registered. We considered more than three
common cavity phases of more than 10s or one phase of more than 15s to be a
pathological reflux. Finally, all three measuring points were placed in the esopha-
gus, and the esophageal motor function was evaluated according to the mean
number of regular and propulsive peristaltic waves that occurred following ten
swallows. Fewer than seven propulsive swallowing waves after ten swallows was
considered to be a sign of disturbed esophageal motor function.

The 43 infants were divided into three groups and compared to one another
(Table 1). Ten infants made up the healthy control group A, and 12 infants with
the clinical symptom “recurrent spitting up” or “vomiting” were in group B.
Later, clinically manifest sleep apnea appeared in one of these infants. In the third
group, there were 22 infants who came to our attention primarily because of clini-
cally manifest, prolonged sleep apnea. After examining their histories, seven of
these infants were found to have recurrent vomiting.

In all of the infants, information, such as duration of pregnancy, birth weight,
weight and age at the time of testing, and the history of perinatal complications
(asphyxia, idiopathic respiratory distress syndrome (IRDS), and adaptation
disturbances), was noted. The statistical calculations were done using Student’s ¢
test.

Results

The three groups were comparable with regard to birth weight, length of gesta-
tion, and age and weight at the time of testing (Table 1). In the control infant
group (group A), the mean MA value of 3.2 + 1.3 s/min was in the normal range,
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Fig.1. Correlation between MA values and esophageal peristalsis in infants of less than/or 36-
weeks gestation (;
18), and in all infants (——-—— ; n=730)

as compared with 230 control infants of the same age who were tested in an earlier
study (MA = 2.97 +2.13s/min). The cardial pressure values were normal. Peri-
stalsis showed no pathological contractions. A pathological reflux (GER) was
apparent in one patient (Table 2).

In the group with recurrent spitting up (group B), the mean MA value of
5.5+ 4.4s/min was higher than in group A, but still significantly lower (P <0.01)
than in grotp C. The cardial pressure values remained normal, irrespective of the
length of gestation, birth weight, and age at the time of testing. Propulsive peri-
stalsis was, on the average, worse than in group A, but a significant difference
could not be proved. Eight of the 12 patients showed a pathological reflux, and in
four, the reflux phases appeared particularly often (Table 2).

Group C (with clinically manifest sleep apnea) had a high mean MA value
(13.3 £7.9s/min), which was significantly higher than that of group B (P<0.01)
and that of group A (P<0.001). The cardial pressure values were normal. Peri-
stalsis was slightly poorer than in the control group (P<0.05). However, patho-
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Table 4. Perinatal complications versus incidence of prolonged
sleep apneas and gastroesophageal reflux

Perinatal Prolonged Gastroesophageal
complications sleep apneas reflux

With (n=16) 10 (62.5%) 9 (56.3%)
Without (n=27) 12 (44.4%) 14 (51.9%)

logical contractions occurred definitely more often. Pathological reflux episodes
were apparent in two-thirds of the patients in groups B and C (Table 2).

When considering all the groups, and using the length of gestation as the point
of reference, significantly higher MA values (P <0.01) were found in premature
babies (gestation less than 36 weeks) than in full-term newborns (Table 3). The
esophageal motor function was slightly poorer (P <0.05) in newborns. The occur-
rence of reflux was, however, not related to the length of gestation. Also with
regard to birth weight and weight and age at the time of testing, the reflux showed
no preference.

The comparison of the degree of pathological peristalsis and the length of the
MA values showed no correlation for full-term infants (Fig.1). In addition, the
statistical comparison between pathological reflux episodes and MA values
showed a positive correlation only for premature babies. The checking of the time
relationship between apnea and reflux revealed that sporadic apnea occurs more
often in connection with reflux, while periodical apnea could more often be
observed independently of reflux episodes.

In infants with perinatal complications, clinically evident sleep apnea occurred
in 62.5%, and in 44.4% of children without perinatal complications. Infants with
and without reflux showed no difference of this kind (Table 4).

Discussion

Numerous studies point out that the so-called sudden infant death syndrome is
caused in most cases by defective respiratory regulation which manifest itself in
increased and extended apnea during sleep (Brady et al. 1978; Guilleminault and
Ariagno 1977; Haidmayer et al. 1982a,b; Naeye 1977; Rigatto 1977b; Stein-
schneider 1972). Recent studies reveal that sleep apnea and gastroesophageal
reflux (GER) are closely related. Leape et al. (1977), Herbst et al. (1978, 1979),
and Ramenofsky and Leape (1981) detected a gastroesophageal reflux in near
miss infants revived at the last minute. This was also the case in two-thirds of our
infants with clinically evident sleep apneas.

Every high-rising gastroesophageal reflux is capable of causing reflex pauses in
breathing (Lawson 1981). Sutton et al. (1978) showed, in research on animals,
that irreversible central apnea can be caused by electrical stimulation of the
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Fig. 2. Fortuitous recording of a near miss event

superior laryngeal nerve, depending on the stimulation intensity. Herbst et al.
(1978) achieved a similar effect in infants by putting acidic fluid in the upper eso-
phagus. Downing and Lee (1975) and Lee et al. (1977) caused apnea in piglets
with water and cow’s milk. Harned et al. (1978) demonstrated similar results in
lambs. This, however, was not reproducible in infants (Herbst et al. 1979). Pink-
ham and Beckwith (1970) found vocal cord lesions in infants who died of SIDS,
which, however, were not described by other authors (i.e., Althoff 1980). Like
Herbst (1979), we found that only some of the children with gastroesophageal
reflux also showed clinical symptoms of “recurrent vomiting.”

Based on the presented results, the relationship between apnea and gastro-
esophageal reflux can be defined as follows: the tendency to develop apnea as a
result of a defective respiratory regulation during sleep and disturbed esophageal
motor function are related to the degree of maturity of the patient. Therefore,
both symptoms are evidence of a regulatory immaturity. Although the incidence
of reflux in this study does not run parallel to immaturity, the frequency of reflux
rises with the increase in disturbed esophageal paristalsis. The increased incidence
of reflux and disturbed esophageal motor function in children with clinically
evident sleep apnea indicates that in some infants, a combined regulatory im-
maturity of the autonomic centers persists.

The explanation for the fact that the clinical manifestation of sleep apnea is
fostered by gastroesophageal reflux is found in the characteristics of respiratory
regulation in these infants. After apnea caused by reflux, ‘the pO, in the blood
decreases slightly temporarily. The risk that the rise of the pO, will be delayed, or
that repeated apeneic episodes will go into a threatening respiratory arrest, is
greater the more pronounced the tendency to spontaneous apnea. By means of
respiratory answer curves, we found that low-grade hypoxia during sleep in some
of the infants led not to the expected stimulation but to a paradoxical respiratory
depression and provoked periodical apnea which was not primarily connected to
reflux (Haidmayer et al. 1982a). This paradoxical breathening behavior (detected
in newborns by Rigatto (1977a,b) is more distinct in risk infants with sleep apnea
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Fig. 3. Risk relations between esophageal function and central respiratory regulation with regard
to sudden infant death

syndrome (Haidmayer et al. 1982a). Brady et al. (1978) found a similar effect of
hypoxemia in near miss infants. By accident, we were able to register a near miss
event in an infant in whom the tendency to apnea and the frequency of reflux were
especially pronounced (Fig.2). Together with visible but low-grade vomiting,
there was a spontaneous, irreversible respiratory arrest with increasing bradycardia
and a gradual decrease of the transcutaneously registered pO,. Only by respira-
tory stimulation, was this condition able to be corrected.

Based on these results, it follows that the risk of a reflex apnea accompanied
by gastroesophageal reflux increases in proportion to the disturbance in the
central respiratory regulation present at the same time, whereby frequency and
intensity of the reflux are also influential (Fig. 3) and can play a dangerous role by
themselves in some cases (Ariagno and Guilleminault 1982). The stability of the
respiratory regulation is related to the immaturity of the child and to the perinatal
complications and manifests itself mostly within the first months of life during
sleeping. Sleep itself creates a slight suppression in breathing, whereby the
breath-stimulating sensory impulses which are transmitted by the reticular forma-
tion while awake are not active. Still it must be supposed that gastroesophageal
reflux presents only one of various possible factors causing respiratory depression
and hypoxia. The same effect in an obstruction of the nasal passages (Stark and
Thach 1976), e.g., in inflammations of the upper airways, toxic-septic conditions,
or postanesthesia sleep (Kurz et al. 1983), combined with the basic defect in a
disturbed respiratory regulation, must be considered as a realization factor of
SIDS.

The possibility for an effective prophylaxis consists in treating the apneic
tendency with aminophylline, in analogy to the treatment of apneas in preterm
newborns (Gabriel et al. 1978; Myers et al. 1980), and the treatment of reflux by
elevating the upper body and thickening the nourishment given. The 14 near miss
infants described by Herbst (1979) had no more respiratory disturbances after
they were placed in an elevated position. On the other hand, one patient died of
SIDS after the parents arbitrarily discontinued treatment of the reflux. Ramenofsky
(1981) found that in two-thirds of the patients, a lying-on-the-stomach position
had a better effect than the usual sitting position at 60° in the hiatus chair. One of
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our own known risk cases died suddenly in the night. In this case, a partial paraly-
sis of the diaphragm was an additional risk factor. In the remaining patients, the
respiratory type normalized by the 6th month of life and the reflux function within
the 1st year.

Summary

An evident coincidence exists between increased and extended apneas during
sleep and frequent gastroesophageal reflux as well as disturbances of propulsive
esophageal peristalsis. The tendency to develop apnea and disturbed esophageal
function are related to the degree of the maturity of the patient. This indicates
that in some infants, a combined regulatory immaturity of the autonomic centers
persists. Moreover, the gastroesophageal reflux fosters the clinical manifestation
of sleep apneas. The risk of a reflex apnea accompanied by gastroesophageal
reflux increases in proportion to the disturbance in the central respiratory regula-
tion present at the same time. This pathomechanism can be considered one of the
causes of the sudden infant death syndrome.

The possibility of effective prophylaxis consists in treating the apneic tendency
with aminophylline and the treatment of reflux by elevating the upper body and
thickening the nourishment given.

Résumé

1] existe une coincidence significative entre apnées de sommeil fréquentes et pro-
longées, reflux gastro-cesophagien et troubles du mouvement péristaltique. La
tendance 4 ’apnée et aux troubles fonctionnels de I'cesophage dépend du degré de
maturité du patient. Cela semble indiquer que chez certains nourrissons, il per-
siste une immaturité des centres autonomes de régutation. En outre, le reflux
gastro-cesophagien peut faciliter I'apparition du symptome clinique de ’apnée de
sommeil.

Le risque qu’un reflux gastro-cesophagien entraine une apnée de sommeil
réflexe est d’autant plus grand que les troubles éventuellement pré-existants de la
régulation respiratoire centrale sont plus sérieux. Ce mécanisme pathologique
peut étre considéré comme une des causes de la mort subite des nourrissons.

Pour une prophylaxie efficace, on traitera la tendance & ’apnée a ’'aminophyl-
line, on mettra I’enfant en position assise et on épaissira les aliments.

Zusammenfassung

Es besteht eine auffillige Koinzidenz von gehduften und verldngerten Schlaf-
apnoen und vermehrtem gastrodsophagealem Reflux sowie einer Stdrung der
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propulsiven Osophagusmotorik. Apnoeneigung und gestdrte Osophagusfunktion
stehen in Beziehung zum Reifegrad der Patienten. Dies spricht dafiir, daB bei
einigen Sduglingen eine kombinierte Regulationsunreife autonomer Zentren per-
sistiert.

Dariiber hinaus vermag ein gastroosophagealer Reflux die klinische Mani-
festation von Schlafapnoen zu begiinstigen. Das Risiko einer den gastrodsopha-
gealen Reflux begleitenden reflektorischen Apnoe steigt mit dem Grad der
gleichzeitig vorliegenden zentralen Atemregulationsstérung an. Dieser Patho-
mechanismus kann als eine der Ursachen des plétzlichen Kindestodes angesehen
werden. Die Moglichkeit einer Prophylaxe besteht in der Behandlung der Apnoe-
neigung mit Aminophyllin und der Refluxbehandlung mit Hochlagerung des
Kindes und Eindicken der Nahrung.
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Esophageal Dysfunction and Bronchial Asthma

G.KieLLEN!

The diagnostic examination of the esophagus is commonly done by otolaryn-
gologists in Sweden in contrast to the custom in the United States, for instance.
My intention is to look at the relationship between esophageal dysfunction and
bronchial asthma in adults.

The Swiss physician Mermod was the first to describe the connection between
pulmonary and esophageal disease in 1887 (Mermod 1887).

In his original paper, he described a young woman with achalasia of the
esophagus who complained of severe cough. In 1946, Mendelson described an
asthmalike condition in patients who had aspirated during general anesthesia.

Several investigators mention the connection between asthma and gastro-
esophageal reflux (GER). Urschel and Paulson showed in 1967 that out of 636
patients with hiatus hernia and gastroesophageal reflux, 16% had asthma. As only
3% of the adult population suffers from asthma, the asthmatics are overrepresent-
ed in this group of patients. Mays (1976) found that 64% of his adult patients with
asthma had hiatus hernias and 46% had a gastroesophageal reflux.

In children with asthma, Friedland et al. (1973) found hiatus hernias in 48%,
and in a control group without asthma, he found only 14% with hiatus hernias.
Therefore, many investigators tried to find microaspirations in asthmatic patients,
but till now this was not possible, even with methods as sophisticated as scinti-
graphy, i.e., radioactive isotope activity was not found in the pulmonary fields
after instillation into the stomach (Ghaed and Stein 1979).

There are reports showing that symptoms of asthma improved after conserva-
tive or surgical treatment of GER. Fonkalsrud (1980) showed that after Nissen’s
fundoplication asthma vanished in 13 of 14 children.

My own investigation was done in 97 adult asthmatic patients in 1981 (Kjellén
1981). Their average age was 53 years.

They were all patients of a pulmonary clinic, but in the stage of outpatient care
and in clinical remission.

They answered a questionnaire and had an examination of the esophagus
(manometry and an acid perfusion test) (Table 1).

Dynamic and static spirometry was also done. With manometry, we tried to
detect hiatus hernias and dyskinesia of the esophagus, i.e., irregular contractions.
We also tried to find cases with lowered pressure of the lower esophageal sphincter
(under 6mmHg). An acid perfusion test was also performed (i.e., by perfusion of
the lower esophagus with diluted hydrochloric acid, we tried to evoke symptoms
of reflux in the patient).

'Department of Otolaryngology, University Hospital, S-58185 Linképing, Sweden

Progress in Pediatric Surgery, Vol. 18
Ed. by P. Wurnig
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Table 1. Examinations performed and information obtained

Esophagomanometry Hiatus hernia?
Dyskinetic (nonperistaltic) contractions?
Hypotension of the lower esophageal sphincter (< 6 mmHg)

Acid perfusion test Positive ?
(Bernstein test)

Findings

In the 97 patients we investigated, we found dyskinesia in 38%, hiatus hernias in
37% , lowered pressure in the lower esophageal sphincter in 27%, and a positive
acid perfusion test in 24% (Table 2).

Esophageal dysfunction was present in 67%. Esophageal dysfunction was
more common in exogenous (95%) than in endogenous asthma (58%). Simul-
taneously with this study, a screening of the population was performed. As
control patients, 55-year-old people from Linkdping were selected at random and
the function of their esophagus was tested. In this control group, 34% showed a
dysfunction of the esophagus (Table 2). All differences between the two groups
were significant. The symptoms reported by the patients with asthma are listed in
Table 3.

Asthmatic patients with disturbed esophageal function had significantly more
often the feeling of a lump in the throat, acid regurgitation, or retrosternal burn-
ing. They also had a feeling of overloading after meals and retrosternal pain when
lying down, which ceased if the head end of the bed was raised.

Asthmatic patients with disturbed esophageal function had more severe
bronchial symptomatology than asthmatics with a sound esophagus. Wheezing
and massive expectoration were seen in 48% of the “esophagus” patients, com-
pared with 19% of asthmatics with a sound esophagus (Table 4).

Table 2. Comparison of asthmatic patients and randomly selected persons 55 years of age

Asth- Inciden-
matic tally
patients elected
(n=97) patients
of 55 years
of age
(n=209)
Hiatus hernia 37% 14% P<0.001
Dyskinetic contractions 38% 17% P<0.001
Hypotension of the lower esophageal sphincter 27% 5% P<0.001
Positive acid perfusion test 24% 6% P<0.001

Dysfunction of the esophagus in all 67% 34% P<0.001
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Table 3. Esophageal symptoms in 97 asthmatic patients

Normal Dys-
esopha- function
geal of the
function esophagus

(n=32) (n=65)

Sensation of globus 6% 42% P<0.001
Dysphagia 16% 31% NS
Overloaded sensation after meal 16% 40% P<0.05
Regurgitation (heartburn) 19% 43% P<0.05
Retrosternal pain during effort, vanishing after rest 25% 48% NS
Retrosternal pain during cold weather 22% 42% NS
Retrosternal pain when lying flat 3% 26% P<0.01

Table 4. Respiratory symptoms

Wheezing and cough
with expectoration
Normal esophageal function (n = 32) 19%
P<0.05
Esophageal dysfunction (n = 65) 46%

The results of pulmonary function tests did not differ in the two groups. There
was no difference in the amount and kind of drugs which were used. To find out
if antireflux treatment is able to influence asthma, one half of asthmatic patients
with dysfunction of the esophagus were placed into a treatment group (group 1)
and the other half into a control of group (group 2).

In group 1, the following measures were taken:

The head end of the bed was raised 10 cm (without an extra pillow)

A glass of lukewarm water was drunk after every meal

No meals were allowed later than 3 h before going to sleep

All movements which were apt to raise the intraabdominal pressure were to be
avoided

5. Gaviscon was given to prevent reflux

Ll

Group 2 had no such regimen at all, and the antiasthma durgs remained
unchanged in both.

After 2 months another examination was done. No difference in pulmonary
function tests was seen. On the other hand, the consumption of antiasthma drugs
diminished and the esophageal function improved in the therapy group, but not in
the control group. Furthermore, the patients in the therapy group reported
improvement of esophageal symptoms, and of the bronchial complaints (Table 5).
As no conclusions can be drawn from this or other observations, in view of aspira-
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Table 5. Results of therapy in asthmatics with esophageal dysfunction

Group with Control group

intensified (n=31)
therapy
(n=31)
Improvement of esophageal dysfunction symptoms 87% 11% P<0.001
Improvement of bronchial symptoms
Dyspnea 54% 11% P<0.01
Wheezing 48% 16% P<0.05
Cough 46% 4% P<0.001
Expectoration 52% 4% P<0.001

tion one must assume other mechanisms of interaction between esophageal dys-
function and asthma.

A vagal nerve reflex between esophagus and bronchi might be such a mecha-
nism. Therefore, the “single breath nitrogen” test was performed, which is a very
sensitive test to detect obstruction in the small bronchi. Examination was per-
formed in 15 asthmatic patients with a positive acid perfusion test. They were
examined first before and then after acid perfusion of the esophagus and finally
after application of acid-neutralizing drugs. It was found that under acid per-
fusion, the inclination of the alveolar plateau increased, and it diminished under
neutralization (Fig.1). This hints at obstruction of the small airways during acid
perfusion of the esophagus. These changes were not produced in the control
group: not in asthmatics with a sound esophagus and not in patients with sound
lungs but a positive acid perfusion test of the esophagus (Fig. 2).

As the test was done in the upright position and no patient was coughing
during the examination, aspiration does not seem to be the cause of the bronchial
constriction. This reflex is probably a vagal reflex and may be initiated by esopha-
geal irritation, esophageal dilatation or spasm. A retention of esophageal contents
is propably not the cause, as demonstrated in one of our previous investigations
(Kjellén 1981). In those studies asthmatic patients with dysfunction of the esophagus
and the symptom of an “overloaded feeling” after meals were examined using
scintigraphy. A retention of food after meals could not be found in the esophagus
of these patients. The subjective feeling of overload is seen in many esophageal
studies in patients with dysfunction of the esophagus. This symptom may be
caused by delay of emptying of the stomach, which is often associated with GER.

Summarizing, I would like to stress that in all patients with asthma who do not
respond to conventional therapy, esophageal dysfunction may be present and
should be ruled out. First, one should ask the patient for esophageal symptoms. If
necessary, roentgenography, manometry, acid perfusion test, acid clearance test,
pH monitoring, and endoscopy are to be performed. The treatment of the esopha-
geal dysfunction has an improving effect on the esophageal as well as on the
bronchial symptoms.
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Summary

In patients with asthma who do not respond to conventional therapy, esophageal
dysfunction should be considered. The treatment of esophageal dysfunction has
an improving effect on both the esophageal and the bronchial symptoms in these
cases.

Résumé

Chez les malades atteints d’asthme qui ne répondent pas au traitement conven-
tionnel, une dysfonction eesophagienne doit étre suspectée. Le traitement de cette
dysfonction a un effet bénéfique a la fois sur 'cesophage et sur les symptomes
bronchiques dans ces cas.
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Zusammenfassung

Bei Patienten mit Asthma, die nicht auf konventionelle Therapie ansprechen,
muB eine Osophagusdysfunktion in Betracht gezogen werden. Die Behandlung
der Osophagusdysfunktion bessert sowohl die Osophagus- als auch die Asthma-
symptome.
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Esophageal and Pulmonary Scintiscanning
in Gastroesophageal Reflux in Children

D.BERGER!, A. BiscHor-DeLALOYE?, O. REINBERG!, and M. ROULET®

The clinical manifestations of gastroesophageal reflux (GER), according to Leape
(1980), can be classified into three main syndromes: the general symptoms result-
ing from vomiting, the local and systemic effects of esophagitis, and, finally, the
gastro-bronchopulmonary aspiration syndromes.

Over the past years, numerous authors {Gardy et al. 1982; Herbst et al. 1979;
Herbst 1981; Ramenofsky and Leape 1981) have drawn attention to broncho-
pulmonary problems, particularly in the case of children who do not vomit. Sub-
sequently, one may assume that pneumonia, atypical asthma crisis, neonatal
apneic spells, chronic cough, and hoarseness can be attributed to GER and dis-
appear if the reflux is treated conservatively or by surgery.

In 1976, Fisher et al. developed a method of scintiscanning to detect GER in
adults. Since 1979, the first reports in infants and children have been published
(Arasu et al. 1980; Blumhagen et al. 1980; Heyman et al. 1979; Rudd and Christie
1979). This examination allows the diagnosis of GER as well as the determination
of its severity. In addition, it permits an appreciation of the esophageal dynamics
(Heyman 1982) and, above all, gives definite proof of pulmonary aspiration of the
gastric contents into the lungs (Chernow et al. 1979; Jona et al. 1981; Ramenofsky
and Leape 1981).

Between December 1980 and December 1982, in Lausanne, we performed 19
scintiscans in order to detect a GER or a bronchopulmonary aspiration of gastric
contents. In this paper, we analyze our own experience, compare it with that in
the literature, and attempt to estimate the value of this diagnostic aid for the
course of treatment applied.

Materials and Methods

Scintiscanning was carried out 19 times in 18 children (13 boys and five girls). The
youngest, a former premature baby, was 5 mon old and the oldest was 12 years
old. Eight children were under 1 year, and four were between 1 and 2 years
old. All presented bronchopulmonary symptomatology, recurrent broncho-
pneumonia, atypical asthma, or apneic spells which could be attributed to a GER.
In one child (No. 2), we suspected a syndrome of Sandifer (Leape 1980). In nine
of these cases, vomiting was not the principal symptom (Table 1).
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The examination took place in the following manner. A nonreasonable radio-
active tracer, technetium-99™ (*™Tc sulfur colloid) is mixed with milk or fruit
juice. The upper digestive tract is then “cleaned” by the same liquid without the
tracer. For infants and small children, the absorbed volume is equivalent to a
normal meal. The esophageal passage of the tracer is followed by a scintillation
camera linked up with a computer. The “time-activity” curves of the upper,
middle, and lower esophagus and of the stomach allow an appreciation of the
esophageal dynamics, gastric drainage, and the presence of a GER (Heyman
1982; Leisner et al. 1982). In uncooperative infants and small children, the tracer
is introduced directly into the stomach through a nasogastric tube to avoid aspira-
tion while swallowing. Approximately 12 h later, normally the next morning, the
presence of the tracer is looked for in the lungs, thereby proving a bronchial
aspiration of the gastric contents during the preceeding hours (Heyman et al.
1979; Heyman 1982; Jona et al. 1981).

Results

The scintigraphy procedure has been somewhat modified during the last 2 years.
In the beginning, we only studied signs of a bronchial aspiration of the tracer, then
we demonstrated the presence and gravity of a GER, and finally we determined
the esophageal dynamics.

Four patients with GER were discovered by upper gastrointestinal series and
the gastroesophageal scintiscannings (Fig.1). In four patients, the scintiscan

b

Fig.1. Positive GER after 15s in a 2-year-old child (No. 8) with vomiting and recurrent pneu-
monia
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b

Fig.2. a Positive pulmonary scan (arrow) few hours later in the same child (No.8). Below,
normal activity in the colon. b Negative control 7mon later after a Nissen operation

Fig.3. A 3-year-old child (No. 6) with recurrent bronchitis and pneumonia. No GER either by
upper gastrointestinal series or gastroesophageal scintiscanning, but positive pulmonary scan on
the next day
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Fig. 4. Esophageal dyskinesia in an 8-year-old girl (No. 13) with recurrent pulmonary symptoms
after operation for esophageal atresia
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Fig. 5. Esophageal dyskinesia in the same child (No. 13): abnormal scintigraphic clearances of the
mid and lower esophagus
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showed a GER which was not seen on the roentgenographic examination. All the
radiological GERs were also seen on scintiscan.

In three children, the pulmonary scan was positive (Figs.2, 3). One of them
(No.12) had no GER, cither on the upper gastrointestinal series or on the scinti-
scan half an hour later (Fig.4). Eight cases of esophageal dyskinesia were ob-
served (Fig. 5); four were associated with GER and two followed Nissen’s opera-
tion (Nos. 8 and 13). Only one of these children had esophagitis on endoscopy
(No. 8).

Discussion

The esophageal and pulmonary scintiscan is a simple technique, permitting detec-
tion of a GER (Arasu et al. 1980; Blumhagen et al. 1980; Fisher et al. 1976;
Heyman et al. 1979; Jona et al. 1981; Piepsz et al. 1981; Rudd and Christie 1979).
This examination is two to three times more precise than a barium gastroesophago-
graphy (Table 2). Only Blumhagen et al. in 1980 discovered more radiological
GERs (74% against 63%) by using the “water siphon test” during radiological
transit. In our study, the scintiscan demonstrated a reflux in four instances when
none was demonstrated roentgenographically.

The examination takes place under more physiological conditions than the
radiological investigation, even permitting the infants to sleep. It can be pro-
longed when wished and can indicate an intermittent GER. It is, however, less
sensitive than long-term esophageal pH monitoring (Herbst 1981; Leape 1980).

Table 2. Demonstration of gastroesophgeal reflux

Patients Positive Positive
(n) RNGE BaGE
(%) (%)

Fisher 1976 30 90 60
Rudd 1979 25 80 60
Heyman 1979 39 59 26
Arasu 1980 30 57 50
Blumbagen 1980 65 63 742
Jona 1981 125 77 55
Piepsz 1981 24 67 79°
CHUV 1982 18 44 22

RNGE, radionuclide gastroesophagography

BaGE, barium gastroesophagography

* Water siphon test by BaGE

® RNGE four times. On roentgenogram, reflux grade 1
(water siphon test)
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Table 3. Demonstration of aspiration using pulmonary scintiscanning

Patients GER Positive
(n) on BaGE pulmonary
scintiscan

Reich 1977 7 2 Adults
Chernow 1979 5 2 Adults
Heyman 1979 39 10 2 21 reflux on RNGE
Arasu 1980 30 15 0?
Blumhagen 1980 10 10 0 96 reflux on RNGE
Jona 1980 125 38 18
Piepsz 1981 35 0
CHUV 1982 16 4 3 8 reflux on RNGE

* Negative in spite of clinical evidence of pulmonary aspiration of gastric contents in two patients

RNGE, radionuclide gastroesophagography
BaGE, barium gastroesophagography
GER, gastroesophageal reflux

Pulmonary scintiscanning, performed several hours later or the following day,
is at present the only method of demonstrating bronchial aspiration of gastric
origin (Chernow et al. 1979; Heyman et al. 1979; Jona et al. 1981; Reich et al.
1977). On three occasions, we were able to determine its existence and to control
the symptomatology (one Nissen’s operation and two medical treatments) (Table 3).
There does not exist, as yet, a comparative study between upper esophageal pH
monitoring (Ramenofsky and Leape 1981) and pulmonary scintiscanning. It may
be possible that different timing or a repetition of the examination would allow us
to discover more pulmonary involvement especially in children presenting evidence
of aspiration (Arasu et al. 1980) (Table 3).

Another advantage of the scintiscan is the reduced radiation exposure. Fisher
et al. (1976) reports that it is 30 times less than in radiological examination — at
least in the esophageal region. However, it is slightly less favorable if intestinal
transit is slowed down and more acceptable when compared with radiological
examination requiring a prolonged fluoroscopy (Blumhagen et al. 1980; Heyman
1982; Piepsz et al. 1981; Rudd and Christie 1979). Leape (1980) thinks that the
radiation dose is negligible.

On the other hand, it is difficuit to compare the esophagoscopy and the scinti-
scan. Endoscopy is rarely a first choice examination. It is the only one which can
indicate the gravity of an esophagitis.

The first results in the literature and our own experience are encouraging. The
esophageal and pulmonary scintiscan in the diagnosis of a GER is a noninvasive
method, allowing a continuous or repetitive observation. In addition, it is more
precise than an upper gastrointestinal series, while giving the patient a lower dose
of radiation.

In conclusion, which examination should be chosen if a GER is suspected
(Table 4)? The decision depends on the symptomatology and the gravity of one
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Table 4. Comparison between scintiscanning and other diagnostic procedures to detect GER in

children
Radionuclide gastroesophagography
with lung scintiscanning
Compared with Advantage Disadvantage
Barium — More sensitive — No morphological study
gastro- — More physiological — Dynamic: less
esophagography » — Lower radiation exposure qualitative
— Intermittent episodes
of GER may be seen
— Aspiration during bed rest
or sleep may be proved
Compared with Advantage Disadvantage
pH — No delicate esophageal — Quantitatively less
Monitoring » catheter precise
— Shorter examination — Less sensitive
for demonstration
of intermittent episodes
of GER
Compared with Advantage Disadvantage
Endoscopy » — No narcosis — No morphological study
(esophagitis)

GER, gastroesophageal reflux

of the three syndromes of Leape (1980). If chronic vomiting predominates, espe-
cially in infants, the upper gastrointestinal series with morphological and dynamic
studies is the best choice (syndrome of Roviralta, hiatus hernia). On the other
hand, when esophagitis is suspected (dysphagia, discomfort after feeding, heart-
burn, awakening from sleep in pain with or without vomiting, macroscopic or
occult blood in vomit or in stools, low hemoglobin, etc.), the roentgenogram,
rapidly followed by endoscopy of the esophagus, stomach, and duodenum, is by
far preferable. They allow appreciation of the gravity of the inflammatory lesions
or their scars. Esophageal manometry, useful in studying physiopathology, is only
exceptionally recommended as a diagnostic method.

Finally, all the other presentations of GER, with or without vomiting (Leape
1980; Weissbluth 1981), motivate an esophageal and pulmonary scintiscan. Its use
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is more simple than pH monitoring (Arasu et al. 1980; Gardy et al. 1982; Leape
1980; Ramenofsky and Leape 1981). This investigation is shorter and almost as
sensitive.

In this manner, the scintiscanning of the esophagus and the lungs should in the
future be the first examination to be undertaken when the pulmonary aspiration
of gastric contents is suspected.

Summary

The analysis of 19 esophageal and pulmonary scintiscans performed with a non-
reabsorbable radioactive tracer shows that this is a simple and efficient way of
detecting the presence of a GER or a bronchial aspiration of gastric contents in
children. This examination proves to be more sensitive, with a lower amount of
radiation necessary, than the radiological gastroesophagography. It is less in-
vasive and takes place under more physiological conditions. It is especially useful
when symptoms lead one to suspect a syndrome of GER with aspiration.

Résumé

L’analyse de 19 scintigraphies cesophagiennes et pulmonaires chez I'enfant, a
laide d’un traceur radioactif non-résorbable, montre qu’il s’agit d'un moyen
simple et efficace pour détecter la présence de reflux gastro-cesophagien ou d’une
broncho-aspiration du contenu gastrique. Cet examen s’est révélé plus sensible et
moins irradiant que la transit gastro-cesophagien radiologique. Il est moins invasif
et se déroule dans des conditions plus physiologiques. Il est surtout utile en face
d’un examen clinique faisant suspecter un syndrome d’aspiration secondaire d’un
reflux gastro-cesophagien.

Zusammenfassung

Die Analyse von 19 Lungen- und Osophagusszintigraphien bei Kindern mit Hilfe
eines nichtresorbierbaren radioaktiven Trigers (*™Tc) zeigt, daB es sich hierbei
um eine einfache und zuverldssige Untersuchungsmethode handelt, um einen
gastrodsophagealen Reflux oder eine Aspiration des Mageninhalts zu diagnosti-
zieren. Diese Untersuchung ist genauer als eine rontgenologische Osophagus-
Magen-Passage und die Strahlenbelastung ist wesentlich geringer. Sie ist nicht
invasiv und wird unter physiologischeren Bedingungen durchgefiihrt. Sie ist
besonders niitzlich beim klinischen Verdacht eines sekunddren, durch gastro-
osophagealen Reflux hervorgerufenen Aspirationssyndroms.
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Conservative Treatment of Gastroesophageal Reflux
and Hiatus Hernia

J.P. GuGGENBICHLER and G. MENARDI!

Introduction

Few disorders have been the center of so much controversy over the last 10 years
as gastroesophageal reflux (GER) and hiatus hernia. There have been widespread
differences in the assessment of its etiology, pathophysiology, incidence, and
significance. When GER is established as the cause of the patient’s symptoms,
there is far from uniform agreement as to the best mode of therapy and the indica-
tion for surgical treatment.

As evidence accumulates it has become apparent that GER is a common
problem, particularly in young infants. GER is the regurgitation of gastric
contents into the esophagus and even into the pharynx. GER, while usually
associated with hiatus hernia, may occur also in the absence of any demonstrable
anatomic malformation.

From a pediatric point of view, we consider GER as the main symptom of
lower esophageal sphincter incompetence. A classification of these disturbances
of the lower esophagus is offered by Schifer (1967): this also suits best our opinion
about the pathophysiology of this disorder.

Classification of Disturbances of the Lower Esophagus

Malfunction

Normally the lower esophageal sphincter (LES) is closed and opens upon arrival
of esophageal peristalsis. The coordination of esophageal peristalsis and opening
and closure of the LES, however, is immature during the first 4-6 weeks of life.
The great majority of children vomit as their sole symptom, particularly when
placed in the left recumbent position. Chalasia is a transient relaxation of the LES
and esophagus as a whole. Differentiation of chalasia from peristaltic disarrange-
ment and from formes mineures of hiatus hernia is impossible on clinical grounds.

Malposition

The presence of an intraabdominal segment of esophagus and the acute angle of
the entry of the esophagus into the stomach presumably contribute to prevention

'Department of Pediatric Surgery, University of Innsbruck, Anichstr. 35, A-6020 Innsbruck/Austria

Progress in Pediatric Surgery, Vol. 18
Ed. by P. Wurnig
© Springer-Verlag Berlin Heidelberg 1985




Conservative Treatment of Gastroesophageal Reflux and Hiatus Hernia 79

of reflux in normal children. The obliteration of these two factors by hiatus hernia
may partially explain the frequent association of reflux and hiatus hernia. In
hiatus hernia the LES slides upward into the thoracic cavity and pulls a portion of
stomach with it. The reason for this displacement of the LES is a poor fixation of
the cardia and esophagus by the phrenicoesophageal membrane and the ab-
dominal mesoesophagus.

Severe and prolonged reflux and vomiting is seen with sliding hiatus hernia
and may lead to secondary, life-threatening complications.

Growth failure is very common. Peptic esophagitis from constant reflux of
gastric acid may cause gastrointestinal bleeding, anemia, and severe iron deple-
tion. Continued esophagitis eventually leads to transmural esophageal stricture
and progressive dysphagia.

Brachyesophagus

Brachyesophagus, considered by many authors as a consequence of peptic
esophagitis, is, according to our opinion, a primary malformation, and not a
secondary event.

Incidence and Clinical Manifestations

Gastroesophageal incompetence and vomiting are frequent occurrences in pediatric
patients. Between 1975 and 1982, a total of 102 children were admitted to our
clinics with persistent vomiting. Of these, 67 children were diagnosed as having
atonic vomiting or chalasia. The true incidence of this problem is probably much
higher, as parents and physicians tend to start appropriate therapy without prior
diagnostic measures once history and physical examination suggest GER. Within
a matter of a few weeks of postural and dietary therapy, symptoms subside in the
patients with functional problems and relatively few children are referred for
further evaluation of persistent symptoms. Hiatus hernia was observed in 35 chil-
dren during the same period of time. There were 22 infants below the age of 1
year, and 13 children beyond 1 year. The percentage of mentally retarded chil-
dren among the 13 older patients was remarkably high.

All children with radiographically proven hiatus hernia showed persistent —
frequently bloodstained — vomiting, malnutrition, bloody stools, and severe iron
deficiency anemia.

Serious pulmonary complications, which are most emphasized in the litera-
ture, were observed only once in the workup of children with recurrent pneu-
monias and the near miss sudden infant death syndrome despite a constant aware-
ness of this complication.

Our conception about the physiology of the lower esophageal sphincter, the
pathophysiology of sphincter incompetence, and GER is followed by a strong



80 J.P. Guggenbichler and G.Menardi

belief that almost all children with LES incompetence and hiatus hernia, even
with the serious complication of peptic reflux esophagitis, can be treated by
conservative means.

The central idea behind this is: Children tend to grow out of it!

With maturation, dietary changes, and assumption of the upright position,
reflux tends to disappear.

By the time they reach the age of 12~15mon, 90% of children with symptoms
of reflux will be free of symptoms.

Clearly any therapeutic intervention should be designed with this in mind!

The most important therapeutic measure is postural therapy. If symptoms are
mild, placement of the patient in an infant chair for an hour or so after feeding
may be all that is required. With more severe symptoms, it may be necessary to
maintain the patient in an upright position 24 hours a day. The seat should be
properly padded and the child be strapped in to prevent him or her from falling
forward or slouching. Propping the child up with pillows is ineffective in these
severe cases.

Duration of therapy is usually several weeks to months, and usually for an
additional 6 weeks after symptoms have subsided and the patient has started to
gain weight. These therapeutic measures were sufficient for 19 infants out of
22 (86.3%). Among these successfully treated patients was also one 5-mon-old
infant with a gastroscopically proven peptic esophagitis. Three children had to be
operated upon during this period of time.

For treatment of peptic reflux esophagitis, review of the relevant literature
revealed several additional therapeutic measures upon which I will comment.

Postural therapy
Thickening of formula with cereal (1 tablespoon/60ml)
Reduction of volume of feeding; increasing the frequency
Medication

Antacids

Cimetidine

Metoclopramide

Local anesthetics

Carbenoxolone

Bethanechol

It is our firm belief that postural therapy and the administration of frequent,
small feedings is all that is necessary. Thickening of feedings we consider useless.
The administration of an adapted infant formula (Hippon A, NAN, Preaptamil)
ensures optimal growth and gain of weight. In our hands, formula was never
thickened and we were able to achieve our therapeutic success without this
measure.

Drug therapy is also controversial. Metoclopramide has serious side effects if
one exceeds the therapeutic range. Handling of this drug in children is quite
difficult. Therefore, we consider this drug as contraindicated. Carbenoxolone has,
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besides a questionable efficacy, serious side effects (aldosterone-simulating mode
of action).

Bethanechol has parasympathomimetic effects on the gastrointestinal tract
with hydrochloric acid production, cramping abdominal pain, and diarrhea. This
drug, although recommended in Anglo-American literature, is not available in
central Europe.

The most important aspect of therapy is: careful feeding — frequent, small
feedings — and postural therapy. Peptic reflux esophagitis can be treated for the
first 8-10 days with cimetidine, although pediatric experience with this drug is
rather scarce. There is no experience with this drug for long-term therapy.

Surgical intervention is indicated in a child that doesn’t respond to careful
conservative therapy and presents symptoms beyond the time at which the patient
may be expected to grow out of reflux (usually 12-15 months). Surgical treatment
is indicated earlier if the symptoms are uncontrollable and are disabling or life
endangering (such as failure to thrive that is refractory to medical treatment over
a 2-3 months period, serious pulmonary complications, and a history of near miss
sudden infant death).

Immediate surgical treatment is indicated for patients with strictures and
congenital brachyesophagus.

Older children with significant symptoms from GER should also be considered
for surgical therapy, especially in the case of retarded children.

Summary

Gastroesophageal reflux is a frequent occurrence in infancy. Most frequently,
gastroesophageal reflux (GER) is due to a functional disturbance and lack of co-
ordination of esophageal motility and lower esophageal sphincter incompetence.
Vomiting is the sole symptom in the great majority of infants and responds readily
to postural and dietary therapy.

A malposition and defective fixation of the cardia and abdominal esophagus is
the pathophysiologic substrate of hiatus hernia. Although most patients with
hiatus hernia have GER, hiatus hernia is only symptomatic with concomitant
GER. Differentiation between hiatus hernia and GER should therefore be dis-
pelled.

Treatment of hiatus hernia with GER is directed towards placing the patient
in an upright position, even 24 h a day if necessary in a patient severe symptoms.
The duration of therapy can be weeks to months. Small, frequent feedings are of
additional importance, while thickening of formula with cereals were found un-
necessary.

Over the last few years, we have been able to observe 22 infants under 1 year
of age with GER and hiatus hernia. In 19 of these patients — among them also
patients with reflux esophagitis — this conservative treatment regimen has been
successful. Drugs like antacids or cimetidine to lower gastric were considered un-
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necessary. Bethanechol was considered contra-indicated due to its discomforting
side effects in infants. Three patients have been treated surgically during this
period of time.

In contrast, hiatus hernia in older children — mainly mentally retarded children
— with GER has to be treated surgically; conservative therapy is usually without
effect.

The rare clinical condition of brachyesophagus is considered a malformation
and requires surgical therapy in every instance.

Résumé

Le reflux gastro-cesophagien est fréquent chez les nourrissons. Il s’agit le plus
souvent d’une dysfonction liée & un manque de coordination entre cardia et
péristaltisme. La chalasie est un relaichement passager du cardia et de ’cesophage
et est, en général, trés facile a traiter: position assise, repas fréquents et légers y
mettent fin en I’espace de quelques semaines.

Par contre, nous considérons la hernie hiatale comme une perturbation posi-
tionnelle, due a une malfixation du cardia et de I’cesophage abdominal. Durant les
5 dernieres années, nous avons observé 22 nourrissons présentant une hernie
hiatale par glissement et un reflux gastro-cesophagien. 19 nourrissons furent main-
tenus en position assise ininterrompue, pendant des semaines, voire des mois dans
les cas particulierement graves. Les repas étaient fréquents et 1égers et il ne nous
a pas semblé utile d’épaissir les aliments. Les résultats thérapeutiques nous ont
par la suite donné raison. Nous n’avons pas non plus administré de médicaments,
méme dans les cas d’cesophagie par reflux associé, ni anti-acides, ni cimétédine,
ni paspertine, ni béthanéchol bien qu’ils soient recommandés dans la littérature.
3 nourrissons seulement ont di étre opérés pendant I’étude.

Par contre, nous avons observé et opéré immédiatement 13 enfants, mentale-
ment handicapés le plus souvent, et présentant une-hernie du hiatus et un reflux
cesophagien.

Quant au brachycesophage, assez rare, nous le considérons comme une mal-
formation a opérer sans exception.

Zusammenfassung

Der gastrodsophageale Reflux ist ein héufiges Ereignis im Siuglingsalter. Am
héufigsten findet er sich als funktionale Stérung des Zusammenspiels von Kardia
und Osophagusmotorik. Die Chalasie ist ein passageres Erschlaffen von Kardia
und Osophagus und erfordert meist nur Hochlagerung und hiufigere kleine Mahl-
zeiten. Der therapeutische Erfolg stellt sich meist bereits nach wenigen Wochen
ein.
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Demgegeniiber betrachten wir die gleitende Hiatushernie als eine Lage-
stérung, als deren Ursache eine Stérung der Fixation der Kardia und des Osopha-
gus abdominalis angesehen wird.

Wir konnten in den letzten 5 Jahren 22 Siuglinge mit einer gleitenden Hiatus-
hernie und gastrodsophagealem Reflux an unserer Klinik beobachten. 19 Siug-
linge wurden konservativ mit Hochlagerung — in schweren Fallen ununterbrochen
iiber Wochen bzw. Monate — und hiufigen kleinen Mahlzeiten behandelt. Eine
Eindickung der Nahrung wurde nicht durchgefiihrt bzw. als nicht nétig erachtet,
wobei uns die therapeutischen Resultate recht geben.

Eine medikamentdse Therapie wurde ebenso nicht durchgefiihrt, auch nicht
bei begleitender Refluxdsophagitis.

Antacida, Cimetidin, Paspertin und Bethanechol, wie sie in der Literatur
empfohlen werden, wurden bei keinem Patienten verabreicht.

Nur 3 Sduglinge wurden im selben Zeitraum operiert. Demgegeniiber wurden
13 iltere Kinder, meist geistig behinderte, mit Hiatushernie und Reflux beobach-
tet und sofort einer chirurgischen Behandlung zugefiihrt.

Der seltene Brachydsophagus wird als Mifibildung betrachtet und wird ebenso
immer chirurgisch behandelt.
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Gastroesophageal Reflux
and Severe Mental Retardation

A.F.ScHARLL

Recurrent vomiting is very common in children with severe mental retardation.
Nutritional deficiencies, anemia, and repeated bouts of aspiration pneumonitis
impede the physical development of these children who already have motor
defects. Often, this vomiting is written off as psychogenic, and a variety of
methods are employed in attempts to overcome it, including antiemetic drugs,
punishment, or a permanent nasogastric tube.

In many of these cases, thorough investigation reveals incompetence of the
gastroesophageal sphincter or a hiatus hernia.

Our Own Patient Population

The analysis of our own patient population (Schaerli and Rumlova 1980) prompt-
ed us to distinguish between primary congenital gastroesophageal reflux and
secondary reflux which is acquired in the course of infancy or early childhood

Table 1. Symptoms according to the various causes of gastroesophageal refiux in 50 operated
children

Indication n Symptoms
for antireflux - - -
surgery Yomlt- Welgl}t Espph- S‘teno- Respir-
ing <3%ile agitis sis atory
disturb-
ance
Primary GER 31 31 12 17 2 13
Secondary GER 19
— Mental
retardation 10 10 4 6 2 5
~ Esophageal
anomaly 3 3 1 0 0 2
~ Pyloric
abstruction 2 2 2 2 0 0
~ Secondary damage
to hiatus 4 4 1 0 0 1
Total 50 50 20 25 4 21
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(Table 1). Of those with secondary forms, children with severe mental retardation
are affected most frequently, comprising 20% of all cases operated upon at our
institution. Three of these required surgery during the 1st year of life and seven
were operated upon between 4 and 16 years of age.

Symptoms

It is our impression that the clinical symptoms are particularly important. In all
patients, the most prominent symptom was therapy-resistent vomiting, which was
frequently characterized as rumination. It occurred at any time: during, after, or
long after eating. It was not influenced by food consistency: normal, purée, or
liquid feedings. It had nearly always been present since infancy or early child-
hood. Four children were severely malnourished due to the vomiting, and their
weights were well below the third percentile at the time of examination. In six
cases there had been repeated hematemesis or vomiting of coffee-ground material.
Five children had had recurrent episodes of bronchitis or bronchopneumonia.
Three children had reflux-induced laryngospasm which was occasionally followed
by apnea. One of these children died of an irreversible cardiac arrest secondary to
massive aspiration before permission to perform an antireflux operation had been
obtained.

Physically, nearly all the children were delicate and bedridden; none was able
to walk. None had an IQ over 60.

Workup

These children had obligatory gastroesophageal reflux, mainly in the form of
chalasia of the cardia.

Two patients already had severe esophageal stenosis (Fig.1). In six children,
there was substantial erosive esophagitis. In two children, the diagnosis of a
protein-losing enteropathy had previously been made, two had been diagnosed
as having Herter’s syndrome, and one had a disaccharidase deficiency. In two
children, the X-ray study had to be discontinued prematurely due to massive
aspiration of the contrast medium (Fig. 2).

Results

Ten children were treated by Nissen’s fundoplication. In all cases, the postopera-
tive course was favorable. The stenoses were relieved by repeated bougienage.
Children who had previously appeared to ruminate were now capable of normal
food intake. Weight gains were apparent within a few weeks. In five children,
highly significant psychomotor advances were achieved within 6 mon. Two boys,
who had been bedridden for 12 years, learned to walk almost without assistance
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Fig.1. Gastroesophageal reflux with severe esophageal stenosis in a 14-year-old boy with severe
mental retardation; he was also bedridden and dystrophic

within 1 year. With a number of children there was a definite impression that
verbal comprehension or their mode of expression had improved substantially
since their nourishment had improved. The supposed disorders of bowel function
(Herter’s syndrome, protein-losing enteropathy, and disaccharidase deficiency),
which had been diagnosed in five children, were seen to no longer be present post-

operatively. These changes were apparent within days to"weeks after the nutri-
tional capacity improved.

Discussion

Little is written about the coincidence of mental retardation and gastroesophageal
reflux. Abrahams and Burkett (1970) found hiatus hernias in 27% of 63 children
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Fig.2. Gastroesophageal reflux and cricopharyngeal spasm in a 7-year-old girl with hydro-
cephalus. Immediate aspiration on attempting to drink. Repeated episodes of apnea

with severe spasticity. Holmes (1971) reported that hiatus hernia was present in
nearly all of 103 patients with spastic paraplegia and vomiting. In Johnson’s series
of 55 children with gastroesophageal reflux, eight were mentally retarded (John-
son et al. 1977).

Etiology

The etiological connection between gastroesophageal reflux and severe mental
retardation cannot be directly explained. Holmes (1971) believes that excessive
parasympathetic activity is responsible for chronically lowering the tone of the
cardiac sphincter.

By clinical observation and manometric studies, Hollwarth and Sauer (1979)
repeatedly observed attacks of apnea associated with gastroesophageal reflux,
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which implies some cerebral dysfunction. The constant supine position of the
children with cerebral damage also appears to play a significant role in the occur-
rence of gastroesophageal reflux. In addition, the permanent spasticity of the
abdominal wall, and probably also the diaphragm, is of importance.

Poor coordination of the swallowing mechanism due to vagal dysfunction must
also be considered.

Manometric studies by Sondheimer and Morris (1979) revealed cardiac
sphincter pressures of less than 10 mmHg in all these children. Our own studies
failed to confirm this constancy. However, we repeatedly found evidence that
vomiting became intensified in direct association with spasms of the abdominal
muscles.

Indications for Operative Therapy

In mentally normal children, the indication for surgery is based clinically on
the vomiting, endoscopically on the findings of esophagitis and stenosis, and
radiologically on the chalasia or the hiatus hernia. In mentally retarded children,
a number of additional symptoms come into consideration.

— Marked dysphagia and increasing irritability not only indicate uncoordinated
peristalsis but also pain on swallowing.

— Spasms, which represent episodes of reflux, are often followed by aspiration
and associated with apnea, cyanosis, and stiffness. This series of events is life
threatening.

— The same is true for reflux-induced laryngospasm.

Choice of Procedure

Despite our reservations regarding Nissen’s fundoplication, we have selected this
procedure for all mentally retarded children. The absolute freedom from reflux
outweighs the disadvantages of fundoplication in patients with spasms of the
abdominal muscles and diaphragm who are constantly in the supine position.

Conclusions

Several conclusions may be drawn from the observations on gastroesophageal
reflux in patients with severe mental retardation discussed above.

— It is desirable to position the bedridden children with the head somewhat
elevated or to get them up at a standing board or into a standing apparatus
intermittently.

— Repeated vomiting necessitates the early administration of antacids (or cimeti-
dine), since these children are prone to develop esophagitis and esophageal
stenosis.



Gastroesophageal Reflux and Severe Mental Retardation 89

— Mentally retarded children who vomit should have a barium swallow and
esophagoscopy as soon as possible. Fundoplication should be performed
before complications develop.

— Spasms and aspiration followed by apnea are life-threatening situations.
Surgery is absolutely indicated in these cases.

— Physical dystrophy, malnutrition, and faulty development can often be
prevented by an effective antireflux mechanism, and mental development can
be promoted by operative therapy.

Summary

Recurrent vomiting is common in children with severe mental retardation and
leads to significant morbidity with malnutrition, anemia, and aspiration pneumo-
nitis. Spasms of the abdominal muscles and diaphragm, uncoordinated peristalsis,
and central nervous system disorders are causes of dysphagia and continuous
gastroesophageal reflux.

It is desirable that mentally retarded children with vomiting have a barium
swallow and esophagoscopy as early as possible. Fundoplication should be per-
formed before complications develop. Spasms with aspiration followed by apnea,
in particular, are life-threatening situations. After surgery there is a definite
improvement in mental and physical development.

Résumé

Les vomissements récidivants sont fréquents chez les enfants mentalement handi-
capés et comportent une morbidité significative par malnutrition, anémie, et
pneumonie par aspiration. Les spasmes des muscles abdominaux et du diaphragme,
le péristaltisme mal coordonné, et les désordres du systéme nerveux central sont
des causes de dysphagie et de reflux gastro-cesophagien continuel. Il est souhaitable
que les enfants mentalement retardés subissent un examen baryté et un ccsophago-
scopie aussitdt que possible. Une fundoplication doit étre pratiquée avant que les
complications ne se développent. Les spasmes avec aspiration alimentaire suivis
d’apnée, peuvent avoir des conséquences mortelles. Apres intervention chirurgi-
cale on note une nette amélioration de I’état mental et physique de I’enfant.

Zusammenfassung

Rezidivierendes Erbrechen ist haufig bei Kindern mit schwerer geistiger Behinde-
rung und fithrt zu erheblichen Krankheitserscheinungen mit Untererndhrung,
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Animie und Aspirationspneumonie. Spasmen der Bauchwandmuskulatur und
des Zwerchfells, unkoordinierte Peristalik und Storungen im Zentralnerven-
system sind Ursachen der Dysphagie und des gastrodsophagealen Refluxes.

Es ist anzustreben, daB geistig behinderte Kinder so frith als moglich ront-
genologisch und endoskopisch untersucht werden. Die Fundoplikation sollte
erfolgen, bevor Komplikationen auftreten. Besonders Spasmen mit Aspiration
und nachfolgender Apnoe sind lebensgefihrliche Situationen. Nach der Opera-
tion tritt eine wesentliche Besserung in der geistigen und korperlichen Entwick-
lung ein.
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Late Results After Operations for Hiatus Hernia

G.Menarpt!, G. AuEr, and P. EHrLICH

An operation for hiatus hernia in children is not done as often nowadays as it was
10 or 15 years ago. Therefore, it is harder for a pediatric surgical center like Inns-
bruck, which started in 1968, to amass the patients for a follow-up study that are
available in centers which have now existed for four or more decades.

Operative Techniques

Between 1968 and 1981 we operated on 32 children (20 boys and 12 girls) and used
various techniques (Table 1) and combinations. In earlier years, Sauer in Inns-
bruck had preferred hiatopexy, fundoplication, and gastropexy together, a combi-
nation which he compared with “trousers being hindered to slide by braces, a belt
and a safety pin.”

During the last 5 years, we have combined hiatopexy and fundoplication or
performed a fundoplication alone.

Age at Operation

The largest number of operations — 11 — were performed in the Ist year of life
(Fig. 1); it has to be mentioned that 29 patients were operated upon between 1968
and 1974, and only three since then. Six children suffered from cerebral palsy.
Six patients showed a high-grade stenosis of the esophagus and underwent

Table 1. Operations for hiatus hernia 1968-1981 (n = 32)

Gastropexy

Gastropexy plus fundoplication
Hiatopexy

Hiatopexy plus gastropexy
Hiatopexy plus fundoplication

~ = W

Hiatopexy plus fundoplication plus gastropexy 13
Fundoplication 1

'Department of Pediatric Surgery, I. University Clinic of Surgery, Innsbruck, Anichstr. 35,
A-6020 Innsbruck/Austria
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Fig.1. Age distribution in patients operated upon at the University of Innsbruck between 1968
and 1981 with a diagnosis of hiatus hernia (n = 32)

bougienage before the final operation; two had a severe esophagitis, and six had
an esophagitis of lesser degree.

Before we discuss the results of the late follow-ups, we have to mention some
early complications. We saw one recurrence in a 4-mon-old child 6 weeks after
hiatoplexy, fundoplication, and gastropexy; at reoperation, an Allison’s hiato-
pexy was done.

A patient with severe brain damage developed an “upside-down” stomach
4 years after the fundoplication, which itself was intact.

Two children were operated upon in other hospitals for an ileus due to ad-
hesions.

Results

We did late follow-ups in 21 out of 32 operated children. We did not include five
children where the parents told us that their children were completely free of any
complaints and therefore would not come for a barium study.

We asked our former patient about complaints regarding swallowing, post-
prandial pains, or bloating; inquired about the ability to belch and to vomit; and
asked if the child had undergone any extraction of foreign bodies from the
esophagus during the postoperative period. The usual laboratory tests were
followed by a barium swallow.

Out of 21 patients (the oldest is 25 years old), three have choking sensations
when swallowing larger bites. They all belong to the group of patients who had
bougienage before operation because of marked stenosis of the esophagus
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a b c

Fig.2a—c. Barium passage in a patient who had a hiatopexy plus fundoplication plus gastropexy.
a Before surgery; b 3 years postoperatively, and ¢ 8 years postoperatively

Table 2. Late results after operations for hiatus hernia (n = 21)

Techniques Number  Normal
radiological
findings

Gastropexy 1 1

Gastropexy plus fundoplication 2 2

Hiatopexy 1 1

Hiatopexy plus gastropexy 5 3

Hiatopexy plus fundoplication 3 2

Hiatopexy plus fundoplication plus gastropexy 9 5

(Fig. 2). Two of these patients had to have anesthesia several times to have bits of
food removed via endoscope. One of this group had never vomited but did not
complain about it. All the others — 20 — were able to belch and to vomit.

There were 18 patients without any complaints, although only 13 patients
(including two children with severe preoperative esophagitis) had completely
normal barium swallows. Two patients, operated 13 and 14 years ago, had a mild
reflux after hiatopexy and gastropexy, but we agree with Rehbein (1979) and call
a residual insufficiency of the cardia a good result when the patient is free of
complaints.
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One 16-year-old patient — 11 years after hiatopexy, fundoplication, and gastro-
pexy — had a massive gastroesophageal reflux without any signs of esophagitis or
complaints.

Normal radiological results (Table 2) were due to various techniques: After
hiatopexy plus gastropexy we had two patients with gastroesophageal reflux.
Stenosis which was present before hiatopexy and fundoplication was still present
to a much lesser degree in one patient; the same result was found in the two
patients with massive preoperative stenosis after hiatopexy, fundoplication, and
gastropexy. In this group we also found the only recurrence of a hernia with
massive reflux.

Conclusion

Thirty-two children with gastroesophageal reflux were operated upon using differ-
ent techniques, which included (in 14 patients) Nissen’s fundoplication. Twenty-
one had a late follow-up study. Eighteen of these patients were without com-
plaints.

This is in contrast with Schérli’s findings (Schirli and Rumlova 1980) of a high
morbidity after fundoplication, but we do not agree with Kuffer and Bettex (1974)
that a fundoplication is the only right way to surgically correct hiatus hernia in
children.

Being familiar with different techniques for correction of hiatus hernia gives us
the opportunity to decide from case to case which one to choose.

Summary

Thirty-two children with gastroesophageal reflux were operated by different tech-
niques which included Nissen’s fundoplication in 14 patients. Twenty-one patients
could be reexamined, eighteen of whom were without complaints. Being familiar
with different operative techniques provides the opportunity to decide from case
to case which one to choose.

Résumé

32 enfants atteints de reflux gastro-cesophagien ont été opérés selon différentes
techniques, y compris la fondoplication selon Nissen dans 14 cas. 21 patients
ontpu étre réexaminés: 18 ne présentaient plus aucun trouble. Il convient d’étre
familiarisé avec les différentes techniques opératoires pour décider en toute
connaissance de cause de 'opportunité de chacune en fonction de chaque cas bien
précis.
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Zusammenfassung

32 Kinder mit gastrodsophagealem Reflux wurden mit unterschiedlichen Tech-
niken operiert, wobei die Fundoplikation nach Nissen 14mal zur Anwendung
kam. 21 Patienten konnten nachuntersucht werden, 18 waren beschwerdefrei.
Das Vertrautsein mit verschiedenen Operationstechniken erlaubt die Auswahl
der jeweils giinstigsten fiir den Einzelfall.
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To Nissen or Not to Nissen

A.F.ScHARLI

Nissen’s fundoplication has proved to be extremely useful in adults. Because of
the simplicity of the procedure and the certain antireflux effect, it is also
employed by many pediatric surgeons.

We found the elimination of gastroesophageal reflux and subsequent healing
of esophagitis to be sufficient criteria for the use of this technique. A number of
unfavorable experiences in recent years, however, have inclined us to call the
fundoplication into question: “To Nissen or not to Nissen?”

Fig.1. Parahiatal hernia following Nissen’s fundoplication
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Fig. 2. Neurotic behavior due to bloating syndrome: the patient, who bit his own cheek and lips,
draws himself as Dracula

Case Report

Ten years ago, a 3-year-old boy with a history of vomiting and failure to thrive
since birth was referred to us with findings typical of gastroesophageal reflux and
esophagitis. The vomiting ceased after Nissen’s fundoplication was performed;
however, severe upper abdominal symtpoms became manifest in the form of a
painful sensation of epigastric tension which sometimes increased during meals.
Since belching was no longer possible, there was frequent nausea and marked
flatulence. Only small meals divided into numerous protions were tolerated.

A contrast study of the esophagus 3 months postoperatively revealed an intact
antireflux mechanism, but a parahiatal hernia was also present (Fig.1).

The surgical reposition of the fundus and narrowing of the hiatus had also
failed to alter the clinical picture. The family physician categorized the child as
having a neurotic personality.

Eight years following the initial operation, we excised a deep, nomalike ulcer
of the left buccal mucosa. Several weeks later, the patient appeared with a deep
ulcer of the lower lip. In consultation with a child psychiatrist, a self-portrait came
to light in which the patient saw himself as Dracula with bleeding wounds of the
check and lower lip (Fig. 2).
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The “biting” upper abdominal pains had apparently driven him to bite his own
cheek and lip. The behavioral problems thus appeared to have a direct relation to
the gas-bloat syndrome. The fundoplication was then reversed, after which both
the clinical symptoms and the behavioral problems disappeared.

Discussion

Even in the latest German and English language literature, Nissen’s fundoplica-
tion is recommended for the pediatric age group. Our own experience has not
been encouraging. We attribute our four cases of paraesophageal hernia and two
wound dehiscences largely to the marked gastric distension which occurs after
Nissen’s fundoplication. In addition, about one-half of our patients complained of
abdominal bloating. Five children suffered from recurrent upper abdominal
cramping. The fundoplication had particularly distressing results in two patients,
who subsequently required surgery for obstructive ileus and perforated appendix,
respectively (Fig. 3).

Fig. 3. Obstructive ileus following Nissen’s fundoplication leads to severe clinical symptoms, as
the patient is deprived of the ability to vomit
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In these cases, too, the fundal cuff was restored to its original state.

The bloating syndrome and epigastric cramping do not always diminish post-
operatively. In isolated cases, these symptoms have reappeared after an interval
of several years.

In a long-term study of 191 cases, Kuffer and Bettex (1974) report on 50
patients (30%) with problems following fundoplication. There were recurrences
in 8.4% and 5.6% had developed parahiatal hernias. Two of these patients died
of gastric incarceration with perforation.

Since 18% of patients suffer from dysphagia, diarrhea, and bloating, Kuffer
writes: “It is advisable to give the child a nasogastric tube as a permanent toilet
article.”

In the literature, Ashcraft et al. (1978), Ein et al. (1979), De Meester and
Johnson (1976), Henderson (1979), and Herbst et al. (1978) have dealt partic-
ularly with the morbidity due to the bloating syndrome.

Conclusions

We are convinced that Nissen’s fundoplication is very effective against gastro-
esophageal reflux. In children, however, the ability to vomit is taken away and the
morbidity rate of 25%-50%, depending on author, is very high. Nissen’s fundo-
plication, thus, does not represent the method of choice in children. It is indicated
only in cases of short esophagus, for intrathoracic cuff formation, or in patients
with cerebral damage for the prevention of active rumination.

A double-row reconstruction of the angle of His in the form of a semi-fundo-
plication maintains the physiological two-way system of swallowing and eructa-
tion, eating, and vomiting.

In answer to the decisive question: To Nissen? — Not to Nissen! —

Summary

Nissen’s fundoplication is associated with a high morbidity rate in children. The
symptoms are expressed as dysphagia, bloating, diarrhea, and neurotic behavioral
changes. On the basis of our own experience, Nissen’s fundoplication is not the
treatment of choice in children. It is indicated only in cases where a total absence
of reflux is tolerable (reflux followed by episodes of apnea, children with cerebral
damage, etc.).

Résumé

La fondoplication selon Nissen risque d’entrainer un grand nombre de complica-
tions chez I'enfant: dysphagie, ballonements, diarrhées, comportement névro-
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tique. D’apres I'auteur, la fondoplication n’est donc pas le procédé de choix chez
I’enfant et n’est indiquée que dans les cas exigeant une suppression totale du
reflux et rien de moins: cas de reflux suivis d’apnée prolongée, enfants présentant
des 1ésions cérébrales etc.

Zusammenfassung

Die Fundoplikation nach Nissen ist bei Kindern mit einer hohen Komplikations-
rate behaftet. Deren Symptome sind Dysphagie, Blihungen, Diarrhéen und
neurotische Verhaltensverdnderungen. Aufgrund eigener Erfahrungen ist die
Fundoplikation nicht als Verfahren der Wahl bei Kindern anzusehen. Sie ist nur
bei Fillen indiziert, wo ein volliges Fehlen des Refluxes tolerabel ist (Reflux mit
anschlieBenden Apnoeen, Kinder mit Zerebralschaden etc.).
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Retroesophageal Hiatal Plasty and Gastropexy
in the Treatment of Gastroesophageal Reflux
with or Without Hiatus Hernia in Childhood

W.Cu. HECKER

Not every patient with gastroesophageal reflux requires treatment, not to mention
surgical treatment. According to the American pediatric surgeon Lucian Leape
(1979), closure of the cardia is incomplete in 25%-50% of all infants. Roughly
two-thirds of these infants never show symptoms and only one-third become
symptomatic. In approximately 75% of the symptomatic infants, symptoms are
mild and these children usually undergo treatment by the pediatric practitioner,
whereas clinical treatment is necessary in the remaining 25% where most of them,
namely 90%, are cured conservatively. Only 10% of this small remaining group
require surgery. In about 5% of patients with symptomatic reflux, the symptoms
are primarily so severe that immediate pediatric surgical treatment is necessary

(Fig. 1).

(25-50 % OF BABIES )

N

ASYMPTOMATIC SYMPTOMATIC
(N W//(~ .

MILD MODERATE SEVERE

(~75%) {~20 %) (~5 %)

NO TREATMENT OR CLINICAL TREATMENT. ESOPHAGITIS

TREATMENT BY STRICT MEDICAL STRICTURE

PEDIATRIC PRACTI - AND POSITIONING APNEIC SPELLS

TIONER THERAPY HERNIAS

|

SUCCESS FAILURE
(90 %) (10 %)

QPERATION
Fig.1. Forms and therapy in gastroesophageal reflux. (Modified from Leape 1979)
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The combination of three diagnostic methods renders the decision for con-
servative or surgical treatment possible: first, pH monitoring of the esophagus
over 24h shows whether there is a pathologic gastroesophageal reflux or not;
second, cineradiography reveals the sort of reflux best classified according to
McCanley (1979); third, endoscopy detects inflammatory changes of the esopha-
geal mucosa suitably staged according to Savary-Miller.

We can discriminate between absolute and discussable indications for surgery.
Absolute indications are stage II and III esophagitis, according to Savary-Miller,
esophageal stricture, Roviralta syndrome, major and eventually medium-sized
gastroesophageal refluxes as well as hiatus hernias (except minor forms) in young
infants. Among the discussable or relative indications we rank the near miss
sudden infant death syndrome, rumination, and recurrent pneumonia. In the last
group (pneumonia), an intense diagnostic workup is necessary to reveal how
much of it is the responsibility of the gastroesophageal reflux. A scintiscan may be
of great help in this situation. Leape (1979) of Boston is convinced that gastro-
esophageal reflux with subsequent aspiration is the main cause of the sudden
infant death syndrome. Before we come to lay down surgical indications, five facts
should be considered:

1. An evaluation of the results of conservative treatment in 528 children with
hiatus hernia showed that 54% of them were not cured, 19% stopped having
symptoms, and 21% were cured (Belohradsky and Hecker 1971).

2. In children with cardial insufficiency with or without hiatus hernia, 19% devel-
oped a peptic esophageal stricture, which is difficult to treat (Kuffer and
Bettex 1980).

3. Esophagitis is the predecessor of peptic esophageal stenosis.

4. A proven hiatus hernia does not disappear, even if it stops causing symptoms.

5. Fatal cases are observed almost exclusively secondary to complicated and
protracted forms.

One can deduce from these facts that pediatric surgeons favor conservative
therapy in young infants with minor or eventually medium-sized reflux as well as
in minor hiatus hernias. If symptoms do not disappear after 4 weeks of conserva-
tive treatment, the operation is indicated.

The aims of surgical treatment of cardial insufficiency with or without hiatus
hernia are: to reposition the cardia and the terminal esophagus below the
diaphragm, to narrow the diverging diaphragmatic crura, to secure fixation of the
cardia and the terminal esophagus below the diaphragm, to reconstruct an acute
angle of His, which is important for a reliable prevention of gastroesophageal
reflux, and, finally, to tighten the slackened esophagus. This is best achieved by
means of the retroesophageal hiatopexy and gastropexy, which was described by
Borema and Germes (1955) for adults, adapted for pediatric surgery by Rehbein,
and successfully employed by Rehbein (1976), Boix-Ochoa (1979a,b,¢), Von
Ekesparre (1964), and ourselves. This method provides the reconstruction of
physiologic conditions in an ideal manner.
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Fig. 2. Operative procedure. Abdominal approach below the left costal margin

Fig. 3. Operative procedure. Dissection of gastrohepatic omentum; preparation of the hiatus,
esophagus, and diaphragmatic crura. Snaring of the esophagus with a rubber catheter

Nissen’s fundoplication is also used by many pediatric surgeons (Nissen and
Rosetti 1959). This method also prevents the reflux; it establishes, however, an
unphysiological anatomical situation, is technically more difficult to perform, and
is subject to a higher complication rate. My opinion is that the simpler, more
physiologic, and faster method, additionally associated with fewer complications,
should be preferred if one can choose between two surgical techniques.

We use the following operative procedure: abdominal approach below the left
costal margin (Fig.2), dissection of the gastrohepatic omentum, preparation of
the esophageal hiatus, and preparation and mobilization of the terminal esopha-
gus (Fig.3). Then we narrow the diverging diaphragmatic crura. To prevent an
overcorrection resulting in a stenotic esophageal hiatus, it is useful to have a
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Fig.4. Operative procedure. The esopha-
gus is held by an angular retractor. Adapta-
tion of the diaphragmatic crura using non-
absorbable sutures, which must not be tied
too tightly

Fig. 5. Operative procedure. Gastropexy is

performed by attaching the minor curvature

near the cardia to the right anterior ab-
g asfr opexy dominal wall using three sutures

thick gastric tube inserted by the anesthetist. For a proper adaptation of the
diaphragmatic crura, it is important to grasp a good part of the muscles and to tie
them — not too tightly — with nonabsorbable sutures, according to the motto:
“Loose though tight enough” (Fig.4). A good adaptation is achieved if a small
dissection swab can be inserted between esophagus and diaphragmatic crura while
the gastric tube is in position. Thereafter, a gastropexy is performed, attaching the
minor curvature to the right abdominal wall near the cardia by means of non-
absorbable sutures (Fig. 5). Generally the gastric fundus is thus correctly position-
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Fig. 6. Operative procedure. The gastro-
pexy exerts moderate traction on the
esophagus. The gastric fundus is in the
subphrenic space. The acute angle of
His provides sufficient closure of the
cardia

ed in the subphrenic space, providing an acute angle of His, which is a prior con-
dition for an undisturbed function of the cardia (Fig.6). If the gastric fundus
does not come spontaneously into the desired position, it can be attached to the
anterior part of the hiatus with a few sutures.

Cases of esophagitis or esophageal stricture require measures for dilatation
later on. For that reason we insert a tie into the esophagus during the operation:
Via a small gastrostomy, a nylon suture is attached to the gastric tube and drawn
upwards through the nose by the anesthetist. Then the gastrostomy is closed. The
distal part of the nylon suture runs through the abdominal wall to the exterior
within the region of the gastropexy. This tie serves as a guiding device for repeat-
ed esophageal dilatation, starting from the 10th postoperative day.

Since it is our experience that patients with stage IT and III esophagitis develop
esophageal stenoses following surgery as a consequence of healing, we insert the
nylon suture prophylactically in these patients. Dilatation can then be initiated
immediately after diagnosis of a beginning stenosis. Control cineradiography is
done 3 weeks following surgery. Only esophageal strictures protracted over years
cannot be treated by esophageal dilatation. If repeated dilatation over 1% to 2
years is not successful, the stricture must be corrected surgically. We had to do a
resection of the stenosis in two patients and a bypass esophagogastrostomy in five
patients. Such operations must always be combined with a pyloroplasty. We try to
avoid resection, since this operation is without doubt more time consuming and
more complicated than bypass esophagogastrostomy.

Our patient material includes 214 children within 24 years. About one-third of
the patients were less than 4 mon old and two-thirds were under 1 year.

Among various forms of cardial insufficiency with or without hiatus hernia,
the sliding hernia predominated with 64.9%.

We could follow up 160 patients clinically and radiologically; 83% were
without symptoms, and 15% exhibited mild symptoms but were without patho-
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logic radiological findings. These patients suffered occasionally from upper ab-
dominal pain, vomiting, constipation, and sometimes dysphagia. Recurrences
occurred in 1.8%, all exclusively following thoracid approaches:

68 of the 214 patients underwent thoracic approaches. From 1963 on, only
abdominal approaches were used in the remaining 146 patients. The three cases
of recurrence belonged to the 22 thoracic operations which we could follow up,
corresponding to a 13% recurrence in this group.

Five patients died, corresponding to a mortality rate of 2.3%. However, no
patients have died during the last 12 years. In 1979 Bettex et al. published the
results of an inquiry in 1976 including 2789 patiens and reported a mortality rate
of 1.47%. I am convinced that we can achieve a mortality rate below 0.5% with
the aid of modern intensive care, the right time for surgical intervention, and
accurate pretreatment.

Summary

The results of 214 children operated upon for cardial insufficiency with or without
hiatus hernia are reported. For follow-up, 160 patients were reexamined: 83%
were without symptoms, and 15% showed mild symptoms without pathological
radiological findings. Recurrences occurred in 1.8%, all following thoracic opera-
tions performed during the early years of this series. A retroesophageal hiatopexy
and gastropexy through an abdominal approach was performed on 146 patients.
There was no recurrence in this group. Five patients died (2.3%). However, the
mortality rate has been zero for the last 12 years.

General aspects, diagnosis, and indication for operation are considered. The
operative technique is described in detail.

Résumé

Les auteurs rapportent les résultats de 214 opérations pour insuffisance du cardia
avec ou sans hernie chez I’enfant. 160 patients ont été réexaminés 83% d’entre
eux ne présentaient plus aucun symptome. 15% présentaient de discrets symptomes
sans que les manifestations radiologiques ne soient pathologiques. Dans 1,8% des
cas, il y a eu récidive aprés intervention par voie thoracique, pendant les premiéres
année de cette étude. 146 patients furent traités par voie abdominale: plastie
rétrohiatale et rétro-cesophagienne et gastropexie. Aucune récidive dans ce
groupe. 5 patients (2,3%) sont morts. Toutefois aucun décés n’est survenu durant
les 12 derniéres années.

Les auteurs traitent des aspects généraux, du diganostic et des indications pour
les interventions et décrivent en détail la technique opératoire.
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Zusammenfassung

Es wird iiber die Behandlungsergebnisse von 214 operierten Kardiainsuffizienzen
mit oder ohne Hiatushernie im Kindesalter berichtet. 160 Patienten konnten
nachuntersucht werden, von denen 83% beschwerdefrei waren; 15% wiesen
geringe Beschwerden auf, jedoch ohne pathologischen Rontgenbefund. Bei 1,8%
der Fille kam es zum Rezidiv, das ausschlieBlich nach der frither verwendeten
thorakalen Operation auftrat. 146 Patienten wurden abdominell mit der retro-
Osophagealen Hiatusplastik und Gastropexie behandelt. Hier zeigte sich kein
Rezidiv. 5 Patienten (2,3%) starben. In den letzten 12 Jahren wurde kein letaler
Ausgang mehr beobachtet.

Allgemeine Gesichtspunkte, Diagnose und Operationsindikation werden dar-
gestellt. Die Operationstechnik wird detailliert beschrieben.
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Small Bowel Esophagoplasty
with Vascular Microanastomoses in the Neck
for Treatment of Esophageal Burns in Childhood

J.Prevor, M. LeEPELLEY, and M. Scrmrrt!

Introduction

Esophageal burns and peptic esophagitis, though well known for a long time, have
become more and more important in our practice during the last 10 years. This
fact is highly correlated with the increasingly routine use of extremely aggressive
household cleaning agents, which are also packed in very attractive containers.
Moreover, this fact depends also on the larger geographic area which we cover,
including not only the Lorraine region but also some French-speaking African
countries. For these reasons, we have had to treat 25 children with esophageal
burns and one with peptic esophagitis during the last 15 years in whom dilatation
would have been entirely inadequate.

Since it is impossible to nourish the children via gastrostomy throughout their
life, one has to resort to esophagus-replacing operations. In the majority of the
cases (23 out of 26), we could realize esophagoplasties by interposition of the
isoperistaltic transverse colon with a pedicle containing the left colic artery,
according to the technique of Belsey. This technique provides the advantage of a
wide and useful bowel segment which is relatively resistant to the gastric juice.
Moreover, it is not particularly disfiguring to the children, since the whole proce-
dure is performed via thoracotomy in the left 7th intercostal space, except for the
esophagocolonic anastomosis in the neck. This procedure requires, however,
some technical finesse in order to establish a straight tube without kinking,
particularly at the level of the diaphragm. We have repeatedly described the
particulars in the French literature. One out of 23 children who had a colonic
interposition died of purulent mediastinitis. Two children had to undergo re-
operation for correction of kinking above the diaphragm. Reintervention in the
neck had to be done in seven children for correction of fistulas or anastomotic
stenosis.

If the colon cannot be used — a situation which is rather rare —, esophagus
substitution can be achieved by means of Gavriliu’s technique, using the major
curvature of the stomach. We do not favor this method, since on the one hand the
stomach itself may not be entirely intact, and on the other hand the tube thus
constructed may be too narrow and the gastric mucosa may itself cause problems
for the cervical esophagus with which it will be in contact, i.e., esophagitis.

We could not use the classic operation in two recent cases and solved the
problem by use of a small bowel graft in which the vessels were carefully prepared
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and anastomosed in the cervical region. We want to present these two cases, the
technique applied, and the results in detail.

Case 1

Sebastian A., born 6 January 1971. The boy suffered from severe ulcerative colitis
from his 3rd year on which was treated conservatively; however, colectomy was
repeatedly discussed. When he became 5 years old in January 1976, he swallowed
a large dose of Destop, a powerful household drain cleaner. Soon he developed
severe esophageal stricture, which was resistant to both medical treatment and
dilatation. A gastrostomy was established and esophagus replacement became
necessary (Fig.1). The colon was unserviceable due to edema, fibrous thickening,
and hemorrhagic changes (Fig.2). Esophagoplasty was performed in January
1977, according to the method of Gavriliu, using the stomach. Immediately post-
operatively, the result seemed to be satisfactory, but then progressively, the boy
developed extensive stenosis which included the upper half of the gastric tube.
Progression continued despite numerous dilatations and a revision of the upper
anastomosis (Fig. 3). A new gastrostomy had to be established. Several episodes
of intestinal hemorrhaging showed the persistence and the severity of the ulcera-
tive colitis.

Fig.1. Esophageal stenosis, throughout its entire length, due to ingestion of a caustic liquid
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Fig.2. Typical picture of ulcerative
colitis: Disappearance of haustra, with
a rigid, atrophic colon

Fig. 3. Complete stenosis of the upper portion of the gastric tube (perhaps of ischemic origin)
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Fig. 4. Opacification of the thoracic portion of the graft

We decided to transplant a segment of small bowel which was done on 10
December 1979, under the direction of Dr. Germain, an assistant of Prof. Roux
of Paris. The postoperative course was uncomplicated: Oral nutrition was started
on the 10th postoperative day; from the 3rd week on the boy was nourished
exclusively orally. Gastrostomy was withdrawn 2 mon later. Swallowing is
normal, except for mild disturbances if the boy drinks a large amount of fluid too
quickly (Figs. 4 and 5).

Results of the last follow-up show that he eats normally, he is of normal weight
and height for his age, and his ulcerative colitis is perfectly stable (Fig. 6).

Case 2

Adil G., a Moroccan boy with a slight encephalopathy, swallowed a large amount
of potash (potassium hydroxide) in April 1979 at the age of 6. Immediately, a
gastrostomy was established and repeated dilatations were performed. The
esophageal stricture became quicked impassable, even for minute amounts of
liquid. This led to numerous pulmonary complications. The boy was in poor
general condition when we performed colonic interposition, according to Belsey,
on 18 November 1981. During the laparotomy, we saw marked fibrosis of the
stomach, complicated by an ulcer of the posterior wall, and multiple lesions
caused by the burn. The vessel supply to the colon was unfavorable and there was
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Fig. 5. Satisfactory transit despite the undulations

significant edema of the transverse mesocolon. However, the operation seemed to
provide a satisfactory result and the postoperative course was uneventful for 10
days. From then on acute febrile complications appeared, due to a large perfora-
tion of the graft. Immediate surgical reintervention was necessary and revealed
subtotal necrosis of the graft. The boy, still bearing the gastrostomy, finally
recovered.

Since the stomach could not be used due to its severe fibrosis, we performed a
small bowel transplantation 8 mon later in June 1982. Postoperative course was
uneventful. Restarting oral nutrition, however, was difficult for psychologic
reasons. Anastomotic stenosis required surgical revision in the neck in September
1982. Since then, oral nutrition has been normal, except for some difficulty when
ingestion is rapid (like in the previous patient). The boy is in good general condi-
tion.
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Fig. 6. Our patient, 4 years after his
transplant, at 12 years of age (no. 2)

Discussion

Technical Considerations

The choice of which portion of intestine to use almost always depends on local
conditions. In our first patient, there was a good vessel supply of the jejunum; in
the second patient, we used the distal ileum. In each case, vessel preparation must
be done as near as possible to the root of the superior mesenteric vessels to obtain
the largest possible vessel calibers. The intestine, when cooled to between 10° and
15°C, was affected. It is advantageous to do the bowel resection and anastomosis,
create a wide retrosternal channel, and prepare the cervical vessels before the
resection of the blood vessels feeding the graft. Once this is done, the bowel is
immediately brought into retrosternal position and the vessels are anastomosed
(Fig. 7). As far as arterial blood supply is concerned, any readily accessible branch
of the external carotid may be used. In the first patient, we indeed used the invert-
ed trunk of the external carotid artery (Fig. 8); in the second case, we had to place
the anastomosis very low in order to obtain an end-to-side anastomosis between
the bowel artery and the trunk of the common carotid artery. For the venous side,
one must always use the internal jugular, paying attention to providing a lie which
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Fig.7. Operative view of the arterial
anastomosis (arrow 1) and the venous
anastomosis (arrow 2), which is less
easily seen

Fig. 8. Follow-up arteriography done
1 year postoperatively. One can
clearly see the trunk of the external
carotid artery turned downward and
the anastomosis with the intestinal
artery
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provides an unimpaired blood flow. Naturally, a microscope must be used. After
the blood vessels are attached, the two ends of the small intestine graft can be
anastomosed to the cervical esophagus and to the posterior wall of the stomach.
Anticoagulation is not necessary.

Functional Considerations

There seem to be several barriers standing in the way of the use of small bowel as
an esophageal substitute, as far as function is concerned. The first is the small
caliber of the small intestine and its slow peristalsis, quite different from that of
the esophagus. These disproportions seem not to be important in practice, since
the digestive tract adapts well to rapid contractions, additionally favored by the
upright position of the patient. It is only the attempt at swallowing a large mass
that is overwhelming for the graft. The children, however, are aware of this fact
and become familiar with the new situation very quickly.

The small bowel graft always looks very bent, since it cannot be fully straight-
ened without severely impairing the blood supply. Experience shows, however,
that transit is quick and completely unaffected by the impressive bends.

Finally, we could not observe any problems, even transitory ones, resulting
from contact between gastric juice and the graft. The lower anastomosis, how-
ever, is always established in such a way as to prevent reflux by attaching the
bowel graft to the posterior wall of the stomach.

Conclusions

Nowadays microsurgery allows the difficulties of vascular microanastomoses to be

easily overcome. Therefore one could be tempted to regard the ileal graft as an

ideal esophageal substitute if the latter is damaged. We do not believe in this
absolutely for various reasons:

1. Although the graft usually adapts well to the new situation, its caliber may
prove to be too narrow for larger pieces of food.

2. Microanastomoses of vessels always tend to thrombose.

3. But perhaps the most important problem is that because of its sinuosity, nearly
1m of small bowel is necessary to span the distance between neck and stomach,
meaning a more important functional loss as compared with esophageal
replacement using the colon.

Nevertheless, esophageal replacement by small bowel transplantation, using a
pedicule in the neck, is a very good method of esophageal substitution, and there
is no doubt that its use will be increasingly indicated in children.
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Summary

Replacement of the esophagus may become mandatory in esophageal burns if
dilatation treatment is unsuccessful. Normally, the isoperistaltic transverse colon
placed in the neck is used for this purpose. The use of the major curvature of the
stomach, according to Gavriliu, may also be considered. In two of our patients,
these techniques could not be applied, and we transplanted a portion of the small
bowel into the neck, with the blood supply to the pedicule being provided by
vascular microanastomosis in the cervical region. The functional results were very
satisfying in both cases, despite of the bent appearance of the grafts. At long-term
follow-up, there have been no major, particularly peptic, complications. The two
cases and the technique applied are described.

Résumé

Dans les cesophagites caustiques, le remplacement de I’cesophage peut s’imposer
lorsque le traitement par dilatations est inefficace ou dépassé. Habituellement les
auteurs utilisent dans ce but le colon transverse monté au cou en situation isopéri-
staltique. L’utilisation de la grande courbure gastrique peut aussi étre envisagée
selon le procédé de Graviliu.

Dans deux cas, le recours a ces deux techniques s’étant révélé impossible, les
auteurs ont transplanté au cou une anse gréle dont le pédicule a été anastomosé
aux vaisseaux du cou par microsutures vasculaires. Le résultat fonctionnel a été
tres satisfaisant dans les deux cas malgré Paspect trés tortueux de la plastie
cesophagienne. A distance, il n’y a pas eu de complication particuli¢re peptique
notamment.

La technique et les modalités d’anastomose sont détaillées apres la description
des cas.

Zusammenfassung

Bei Osophagusveritzungen kann der Ersatz der Speisetohre zwingend notwendig
sein, wenn die Behandlung durch Bougierung unwirksam ist. Gewohnlich wird
dazu das Colon transversum benutzt, das unter isoperistalischen Verhiltnissen
zum Hals hochgezogen wird. Die Verwendung der groBen Magenkurvatur nach
Gavriliu kann ebenfalls in Betracht gezogen werden. Bei 2 Fillen waren diese
Techniken nicht anwendbar, und die Autoren transplantierten eine Diinndarm-
schlinge, deren Gefifle im Halsgebiet mit den HalsgefiBen in Mikrotechnik
anastomosiert wurden. Das funktionelle Resultat war trotz des sehr gewundenen
Aussehens der Osophagoplastik in beiden Fillen sehr zufriedenstellend. Es traten
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keine besonderen, insbesondere keine peptischen Komplikationen auf. Technik
und Problematik werden nach den Fallbeschreibungen erlidutert.
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Follow-up Examinations

of Conservatively and Surgically Treated Children
with Hiatus Hernia

U. A.BernHARD and D. H. SHMERLING!

Introduction

The symptoms and the clinical picture of esophageal hiatus hernia depend largely
on the presence and degree of gastroesophageal reflux. It is reflux which produces
the severe complications, such as esophagitis, secondary scar contracture, aspira-
tion, and bronchopneumonia. The main purpose of therapy is directed toward the
prevention of such complications.

In this investigation the clinical characteristics, the treatment, and the results
in 65 patients with hiatus hernia and gastroesophageal reflux are described.

Patients and Methods

The 65 patients with hiatus hernia proved by radiological investigations admitted
between January 1966 and December 1976 to the University Children’s Hospital

Table 1. Number of patients and type of treatment over the 1st week, according to radiological
findings

Type of hernia Treatment Total

Surgical Con-
servative

Forme mineure

Type 1: Chalasia of the cardia

a. with slight reflux 1 8 9
b. with massive reflux 1 10 11
Type 2: Sliding hiatus hernia with small pouch 11 23 34
Forme majeure
Type 3: Sliding hiatus hernia with large pouch 6 4 10
Type 4: Sliding hiatus hernia
combined with paraesophageal hernia 1 - 1
Total 20 45 65

'Dept. of Gastroenterology, University Children’s Hospital, Steinwiesstr.75, CH-8032 Ziirich/
Switzerland

Progress in Pediatric Surgery, Vol. 18
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Zirich were examined. The diagnosis was made by barium swallow and the
radiological discovery of a hiatus hernia with reflux classified according to Sauvegrain
(1957) into forme mineure and forme majeure (Table 1).

All the important factors were extracted from the case sheets, including the
past history, the radiological diagnosis, and the therapy.

In spring 1978 (14 mon to 10 years after first admission to hospital), a question-
naire was sent to the parents of the children, inquiring after the type of treatment
the child received at home, the duration of the symptoms, and whether any symp-
toms were still observed.

Of the 65 parents who received the questionnaire, 39 responded. If the parents
replied positively to the questions: “Were there still complaints after hospitaliza-
tion or after treatment had been discontinued,” the children were asked to come
in for a follow-up examination. This comprised the taking of a detailed clinical
history, clinical examination, and estimation of the hemoglobin concentration. If
there were the necessary indications, an esophagoscopy was performed.

Results

Hospitalization
Age at Diagnosis

The majority of the 65 patients (67.7%) were less than 6 mon old when admitted
to hospital; 81.6% were less than 1 year old. The four children (6.1%) who were
older than 10 years had severe changes. There was one patient with a vague
dysmorphic syndrome, one with the Prader-Willi-Labhart syndrome, and two
with infantile paralysis.

Symptoms

The most frequent symptoms were vomiting, failure to gain weight, and infections
of the upper respiratory tract.

In 64 patients (99%), vomiting occurred. In the majority it started during the
1st week of life and was either projectile or simple regurgitation of stomach
contents. Hematemesis occurred in 30 patients. In 35 patients, the vomitus was
benzidine-positive.

On admission to hospital the weight was under the 3rd percentile in 41.5% of
the patients (measured according to the Boston percentile table). In 21 or 32.3%
of the patients, the weight was between the 3rd and the 10th percentile. The exact
distribution can be seen from Fig. 1.

Recurrent infections of the upper respiratory tract had been observed in
12 patients.
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Fig.1. Weight of the patients on admission to hospital. ————— Patients, —+—-—- normal
children

Laboratory Investigations

In half the patients, either the feces or the vomitus was benzidine-positive.

There were 19 patients who suffered from anemia, with a hemoglobin concen-
tration of 11g% or lower. There was no relationship between the degree of
anemia and the severity of the hiatus hernia.

Radiological Findings

Aspiration pneumonia was diagnosed radiologically in six patients.

The hernias found on esophagogram carried out at the first admission to
hospital were classified as forme mineure and forme majeure (Table 1).

Of the 34 patients with an forme mineure, the primary treatment was conserva-
tive in 23 cases. In six patients (two children with chalasia of the cardia type 1b
and four children of type 2), conservative treatment was not successful and
surgery had to be carried out later on. In two patients with chalasia of the cardia,
there was such a severe reflux esophagitis and massive reflux or secondary scar
stenosis of the esophagus that primary operations were carried out.

In 11 patients, esophagitis could be diagnosed either by radiology or endos-
copy. One patient already has a secondary stenosis at the gastroesophageal junc-
tion on admission.

Additional Findings

In 16 patients, additional clinical findings were seen. Four children suffered from
cerebral paralysis, three from the Roviralta syndrome, and a further three had
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been operated upon for left-sided diaphragmatic eventration. Other findings
occurred only singly and appeared to be accidental combinations.

Treatment

In 20 patients, a primary operation was carried out. In six further patients, who
were initially unsuccessfully treated conservatively, a fundoplication had to be
performed as a secondary step. The distribution of the types of operation carried
out can be seen from Table 2.

In 45 children (69.2%), conservative therapy was carried out which was un-
successful in six, necessitating operation on second admission to hospital. Table 3
shows the number of children treated conservatively according to the radiological
type.

Table 2. Type of operation carried out classified according to the original radiological finding.
Four patients (a, b, ¢, d) had to undergo more than one operation

Hiatus hernia Operation Number
Type la Fundoplication (severe esophagitis) 1 (a)
1b Fundoplication (esophageal stenosis) 1 (b)
Fundoplication after unsuccessful conservative treatment 2
Type 2 Fundoplication 10 (c, d)
Fundoplication after unsuccessful conservative treatment 4
Esophagogastropexy 1
Type 3 Fundoplication 3
Fundoplication/gastropexy 1
Esophagogastropexy 1
Fundoplication/gastrostomy 1

Type 4 Fundoplication : 1

Table 3. Number of children treated conservatively classified according to the
original radiological finding

Hiatus hernia Number of patients Number of patients
with similar treated conservatively
radiological findings ~ during hospitalization

Type la 9 8 (88.8%)
Type 1b 11 10 (90.9%)*
Type 2 34 23 (67.6%)"
Type 3 10 4 (40.0%)
Type 4 1 0

? Two of the 10 later had operative treatment
® Four of the 23 later had operative treatment
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The conservative therapy consisted mainly of three measures: sitting the
patient up (100%), thickening of the feed (68.8%), and antacids (57.7%). If
necessary, this treatment was combined with iron therapy (44.4%) and/or seda-
tives (28.8%).

(The percentage in brackets indicates how often the treatment had to be
carried out.)

Questionnaire

Of the 65 questionnaires sent out, 39 were returned. The type of treatment related
to the radiological findings as shown in Table 4.

One patient with a Prader-Willi-Labhart syndrome was treated conservatively,
was radiologically type 3, and died 2 years after hospitalization. This patient is not
included in the following analysis.

Table 4. Type of treatment in relation to the ~ Table 5. Type and frequency of home therapy
radiological findings abstracted from the

questionnaires Type Treatment
of treatment
Hiatus Treatment Con- . Surgical
hernia servative  (n=7)
Surgical ~ Conservative (n=16)

Type la 1 5 Head elevated 16 3

1b 3 3 Thickened feed 8 1
Type2 8 12 Antacids 5 5
Type 3 5 Iron therapy 4 4
Type 4 1 0 Sedatives 4 1

Therapy at Home

In 41.1% of the surgically treated patients and in 76.1% of the conservatively
treated patients (total 23), treatment had been prescribed after discharge from
hospital and had been carried out. Parents of 15 patients stated that they had not
carried out any treatment after discharge from hospital, although in seven of these
patients, treatment had been prescribed.

The type of treatment, according to the parents, can be seen from Table 5.

Duration of Therapy

The duration of therapy varied markedly. If therapy was necessary after discharge
from hospital, it lasted more than 1 year in 45% of the surgically treated patients
and in 30% of the conservatively treated patients.
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Distribution of Body Weight

According to the answers received to the questionnaires, seven children (17.9%)
had a weight under the 3rd percentile; three of these children suffered from
cerebral paralysis and one is still under treatment. Figure 2 shows the exact distri-
bution of weight.

Patients Free from Symptoms

In 26 of the total of 38 patients (68.4% ), the parents stated that after cessation of
therapy or after the last hospitalization respectively, they were free from symp-
toms. The distribution according to the type of hiatus hernia and the treatment
received can be seen from Table 6.

It is noticeable that all children with hiatus hernia type 1a are symptom free.
Unfortunately it is impossible to make any definite statement about the results of
conservative treatment in patients with hiatus hernia type 3. The only parents who
answered the questionnaire were those whose child had a Prader-Willi-Labhart
syndrome and had died. The cause of death could not be ascertained.

Table 6. Number of patients without symptoms
classified according to the original radiological find-
ings and the treatment received. The percentages
relate to the number of questionnaires returned

(see Table 4)

Hiatus Treatment

hernia - B

Surgical Conservative

Type 1a 1 (100.0%) 5 (100.0%)
1b 2 (66.6%) 2 (66.6%)

Type 2 5 (62.5%) 7 (58.3%)

Type 3 3 (60.0%) 0

Type 4 1 (100.0%) 0
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Complaints

Twelve parents said that their children had still some complaints after discontinua-
tion of the therapy. Seven still vomited, five had difficulties in swallowing, four
were constipated, three had diarrhea, two had recurrent infections of the upper
respiratory tract, one had a poor appetite, and one had heartburn.

Follow-up Examination

The following children were asked to appear for a follow-up examination:

— Children who after discontinuation of the therapy or after discharge from
hospital still had some complaints

— Children without symptoms but where the parents wished a follow-up ex-
amination

The follow-up examination consisted in the taking of an exact clinical history,
clinical examination, hemoglobin examination, and measurement of height and
weight. Routine radiographic control was not carried out unless there were special
indications.

Results in Children Without Symptoms Examined Because the Parents Wished It

Six children were examined. These children are all healthy. They had no com-
plaints at the time of examination. Height and weight were within normal limits.

Results in Children with Complaints After Discontinuation of Therapy
or After Discharge from Hospital

In 12 children the parents stated in reply to the questionnaire that there were still
some complaints. At the time of examination, the hemoglobin was normal. Only
one of the children who had suffered from neonatal asphyxia and epilepsy had a
weight under the 3rd percentile.

One child suffered from diarrhea and flatulence, which may have been the
result of the surgical treatment (fundoplication, pyloroplasty, and vagotomy).
This child’s weight and hemoglobin were normal.

At the time of the examination, four children were not cured. The details can
be seen from Table 7.

Discussion

Diagnosis of hiatus hernia should be made as early as possible (Carré 1971;
Randolph et al. 1974). In nearly 100% of our patients, vomiting was the leading
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symptom, occurring soon after birth. Type and frequency of vomiting was very
variable and changed in the same patient from time to time. A typical type of
vomiting in patients with hiatus hernia cannot be demonstrated. Depending on
the severity of the reflux and the duration of the disease, secondary changes, such
as esophagitis and anemia, were observed. Anemia was also partly due to the
deficient nutrition. This was shown by the fact that an esophagitis could be
demonstrated in only 11 of the 19 patients with anemia. According to Boix-Ochoa
and Rehbein (1965), the frequency of esophageal stenosis in the lower esophageal
segment increases with age and the duration of the reflux. Because of the early
diagnosis, there were only two instances of esophageal stenosis among our
patients. Similar to the patients described by Lilly and Randolph (1968), 67.7% of
our patients were under 6 mon old when first admitted to hospital.

Conforming with other reports in the literature (Carcassone et al. 1974;
Follette et al. 1976; Botha 1958), we found a typical combination of hiatus hernia
and left-sided operated diaphragmatic eventration as well as cerebral paralysis.
The combination of hiatus hernia and pyloric stenosis (Roviralta syndrome) was
seen three times (5%). Pellerin et al. (1974) found a gastroesophageal reflux in
13% of their patients with pyloric stenosis. Medical treatment of patients with
Roviralta syndrome following pyloromyotomy seems, therefore, indicated in
order to prevent reflux esophagitis, which may occur in 38%.

We agree with Vos (1971) that esophageal reflux is a definite indication for
therapy, even if radiology cannot definitely demonstrate a hiatus hernia (in our
patients, 20 out of 65).

The literature shows that it is impossible to be dogmatic about the type of
treatment for children with hiatus hernia. This is partly due to the fact that in an
unpredictable percentage of the patients, spontaneous healing occurs (Prinsen
1975; Randolph et al. 1974), and it is difficult to judge the effect of conservative
therapy.

One report (Botha 1958) showed that after 2 years without any treatment at
all, 65% of the children had no symptoms any more. Several authors state that in
approximately 20% of the patients who are clinically healed, the radiological find-
ings have not changed (Lefrancois et al. 1975; Nussle et al. 1969). Carré (1972)
reported that healing occurred in 66% of children between 2 and 4 years of age,
but only in 20% in children between 10 adn 15 years of age. In a more recent study
of the same author (Carré et al. 1977), half of the patients over 20 years of age
who were clinically cured still had a hiatus hernia when examined radiologically.

Nevertheless, we are of the opinion that, apart from definite indications for
primary operation, conservative treatment should always be tried (Lilly and
Randolph 1968; Vos and Boerema 1971).

We agree with Prinsen (1975) that the children should be treated conservative-
ly at first for 2 weeks. Only if conservative treatment is not successful should an
operation be considered.

Conservative treatment consisting of a combination of sitting the patient up,
thickening of the food, and antacids should be carried out, although Prinsen
(1975) and Brown (1963) did not find antacids an advantage. Therapy should be
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carried out for at least 10 weeks to 3 mon after the symptoms have disappeared,
in order to minimize a possible recurrence.

Of our 20 patients with hiatus hernia type 1, only two had to be primarily
operated. In two further patients, conservative treatment was unsuccessful,
necessitating a fundoplication. Of the 34 patients with type 2, 23 were initially
treated conservatively, four without success. Nothing definite can be said about
the effect of conservative therapy and the necessity of operations in children with
a hiatus hernia forme majeure because the number of the patients is insufficient.

Lilly and Randolph (1968) did not find any relationship between the severity
of the symptoms and the success of conservative therapy. Conservative therapy
appears to be successful in between 63% (Nussle et al. 1969) and 86% of the
patients (Sgrensen 1967). On a short-term basis a significant relationship between
the success of therapy and the radiological findings was observed. In type 1, treat-
ment was successful in 87%, in type 2 in 58%. At present, 83.3% of our patients
with type 2 hiatus hernia are definitely without complaints. In a 20-year study
carried out by Astley et al. (1977), they showed that after 20 years, 92% of the
conservatively treated patients (a total of 86) were without symptoms. Our find-
ings seem to justify primary conservative treatment in cases with hiatus hernia
forme mineure. We are of the opinion that early operation may be unnecessary in
nine out of ten cases.

If conservative therapy is unsuccessful, immediate surgery should be carried
out. This was the case in 13% of our patients. This figure seems to be below the
average of 15%-28% (Brown 1963; Randolph et al. 1974). Further indications for
primary operations are paraesophageal hernias, persistent esophagitis, stenosis of
the lower esophagus, and severe physical retardation because of massive vomit-
ing.

The optimal operative therapy is the fundoplication of Nissen. In the years
1966-1976, 24 of the 26 operated children were treated by fundoplication. In four
patients, several operations were necessary.

The postoperative results in cases without stenosis are good or very good
(Bettex 1974; Bettex and Kuffer 1969; Follette et al. 1976; Genton 1967; Sauvegrain
1957).

Of our patients, 89% were free from symptoms at the time of the follow-up
examination. A certain number of the patients complain of a feeling of fullness of
the stomach because of difficulties in bringing up swallowed air for a short period
after operation. Woodward (1975) states that 54% of the patients complain of this
disability. On follow-up examination, only one of our patients was still com-
plaining of this symptom.

Simultaneous vagotomy and pyloroplasty appear not to increase the success
rate of operation and should not be carried out routinely (Ellis 1972). Woodward
(1975) states that they are associated with an increased morbidity, for instance,
the dumping syndrome and diarrhea.

If an esophageal stenosis is present, the success rate of the operation is diminish-
ed. It is, therefore, most important that stenoses should be prevented. Stenoses
do not depend on the severity of the radiological anomaly (Symposium sur les
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hernies hiatales de I’enfant 1967). It is noticeable that one of our two patients
with a fibrous stricture of the esophagus had a hiatus hernia type 1. Carré (1959)
states that 21% of the patients collected from the European literature developed
stenoses. Luckily, only two of our 65 patients had an esophageal stenosis.

Summary

Between 1966 and 1976, 65 infants and children were treated because of hiatus
hernia. The diagnosis was made radiologically in all cases and in a number of
patients endoscopically. 54 patients had a forme mineure (types 1 and 2), and 11
had a forme majeure (types 3 and 4). Of the 20 patients with type 1, 16 (80%) were
successfully treated conservatively; two further patients needed a secondary
operation. Of 34 children with type 2, 15 (44%) were treated successfully con-
servatively, and four needed a secondary operation. Of ten patients with type 3,
four (40%) were treated primarily conservatively with success. Two children with
type 1, 11 with type 2, six with type 3, and one with type 4 had to be operated on
primarily because of severe esophagitis at the time of admission.

From 14 mon to 10 years after discharge from hospital, follow-up examination
of 33 patients showed that one child died from another cause. In 14 of the 21 con-
servatively treated patients and in 12 of the 18 surgically treated patients (66% in
both cases), there were no symptoms or complaints. Eight had subjective com-
plaints, but in only four (10.5%) was there a definite complaint. Three of these
four patients had associated diseases (spastic tetraplegia, operated jejunal
atresia). In these patients, esophagitis was present on follow-up examination and
necessitated further treatment.

The treatment of choice for the forme mineure without esophagitis should be
conservative, and in most cases this will be sufficient. In only a few of these
patients did it become necessary to carry out a secondary fundoplication. Opera-
tion is indicated primarily in cases with esophagitis and-esophageal stenosis as well
as in patients with a forme majeure of the hiatus hernia.

Résumé

Entre 1966 et 1976, 65 nourrissons et enfants ont été traités pour hernie hiatale
(54 cas de forme mineure et 11 cas de forme majeure). Au cours de la premiére
hospitalisation, 20 interventions chirurgicales et 45 traitements médicaux furent
pratiqués. Le traitement médical échoua dans 6 cas, entrainant une seconde
hospitalisation et une fondoplication selon Nissen.

89,5% des enfants réexaminés de 14 mois a 10 ans aprés leur hospitalisation
étaient guéris. Le traitement médical a donc obtenu la guérison de 85% de formes
mineures de hernie hiatale dans le groupe étudié. Il doit donc étre le traitement
de choix, du moins en ce qui concerne la forme mineure.
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Zusammenfassung

Von 65 Kindern, die in den Jahren 1966-1976 im Kinderspital Ziirich wegen
Hiatushernie ,forme mineure* (54 Fille) oder Hiatushernie ,,forme majeure
(11 Fille) hospitalisiert waren, wurden im Verlauf der ersten Hospitalisation 20
operativ und 45 konservativ behandelt. In 6 Fallen scheiterte die konservative
Therapie, so daff in einer zweiten Hospitalisation eine Fundoplikation nach
Nissen notwendig wurde.

Eine Nachkontrolle, 14 Monate bis 10 Jahre nach der Hospitalisation, ergab,
daB 89,5% der Kinder definitiv beschwerdefrei waren.

In unserem Patientenkollektiv fiihrte die konservative Therapie bei Hiatus-
hernie ,,forme mineure in 85% zur definitiven Heilung. Sie sollte, abgesehen von
eindeutigen Operationsindikationen, immer zuerst versucht werden.

Die Fundoplikation ist in erster Linie bei MiBlingen der konservativen Thera-
pie (keine entscheidende Besserung nach 14tigiger Behandlung) sowie bei den
meisten Formen der Hiatushernie ,,forme majeure” und bei sekundirer Narben-
stenose indiziert.
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Immunological and Hematological Consequences
of Deficient Function of the Spleen

W.H. Hrrzic!

Lien: mysterii plenum organum (GALENUS)

The following introductory remarks aim at a brief recapitulation of some anatomi-
cal and physiological data on the spleen, which might be helpful before the discus-
sion of recent surgical problems with this organ.

Anatomy

The weight of a normal spleen is about one-third of a percent of the body weight
(Pearson 1981). The large vessels enter the spleen at the hilus and penetrate to-
gether into the trabeculae (Von Mollendorff 1940). Before reaching the splenic
pulp, they divide, and the smaller arteries become surrounded by lymphatic tis-
sue, thus forming the central artery of the malpighian body. Subsequently, the
artery breaks up into the penicillar arteries, which continue into the contractile
capsular arteries, and finally end in the reticulum of the red pulp. This is a network
within the cords of Billroth, surrounding the central splenic sinus. The endothelial
cells lining both the splenic sinus and Billroth’s cords lack a basement membrane,

Fig.1. Structure and function of the spleen. TL, thymus-dependent lymphocyte; BL, bursa-
dependent lymphocyte; M, monocyte-macrophage; SA, splenic artery; SV, splenic vein; AS,
terminal arteriolar sphincter; PALS, periarteriolar lymphocytic sheath. (Craddock et al. 1971)
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Fig. 2. Structure and function of the lymph node. BL, bursa-dependent lymphocyte; M, mono-
cyte-macrophage; Ag, antigen; Ab, antibody; Af.D, afferent lymphatic duct; Ef.D, efferent
lymphatic duct; PCV, postcapillary venule. (Craddock et al. 1971)

but they have projections which extend into their respective vascular channels.
The potential clefts between the endothelial cells provide an effective filtration
system through which red cells and white cells in the Billroth’s cord have to pass
to regain the splenic sinus and reenter the venous circulation (Pearson 1981).

The white pulp contains numerous T-lymphocytes and macrophages; the ger-
minal centers have in addition, B-lymphocytes, which synthesize specific anti-
bodies (Craddock et al. 1971). A comparison with the structure of a lymph node
shows many analogies — the neighborhood of macrophages preparing antigens and
lymphocytes making antibodies — but one essential difference: the lymphatic
tissue of the spleen is in direct contact with the blood, whereas the afferent limb
of the lymph node is exclusively represented by lymph. According to its physio-
logic functions, the spleen might be designated as “central general lymph node”
(Figs.1 and 2).

Physiology

Some of the mysteries previously associated with the spleen are now replaced
by facts: during the embryonal period, the spleen has an important function in
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hematopoesis; in the postnatal period, it fulfills hematological and immunological
functions. Its peculiar structure serves to control every blood cell, which must be
squeezed through the endothelial clefts into the venous sinuses. This is accom-
plished by “culling and pitting,” expressions which indicate a selective removal of
morphologically abnormal erythrocytes and removal of intraerythrocytic in-
clusions, such as Howell-Jolly bodies, respectively (Pearson 1981). Rigid cells,
like spherocytes or drepanocytes, are retained, phagocytosed, and destroyed. By
this mechanism a normal man replaces about 1% of his aged and functionally
damaged erythrocytes each day. Foreign blood cells (e.g., introduced by in-
compatible blood transfusion) or other antigenic material is taken up by macro-
phages, which transform it into a superantigen and offer it to neighboring lympho-
cytes. This again exemplifies how intimately the immunological function of the
spleen is related with the blood (Craddock et al. 1971; Pearson 1981).
Pathological functions are either hypo- or hypersplenism (Pearson 1981). A
person with the first, which may be congenital or acquired, carries the same risks
as a splenectomized patient. On the other hand, hypersplenism is characterized by
too rapid and too extensive destruction of blood cells, which leads to pancytopenia.

Indications for Splenectomy

In syndromes with hypersplenism (Table 1), there is a clear indication for splenec-
tomy: hemolytic anemias due to rigid erythrocytes are improved by removing the
control organ, since erythrocytes now stay in the circulation for a longer time
(Schilling 1976). In oncologic diseases the operation has mainly diagnostic value.
Sometimes removal of the spleen is necessary for mechanical reasons when
removing a tumor, e.g., an infiltrating nephroblastoma. The most important

Table 1. Indications for splenectomy

Hematologic diseases

Spherocytosis, hemoglobinopathy, Wiskott-Aldrich syndrome, thrombocytosis, aplastic anemia
Oncologic diseases

Staging of Hodgkin’s disease, lymphomas, tumors in leukemia, nephroblastoma

Immunologic diseases

Autoimmune hemolysis and thrombocytopenia

Infections

Kala-azar, parasites

Syndromes with hypersplenism

Banti’s syndrome, splenic vein thrombosis, storage diseases

Trauma
Rupture of the spleen
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indication for surgery, rupture of the spleen, until recently was treated by ligation
of the hilus and total splenectomy in order to avoid hemorrhage.

Inclination for Infections After Splenectomy

Since 1952 (King and Shumacher 1952) many authors have pointed out increased
susceptibility to infections in splenectomized people. This “overwhelming post-
splenectomy infection* (OPSI) increases the risk of sepsis, according to extensive
collective statistics, by a factor of 58-86 compared with a normal population
(Pearson 1981). In patients splenectomized for trauma, the risk for septicemia is
increased sixfold, but because of a letal nature of the infections (58%), the risk of
death is 200 times greater than in the normal population (Pearson 1981). Micro-
organisms found in OPSI are mainly encapsulated bacteria, in half of the cases
pneumococci (Table 2). In tropical countries, infections with Plasmodium malariae
are also frequent.

It is also evident that the nature of the underlying disease for which the patient
is operated is important: most unfavorable are malignancies including the spleen;
in Hodgkin’s disease, though, splenectomy may be compared with a biopsy for
staging the extent of the disease.

The development and progress of such an infection in a splenectomized child
is extremely rapid with sudden shock and high fever almost without prodromata,
and it therefore leads to death within hours. Bacterial cultures in blood and
cerebrospinal fluid are positive, and frequently great numbers of free bacteria can
be seen in the blood smear.

The reasons for these severe infections are rather well known, as pointed out
in the section on physiology. A great number of experimental and clinical work
has been done in this field (Craddock et al. 1971; Schwartz et al. 1977). It is
obvious that the lack of a normal phagocytic function-of the spleen fails to clear
infectious material from the circulation. As a consequence, no bacteria can be
offered by the phagocytes to macrophages, which in turn should transmit the
information on the penetrating antigen to lymphocytes. Normally, within 3-5
days, “early antibodies” of the IgM type would be formed, and these would be

Table 2. Microorganisms found in
overwhelming postsplenectomy infec-

tions

Pneumococci 49.0%
Escherichia coli 10.9%
Meningococci 10.4%
Hemophilus influenzae 9.3%
Other organisms 10.6%

No organisms found 9.5%
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replaced gradually by the persisting IgG antibodies (Schwartz et al. 1977). After
this lag period the first line of defense represented by the phagocytes could be
replaced by the more sensitive antibodies, which opsonize particulate antigen,
i.e., “make it palatable” to phagocytes.

These functions can hardly be substituted by the liver, since the blood flow is
too rapid to allow phagocytosis of particles which are not heavily opsonized; in
addition, the close relationship with lymphatic tissue, of such great importance in
the spleen, is lacking in the liver. Most of the OPSI are seen in the first 2 years
after splenectomy. Later they also occur but are much rarer (Fig. 3).

Therapy and Prophylaxis

Treatment of OPSI is severely handicapped because of the fulminant course.
Antibiotic treatment should be started as quickly as possible. However, prophy-

laxis of the infections is of far greater importance. There are three possibilities
(Table 3):

1. Immunization against pneumococci (Pneumovax) aiming at preparing suffi-
cient amounts of opsonins. This procedure has two limitations: small children
(<2 years of age) are unable to form antibodies against pneumococcal poly-
saccharides, and there is no protection against germs other than pneumococci
included in the vaccine.

2. Prophylactic treatment with antibiotics effectively suppressing pneumococci
and most of the other microorganisms: for practical reasons amoxicillin (three

Table 3. Prophylaxis of overwhelming postsplenectomy infections

Children <2 years of age:  prophylaxis with amoxicillin or sulfamethoxazole

Children >2 years of age: pneumococcal vaccination and self-dispensation of amoxicillin
or sulfamethoxazole (in reticulo-endothelial system diseases)

All ages: preservation of spleen in trauma;
malaria prophylaxis in tropical countries
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times a day) or sulfamethoxazole and trimethoprim (once daily) is recom-
mended.

3. New operative techniques conserving splenic tissue, which is one of the main
topics of this monograph (Benjamin et al. 1980; Likhite 1978; Livaditis and
Sandberg 1980; Shackford et al. 1981; Tavassoli et al. 1973; Youssef and Stauf-
fer 1982).

Summary

This brief outline of the anatomy and physiology of the spleen points out the
intimate relations between blood stream and lymphatic tissue, which enables it to
perform many controlling functions: all blood cells are checked and removed, if
necessary; antigens are detected, phagocytosed, and offered to the immune
system, which reacts by formation of antibodies.

Résumé

Cette breve étude de I’anatomie et de la physiologie de la rate souligne les relations
étroites qui existent entre le flux vasculaire sanguin et les tissus lymphatiques, lui
permettant d’exercer de nombreuses fonctions de contrfle: toutes les cellules
sanguines sont vérifiées et supprimées si nécessaire; les antigénes sont détectés,
phagocytés et présentés au systéme immunitaire qui réagit en formant des anti-
corps.

Zusammenfassung

Diese kurzen Ausfithrungen zur Anatomie und Physiologie der Milz betonen die
engen Beziehungen zwischen Blutstrom und lymphatischem Gewebe, wodurch
viele Kontrollfunktionen erméglicht werden: alle Blutzellen werden durchge-
checkt und, wenn nétig, aus dem Verkehr gezogen, Antigene werden entdeckt,
phagozytiert und dem Immunsystem ausgesetzt, das mit der Bildung von Anti-
korpern reagiert.
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Immunological Consequences of Splenectomy
M. EsL’

Several reports have called attention to the occurrence of overwhelming infection
in patients who had undergone splenectomy (Bisno 1971; Editorial 1976; Likhite
1976). While patients who have had splenectomy in infancy and/or for hematological
malignancies (Chilcote et al. 1976; Edwards and Digioia 1976; Ein et al. 1977;
Klaue et al. 1979) are more likely to develop such infections, mostly caused by
pyogenic microorganisms, infections occur in patients splenectomized after
trauma as well (Eisenberg et al. 1976; Pringle 1981; Robinette and Fraumeni
1977; Shandling 1976). Information on the function or capacity of the spleen will
help to understand why the removal of this organ may lead to these severe compli-
cations.

The spleen is the largest individual organ of the phagocytic apparatus with
approximately 25% of the body’s phagocytic capacity. Aged autologous cells,
homologous cells, and other antigens, both soluble and particulate, are eliminated
by this system (Saba 1970). Phagocytic cells are the phylogenetically oldest means
to recognize nonself. After a particle — an antigen — has been recognized as for-
eign, it is phagocytosed, processed, and expressed in the membrane of the macro-
phage in close connection with products of the major histocompatibility locus,
i.e., in close connection with self-determinants.

Phagocytic cells have different receptors to interact with the particles to be
phagocytosed. The receptors for certain sugars, especially manose, are of great
importance for the attachment of bacteria. Such sugars are also present in differ-
ent cell walls, and the respective receptors seem to represent one of the general
recognition sites. When microorganisms are opsonized by IgG antibodies, phago-
cytes recognize them via their Fc receptor. If opsonization takes place by comple-
ment activation, either directly, by activation of the alternative pathway, or anti-
body-mediated, via the classical pathway, the complement component C3,
remains on the microbial surface and is recognized by C3, receptors on phago-
cytes. Phagocytosis by Fc and C3,, receptors is faster and much more efficient than
in serum-free environment.

Particles which are minimally or insufficiently opsonized (with low-titer IgG
antibody) are preferentially cleared from the circulation by the spleen. An
increase in the concentration of opsonizing factors is followed by preferential
phagocytosis through the liver (Benacerraf et al. 1959). This implies that the
spleen is the most important site of clearance in the early phase of microbial
invasion, i.e., before sufficient amounts of specific antibodies are produced and
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when clearance depends on cross-reacting antibodies, present in low concentra-
tions from previous contacts with other bacterial antigens.

The uptake of particles from the peripheral blood is also the first step in the
immune response. Macrophages ingest the bacteria, and the majority of the
microorganisms are killed within the phagocytic cell or possibly already in the
phase of adherence extracellularly. Part of the antigenic material is processed and
re-expressed in the cell membrane, in close proximity to the products of the major
histocompatibility complex (MHC). T cells recognize the antigen together with
self-determinants and proliferate (Eibl et al. 1982).

As has been shown by several investigators with regard to cells of experi-
mental animals, and as we were able to demonstrate for the human system with
Escherichia coli as antigen, T cell proliferation is dose dependent in two respects:
1. The higher the dose of antigen ingested, the higher the proliferative response.
2. The macrophage: T cell ratio influences the response as well. Higher propor-

tions of macrophages induce a higher T cell response at the same concentration

of antigen (Eibl et al. 1982).

In the case of the splenectomized individuals, the uptake of antigen is signifi-
cantly lower than in healthy persons, as has been demonstrated with IgG-coated
red cells in humans as well as by opsonized pneumococci in splenectomized guinea
pigs (Hosea et al. 1981b). One reason for this diminished uptake could be that the
anatomical construction of the spleen allows for a longer lasting contact between
particulate antigens and phagocytic cells than is the case in other organs. Antigen
uptake by the phagocytic cell is strongly dependent on the time of contact be-
tween the antigen and the respective phagocyte.

It can be assumed that due to differences in microcirculation the antigen is
available for a longer period of time in the spleen than in other organs.

Close physical contact between the antigen-presenting cell and T-lymphocytes
is essential in the early phase of the immune response. The spleen provides a
favorable site for this interaction because of the large numbers of phagocytic cells
surrounded by T cells (Eibl et al. 1982).

The first cells activated by the antigen-presenting macrophage are inducer T
cells. They belong to the T4 subpopulation and initiate both the proliferation of
helper T cells and the activation of suppressor T cells. Helper T cells are required
for the proliferation and differentiation of antigen-reactive B cells. T4 cells are
also capable of producing factors called lymphokines, which affect the migra-
tion, different effector functions, and bactericidal capacity of macrophages.
Immunological reactions are subject to regulation by control mechanisms. The
function of this regulatory system is as complicated as the immune response itself
and is activated by antigen parallel to immunological effector functions. A series
of cells with immune regulatory potential have been identified: macrophages with
immunosuppressive function (Miller and Baker 1979) have been demonstrated,
especially in connection with infections caused by intracellular microorganisms,
for example, acid-fast bacilli. Suppressor T cells are of great importance in the
control of antibody production. By using haptens as antigens in the mouse system,
a circuit of three cells ~ TS1, TS2, TS3 ~ has been identified (Amsbaugh et al.
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1978). Each of these cells produces a factor, and as the last stage of sequential
activation, a factor is produced which directly suppresses the immune response.

While macrophage-bound antigen mainly induces helper cells, free antigen
preferentially stimulates suppression.

Looking at the spleen as the site of a delicate balance between activation of
the immune response and its suppression (Amsbaugh et al. 1978; Millard and
Banerjee 1979; Romball and Weigle 1977; Roubinian et al. 1977; Rozing et al.
1978) makes the large number of results understandable, which at first sight could
have been regarded as contradictory.

In splenectomized patients the number of phagocytic cells is greatly reduced.
For this reason less macrophage-bound antigen will be presented to T cells, and
large amounts of free antigen will be available. In addition, the ratio between
macrophages and T cells will be changed unfavorably. These circumstances will
affect antibody production, and it is not surprising that different investigators
looking for antibody production in splenectomized patients have found that sig-
nificantly lower amounts of antibodies are produced, especially against particulate
antigens. Jandl and Kaplan (1960) and several other authors demonstrated an im-
paired response against homologous erythrocytes in splenectomized volunteers,
and the Wedgwood group (Sullivan et al. 1978), investigating the immune
response to bacteriophage, described an impaired response in splenectomized
individuals as well. Of great importance is the diminished production of anti-
bodies for different pneumococci (Giebink et al. 1979, 1980; Hosea et al. 1981a;
Passl et al. 1976, 1978; Sullivan et al. 1978; Winkelstein and Lambert 1975) and
E. coli (Passl et al. 1976, 1978). Both specific antibodies and serum opsonic
activity were found deficient in splenectomized individuals (Giebink et al. 1980;
Winkelstein and Lambert 1975), but differences in the immune response against
different strains of pneumococci are substantial (Giebink et al. 1980). These dif-
ferences are also responsible for contradictory results from various investigators.
Pneumococci of groups 6 and 4 are weak antigens, and defects in splenectomized
patients were most common with respect to antibodies against these strains. Type
6 pneumococci have been found responsible in several cases of overwhelming
postsplenectomy infections (Giebink et al. 1979). This type is present in the poly-
valent pneumococcal polysaccharide vaccine, but it has been found that several
splenectomized patients do not respond to it.

Most of the patients who have to be considered as vaccine failures are
splenectomized individuals, and the infecting microorganism is mostly type 6
pneumococci. Still pneumococcal vaccination in splenectomized persons is most
advisable and should be carried out, irrespective of the time interval to splenectomy.

In serial determinations of serum Ig in groups of splenectomized patients, a
lowering of IgM is a general finding (Chilcote et al. 1976; Westerhausen et al.
1981; Winkelmeyer et al. 1981); IgA level is rather increased. Both high and low
levels of IgG have been reported. Nitsche et al. (1976) found high levels in the
early postoperative phase, Claret et al. (1975) low levels later. Considering the
importance of the spleen in immunoregulation, these discrepancies are not sur-
prising.
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Cellular immune functions are less well known in splenectomized patients than
humoral parameters. A decrease in T cell population (Millard and Banerjee 1979;
Westerhausen et al. 1981; Winkelmeyer et al. 1981) with an increase of B cells is
probably due to regulatory dysfunctions. There are also indications that the
homing of lymphocyte subpopulations is influenced by the spleen and that blood
lymphocytes in splenectomized individuals, therefore, show different composition
of subsets than in healthy persons. Proliferative responses to mitogens were
described as reduced. These findings were more significant shortly after the
operation, but could also be detected a long time afterwards (Winkelmeyer et al.
1981).

Our own results (C. Miiller, M. Eibl: Manuscript in preparation) indicate that
the number of antibody-producing cells is significantly lower in the peripheral
blood of splenectomized individuals than in healthy persons. The difference
between the two groups was much larger than would have been expected on the
basis of Ig and antibody levels, pointing to a differential homing of antibody-
producing cells.

It appears likely that antibody-producing cells circulate in higher frequency in
healthy persons, while in the splenectomized they migrate and stay in organs like
lymph nodes and the bone marrow. Results obtained in experimental animals
support this hypothesis.

Conclusion

The functions of the spleen include phagocytosis, participation in antibody pro-
duction (especially against particulate antigens) and in the primary response,
regulation of the immune response and influence on the homing of immuno-
competent opsonins (Spirer et al. 1977). The immunological consequences of
splenectomy can only be understood if we realize that none of these functions is
unique to the spleen, but, on the other hand, that the spleen is an important part
of the immune system and its removal will influénce immunological functions
quantitatively, affecting certain immunological reactions more than others.

Summary

A series of reports have dealt with the occurrence of overwhelming infections in
splenectomized patients. Being the largest individual organ of the phagocytic
apparatus, the spleen is responsible for the phagocytosis of insufficiently opsonized
particles. These are taken up by macrophages, processed, and expressed, together
with determinants of the HLA system, on the membrane of the macrophage. T
cells recognize these structures and proliferate in response, thus inducing a series
of immunoregulatory mechanisms. The anatomic design of the spleen allows for
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close contact between macrophages and T cells. Thus, splenectomy represents a
major intervention into the immunologic system. Splenectomized patients have
been shown to have low concentrations of IgM, decreased production of anti-
bodies directed against pneumococci and Escherichia coli, and several defects in
cellular immune function, including decreased numbers of T cells and a reduction
in lymphocyte proliferative responses. Thus, the removal of the spleen affects
certain immunological reactions, which are reflected by a number of clinical find-
ings.

Résumé

Un nombre assez important de publications ont étudié la survenue d’infections
fulgurantes chez les malades splénectomisés. La rate est le plus grand organe isolé
du systeme phagocytaire et est chargée de la phagocytose des microorganismes
insuffisamment opsonisés qui sont absorbés par les macrophages, transformés
puis exprimés avec les déterminants du systtme HLA sur la membrane de ces
macrophages. Les cellules T reconnaissent ces structures, se multiplient en
réponse et engendrent ainsi les mécanismes de la régulation immunitaire. La
structure anatomique de la rate permet aux cellules T et aux macrophages d’étre
en contact étroit. La splénectomie constitue donc une atteinte grave a U'intégrité
du systéme immunologique. La concentration IgM des patients splénectomisés est
abaissée et ils produisent moins d’anticorps contre le pneumocque et I’Escherichia
coli. Leur systeme cellulaire immunitaire est déficient (moins de cellules T et
ralentissement de la prolifération des lymphocytes). L’ablation de la rate affecte
donc certains mécanismes immunitaires comme en témoigne une série d’observa-
tions cliniques.

Zusammenfassung

Eine Anzahl von Publikationen haben das Problem des Auftretens von fulminan-
ten Infektionen bei splenektomierten Patienten zum Thema. Die Milz ist das
grofite Einzelorgan des phagozytierenden Systems und wverantwortlich fir die
Phagozytose von ungeniigend opsonisierten Mikroorganismen. Makrophagen
nehmen Antigene auf, verarbeiten sie und exprimieren sie zusammen mit Deter-
minanten des HLA-Systems an ihrer Membran, wodurch T-Zellen, die diese
Strukturen erkennen, zur Proliferation und damit zur Induktion immunregula-
torischer Mechanismen angeregt werden. Die anatomische Konstruktion der Milz
ermdglicht einen engen Kontakt zwischen Makrophagen und T-Zellen. Eine
Splencktomie stellt daher einen gravierenden Eingriff in das immunologische
System dar: Splenektomierte Patienten weisen niedrige IgM-Konzentrationen,
eine verminderte Produktion von gegen Pneumokokken und Escherichia coli
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gerichteten Antikérpern und Defekte des zelluldren immunologischen Systems
auf (erniedrigte Zahlen von T-Zellen sowie eine Verminderung der Proliferation
von Lymphozyten). Eine Entfernung der Milz betrifft daher gewisse immuno-
logische Mechanismen, deren Modulation ihren Niederschlag in einer Reihe von
klinischen Beobachtungen findet.
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Immunologic Status of Children After Splenectomy

L.Noack, K. Gpanierz!, and G. MULLER?

To be able to discuss the situation of splenectomized children, we have tried to
follow up 56 patients who had been splenectomized at the age of 1.9 to 16 years.

The splenectomy was performed for hemolytic anemia in 28, thrombocyto-
penia in 11, rupture of the spleen in four, and portal hypertension in eight
patients. The time between splenectomy and follow-up investigation was 9
months to 17 years.

Besides clinical examination and special inquiries for attacks of infections,

blood samples to determinate IgG, IgM, and IgA were taken. Only 54 blood
samples could be examined using the method of Mancini. After statistical evalua-
tion, three mean values of the splenectomized patients were compared with a
control group and the significance of the difference was judged by the ¢ test
(Table 1).
Like other authors, we found a significantly higher value of IgG in asplenic
patients. This is explained by the emigration of memory cells of the B type from
the spleen, which continue their reproduction after splenectomy. Most investiga-
tors have found higher IgA values in asplenic children. We found, on the
contrary, the IgA to be lower, but we could not prove this result statistically.

We found IgM, which is very important in childhood in preventing infections,
to be significantly lowered (P<0.05), corresponding to the findings of other
investigators. This is thought to be produced by a feedback mechanism from the
high IgG values to the IgM.

In order to find out something about the behavior of IgG after splenectomy in
the different underlying diseases, the mean values of our four groups of diseases
were compared with control groups (Table 1).

IgG was elevated and IgM was lowered in all four groups. IgA vared, except
for Werlhof’s disease.

Nearly the same alterations of the immunoglobulins were found in our patients
with different diseases.

At the time of follow-up all patients were well. Five are active in sports. Since
operation, three children suffer from recurrent severe infections of the upper air-
ways. These had been splenectomized before the 3rd year of life due to hemolytic
anemia.

Another patient with Evan’s syndrome developed a generalized enlargement
of the lymph nodes after splenectomy, which was understood as an autoimmune
'Klinik und Poliklinik fiir Kinderchirurgie im Stédtischen Klinikum Berlin-Buch, Karower Strae 11,

DDR-1115 Berlin-Buch
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Table 1. Behaviour of IgG, IgM and IgA after splenectomy in childhood after different diseases
(2 test)

Diagnosis n Ig Concentration t Test
(mg/ml) (significance)
Patients  Control 5% 1%
(x) group
)
Haemolytic anemia 28 IgG 12.33 10.15 s -
IgA 1.65 1.73 - -
IgM 1.19 1.62 - -
Werlhof’s disease 11 1gG 10.70 10.73 - -
IgA 1.61 1.91 - -
IgM 1.92 1.55 - -
Rupture 8 1gG 11.64 10.33 - -
IgA 1.72 2.08 - -
IgM 1.32 1.96 sl -
Portal hypertension 7 1gG 11.11 10.05 - -
IgA 1.94 1.71 - -
IgM 1.64 1.91 - -

reaction. This was treated by immunosuppressive therapy. Under this regime a
pneumococcal meningitis developed; 50% of all infections after splenectomy are
due to pneumococci. Since in this case, the infection developed while the patient
was receiving immunosuppressive therapy, the cause may not be the splenectomy
alone.

In the fifth case of infection after splenectomy — in this case after rupture of the
spleen — the patient developed rheumatic fever and endocarditis; tonsillitis,
appendicitis, and chronic relapsing pyelonephritis were further complications in
this child.

We have compared the Ig values of the five above-mentioned patients who
have had infections with those of five other patients who had no complaints or
diseases after splenectomy (Fig.1). The Ig levels of these ten patients did not
correlate with their clinical symptoms. Therefore, it seems that a connection be-
tween the behavior of the immunoglobulins and the state of health and symptoms
of the patients does not exist.

In contrast, a correspondence between postoperative complications and the
age of the children at the time of operation is noted, since relapsing infections
were observed in children who were splenectomized before their 3rd year of life.

The underlying disease seems to influence the susceptibility for infections.
Traumatic disruption of the spleen has the least effect, while loss of the spleen in
portal hypertension leads to the highest rate of infection. However, in our
material the severest infection was seen after removal of a ruptured spleen, while
the group with portal hypertension was free of such complications.



148 L.Noack et al.

Fig.1. Comparison of Ig-serum-values of patients without and with postop. complaints or
diseases

We had the rare opportunity to observe a child who had undergone a
splenectomy on his 1st day of life due to a tumor. Every 2nd month the IgG
concentrations were measured. We found that they decreased in the beginning
because of disappearance of the maternal antibodies and then rose above normal
values. IgM and IgA also rose but never reached normal values. The child, care-
fully supervised, developed normally and had neither abnormal symptoms nor
any diseases. In summary, we must conclude that the susceptibility for infections
after splenectomy in childhood cannot be predicted precisely.

Summary

Fifty-six splenectomized children were reexamined to verify their immune status
and were compared with a control group. Except for Werlhof’s disease, there was
a significantly increased serum IgG level in splenectomized children, as compared
with the control group, and diminished IgA and IgM levels. Susceptibility to post-
operative infections is dependent on age and underlying disease. Generally,
susceptibility cannot be predicted following splenectomy in the individual case.

Résumé

56 enfants splénectomisés ont été réexaminés pour vérifier leur état immunitaire
et comparés a un groupe de contrdle par rapport auquel on a noté une augmentation
significative du niveau des immunoglobulines G chez les enfants splénectomisés;
on a egalement noté une diminution des immunoglobulines A et M. La aux infec-
tions post-opératoires dépend de 1’age et de la maladie de base. En général, cette
réceptivité ne peut pas étre prévue en fonction des cas individuels.
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Zusammenfassung

56 splencktomierte Kinder wurden auf ihren Immunstatus hin nachuntersucht
und mit einer Kontrollgruppe verglichen. Es fand sich eine gegeniiber der Kon-
trollgruppe statistisch signifikant erhéhte Serum-IgG-Konzentration bei den
splenektomierten Kindern, wahrend IgA und IgM erniedrigt waren. Die post-
operative Infektanfilligkeit ist unabhéngig vom Alter und der Grundkrankheit.
Insgesamt kann die Infektionsgefahrdung nach Splenektomie nicht sicher voraus-
gesagt werden.
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Ultrasonic Diagnosis of the Spleen

V. Hormann!

As opposed to the liver and the pancreas, in children the spleen is seldom the
primary subject of ultrasonic diagnosis. However, it is included incidentally in
every sonographic examination of the abdominal area. This discrepancy can be
explained by the fact that it is often very difficult to form a clear sonographic
picture of the spleen and its pathological changes. The identification of a normal-
sized spleen can be difficult in infants and also in older children.

In general, three sections are enough to show the spleen: one longitudinal and
two horizontal sections from dorsal and ventral. Normally, the spleen is relatively
free of echo and is a sharply confined organ with good sound conduction and a
homogenous echo pattern. In contrast with the liver, there are no blood vessels or
bile duct sections to be seen, and therefore the picture does not vary.

The first question is the evaluation of spleen size: in splenomegaly the midline
is reached or crossed in the horizontal section (Fig. 1). In the vertical section the
spleen reaches farther down than the lower pole of the kidney. The most impor-
tant congenital malformation is the splenic cyst. It is easily recognizable by sono-
graphy; other methods of examination, especially invasive ones, are not necessary

Fig. 1. Horizontal section of epigastrium in splenomegaly. Compound scan technique. Ws, verte-
bral column; C, inferior vena cava; G, gallbladder; R, kidney; H, liver
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b

Fig.2a,b. Congenital cyst of the spleen. a Longitudinal section, left epigastrium. D, diaphragm.
b Resected specimen

(Fig.2a,b). In inflammations, it is important to differentiate a subphrenic abscess,
a splenic abscess, or a localized abscess in the area of the splenic lodge.

In systemic diseases, the spleen is often the subject of sonographic research.
Here it is important above all to recognize pathologic infiltrations by Hodgkin’s
disease or non-Hodgkin’s lymphomas. The structure is noticeably free of echo,
and it looks like a cyst with enforced transmission of the sonic beam and dorsal
tone increase.

The evaluation of the spleen in blunt trauma of the abdomen is of special
interest for pediatric surgeons. Combined with other organic conditions, the
effects of a spleen injury can be shown. With constant checks, the formation of a
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Fig.3. Small subdiaphragmatic hematoma after
trauma to the spleen. Sp, spleen

Fig.4a~c. Massive hemorrhage after
splenic trauma. a Longitudinal section,
left epigastrium. Extended hematoma
(%) diameter 2.9cm. Sp, spleen. b “Para-
median section,” fluid extended intra-
abdominally (%), clearly separated in-
testinal loops (—). ¢ Longitudinal sec-
tion of the urinary bladder (BI), clearly
separated cul-de-sac of Douglas with
fluid
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Fig. 5a—c. Splenomegaly in portal hypertension. a Horizontal section of epigastrium. The spleen
extends beyond the midline. Ws, vertebral column; R, left kidney. b Dilated and twisted (—)
splenic vein. ¢ Splenic hilus and congestion of the splenic pulp
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subcapsular hematoma and its progression can be observed (Fig. 3). In this way
the collection of blood in the peritoneal cavity (Fig.4b) or in the cul-de-sac of
Douglas (Fig. 4c) can be demonstrated. Sonography should therefore be the first
step in diagnosis and should never be carried out after the lavage. In most cases it
can be substituted for a lavage. It is also of great interest to use sonography for
follow-up after organ-preserving operations.

Finally, the possibilities for portal hypertension should be presented. Here it
is important to recognize the portal vein and its possible changes. It presents as a
homogenous splenomegaly (Fig. 5a), but it is important to visualize splenic hilus
and changes in the area of the splenic vein (Fig. 5b). In a multiple magnification,
the effects of the impaired blood flow in the area of the red pulp can be demon-
strated (Fig. 5¢).

Summing up, sonography is superior to other diagnostic methods, such as a
simple X-ray examination and scintigraphy. Continuous checks for follow-up
studies in injuries and postoperative observation are of special significance.
Problematic are small ruptures of the parenchyma without extended bleeding,
small abscesses, and incipient solid infiltrations.

Summary

The sonographic presentation of the spleen may be difficult and is seldom request-
ed. Main indications for special investigation are traumatic lesions, malignant
diseases, such as Hodgkin’s or non-Hodgkin’s lymphomas, and changes in portal
hypertension.

Résumé

Sonographie de la rate est difficile et s’impose rarement. Les indications majeures
pour cette investigation particuliere sont les 1ésions traumatiques, les maladies
malignes comme la maladie de Hodgkin ou les lymphomes non-Hodgkiniens, et
des changements causés par ’hypertension portale.

Zusammenfassung

Die sonographische Darstellung der Milz ist schwierig und selten erforderlich.
Hauptindikationen fiir spezielle Untersuchungen sind traumatische Lésionen,
maligne Erkrankungen wie M.Hodgkin und Non-Hodgkin-Lymphome sowie
Veréanderungen bei portaler Hypertension.



Hematological and Oncological Indications
for Splenectomy in Children

" )
C.UrsaN', M. HoLLwarTH?, W. KaULFERscH!, and I. SLavc!

The importance of the spleen as an organ of resistance has been shown, and it has
been emphasized that the spleen should be preserved whenever possible. Never-
theless, there are indications that in hematologic diseases, the spleen, just because
of its increased phagocytic activity, must be removed (Gill 1980; Philippart and
Hight 1980).

The most common hematologic indications for splenectomy are:
1. Hemolytic anemia

a. Membrane defects (spherocytosis)

b. Hemoglobinopathies

c. Enzyme defects

d. Autoimmune diseases
2. Chronic idiopathic thrombocytopenic purpura
3. Hypersplenism

Hemolysis in hereditary spherocytosis can be completely compensated by a
splenectomy in most instances. The operation, however, should not be performed
before the age of 6 years because of the increased risk of septic complications.
The few indications for an earlier splenectomy in cases of hereditary spherocytosis
are: frequent blood transfusions, frequent aplastic crises, failure to thrive, and
cholestatic jaundice. H there are indications for a splenectomy after the age of 6,
ultrasonography can contribute to the decision. If there is no need for transfusion,
as in patient with no aplastic crises, splenectomy should only be performed before
the age of 10 if gallstones are present. After the age of 10 indications for a
splenectomy in uncompensated hemolytic anemia or reticulocytoses are present in
more than 50% . For patients with only a slight hemolysis, the splenectomy can be
postponed until gallstones appear (Dickerman 1979; Rutkow 1981; Tillmann and
Schroter 1982).

The indications for splenectomy in idiopathic thrombocytopenic purpura
(ITP) are: acute, dangerous bleeding or thrombocytopenia (below 30 000/mm”)
lasting more than a year along with frequent bleeding. An emergency splenectomy
for ITP must be considered if a rapid thrombocyte increase cannot be achieved by
other means in the case of critical bleeding (Ahn and Harrington 1977; Mutz and
Muntean 1976). In chronic ITP, there is a remission with splenectomy in over
70% of the cases. Recent reports are of interest, according to which the adminis-
tration of a high intravenous dose of gamma globulin causes a preoperative

'"Universitats-Kinderklinik, Auenbruggerplatz 30, A-8036 Graz/Austria
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thrombocyte increase by blocking the reticuloendothelial system. This should
reduce the risk of complications in the operation for chronic ITP (Ell and Reim
1982; Imbach et al. 1981).

Rarer hematologic indications for splenectomy are chronic and steroid-
resistant autoimmune hemolytic anemia and hypersplenism which requires trans-
fusion or leads to bleeding due to thrombocytopenia and which cannot be cor-
rected by other means (e.g., antibiotics for chronic infection). The symptoms for
hypersplenism are: splenomegaly, anemia, granulocytopenia, and thrombo-
cytopenia with hyperplasia of bone marrow. Recently alternatives to splenectomy
in hypersplenism have been reported, whereby eusplenism is achieved by ligature
or partial embolization of the splenic artery (Harouchi et al. 1982; Thanopoulos
and Frimas 1982).

Indications for splenectomy in hemolytic anemia due to hemoglobinopathy
(e.g., thalassemia) (Isa et al. 1974; Philippart and Hight 1980) or enzyme defects
of erythrocytes (e.g., pyruvate kinase deficiency) (Gahr 1981; Schréter and
Wonneberger 1976) were not present in our patients.

Splenectomy is indicated in Hodgkin’s disease, in splenic tumors, and in cases
of splenomegaly associated with systemic malignancies, e.g., chronic myelocytic
leukemia. Although at present the staging laparotomy provides the best informa-
tion about the infradiaphragmatic expansion in Hodgkin’s disease, involvement of
the spleen can be found in only 30%-40%. In these cases, however, the removal
of the spleen offers not only a diagnostic but also a therapeutic advantage because
the continuous lymphogenic spread in Hodgkin’s disease changes into a hemato-
genous dissemination via the spleen (Urban et al. 1981). In approximately 65% of
the patients who undergo a routine splenectomy during staging laparotomy, the
spleen was removed unnecessarily, which must be seen as a disadvantage because
of the higher frequency of infection due to the basic disease (Chilcote et al. 1976;
Dickerman 1979; Donaldson et al. 1978). In this context, the West German
Hodgkin’s Therapy Study 1982 is of special interest, since an intraoperative
decision strategy for splenectomy was developed: according to the state of the
surface of the spleen and the consistency of the lymph nodes at the hilus and along
the tail of the pancreas, the conditions inside the spleen are judged; thus, two-
thirds of the patients are spared a splenectomy (Schellong et al. 1982).

In systemic diseases, the hypersplenism can become a therapeutic problem
and make a splenectomy necessary if the specific treatment of the underlying
disease does not lead to a reduction of the splenomegaly (Gill et al. 1981; Gomez
et al. 1976).

Results in Our Own Patients

Table 1 shows the 42 patients of the University Children’s Clinic in Graz with
hematologic and oncologic diseases who were splenectomized during the last 15
years. Main indications for splenectomy were hereditary spherocytosis (14
patients), chronic ITP (11 patients), and Hodgkin’s disease (9 patients, one of
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Table 1. Diagnosis in patients with splenectomy
seen at Children’s Clinic, University of Graz, from
1967 to 1982

Hereditary spherocytosis 14
Chronic ITP 11
Hypersplenism 4
Chronic autoimmune hemolytic anemia 1
Hypoplastic anemia 1

Hodgkin’s disease
Spleen tumors

—_ = O

Pseudomalignant immunoproliferation
(Canale Smith syndrome)

Table 2. Postsplenectomy sepsis in 42 chil-
dren with splenectomy at Children’s Clinic,
University of Graz, 1967-1982

Years post- Cases Deaths
operative of sepsis

<1 2 1

1-2 - -

2-4 2 1

4-6 - -

>6 1 -

5/42(12%) 2142 (5%)

whom underwent partial splenectomy). Table 2 shows the postoperative septic
complications observed until now. It should be pointed out that patients with an
uncomplicated hereditary basic disease, such as hereditary spherocytosis or ITP
(under long-term treatment with oral penicillin prophylaxis) had no septic com-
plications. Patients with more serious original diseases requiring splenectomy
were affected by septic complications. Two patients with Hodgkin’s disease
treated by radiation and chemotherapy developed sepsis in the 1st year following
splenectomy. The first, a 12-year-old patient, was affected by a Staphylococcus
aureus sepsis 4 months after the operation and survived, but the second, a 7-year-
old child, died from an overwhelming Staphylococcus albus sepsis 11 months after
operation.

In the 2- to 4-year period following splenectomy, sepsis occurred twice. A
5-year-old patient with systemic lupus erythematosus (an emergency splenectomy
for brain hemorrhage was performed under the tentative diagnosis of ITP) survived
an Escherichia coli sepsis with a kidney abscess under massive antibiotic therapy
and a nephrectomy. The second patient, a 17-year-old girl with Hodgkin’s
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disease, stage IVB in the final stage and secondary myelocytic leukemia, died
from pneumococcal meningitis (Urban et al. 1981).

In the observation period 6 years after splenectomy, a 23-year-old patient with
pseudomalignant immunoproliferation (Kellerer and Mutz 1976) (splenectomy for
suspected Hodgkin’s disease) survived a pneumococcal meningitis with pneumo-
coccal sepsis. This patient had no regular antibiotic prophylaxis.

Conclusion

Although today surgical methods for preservation of the spleen are of great
importance because of the risk of postsplenectomy sepsis, there are still indica-
tions for surgery in hematologic and oncologic diseases. In these cases, all
methods for organ preservation should be applied because of the limited effects of
infection prevention in individual cases.

A splenectomy should also be postponed as long as possible. Preoperatlvely, a
pneumococcal vaccination should be performed and long-term antibiotic prophy-
laxis should be carried out postoperatively (penicillin, co-trimoxazole) (Dicker-
man 1979; Philippart and Hight 1980; Stégmann and Paky 1980; Wiindisch 1980).

Because of the higher risk of sepsis after splenectomy in Hodgkin’s disease, it
should be especially considered whether the advantage of a more accurate diagno-
sis by splenectomy outweighs the higher risk of sepsis, whether a diagnostic hemi-
splenectomy should be performed, or even if a noninvasive splenic diagnosis by
inspection only during a staging laparotomy, preventing the risk of postsplenectomy
sepsis (Boles et al. 1979; Editional 1976; Schellong et al. 1982) is sufficient.

Summary

The most common hematologic and oncologic indications for splenectomy in
childhood are hereditary spherocytosis, chronic idiopathic thrombocytopenic
purpura, hypersplenism, and Hodgkin’s disease. Because of the increased
incidence of septic complications after splenectomy, benefits to be gained from
the operation should be weighed against the risks. A retrospective study was done
on the charts of 42 consecutive children with hematologic and oncologic disorders,
who underwent splenectomy between 1967 and 1982. The incidence of septic com-
plications after splenectomy was 12%; sepsis, however, only occurred in patients
with severe underlying diseases (three patients with Hodgkin’s disease, one
patient with systemic lupus erythematosus, and one patient with chronic pseudo-
malignant immunoproliferation). In contrast, none of the patients who were
splenectomized for other reasons (mainly hereditary spherocytosis and chronic
immune thrombocytopenic purpura) had a septic complication. Two patients with
end-stage Hodgkin’s disease (5%) experienced fatal septic complications. Al-
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though splenectomy is well established for diagnostic and therapeutic considera-
tions in patients with Hodgkin’s disease, not all of them might benefit from this
operation, and studies with a more limited approach to splenectomy might prove
to be of the same therapeutical value.

Résumé

Les indications les plus fréquentes de splénectomie chez 'enfant relévent de
I'oncologie et de I’hématologie: sphérocytose héréditaire, purpura thrombocyto-
pénique chronique, hypersplénisme et maladie de Hodgkin. Avantages et risques
de l'intervention doivent étre trés sérieusement soupesés, le risque septique étant
considérable apres l'intervention. On a constaté par analyse rétrospective un pour-
centage de complications d’ordre septique de 12% chez 42 enfants splénectomisés
pour affections relevant de I’hématologie ou de I'oncologie entre 1967 et 1982.
Toutefois une septicémie ne survint que dans le cas des patients trés gravement
affectés (3 patients avec maladie de Hodgkin, un patient présentant un lupus
erythémateux systémique et un patient avec prolifération pseudomaligne immuni-
taire chronique). Par contre, il n’y a eu aucune complication septique chez les
autres malades splénectomisés pour d’autres raisons: sphérocytose héréditaire et
purpura thrombocytopénique immuno-allergique chronique le plus souvent. La
septicémie se révéla fatale dans le cas de 2 patients (5%) atteints de la maladie de
Hodgkin au stade terminal. Bien que la splénectomie soit une méthode bien
€tablie dans le cadre diganostique et thérapeutique de la maladie de Hodgkin, il
se peut fort bien qu’elle ne convienne pas dans tous les cas et que les thérapeutiques
faisant moindre cas de la spiénectomie soient tout aussi efficaces.

Zusammenfassung

Die haufigsten himatologischen und onkologischen Indikationen fiir die Splenek-
tomie bei Kindern sind hereditdre Sphérozytose, chronische immunallergische
thrombozytopenische Pupura, Hypersplenismus und M.Hodgkin. Wegen des
erhohten Risikos von septischen Komplikationen sollten-jedoch die Vorteile
dieser Operation gegen die Nachteile abgewogen werden. Mittels einer retrospek-
tiven Analyse wurde eine septische Komplikationsrate von 12% an 42 splenek-
tomierten Kindern mit hématologischen und onkologischen Erkrankungen im
Zeitraum 1967-1982 gefunden. Eine Sepsis trat jedoch nur bei Patienten mit
schwerer Grundkrankheit (3 Patienten mit M. Hodgkin, 1 Patient mit systemi-
schem Lupus erythematodes und 1 Patient mit chronischer pseudomaligner
Immunproliferation) auf. Im Gegensatz dazu kam es bei keinem der aus anderen
Griinden splenektomierten Patienten (hauptsichlich Patienten mit hereditirer
Sphéirozytose und chronischer immunallergischer thrombozytopenischer Pur-
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pura) zu einer septischen Komplikation. Bei 2 Patienten (5% ) mit M. Hodgkin im
Finalstadium endete die Sepsis todlich. Obwohl die Indikation zur diagnostischen
und therapeutischen Splenektomie beim M. Hodgkin gut etabliert ist, profitieren
moglicherweise nicht alle Patienten von diesem Eingriff. Hodgkin-Therapie-
studien mit begrenzter Splenektomieindikation sind unter Umstdnden mindestens
genauso wirksam.
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Selective Hemisplenectomy for Hodgkin’s Disease

A.M.Horscanemer!, U.Lonrs, R. Haas, R. DIcKERHOFF, and W. GOLLMITZER?

Introduction

The staging laparotomy was introduced in the diagnosis of Hodgkin’s disease in
1969 by Glatstein as an exploratory laparotomy with a splenectomy. It allows:
a more exact analysis of the spread of the disease, which in children leads to
a change in the classification of the stage in 15%-20% of the cases, whereby
two-thirds of the patients must be classified as higher stages (Hellmann 1974;
Lanzowsky et al. 1975; Filler et al. 1975; Cohen et al. 1977; Begemann and Theml
1978; Janka et al. 1978). Involvement of the spleen, which cannot be recognized
with clinical methods, is mostly responsible for this. Generally, in both children
and adults, the spleen is affected in approximately 30%—50% of cases. Thus, the
staging laparotomy has direct influence on the manner and intensity of the
therapy. Apart from that, it does not have any therapeutic value (Ihde et al. 1976;
Begemann 1975; Begemann and Theml 1978). Also, the occasionally suggested
bilateral oophoropexy does not seem to make much sense, as scattered X-rays
cannot be avoided. The marking of a possible tumor bed with silver clips has the
advantage of facilitating precise, postoperative radiotherapy, but silver clips cause
artifacts in later computer tomograms and could thus make the diagnosis of a
recurrence more difficult. The clips should be inserted only briefly for an intra-
operative X-ray film and removed afterwards before the peritoneum is closed. It
is generally regarded as useful to make a thorough diagnosis of splenic involve-
ment so as to avoid not only prophylactic spleen radiation, which could lead to
sclerosis and malfunction of the organ, but also the simultaneous radiation of the
left kidney and the left lower lobe of the lung.

Dangers of the Staging Laparotomy
with Unselected Splenectomy

The staging laparotomy is an operation of medium difficulty, and although the
mortality rate is below 1%, there are postoperative complications in 5%-10% of
the cases, e.g., abscesses, fistulas, unsatisfactory healing of the wound, bleeding,
and pleuritis (Holschneider et al. 1982). In 14.8 of the cases, severe infections can
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be observed. Kogelmeier found in 1255 children’s cases collected from the litera-
ture that 3.4% had a severe pneumococcal infection and 2.5% had septicemia.
Fatal outcome was observed in 58% with sepsis and in 22% with meningitis
(Kogelmeier 1982). In addition, if a splenectomy is performed habitually and
without regard for obvious pathology, a healthy organ is removed 60%—65% of
the time. This is all the more serious in Hodgkin’s disease because the post-
operative complications due to infection are extremely frequent (Mufson 1981).

Selective Complete Splenectomy, According to Schellong

The disadvantages of splenectomy generally performed in Hodgkin’s disease con-
vinced Schellong in 1982 to advise selective splenectomy. The spleen is only
removed in case of visible changes, as the likelihood of the presence of malignancy
here is about 95% (Table 1): 13% of patients belong to this group. Splenectomy
is also performed if lymph nodes at the splenic hilus or near the tail of the
pancreas are involved macroscopically. In 61% of these patients, or 23.4% of the
total, splenic involvement is to be assumed. The spleen is left in place if its appear-
ance is inconspicuous and the pancreatic tail looks normal. This is the case in
63.6% of all patients. Thus, the chance of splenic involvement here is 19.4%.

Splenic involvement can further be reduced by histologic examination of the
biopsies. Schellong’s investigations have shown that in case of an involvement of
abdominal lymph nodes, generally the spleen will also be involved in 80%-91%.

If the abdominal nodes are uninvolved, there is still a 16%—-31% chance of
splenic involvement.

Schellong’s differential approach saved two-thirds of the patients from being
splenectomized, which is a great achievement when compared with the general
splenectomy of former times. Although in 10% of the cases the spleen is removed
without being involved, in 6% of patients the spleen is left in place in spite of
being involved, and in a further 3%—-4% of children, the spleen is irradiated
without being involved. There is an overall misjudgement in about 19%-20% of
patients. This could probably be changed by hemisplenectomy. This approach has
been advised by Bols in 1967 and was discussed by Schellong in his above-cited
paper as an alternative (Schellong et al. 1982).

Table 1. Selective splenectomy, according to Schellong (1982)

Findings Probability Therapy
of splenic
involvement
Surface of spleen alterated 95% Splenectomy
Lymph nodes at splenic hilus
and tail of pancreas involved 60% Splenectomy

Normal spleen lymph nodes
and tail of pancreas normal 19% No splenectomy
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Our Results

In order to find out to what degree a hemisplenectomy is suitable to detect infil-
trations of Hodgkin’s disease, we reevaluated all lymph nodes, liver biopsies, and
spleens which had been removed during staging laparotomies at our unit in the
years 1970-1978. They were serially sectioned for histologic examination.

Histology

Out of 25 specimens, five (20%) showed a form of lymphocytic predominance,
two (8%) were of the nodular sclerosing type, and 18 (71%) of the mixed celtu-
larity type. In none of the cases did we find a lymphocytic depletion-type of
Hodgkin’s disease.

Classification

According to the Ann Arbor classification, three (12%) of the cases belonged to
stage Ia, nine (36%) to Ila, eight (32%) to IIb, three (12%) to Illa, one (4%) to
IIIb, and one (4%) to IVDb. The staging laparotomy meant a change from one
stage to another in 11 patients (44%). Ten patients were classified as stage III
instead of stage II, and one as stage IV instead of stage III (Table 2).

Splenic Involvement

Of the 25 examined spleens, 14 (56%) showed an infiltration; three (21%) had
single nodules with a diameter of over 1cm (one patient) and under 1cm (two

Table 2. Change of stage after staging laparotomy

Pre- N Post- N Reason for change in stage
opera- opera-
tive tive
stage stage
I 3 I 3 None
I1 17 1I 7 None
I 10 Involvement of spleen and lymph nodes
not recognized by clinical staging
11 4 11X 3 None
v 1 Involvement of liver

not recognized preoperatively

v 1 v 1 None
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Table 3. Incidence of splenic involvement dependent on microscopic involve-
ment of hilar and pancreatic tail lymph nodes

Histo- Number of patients
logic - ..
involve- with without
ment splenic splenic
involve- involve-
ment ment
Lymph nodes at splenic hilus
involved 9 9 0
Tail of pancreas
not involved 2 1 1

patients). A disseminated infiltration was detected in 11 patients (79%), two of
whom had nodules of more than 1c¢m, and nine of whom had nodules of less than
lem. There was no conclusive difference in weight between spleens affected by
Hodgkin’s disease and those free of disease.

We found enlarged spleens without infiltrations as well as diseased organs of
normal weight (Fig.1). There was a stronger correlation between involvement of
spleen and lymph nodes at the splenic hilus and the tail of the pancreas in our
patients than in those of Schellong (1982). All patients with affected lymph nodes
in those sites also had an involvement of the spleen.

If the lymph nodes were free of disease, which was the case twice, there was
still a possibility for the spleen to be affected (once) (Table 3). In Schellong’s
much larger series of 105 patients without affected portal nodes, there were still
25 (24%) diseased spleens identified.



166 A.M. Holschneider et al.

Discussion

According to our investigations, we may say that when the spleen is focally affect-
ed, an under-staging is possible if a selective hemisplenectomy is done, but still
the rate of misinterpretation is lower than in total splenectomy. We found single
nodes in only three patients; one node measured 2 X 5cm, and the other two
spleens showed small nodular focal infiltrations.

Surprisingly, the large node had not been palpable. Two of the patients with
focal disease showed no involvement of abdominal lymph nodes. In those two of
25 patients (8%), i.e., two of 14 affected organs (14.3%), and exact diagnosis
would probably not have been possible by hemisplenectomy because of the focal
type of invasion. In Dearth’s series (Dearth et al. 1978) of 112 cases, there was
localized, small nodular disease in 14 (11.6%), which might have been missed
with a hemisplenectomy. Thus, a misinterpretation of 4.1% would be given in his
series.

Following our own results as well as those of Dearth (1978), which are identi-
cal, we have adopted Schellong’s suggestion (1982) since the beginning of 1982
and perform a selective hemisplenectomy instead of a selective splenectomy in
connection with the staging laparotomy for Hodgkin’s disease (Table 4). Again,
according to Schellong, we do a total splenectomy in case of a visible or palpable
involvement of the spleen. A hemisplenectomy is carried out if the hilar lymph
nodes or those near the tail of the pancreas are macroscopically involved. Frozen
sections can help to identify small, focal infiltrations and thus allow removal of the
second half of the spleen during the same operation. The organ is left in place if
neither the abdominal lymph nodes nor liver or spleen show visible infiltrations.

Only 19 of 98 patients of this group had involvement of the spleen, according
to Schellong. In ten of these patients, an involvement of abdominal lymph nodes
was demonstrated by histological exmaination. An irradiation of the spleen was
applied in these cases. Only nine children remained untreated by irradiation, in
spite of involvement of the spleen. One might conclude that it would be advisable
to carry out a hemisplenectomy also in those patients whose spleens seem to be
unaffected as well as the lymph nodes at the splenic hilus and pancreatic tail.

As we know from numerous investigations (Holschneider et al. 1982), half of
the total splenic tissue is sufficient to carry out all immunological tasks of the

Table 4. Indications for splenectomy and hemisplenectomy

Visible involvement Splenectomy
of spleen

Involvement of lymph nodes Hemisplenectomy —
at splenic hilus frozen section —
and tail of pancreas splenectomy

Normal spleen Hemisplenectomy

and abdominal lymph nodes
unaffected
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organ. We do not know, however, whether or not this would be the case also
under immunosuppressive therapy with cytotoxic agents. Having this in mind, it
seems more reasonable not to perform a hemisplenectomy in patients without
visible involvement of lymph nodes and spleen in order not to unnecessarily
remove half of a healthy organ in 79 patients. In case of questionable findings,
there is still the possibility of taking biopsies from the upper and lower poles of the
spleen after having inserted U stitches. The wounds can be closed with the help of
human fibrinogen glue. One must keep in mind that according to investigations of
Coleman et al. (1982), the irradiation of the spleen leads to fibrotic changes of the
organ, which means loss of its immunologic function. In consequence, an ir-
radiated spleen must be considered as immunologically nonexistent and the
patient must be treated with antibiotic prophylaxis for 3 years and a pneumococ-
cal vaccination (Belohradsky et al. 1982).

Hemisplenectomy has been carried out by us routinely for 2 years now, having
been reserved for solitary diseases of the spleen, like cysts or trauma, in the begin-
ning. Hemisplenectomy is not much more difficult or time-consuming than a
splenectomy. By meticulous preparation of the splenic vessels, exact position of
the U stitches in the parenchyma, and use of an infrared coagulator or human
fibrinogen glue in connection with a collagen sheet, postoperative hemorrhages
can be avoided. Since 1982, we have also used hemisplenectomy in three cases of
Hodgkin’s disease with no postoperative problems. In two cases without patho-
logical intraabdominal findings and without visible changes of the spleen, we
could defect microscopic infiltrations of the organ by hemisplenectomy.

Summary

Schellong’s recommendation to do a selective splenectomy in Hodgkin’s disease
supported by our retrospective histological findings in biopsies of lymph nodes
and spleens of 25 patients. In addition, we recommend a hemisplenectomy instead
of a splenectomy in cases of involvement of the lymph nodes at the pancreatic tail
and at the hilus of the spleen. Hemisplenectomy, which is not a more difficult or
more time-consuming operation, provides more security in judging an invasion of
the spleen.

Résumé

Les résultats de I’étude histologique restrospective des biopsies de ganglions
lymphatiques et de la rate de 25 patients atteints de la maladie de Hodgkin sont,
de l’avis des auteurs, entierement en faveur de la splénectomie sélective préconisée
par Schellong. Ils recommandent en outre, en cas d’envahissement de ganglions
lymphatiques au niveau de la queue du pancréas et dans le hile de la rate, de
pratiquer plutdt une hémisplénectomie qui n’est ni beaucoup plus difficile, ni
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beaucoup plus longue qu’une splénectomie complete mais qui permet d’apprécier
plus exactement I’extension tumorale a la rate.

Zusammenfassung

Anhand der retrospektiven histologischen Untersuchung von Lymphknoten-
biopsiematerial sowie der Milz bei 25 Patienten mit M. Hodgkin wird der Vor-
schlag Schellongs zur selektiven Splenektomie unterstrichen. Dariiber hinaus
wird empfohlen, da die Hemisplenektomie keinen die Operation wesentlich
erschwerenden und verzégernderen Eingriff darstellt, jedoch eine groBere Sicher-
heit in der Beurteilung eines fraglichen Milzbefalles mit sich bringt, bei positivem
Befall von Pankreasschwanz- und Milzhiluslymphknoten statt der Splenektomie
eine Hemisplenektomie durchzufiihren.
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Experimental and Clinical Experience
with the Different Possibilities of Preserving
Splenic Tissue After Rupture of the Spleen

M. FELDMANN and M. NABER

Today every surgeon or pediatric surgeon, when confronted with a splenic injury,
must feel challenged to preserve the spleen by his therapeutic measures.

Apart from conservative observation, which waits for spontaneous healing
under endoscopy and clinical intenstive care, there are two basic methods at our
disposal to preserve the entire spleen, parts of it, or at least some splenic tissue:
1. The preservation of the spleen or large parts of it in their topographical site

(fibrin glueing, spleen suture, or partial resection)

2. Splenectomy followed by replantation of the splenic tissue in the form of
splenic pulp, preferably into the greater omentum.

The second procedure is regarded as especially elegant because it imitates and
partly intensifies the spontaneous tendencies of the organism, the so-called
splenosis. The procedure enjoys increasing popularity among general surgeons
and traumatologists because of ideal hemostasis and assumed protection against
infection and postsplenectomy sepsis.

An absolute protection against postsplenectomy sepsis has not been proved
either by means of animal experiments or from the few available clinical observa-
tions.

A few cases of fatal sepsis in the presence of intact spleen particles led to
doubts about the effectiveness of this procedure (Holschneider et al. 1982).

Results of Our Animal Experiments

Three groups, each consisting of ten rats, were exposed to experimental peritoni-
tis by inoculation with a suspension of rat feces. The animals in group 1 had a
laparotomy only; group 2 had an additional splenectomy. In group 3 the whole
spleen was reimplanted partly into the omentum, partly into the splenic lodge.

All experimental animals succumbed to the peritonitis. The mean survival
time of the animals in group 1 was 5 days. The survival periods of group 2 and 3
were similar: all these animals died after 3 days.
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Clinical Observations

From 1978 to 1983, 64 patients with spleen injuries were treated at the Winterberg
Surgical Clinic in Saarbriicken. A quarter of these patients were less than 15 years
old. Until 1980, in case of rupture of the spleen a splenectomy was carried out.
Since 1981, we have been more concerned about the preservation of the spleen.
Thus, in the years 1978-1980 there were 36 splenectomies, compared with only 12
splenectomies and 16 preserved organs in 1981-1982. The specific procedures and
their problems are shown individually in Table 1.

From an examination of 100 spleens removed during earlier years, we found
the most common injuries to be a torn parenchyma and multiple ruptures. Nowa-
days our operative procedure depends mainly upon the type of injury (Table 2).
We have found out that only about one-fifth of the injured spleens cannot be pre-
served, so that reimplantation after splenectomy is indicated. Special circum-
stances, such as surgery on a patient with multiple trauma and shock, are not
taken into consideration here; similarly the personal attitude of the surgeon
towards preservation of the spleen is also not taken into account.

Table 1. Results and problems in operations in splenic injury (64 ruptured spleens 1978-1982)

Fibrin Partial Trans- Splenectomy
glueing resection plantation
Postoperative bleeding 0/10 0/4 0/2 1/48
(literature) 0 3.7% (2)
Operative time 15-20 min 20min 20-25min 10min
Septic complications 0 0 0 4/48
(our experience)
Postsplenectomy sepsis 0 0 No certain 1%-2%
(literature) protection
Unsolved problems Risk of Later Malignancy
hepatitis splenectomy  in asplenic
(Hodgkin’s organism
disease)

Table 2. The type of lesion indicates the choice of procedure

Lesion of capsule only 6% Fibrin glueing with collagen fleece

Single rupture of parenchyma 40% Fibrin glueing with or without collagen fleece
Abruption of one pole 12% Partial resection;

Multiple rupture 21% fibrin glueing with capsule or collagen fleece
Completely destroyed organ 9% Splenectomy and transplantation

Disruption of artery 12%
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Discussion

Splenectomy is still considered to be the certain way to stop bleeding by many
surgeons (Eraklis and Filler 1972). Thus, it can be understood that the replanta-
tion of splenic tissue after splenectomy is more widely practiced than the organ-
preserving procedures of fibrin glueing and partial resection of the spleen.

Since protection against infection, especially against pneumococcal post-
splenectomy sepsis, has so far been found only in the presence of intact spleens or
intact spleen parts, splenectomy (followed by reimplantation of splenic tissue)
should only be carried out if the spleen cannot be preserved by other methods
(Cohen and Ferrante 1982).

Further experiments must prove whether a different technique of replantation
will improve the protection against infections. In recent years, pediatric surgeons
have often demanded to preserve the spleen using all available methods in spleen
injuries, especially in infants and small children.

In our opinion this limitation to childhood is unjustified: every spleen, even in
adults, is worth preserving.

Several reports give evidence that postsplenectomy sepsis in adults does occur.

It is a fact that most children with injured spleens are not treated by surgeons
in a pediatric surgical center, but by general surgeons and traumatologists in small
surgical departments.

In this case, only a surgeon with experience in operative preservation of the
spleen in adults will also be prepared to carry out this procedure in children.

Summary

From clinical observation in adults, it is obvious that the preservation of the
ruptured spleen is only possible in about 80% of all cases. Current evidence
indicates that only the completely or partially intact spleen protects against
pneumococcal sepsis. The best method of reimplantation has not yet been found.

Résumé

L’expérience clinique a prouvé que chez ’adulte, il était possible de conserver la
rate 1ésée dans 4 cas sur 5. Seule une rate complete ou, les cas échéant, une rate
partielle, assure la protection de I'individu contre la septicémie pneumococcique.
Reste a trouver la meilleure technique de réimplantation de la rate.
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Zusammenfassung

Klinische Erfahrungen beim Erwachsenen zeigen, daB die Erhaltung der rup-
turierten Milz in %5 der Fille moglich ist. Derzeit bietet nur eine ganz oder partiell
intakte Milz Schutz gegen Pneumokokkensepsis. Die beste Methode der Replan-
tation ist noch nicht gefunden.
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Incidence of Serious Infections After Splenectomy
in Childhood

H. KONIGSWIESER

With the Cooperation of Brandeis, W.E.%, Gharib, M., Gdanietz, K.*, Holschneider, A.M.%,
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There is international agreement which confirms the serious risks to splenectom-
ized patients because of overwhelming postsplenectomy infections (OPSI) and
other serious infections. By analysis of reports of individual cases (Appelbaum et
al. 1979; Grinblat and Gilboa 1975; King and Shumacker 1952; Orlando and
Moore 1972; Pass! et al. 1976; Stogmann and Paky 1980; Tan 1982) and of collec-
tions of larger numbers (50-500) of patients (Belohradsky et al. 1982; Ein et al.
1977; Ellis and Smith 1966; Eraklis et al. 1967; Holschneider et al. 1982; Wahlby
and Domellof 1981; Wahlby 1981; Wegelius 1982) and from a few publications,
which collected figure of more than 500 patients (Eraklis and Filler 1972; Erickson
et al. 1968; Koglmeier 1982; Walker 1976), it is recognized that there is an
extremely high risk of fatal infection following splenectomy.

The opinions regarding the extent of risk following surgery, as well as the
nature of the disease, age of patient, and interval of time following surgery, vary
widely. Only 2 or 3 years of age, the immediate postoperative period and certain
operative indications were regarded as increasing the risk. Opinions about protec-
tive measures {pneumococcal vaccination and antibiotic prophylaxis) were also
divergent (Balfanz et al. 1976; Diamond 1969; Passl et al. 1976; Platt 1982;
Wegelius 1982).

Therefore we have tried to estimate the risk of OPSI in the central European
area by means of collected statistics, which are discussed together, and to estab-
lish contemporary overview developed from previous experience and thus to
clarify further questions.

At the 12th International Symposium of the Austrian Society of Pediatric
Surgeons in January 1983, material on splenectomized patients was collected and
the results were discussed. The results of this symposium will be presented here.
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Table 1. Survey of splenectomized patients

Trauma Benign Malig- Others Total
hemato- nant
logical hemato-
diseases logical
diseases
FRG
1. Brandeis 46 21 19 3 89
2. Gharib 19 22 1 3 45
3. Holschneider 19 72 25 34 150
4. Lohretal. 42 - - - 42
GDR
5. Gdanietzetal. 9 39 - 9 57
6. Tischer 6 13 11 1 31
Austria
7. Jirgenssen et al. - 12 13 3 28
8. Konigswieser et al. 11 11 6 2 30
9. Urbanet al. - 32 9 1 42
Sweden
10. Wihlby et al. 413 92 9 11 525
Total 565 314 93 67 1039

The participants came from four European countries and were surveying a
total of 1039 cases of splenectomized children (Table 1) over the last 15 years:
326 from FRG, 88 from GDR, 525 from Sweden, and 100 from Austria. The
significant facts are presented in Tables 2, 3, and 4. From Table 1 it can imme-
diately be derived that the combination of indications for splenectomy differs
considerably. For some authors (W&hlby and Domellof 1981), the majority of
splenectomies were done for spleen injuries, while other authors, e.g., Jiirgenssen
and Urban performed most of the splenectomies for hematological or oncological
diseases. These facts must be considered in the evaluation of infection rate. Out
of a total of 1039 cases collected in these statistics, 565 splenectomies were done
for removal of an injured spleen, 314 for benign hematological diseases, 93 for
malignancies, and 67 for other indications.

In Table 2 the relation between the indications for operation (i.e., the basic
disease which required splenectomy) and the frequency and lethality of serious
infections is presented. The four groups are the same as in Table 1. The largest
included splenectomies for splenic injuries. The average age of the children in this
group was 8.6 years at the time of operation. The group with benign hemato-
logical diseases requiring splenectomy included cases of microspherocytosis,
idiopathic thrombozytopenic purpura (ITP), and so-called hypersplenism.
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Table 2. Different indications for splenectomy and relation to severe postoperative infection and
lethality

Indication Patients  Infections Deaths Overall
(n) 0 lethality
n ([Vo ) n ( /o) (o/o)
Trauma 565 30 5.3 5 16.6 0.9
Benign hematological disease 314 26 8.3 4 15.4 1.3
Malignant hematological diseases 93 22 23.6 8 36.4 8.6
Others 67 13 194 3 23.0 4.5
Total 1039 91 8.8 20 22.0 1.9

Splenectomies for malignant hematological diseases included Hodgkin’s
disease, leukoses, and cases of panmyelopathy, although the latter sometimes
turned out to be advanced leukoses and the resistance against infection was
typical for malignant diseases.

The average age of the patients with malignant hematological diseases was
10.6 years, while that of the children with benign hematological diseases was
significantly lower at 8.2 years.

The group with other indications for splenectomy consisted of portal hyper-
tension, thesaurismosis, and splenic cysts, among other diseases.

In accordance with statements in the literature (Dickerman 1979; Ein et al.
1977; Ellis and Smith 1966; Eraklis et al. 1967; Erickson et al. 1968; Walker 1976)
the frequency of critical infections was lowest (5.3%) in the group of splenic
injuries and somewhat higher in benign hematological diseases. It was by far
highest in the patients with malignant hematological diseases (23.6%). Although
serious infections appeared in the traumatic group less frequently than in benign
hematological diseases, lethality was nearly the same in both groups. In contrast,
in the malignant diseases it was more than twice as high at 36%.

In splenectomies for other indications infection rate was 19.4% and lethality
23% - also considerably higher than in the first two groups. Overall lethality from
infection varied between 8.6% in malignant hematological diseases and 0.9% in
traumatically caused loss of the spleen. It was 4.5% in the group with other indica-
tions. In the total of 1039 cases the rate of infection was 8.8%, 22% of which were
lethal, so that an overall lethality rate of about 2% resulted.

If the cases of sepsis were separated from other serious infections, sepsis con-
tributed 46 times (50.5%) to the total of 91 infection cases (Table 3).

In 18 of these cases (39%), Streptococcus prneumoniae was found. Two of the
children suffering from sepsis had been vaccinated against pneumococcus and 11
had received antibiotic prophylaxis.

The comparison of serious infections in relation to the age of the children at
time of operation (Table 3) shows that the frequency of severe infections was
53.6% in children under 36 mon, and three out of 15 died (20%). With increasing
age, the rate of infection decreased.
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Table 3. Severe infections and lethality related to the age of patients at time of splenectomy

Age Patients  Infections Deaths Overall
n) — - lethality
n (o/o) n (O/o) (o/o)
0-36 mon 28 15  53.6 3 200 10.7
37-72 mon 78 10 12.8 3 300 3.8
>72 mon 745 27 3.6 11 40.7 1.5
Total 8517 52 6.1 17 327 2.0

? 188 cases of Brandeis, Lohr et al., and Gdanietz et al. excluded

Table 4. Severe infections and time of appearance after

splenectomy
Time interval Infections Deaths
n % n %
0-36 mon 37 68.5 12 324
37-72 mon 13 24.1 5 38.5
> 72 mon 4 7.4 0 0
Total 54 100.0 17 31.5

The rate of deaths, however, increased with increasing age: sepsis, therefore,
does not decrease with increasing age. This increase in deaths could be attributed
to the fact that children with malignant diseases were older and their chances of
surviving sepsis must naturally be smaller. Therefore, it must be concluded that
the danger caused by sepsis does not become slighter in children who are older at
the time of operation, but that only the probability that a sepsis will occur is less.

Looking at the interval between operation and the appearance of severe infec-
tions (Table 4), it can be clearly seen that rate of death in cases of sepsis was
rather constant in the first 6 postoperative years, whereas the frequency of infec-
tion in the first 3 years was nearly twice as high (68%) as in the 3- to 6-year-post-
operative period. Six or more years after the operation the frequency of infection
decreased significantly but was still present. It should be noted that in the cases
where infections occurred more than 6 years after splenectomy, no deaths were
recorded. From our observations and those of others, however, we can confirm
that these infections were nevertheless of very critical character. Furthermore, we
must remark that the average length of observation was 6 years, so that a final
statement on infection frequency beyond 6 years cannot be made by us. There-
fore, it will be necessary to continue further observations.

Many laboratory results were given in this material (blood count, thrombocyte
count, immunoglobulins, complement level, etc.), which were obtained from
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postoperative examinations. They were, however, normal in most instances. It is
therefore no need to mention them in detail.

Discussion

It became clear from the presented and discussed material that under present con-
ditions in central Europe, splenectomized children are endangered by serious
infections and sepsis. The risk of infection following splenectomy for ruptured
spleen is 5.3%, after splenectomy for benign hematological diseases 8.3%, in
cases with malignant hematological diseases 23.6%, and the death rate of mani-
fest infections is between 15.4% and 36%.

Infection frequency in relation to underlying diseases corresponded to figures
of other statistics already published (Belohradsky et al. 1982; Diamond 1969;
Eraklis et al. 1967) but was three to five times as high as in the statistics of Gotoff
(1973). (The percentages, however, concerned the incidence in individual
groups.) Especially in malignant diseases, the incidence of sepsis seemed to be
very high. This could be the reason why splenectomy for the purpose of staging,
which was recommended during the last few years, is declining again today.

The significantly greater endangering of small children by OPSI is evident
from our presentation, as is the prominent role of pneumococcal infections in
39%, even though they seem to be fewer than in other statistics, where they
account sometimes for 50% (Belohradsky et al. 1982). Meningococcal infections,
hemophilus infections, and staphylococcal infections were also observed.

The sepsis risk to the normal population in a highly civilized region like central
Europe is surpassed three- to fourfold (Wihlby and Domellaf 1981).

More than two-thirds of all recorded serious infections occurred in the first 3
postoperative years and most of the remaining third in the second 3-year period,
but in individual cases there were serious infections even later.

No statement can be made from the material presented about the origin of
such time differences in the incidence of infections.

Lethality following postsplenectomy infections is still considerable to be the
greatest in malignant hematological diseases and is not necessarily lower in older
children than in younger ones. This emphasizes the danger of this complication.
A possible explanation for this observation would be that in the group of older
children more malignant diseases are found, while in the younger group the
splenectomies for spleen rupture dominate. On the success of prophylactic measures
such as vaccination against pneumococci and antibiotic medication, no valid state-
ment can be made from the presented material, since these measures were not
consistently applied. It can be seen, however, that neither vaccination nor anti-
biotic prophylaxis provide absolute protection against severe infections, as several
observations on our patients have shown.

The loss of two important functions of the spleen is responsible for the clinical
affects of splenectomy. First, the cessation of the filter function and clearance of
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bacteria (Ellis and Smith 1966) and second, the lack of opsonins and a leucophile
gamma globulin, or tuftsin, lead to a phagocytosis defect of macrophages and
leucocytes, from which the capsule-carrying bacteria profit (Balfanz et al. 1976).

As a consequence of the high risk of sepsis in splenectomized children the
following is necessary:

The spleen should be preserved as long as possible in elective splenectomies
for hematological indications and in the case of splenic trauma, if it is at all pos-
sible. Only 25 g of splenic tissue — approximately one-sixth of the splenic mass of
an older child - should suffice to maintain an adequate antibacterial splenic func-
tion (Eraklis et al. 1967). In the case of splenic trauma, modern diagnostic proce-
dures (e.g., sonography) and therapeutic methods (fibrin glueing) allow organ-
preserving treatment not possible in former times. Promising developments are
on the way in the field of autotransplantation of splenic tissue.

Vaccination against pneumococci should be given because pneumococci
account for a large number of infections, even though the presently available vac-
cine immunizes against only 14 capsule antigen types. The optimal effect of the
vaccine is obtained when it is given at least 7 days before splenectomy. The devel-
opment of the vaccine protection is disturbed in children under 2 years and those
with suppressed immunity.

Antibiotic prophylaxis can be recommended in principle, whereby according
to our results, it should be given for a minimum period of 3 years. Prophylaxis for
6 years is desirable and a longer period could possibly be indicated. Penicillin is
an effective antibiotic for long-term prophylaxis — although not in every case
(Appelbaum et al. 1977; Gumison et al. 1968; Jacobs et al. 1978) — against
pneumococci and also meningococci. It can be given either continuously per os or
as an intramuscular injection in monthly intervals. If fever occurs a broad spec-
trum antibiotic should be given as well; amoxicillin is especially recommended.
Also after the termination of the long-term prophylaxis infections accompanied
by fever should be immediately treated with antibiotics.

It is of special importance to explain the disease and treatment thoroughly to
the patient’s family and family doctor, to ensure maximum cooperation for
prophylaxis and also for prompt treatment if infectious complications should
occur. Apart from clinical observation over many years, up-to-date laboratory
tests are not of decisive importance.

Summary

Ten groups of authors investigated their cases of splenectomized children in four
different indication groups for frequency of postsplenectomy infection. Only
severe infections were included and defined. A total of 1039 splenectomized pa-
tients were evaluated for the rate of infection and lethality following splenectomy.
It was seen that in all groups there was a definite rate of infection and resultant
deaths which was lowest in traumatic splenectomies and highest in malignant
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hematological diseases. The frequency of infection was highest in the early post-
operative phase. Infections, however, still occurred more than 6 years after
splenectomy. In older children the vulnerability to infection was less than in
younger ones, but the mortality in older children was higher. The gravity of this
danger can be seen, and effective therapeutic measures must be found and carried
out. Especially, the attitude towards splenectomies should be changed in favor of
spleen-preserving surgical procedures.

Résumé

Dans le but de préciser la fréquence des infections apres splénectomie, 10 groupes
d’auteurs ont étudié leurs enfants splénectomisés et les ont répartis en 4 groupes
d’apres I'indication. Seules les infections graves ont été retenues. La fréquence
des infections et le déces éventuel consécutif ont €té étudiés dans 1039 cas. Dans
chacun des groupes, on a constaté un certain taux d’infection et de déces con-
sécutifs. Le taux le plus bas était dans le groupe des splénectomisés traumatiques
et le plus élevé dans celui des maladies hématologiques malignes. C’est pendant
la phase post-opératoire que la fréquence des infections était la plus élevée, bien
que des infections puissent se produire jusqu’a 6 ans apres la spénectomie. Les
grands enfants étaient moins sujets & une infection que les plus jeunes mais la mor-
talité était plus élevée chez les plus grands. Il s’agit donc d’un risque considérable
et la définition et la mise en application de mesures thérapeutiques efficaces
s'imposent. Chaque fois que cela est possible, il faut donner une préférence
absolue a la conservation de la rate et renoncer a la splénectomie encore tant
pratiquée.

Zusammenfassung

Zehn Autorengruppen untersuchten ihr Krankengut — aufgeteilt in 4 verschiedene
Indikationsgruppen — auf die Héufigkeit von Postsplenektomieinfektionen hin.
Nur schwere Infektionen wurden einbezogen und definiert. Infektionshaufigkeit
und Letalitat nach Splenektomie konnten bei insgesamt 1039 splenektomierten
Kindern ausgewertet werden. In allen Gruppen konnte eine bestimmte Infek-
tions- und Letalititsrate aufgezeigt werden, die jedoch in der Gruppe der trauma-
tischen Splenektomien am niedrigsten und bei den malignen h&matologischen
Erkrankungen am hochsten war. Die Infektionshéaufigkeit war am hochsten in der
frithen postoperativen Phase; Infektionen traten jedoch noch mehr als 6 Jahre
nach Splenektomie auf. Bei den élteren Kindern war die Infektanfalligkeit gerin-
ger als bei jingeren, die Letalitdt jedoch hdher. Daraus kann man die Schwere
der Gefdhrdung durch diese Komplikation ersehen, die die Entwicklung effek-
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tiver Therapiemodelle erforderlich macht. Insbesondere sollte die noch durchge-
fiihrte Splenektomie durch organerhaltende Verfahren ersetzt werden.
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Problems in Spleen Autotransplantation:
Comparative Study of Types of Implantation
in Animal Experiments

H.Rots! and R. WALDHERR?

Spleen-preserving operations, either for maintenance of the whole organ or for
partial resection, have absolute priority over autotransplantation when suitably
indicated. Experimental examinations have shown that after the completion of
the nidation phase, partial function of the spleen is taken over by the implants.
The rate of survival of the experimental animals after intravenous pneumococcal
exposure was, however, decreased, compared with those with intact, repaired, or
partially resected spleens (Alwmark et al. 1983).

The seeming surgical simplicity of autotransplantation should not be the
reason to make this the method of choice to preserve the function of splenic
tissue. Clinical case reports of lethal pneumococcal sepsis after splenectomy in
spite of splenosis peritonei (Bohm and Wybitul 1980; Rice and James 1980) indi-
cate that iatrogenic localized splenosis apparently does not exclude the endanger-
ing of the patient, especially in the phase of revascularization and regeneration of
the implants. In this period of at least 12 weeks (Likhite 1978), an asplenic status
must be assumed. Pneumococcal vaccination and antibiotic prophylaxis are
imperative until definite functional parameters are shown.

In spite of these limitations autotransplantation can be justified if hemostasis
can only be achieved by splenectomy.

Other indications will be added, e.g., technically compelling indications for
splenectomy in certain shunt operations due to portal hypertension.

An optimized standardization of the operative procedure for replantation has
not been developed so far.

The individual surgical centers still use (besides scalpel and scissors) simple
kitchen instruments such as a potato grater and a fruit pulp press to homogenize
the spleen.

Necessary Conditions for Implant Nidation

The critical weight of a particle seems to be about 100 mg, according to Tavassoli
et al. (1973). Larger fragments usually become entirely necrotic and show no
regeneration. Homogenized spleen with destroyed microarchitecture also does
not regenerate. Preservation of the microarchitecture, according to Alwmark et
al. (1983), is absolutely necessary for nidation and growth of the implant. Further
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premises are the removal of the splenic capsule, which presents an obstacle to
diffusion (Seufert et al. 1981), and the reimplantation of all the homogenized
tissue. Revascularization and quantity of perfused organ particles play a decisive
role in the filter function and clearance of bacteria.

Preferred Areas in Animal Experiments

The question of the optimal place of replantation is still controversial. The tissue
seems to nidate everywhere ubiquitously. As early as 1936, Perla observed spleen
implant regeneration and microscopic revascularization at the ear lobe of an
albino rat using a transparent chamber. The localizations shown in Table 1 were
preferred in animal experiments.

Table 1. Autotransplantation of the spleen: preferred
areas in animal experiments

Subcutaneous Diffuse intraperitoneal
Intramuscular Mesentery
Intrahepatic Sigmoid mesocolon
Retroperitoneal Lesser omentum

The examinations were first carried out from the viewpoint of implant regen-
eration, the amount of tissue to be transplanted, and functional effectiveness. The
significance of the mutual connections between liver and spleen in transplant
surgery, the direct drainage of the transplant blood into the portal venous outlet
area, was first mentioned in 1981 by Vega et al.

Our Animal Experiments

Although our own efforts were at first mainly concentrated on the preservation of
the orthotopic spleen of parts of the spleen with preserved arterial organ per-
fusion, we have been doing animal experiments with the different possibilities of
spleen autotransplantation since 1981.

In Wistar rats weighing 250-300 g, using 15 animals for each chosen method,
the following operations were carried out after splenectomy, capsule removal,
and crushing of tissue to a particle size of 1-2 mm® maximum (Fig. 1).

1. Transplantation into the greater omentum:

The tissue was spread over the omentum, which was then rolled up, and the
pocket thus formed closed with catgut stitches.
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Fig.1. Our experimental procedures in reimplantation of the spleen

2. Transplantation into the right and left lobes of the liver:
After a liver incision, half of the spleen particles were pressed into the liver
parenchyma of each lobe and the liver surface was sealed blood dry with fibrin
glue.

3. Retroperitoneal transplantation into a muscle pocket near the splenic bed
in the upper left abdomen.

The animals were killed 6 weeks following surgery, and after macroscopic
inspection, samples were taken from the transplantation site for microscopic
examination.
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Results

With transplants into the greater omentum, nidation of the implants in the
omentum was confirmed as expected in nearly all cases. However, a tumorous
pseudoabscess formation with tissue necrosis and a hard abscess membrane was
found in three animals.

With transplantation into the liver, in all cases the transplantation site healed
without complications and was covered by a scar of fibrous tissue. The result was
histologically disappointing. In only five cases could splenic tissue be found. From
the pathological viewpoint the fibrin glue seems to be a barrier to diffusion and
nidation of tissue. According to Tavassoli et al. (1973) regeneration of the tissue
particles starts after total necrosis of the margin areas. However, since the fibrin
glue is replaced by less vascularized granulation tissue, this is possibly a plausible
explanation for the lack of thriving of the implants, particularly because it is tech-
nically impossible to prevent an infiltration of the glue between the individual
particles.

The retroperitoneal transplantation into a prepared muscle pocket gave no
problems. In no case were there adhesions caused by the opening of the retro-
peritoneum. Splenic tissue could always be provid histologically.

Pathophysiological Aspects

Given these results, we have considered the following pathophysiological aspects.
Implantation into the greater omentum is certainly a good method, where direct
drainage into the portal venous system occurs. In animal experiments this has
already been shown scintigraphically by Vega et al. (1981). Points of criticism are,
however, the formation of pseudoabscesses and the possibility of acquiring in-
fections or tumorous diseases involving the spleen. An example here is a case
description by Gill (1944): the cause of a pseudoarthrosis of the tenth rib on the
left side was scattered splenic tissue after rupture of the diaphragm and the spleen
with a fracture of the tenth rib. During an attack of malaria, tumorous swelling
developed in the area of the fracture. After resection of this “rib tumor,” histo-
logically vital splenic tissue was found.

The proximity to the intestinal tract and the pancreas and also the vulner-
ability of the omentum in children should be taken into consideration for a suit-
able site of transplantation. One must also keep in mind the preservation of access
for later surgery or radiotherapy. Not only technical problems but also the possi-
bilities of complications mentioned above exclude the liver as a site of implanta-
tion, although the criterion of functional unity between liver and spleen would be
satisfied best. Autotransplantation into a retroperitoneal pocket near the splenic
bed seems most likely to withstand all hesitations, with the exception of the
demand for a direct flow of splenic venous blood into the portal venous system.
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Our Alternative Procedure for Spleen Autotransplantation

It is known that the omentum in the form of a pediculated flap is often used in
surgery for hemostasis in liver, spleen, and pancreas injuries or perforating in-
juries of the stomach and the duodenum. It is also used for blood supply of trans-
planted skin grafts at the abdominal and thoracic wall.

We see an alternative possibility to the surgical techniques currently in use in
the following procedure:

After preparation of a pediculated omental flap, prepared spleen tissue (par-
ticle size maximum 1-2mm®) is spread over the omentum, the flap is rolled up
(Fig. 2a), and the implant is positioned in a retroperitoneal pocket below the
splenic bed with fixation stitches (Fig.2b). The peritoneum is closed around the
pedicle and the latter is fixed to the peritoneum.

Evident advantages are:

1. The good blood circulation of the greater omentum promotes the nidation
of the transplants.

2. Connection with the portal venous system is provided.

3. The surgical and radiotherapy access is secured. Here silver clip marking
within intraoperative plain abdominal X-ray film and later removal of the clips (to
avoid scattering on computed tomography or echo shadows in sonographic ex-
aminations) can be helpful for localization of the implant.

4. The risk of bowel obstruction is largely excluded.

Fig.2a. Surgical procedure: pediculated flap at the left side of the greater omentum spread with
splenic tissue; prepared retroperitoneal pocket (arrow)

Fig. 2b. Retroperitoneally dislocated omental flap with splenic tissue
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Fig.3. 6 weeks after reimplantation. Vital splenic tissue between omentum and muscle pocket
(arrow)

Our examinations in animal experiments with Wistar rats have been limited to
anatomical factors so far. Both macroscopically and histologically, splenic tissue
implanted in this way was identified as vital structure (Fig. 3). Scintigraphical and
functional evidence is still lacking. Complete or partial autotransplantation of the
spleen with dystope vessel connection is being tested experimentally at the
moment.

Summary

Tatrogenic localized splenosis presents a seemingly simple surgical possibility for
preserving partial function of the spleen. Until now, pathophysiological aspects,
such as the drainage direction of venous blood from the spleen, possible splenic
diseases in ectopic tissue, and the formation of pseudoabscesses as well as condi-
tions for implantation have been given insufficient attention.

In 45 Wistar rats, divided into three groups according to the surgical procedure
(implantation in the greater omentum, liver, retroperitoneum), the taking of the
grafts were examined macroscopically and histologically. Because of the results,
and bearing in mind the mentioned criteria, a new method for spleen autotrans-
plantation is suggested: the implantation into a pediculated flap of omentum and
retroperitoneal displacement behind the splenic bed.
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Résumé

La splénose localisée iatrogene est une intervention en apparence trés simple,
destinée a sauvegarder particllement certaines fonctions de la rate. Les aspects
physiopathologiques: direction du drainage des veines spléniques, ectopie de
tissue susceptibles d’étre atteints, formation de pseudoabces et nidation du trans-
plant n’ont pas encore été suffisamment étudiés.

45 rats de I'Institut Wistar ont été partagés en 3 groupes, selon le genre d’inter-
vention prévu: implantation dans le grand épiploon, le foie ou ’espace rétro-
périnéal et ces implantations ont fait I’objet d’une étude macroscopique et histo-
logique. Sur la base des résultats obtenus et en fonction des critéres cités au
départ, on propose une nouvelle méthode de transplantation de la rate, soit
I'implantation dans un fragment d’épiploon pédiculé avec mise en place rétro-
péritonéale dans le lit splénique.

Zusammenfassung

Die iatrogene lokalisierte Splenosis stellt eine chirurgisch scheinbar bestechend
einfache Mdoglichkeit zur Erhaltung von Teilfunktionen der Milz dar. Patho-
physiologische Gesichtspunkte wie Drainagerichtung des Milzvenenblutes, Ekto-
pie potentieller Milzerkrankungen und PseudoabzeBbildungen finden ebenso wie
die Voraussetzungen zur Implantatnidation bisher nur ungeniigende Beachtung.

An 45 Wistar-Ratten, aufgeteilt in 3 Gruppen entsprechend dem chirurgischen
Vorgehen (Implantation: Omentum majus, Leber, Retroperitoneum), wurde
makroskopisch und histologisch das Angehen der Implantate untersucht. Auf-
grund der Ergebnisse und unter Beriicksichtigung der obengenannten Kriterien
wird eine neue Methode der Milzautotransplantation vorgeschlagen: die Implan-
tation in einen gestielten Netzlappen mit retroperitonealer Verlagerung in das
Milzbett.
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