


INTUSSUSCEPTION IN INFANTS AND CHILDREN



F prece — The pathologtcal changes in the acute form of invagination are chiefly of
tuo kinds I Obstruction of the bouel 2 Si I of the The
obstruction 1s due not only to the narrouing of the lumen of the bou el by the :;Lagmanon
but also to the swelling of the invaginated portion caused by the constriction of the blood
vessels supplying the intussusception at the neck of the ntussusciprens The acuty of
the symptoms s aluays proportionate to the seventy of the strangulation at this point  The
circular constriction wnterferes with the return of venous blood from the wntussusceptum
which 15 followed by edema camplete stasis and gangrene of the constricted portion  An
acuie / rreducible by ordinary means within a feu hours on account
of the appearance of edema in the ptum  If the L 15 less antense the
bassive congestion precedes a plastic inflammation of the serous surfaces held in appos:
tion and adhesions form which again oppose or render a reduction impossible  Nicholas
Senn 1893

The vast majority of intussusceptions in tnfants and chuldren are of the nd shown here
The mtussusception begins at or near the 1leo cecal valve and there 15 no obvious local
anatomical lesion to cause 1t From the first moment there 1s simultincous interference
with the patency of the alimentary canal and with the vascular supply of the intussusceptum
The drawings indicate the manner 1n which the mesenteric vessels are drwn between the
layers of the intussusception and compressed  The slight nterference with lymphatic and
venous drainage which occurs almost at once results in edema and 1n nerese n the ussue
pressure  Thus further increases the resistance to the return of venous blood  Venules and
capillaries become enarmously engorged  Edema increases until there ss complete obstruc
tion to venous outflow  As artenal blood conunues to pump 1n the ussue pressure rises
until 1t 15 higher than arterial pressure and gangrene ensues  The dravangs indicate the
sharp U shaped turns of the bowel and of the mesentenic vessels at esther end of the
inwussusceptum  The outer coat of the mtussusceptum 15 1solated between these two sharp
bends and 1s understandably the first to become gangrenous Gangrene makes its appear
ance 1n this coat near the up of the intussusceptum and progresses backward towards the
nech of the intussusception  Identical changes follow in the mneymost layer of the intus-

susceptum  The 1piens 1s rarely d
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PREFACE

PI‘he freld of peditric surgery has expnded
so rapidly 1n recent years that there would appear
to be a place for a series of monogriphs desoted
to 1ts various phases The body of mformauon
avmlable 1s 116w much greater than can be satis
factorily handled n the limited space *fforded
mn a textbool  Some of these monographs will
deal with single conditions or diseases others of
wider scope with organ systems or specalty
fields within pediatric surgery

Only a very few years ago n the himited freld
which was then pediatric surgery ntussusception
occupied a promnent place It therefore seems
eminently surtable that the first monograph 1n
the seres should deal wath this subject of trad:
tional interest 1n pediatric surgery

In 1933 Dr Dean D Lewis then Professor of
Surgery at the Johns Hophins Unnversity School
of Medicine returned from a meeting of the
American Surgical Association at which Dr E H
Miller of Chicago had presented a paper on
Intussusception  Dr Miller had described his
own results which he considered poor and re
ferred to the remarkable results of Hipsley m
Australia with reduction of intussusception by
hydrostatic pressure Dr Lewis at a student
clintc 1 customary fashion read to us directly
from the writings of those concerned with the
problem under discussion—in this imnstance the
classical work of Clubbe—the great Austrahan
student of intussusception I was a third year
student at the ime and interested 1n pediatric
problems Reading of the work with hydrostatic

pressure reduction of Clubbe and of Hipsley
then of Hirschsprung and his successors 1 Scan
dinavia I became enthusiastic about ~tt« -
to try the method These attempts began 1 1939
when I was a junior Assistant Resident That 1
was permitted to make these attempts was due
the support and encouragementof Dr E A P!
then directing the Harrtet Lane Home for Ima
Iid Children and Dr Warfield M Frror
directing the Department of Surgery Since 1941
these studies have profited from the warm inter
est of Dr Alfred Blalock Professor of Surgery
and Darector of the Department of Surgery

In a hospital where from 1ts tnception t:«
ward services have been almost wholly 1n the cor
trol of the Resident Staff I owed much to the
Pediatric House Staff who were enthusiastic
from the first and to my various predecessors i
the surgical residency who varied from tolerauc
to warm cooperation but were always helpful —
Doctors E 8 Stafford David H Sprong Jr
August F Jonas Jr James M “Mason III »r
Wilham G Watson

In recent years the surgical house staff has cor
tinued the program more or less independently
and 1t 1s a pleasure to report that the clinical
results have steadily improved

Dr Robert M McCune Jr whilesull a
cal student contributed heavily to the laboraw.y
experiments and clintcal analyses upon which I
hase drawn freely

Intussusception as a disease has fascinated pe
duatnicrans surgeons and pathologists mn the p



those whose connection with the subject
1 noteworthy are John Hunter D Arcy
Rokttansky Nothnagel Nicholas Senn
n Hutchmson Hirschsprung and Sir
Clubbe

jut attempting to write a monograph so
1s to repel the more general reader, we
ed to treat m systematic fishion the his
= pathology and the clinical features of
1se and s therapy  Because of our special
1n the hvdrostatic pressure reduction of
ception under fluoroscopic control we
cluded a substantial sertes of reproduc

trons of films taken during such reductions It
has been our obseryation that few pediatricrans
or surgeons who hive had experience of the
method 1n operation 1n seasoned hands have
farled to be convinced of tts value The numer
ous roentgenographic films reproduced which
constitute a series of iltustrated case histories
will 1t 15 hoped serve 1s 1 body of clinical expe
rience for those unicquunted with this method
and 1s an atlis for reference to tllustrate the van
ous 1ppearinces of intussusception durmg the
bartum enema treatment
MMR
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Chapter 1

MATTERS OF HISTORICAL INTEREST CONCERNING
INTUSSUSCEPTION

A_ccustomed as we are to considering intus
susception as a common disease of mfancy with
an easily recogmzed strihing and pathogno
monic chimical picture 1t comes as something of
asurprise to realize that intussusception has been
known and recogmzed probably no more than
three hundred years Otto Leichtenstern who
wrote extensively on tussuscepuion in the
18705 1s authonty for the statement that ] C
Peyer 1n 1677 furst clearly recorded the clinical
differentiation between vohvulus and mtussus
cepion Barbette a few years earlier clearly
described 1ntestinal mvagination

Discussions of the hustorzcal aspects of intussus
ception regularly state with confidence that Hip
pocrates advised the use of enemata and the
bellows mjection of air for intussusception and
that Prixagoras of Cos even advised operation
for the same disease A close reading of the pertt
nent sections of Hippocrates which are to be
found i the Littré translation show that he was
talling simply of 1leus and that there 15 no sug
gestion or wmdicatton that he was spealang of
Intussusception or knew 1t as 1 specific form of
tlens He did at 1s quute true al\ of the use of
enemas for ileus although they seemed to be a1l

Mjection enemas and not enemas of large vol
ume He did specifically state that if these failed
1 bellows should be connected to the anus and
the bowel mflated with air  The only informa
ton we hue on Praxagoras is that which has
come down 10 us from the lost Greek writings of

Soranus of Ephesus by way of the translation into
Laun of Caelius Aurelianus  Here there 1s a very
long section on Acute Intesunal Obstruction
which the Greeks call lleus  He states that the
vartous terms for intestnal obstrucuon were
grven beciuse the patient has a feeling that the
folds of hus tntestine are tied up and twisted or
because the pneuma 1s blocked and shut off the
resulting mvolution of the flow producing
cramps and twisting pans or else because the
violent pains over the parts affected cause the
patient to be bent over twisted and doubled
up  He goes on to discuss other designations
and theur etiology with their origin and meaning
such as fence obstruction etc nowhere 1s there
a suggestion of insaginanon or involunon  The
symptoms described are the symptoms of mechn
1c1l intestinal obstruction but any mention of 1
bloody discharge from the rectum 1s conspicu
ously absent and there 1s no mention of any spe
afic type of 1leus peculiar to children or infants
In the Eighteenth Century Intussusception
was well recognized and John Hunter s paper in
1789 described the specimen from a fatal ntus
susception tn a nine month old child  He rexd fus
paper before a small group that met monthly at
Slaughter s Coffee House 1n St Maruns Lane
and called themselves A Society for the Improve
ment of Medical and Chirurgical hnowledge
This was a select society of twelse members
selected from the siaff of St Bartholomew s St
Georges Cuysand St Thomass Hunters ana



INTUSSUSCEPTION IN INEANTS A\D CHILDREN

1caf obstrvanons were accurate but his ther
tic suggestions lewe somethung to be desired
enything thnt cm increse the action of the
sunes downwards is to be particularly
ded I should therefore 1dvise givang vomts
1aview to nnert the penistaluc motion of the
un ng gur which will have 2 tendency to
1 the testines into thesr naturd suvation
lthaugh meussusception wis well fnown 1
Fighteenth Century 1t ts astomishung that 1
eu of 2 consrderalile number of textbools of
ery and textbooks of the diseases of children
ss unsd the second 1S of the Nineteenth
sury lmost no menuon of intussusception
ntussuscepuon in the mad Nineteenth Cen
w1s recognized 1s 1 neatly unnersally fatal
ase 1 ewchienstern pointed out that the mor
ty i reported cases was 889 in the first six
mths of hife 829, in the next six months of life
720, from two 10 ten years
Iperitise therapy was rrely  undertalen
sters of various types were employed but 1t

Sir

would 1pperr that most physicians did not ere-
fully and conscionsty employ these i an effort 10
reduce the intussusception by hydrostate pres
sure Tts equally obvious tht others did aempr
Just that knowingly Aar was akso frequenty m
Jected into the rectum eather by 1 bellows or gis
from a generator of one hand or Another  The
use of 1 wind to repase the mtestines then 1
standrd pricuce as it hd been for some centu
ries past wisasineffectie sitmight be evpected
to be  More attention seems to hne been pard
to the construction of the wand wd the charmcter
of 1ts tip than to the hopelessness of 1ts use A
common preference m the N\aneteenth Century
seemed to be 1 whalebone bougie with a soft
coserng

The following letter to the Fduor of the Lan
cet which ippered m the wssue of March 181h
1838 under the wtle Intussusception m Chil
dren  gives some 1den of the theripeutic argn
ments Wt the ume

The subject of mitussusception havng lately beent discussed at the tuo prn
cipal medical societies i I ondon and naothing new hauving heen ehcsted on these
discusstans I take the liberty of suggesting to the prrofessian through the medim
of vaur taluable periodical the trial of mflating the bou els (n means of a Clyster
prpe attached 1o a common parr of bellous It has fallen ta ms ot to uitnesy

sexetal of these distressing cases en children

The nature of the obstruction was

{oretold durmg Ufe and unfortunately tenfied by postmorterm exammation The

last case of the Find u lach came under my care about tuo yenrs smee presented
all the usnal smptoms ntolerable vestlessness the most obstinate sickness
smgularly distressed state of countenance and shrunken features

the
The usual reme

dies we had recourse to 11 uarm baths glysters anodyne {rictsons aver the abdo-
men &¢ but without acald  As a foriorn kope § made trial of nflation by the

abote means with a most happy result Fhe sickness wmmeduately cea

ced the child

wethen an hupr pasied a natusal stool fell writo a sleep and i the morntng uat

almost uithout abment

1 am Sir your constant reader and ohedient servant

Samuel Mutchell Surgeon
Rmgston on Thartes
Febyuary 26 183€
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A quotation from J Lewis Smuth s 4 Treatise
on the Diseases of Infancy and Childhood will
give a picture of the disewse m 1872 just before
the reports of Hutclinson and Hirschsprung
Prognosis— Intussusception 1s 1n its nature so
grate n acoident that the physician called to a
case should alw1ys expect to predict a fatal result
Cathartic remedies act asa v1s a tergo and may
cause 1 stll further descent of the inverted mtes
tme  Quichsilver was smilarly condemned  He
then went on to stite  The proper treitment
consists 1n attempts to reduce the perstalsis by
pressure from below and s applied either by
hquid 1nject ons into the rectum or which s
far more preferable inflation of the lower mtes
tme by air or gas  If reducuon 15 not effected
after sufficient trial the mdication 1s to mantan
the strength of the patient and give palllitive
remedies 1n the hope that recovery may take
place through the process of sloughing and adhe
stve mflammation
An apparatus for the production and mjec
tion of carbonic acid gas has been invented by
Schultz and Warner of this aty (New York) and
1s manufactured by them It consists essenually
of two glass chambers one over the other In the
lower one a brcarbonate 1s placed and in the
upper an acid m a hquid state By the gradual
admuxture of the two carbonic 1aid 15 set free
An elastic tube conveys the gis from the lower
chamber This apparatus has been used by phy
sic1ns of this city for the reduction of intussus
ception and other purposes and 1s a useful in
vention
The same firm and several others 1n this city
prepare for the shops quart bottles of highly
charged carbonic aad water from which when
merted a powerful current of carbonic acid gas
can be obtuned Two or three of these bottles
with a poruon of the tube from Dauidsons syr
mge which can be readily autached to the stem
from which the gas escapes constitute all that 1s
required for an ordinary case

Whether air or carbonic acid 15 employed st
15 necessary to produce distention of the intestine
to 1ts fullest extent below the seat of the com
plhunt without endangering rupture and of

course the sooner it 15 out the better the chance
of success
The employment of quicksilver by the rec

tum with the thighs elevated has been suggested
to me as a dernier resort

As for operatton—~ I apprehend that there are
few surgeons 1t the present day who would per
form or recommend this mode of trertment 1n a
child

In the first edition of the famous Text On
the Diseases of Infancy and Childhood by L
Emmett Holt the treatment of intussusception
which 15 advised 1s msufflaon with the bel
lows and simultaneous manipulation through
the abdomen If one preferred 1t was accept
able to employ an enema holding the reservorr
four to five feet above the patient and ramsing
1t of necessary to six to eight feet operation to
be performed if these fatled In 225 collected
cases 1 children with the use of awr or flurd
Holt pointed out there had been only one rup
ture of the intestine

Nicholas Senn the brilhant and many fac
etted surgeon of Chicago who had studied intus
susception experimentally felt that gas was
infinstely preferable to fluid  His are the first
experiments evaluating pressure reductson  He
employed hydrogen gas either manufactured
elsewhere or manufactured on the spot sn a gen
erator with zinc chips and sulphuric 1ad and
stored m a large rubber balloon In expen
ments n which intussusceptions were produced
m animals and the ammals then operated upon
36 hours later he states the bowel at the pomnt
of operation was very vasculzr and the neck of
the intussuscipiens covered with plastic exuda
tion  The sutures (previously inserted to pre
+ent spontaneous reduction) were removed and
the rectum distended with gas for the purpose of
effecting reduction  As soon as the colon had
become thoroughty distended the adhesions
which had formed gase way with an audible
noise and complete reduction followed n such a
manner that the point last mnvagmated was first
released  As the force necessary to rupture the
adhesions and reduce the bowel produced no
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1y of my kind to the intestine below or at
seat of ivagimation this experiment would
d to prove that msufflaton can be prac
! successfully 1 cases of imvagination of sev
diys duration  The pressure upon the rub
batloon should be unmterrupted and 1lmost
exceed two pounds to the square inch
agimanon s effected by mflation by two
mct forces  In the hist plice the stendy
1 pressure of the gis distends the bowel
v « the sheath and the recurning cylinder
tch makes tractron upon the neck of the intus
tpiens wlile the column of gas by ns pres
~ agamst the apex of the ntussusceptum
15 1 direct reduction force
Reduction was vesisted 2fter 1 time  either
the swollen edeamitous intussuscepunn or by
westons of the neck of the tussuscipiens or
ween the serous surfaces throughout the in
ed poraon of the bowel From these
~rrations 1 have come to the conclusion that
tion by gentle but efficient distention of
bowtl below the mwagination would suc
m the majornty of ¢1ses af this procedure
practiced before either of the two princ
conditions which cause nreduabihty e
! ume to make their 1ppeirince
this time however the fewibahiyy of op
won upon fants with meussusception had
cstabinhed
1! Barbette 1 surgeon of Amsterdwm writ
m the muddle of the Seventeenth Century
gested that rther than allow pauents with
ntussusception to dre 1t mmight be prefer
le to cut through the bdomimal muscles and
N the imagimued imtestines apart with the
sgers Nuck s c1se was reported by Haller
il The patient was 1 womn of 50 who
mered
Ihe second panent known 1o hne heen oper
1 upon for mtuvusception was an wdule of
operated upon by Frofesor Olle of Dees
n and reported an 1817 Iy TN Fiedler
fis pattent died
The third cxse and the second successful one
that operated upon by Fuchsus and 1epart

ed m Huftlind s Journal February 1825 Tine
was a man of 28 Fuchsius not only operated
successfully but opened the bowdl to a1d in the
resection md sutured 1t so shalfully that no
fecal fistula developed

The first certun laparotomy for mtussuscep-
tton 10 a cluld w1s by Gerson nd was reported
by Hachmann of Hamburg m 1810 Tins was
a 12 week old mfmt A good portion of the
Intussusception ws reduced before gangrenons
bowdd suddenly delinered md tore with 1 faral
outcome

The next recorded operition for antussuscep-
ton was successful, wnd was the first one i the
United States It was an operition performed
by Doctor John R Wikon of Tennessee and
w1s reported by hus pupil Mr W W Thomp-
son to the Iransylama Journal of Medserne and
the Associated Sciences, 1830 Volume 18 page
362  The paper 1s ttled A Case of Introsuss
ception 1 which an Operation was Successfully
Resorted to by John R W Wilson M D of
Rutherford County Tennessee 1 December
1831  The patent was 1 negro stive who bd
failed to respond to the customary treatment of
actne purgion and metillic mercury by
mouth  The reduction was ewly dfected 1t
operation and the anthor condduded  lus recoy
ery was ripid nd entre The success of
this c1s¢ 1 which the operation was so long
deferred and at st performed under such
unfnorble arcumstances warmnts the pro
pricty of resorting to 1t m the diserse ad
proves that relief my occwionally be Aforded
by thus means when all others hwve faled

Wikons grandson O H Wilson Professor
I mentus of Pediatries 2t Sanderbilt Lngscrsity
School of Mcdicine reports the finding of Doc
tor John R Wilson s day book wath an entry for
Nosember 20 1831~ 5500 for operuon of
Castrotomy on Chas Dements N boy with
1 record of several subsequent visits - A Twcome
enough memorandum of an histone operition

Ihere were a fow other repotted cases of
opertions for mupanceptions 1n adules and i
nfants amon,, them unsiccesful opetations m
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England by Spencer Wells the renowned
ovariectomust one of the founders of Gynecol
ogy and mn Russia by Pirogoff the great mili
tary surgeon  On Noiember 11 1873 Jona
than Hutchinson read before the Royal Medical
and Chirurgical Soctety his first paper on Intus
susception reporting a successful operation per
formed 1 1871 on a two year old nfant
referred to him by Warren Tay He stated—
Our first measure of treatment consisted 1n
putting the child under chloroform and then
whilst she was held up by the feet distending
the rectum to the utmost with warm water
By this means the involuted part counld be
forced up into the abdomen so as to be quite
out of reach of the finger and once or twice 1
tried to hope the reduction had been effected
On each occaston however when the lower
bowel was allowed to empty 1tself the ntussus
cepted part became prolapsed as before and
showed clearly that we had gained nothing
It was very enident from the chld s condi
tion that unless relief were afforded she would
not lne long and I therefore felt justified 1n
telling the parents that although an operation
would become 1n 1itself very dangerous yet I
felt that 1t afforded the only chance
He made a lower midhine meision withdrew
the six 1nch long intussuscepted mass reduced
the intussusception without any difficulty and
replaced the bowel  The operation had been
an extremely sumple one and had not occupred
more than two to three mnutes
From this ime on although 1t 15 obvious ntus
susception was still an extremely grave disease
and carrying m spite of all a high mortality
1t was considered a disease m which the out
come could be materially affected for the better
by proper treatment  Theretofore recovery fol
lowing rectal injection had been irregular and
uncertam and operation had rarely been at
tempted  Such suninals as did occur were
due in the mamn enther to spontaneocus reduc
tion of the intussusception or to gangrene of the
mtussusceptum and passage of the sloughed
intussusceptum by rectum before the child had

died of the consequences of intestinal obstruc
tion  In such cases the tight adhesion of the
mtussusceptum and the intussuscipiens at the
neck of the mntussusception mamtained the con
unuity of the bowel although there frequently
resulted as a secondary mamifestatzon either
chronic mntestinal obstruction from cicatncial
stenosis or secondary perforation through the
poorly healed area with pentomus and death
This 15 best described by Leichtenstern— Nu
merous trustworthy observations show that sep-
aration of the intussusceptum may lead to com
plete cure of the invagination  But this mode
of termination has many changes which threaten
Iife  The separation may take place too early
before there 1s solid union at the neck of the
ivagmation  Perforation or rather rupture
1s the result or a part of the intussusceptum
remains and causes a new invagination by mn
crease of what 1s left m the old one In other
cases constriction of the intestine takes place at
the 1nactine line of separation 1increases more
and more and often causes death after some
years Fnally torpid ulcers of the mucus mem
brane may remarn at the place of separation and
cause perforation long afterwards or defective
nutrition as a result of diarrhoea  Among the
rarer illustrations we find death by septicema
—thromboses—metastatic abscesses in the liver—
perforation and formation of 2 fecal cloact

It 1s one of the 1rontes of medical progress
that just at the time that Hutchinson was dem
onstrating the feasibihity of operatne reduction
of intussusception wn infants Hirschsprung of
Copenhagen discouraged by the high mortality
of mtussusception 1nstituted a plan of con
trolled hydrostatic pressure reduction of ntus
susception

Hirschsprung s first report was 1in 1876 By
190> Hirschsprung was able to report on 107
personal cases of intussusception  His results
were so superior to those previously reported
that his contemporaries doubted his conclusions
He was forced :n self defense to publish a
paper reporung each of his 107 cases He pre
sented a 359, mortality 1n a disease which up



INTUSSUSCEPTION IN INFANTS AND CHILDREN

injuns of any kind to the mtestine below or at
he seat of invaigination this expeniment would
end to prove that msufflaton can be prac
iced successfully m cases of invagination of sev
rral divs duration The pressure upon the yub
ber balloon should be uninterrupted and 1lmost
never exceed two pounds to the square inch
Disinvagmation s effected by inflation by two
Disunct forces  In the first place the steady
elistic pressure of the gas distends the bowel
between the sheath and the returning cylinder
which makes traction upon the neck of the mtus
suscipiens while the column of gas by 1ts pres
wure agunst the apex of the intussusceptum
rwts as a direct reduction force

Reduction was resisted fter a time  either
by the swollen edemtous intussusceptum or by
adhesions of the neck of the mtussusaipiens or
between the serous surfaces throughout the in
vagimated portion of the bowel From these
obsenations 1 have come to the conclusion that
reduction by gentle but effictient distention of
the bowel below the mmvagmauon wonld suc
teed in the myjonty of cases 1f this procedure
ware prictced before ersther of the two prina
pal condittons which cause 1rrednability hne
hid nme to mike thar apparnce

By s ume however the fewabiliy of op-
eration upon fants with mtussuscepion had
been established

Pl Barbette 1 surgeon of Amsterdam wnie
g tn the nuddle of the Seventeenth Century
sugtested that rither than allow patents with
n antususception to die 1 might be prefer
able 1o cut through the 1bdominal muscles and
pull dthe mviginted miosties apare wath the
fingers  Nudk s case was reported by Haller n
1750 The pattent was 1 wommn of 50 who
recenered

Ihe second patient known to have been oper
ated upon for ntussusception was an adult of
50 aperated upon by Professor Ohle of Dres
den and reported an 1817 v B\ hiedler
This patient died

The third case nd the sexond suceessful one
was that operited upon by Fuchsius and report

edin Hufeland s Journal Februany 1825 This
was a2 man of 28 Fuchsius not only opcrated
successfully but opened the bowel to aid 1n the
resection and sutured 1t so shilfully that no
fecal fistula developed

The frrst certun laparotomy for mtussuscep-
t1on 1 2 chnld was by Gerson md was reported
by Hachmann of Hamburg i 1840 This was
1 12 week old mfant  \ good portion of the
mtussusception was reduced before gingrenons
bowel suddenly delivercd and tore with 1 fatal
outcome

The next recorded operition for mtussuscep-
tion was successful and ws the first one in the
United States It was an operition performed
by Doctor John R Wilson of Tennessce 1nd
w1s reported by his pupil Mr W W Thomp-
son to the Transyltama Journal of Medicine and
the Associated Scrences 1835 Volume 18 page
362 The paper 15 tnled A Case of Introsuss
ception 1 which 1 Operation was Successfully
Resorted to by John R W Wilon M D of
Rutherford County Tennessee m December
1831 Fhe pauent was 1 negro shue who had
fatled to respond to the customary treatment of
active purgation nd metallic mercury by
month The reduction was eastly effected at
operation and the athor conctuded  Ias reco
ery was rprd wnd enure The success of
this case 1 which the operion was so long
deferred and at st performed under such
unfavorable circumstances warmnts the pro-
pricty of resorung to it n the disense nd
proves that reliefl may occasiomlly be fforded
by this means when all others have fuled

Wilsons grmdson O H Wilsen Professor
Emenitus of Pedittrics 1t Vanderbilt University
School of Medicine reports the finding of Doc
tor John R Wilson s day book with e entry for
Novermber 20 1831— §300 for operition of
Castrotomy on Chas Dements N boy  with
1 record of several subsequent vasuts A Jaconie
enough memorandum of an historic operition

There were a fow other seported cases of
operrtions for mtussusceptions n adules and m
wfants among them unsuccessful opertions in
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England by Spencer Wells the renowned
ovartectomist one of the founders of Gynecol
ogy and in Russia by Pirogoff the great mili
tary surgeon On November 11 1873 Jona
than Hutchinson read before the Royal Medical
and Chirurgical Society hus first paper on Intus
susception yeporting a successful operation per
formed m 1871 an a two year old infant
referred to him by Warren Tay He stated—
Our first measure of treatment consisted n
putting the child under chloroform and then
whilst she was held up by the feet distending
the rectum to the utmost with warm water
By this means the mvoluted part could be
forced up 1nto the abdomen so as to be quite
out of reach of the finger and once or twice [
tried to hope the reduction had been effected
On each occasion however when the lower
bowel was allowed to empty 1tself the mtussus
cepted part became prolapsed as before and
showed clearly that we had gamed nothing
It was very evident from the child s cond:
tion that unless relief were afforded she would
not live long and I therefore felt justified mn
telling the parents that although an operation
would become m uself very dangerous yet I
felt that 1t afforded the only chance
He made a lower mudline measion withdrew
the 51X 1nch long intussuscepted mass reduced
the ntussusception without any difficulty and
replaced the bowel ~ The operation had been
an extremely simple one and had not occupied
more than two to three minutes
From this ime on although 1t 1s obvious intus-
susception was still an extremely grave disease
and carrying 1 spite of all a high mortality
1t was considered a disease mn which the out
come could be materially affected for the better
by proper treatment  Theretolore recosery fol
lowing rectal injection had been irregular and
uncertiin and operition had rarely been at
tempted  Such surinals as did occur were
due m the main erther to spontaneous reduc
tion of the intussusception or to gangrene of the
mtussusceptum and passage of the slonghed
mtussusceptum by rectum before the child had

died of the consequences of intestinzl obstruc
tion In such cases the tight adhesion of the
mtussusceptum and the mtussuscipiens at the
nech of the mtussusception mamntaned the con
tinuity of the bowel although there frequently
resulted as a secondary mamifestation esther
chronic intestinal obstruction from caicatricial
stenosis or secondary perforation through the
poorly healed area with peritomtis and death
This 1s best described by Leichtenstern—~ Nu
merous trustworthy observations show that sep
aration of the intussusceptum may lead to com
plete cure of the mvagination But this mode
of termination has many changes which threxten
hfe The separation may take place too exrly
hefare there 15 sohd union at the neck of the
mvagmation  Perforation or rather rupture
15 the result or a part of the intussusceptum
remains and causes a new m\agmauon by m
crease of what 1s left 1n the old one In other
cases constriction of the intestine takes plice at
the inactive line of separation increases more
and more and often causes death alter some
years Finally torpid ulcers of the mucus mem
brane may remain at the place of separation and
cause perforiuon long afterwards or defectine
nutriion as a result of diarrhoen  Among the
rarer lustrations we find death by septicemin
~thromboses—metastatic abscesses m the liver—
perforation and formation of a fecal cloacn

It 15 one of the 1omes of medical progress
that just at the time that Hutchmson was dem
anstrating the {easibility of opertnne reduction
of intussusception mn infants Hirschsprung of
Copenhagcn discouraged by the hugh mortality
of intussusception nstituted a plin of con
trolled hydrostatuc pressure reduction of intus
S\lSCepllOl‘l

Hirschsprung s first report was tn 1876 By
1905 Hirschsprung was able to report on 107
personal cases of intussusception s results
were so superior to those previously reported
that his contemporaries doubted hss conclusions
He was forced m sell defense to publish 2
paper reporung each of s 107 crses  He pre
sented a 359 mortahity n a discase wlich up
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Aus der chirurgischen Umversitatsklimk Rostoch

Emn Fall von Invaginatio ileocoecalis im Rontgenbilde
Von
Dr ¢ Lehmann m Rostock

Im folgenden will 1ch hurz uber eme Beobachtung von Invagination mm Rontgenbilde
berichten, die wir 1m November 1911, unmittelbar nach der Veroffenthchung von Haenmisch
uber seine Methode des Wismutemlaufs auf dem Trochoskop (Munch med Wochenschr 45,1911)
machten Leider 1t die Platte verunglueht, so daB wch den Befund nur i ewmer Slrzze wieder
geben kann  Mir sind bisher entsprechende Falle
aug der Lnteratur mcht behannt geworden, nach
mundlicher Mitteilung hat Haenisch selbst emnen
ahunlichen gesehen

Es handelt sich um ewnen 18jahnigen Jung
ling, der seit dret Wochen an holikartigen Schmer
zen hitt, Stuhl war abwechselnd angehalten und
durchfallg und enthielt haufig Blut  Ber der
Aufnabime am 18 November 1911 fand sich emn
wurstforniger Tumor 1m Epgastrium  der der
Palpation nach dem Querkolon angehorte Die
Differentialdingnose lautete auf Tumor oder In-
vagination, resp beides

Ber der Rontgenuntersuchung, die genau
nach den Vorschnifien von Haenisch ausgefuhrt
wurde, fullte sich rasch das Rektum, die Flexur
und das Deszendens man sah die Wismutsaule
die zunachst noch kemne Haustrenzeichnung zeigte
an der Flexur umbiegen und ms Querkolon fort
schreiten nach emer hurzen Streche machte sie
halt, und das gefullte Ende des Querholons blahte
sich machtig auf Es fiel uns auf, daf die Wis
mutsiule an der Stelle wo sie das Hinderms fand, vollstindig glatt abgeschmitten erschien
und sich mcht etwa sapfenformig suspitzte, wie man das wohl ber emem stenosierenden
harzmom lntte erwarten honnen

Es wurde nunmebr eme Aufnahme gemacht, die ber penaver Betrachtung noch etwas
melr zeigte, als das Scharmbild (vgl Shizze), auch hier war die Wismutsaule plotzlich scharf
abgebrochen — ubnigens war mzwischen die Haustrenzechnung  hervorgetreten —, von den

aubersten Echen der Unterbrechungshimie aber setzten sich swer schwale 05—1 em brete
ot hitt & A Gab ted R tgenst shlen XXI

Fig 1 () Yehmann sreportm 1914 of the use of bismuth

sath a three weck history and a pilpable tumor  Leh
encms m digno ing mtussusception  He desmbed the

mann was apparently sausfied to have made the diagno-
radiclogic prcture clewrly apolagining for the fact that the  mis. “There 13 no mention of a therapeunc effort with the
Plate was poor and the shetch had to be substiuted for st enema  The intussusception was successfully reduced 2t
m publication  The olneniation had been made three  operation

vears earlier in 1911 The patient was an 18 year old boy
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to thit time was fatal m aver 809 of the cases
In 81 pauents treated by Hirschsprung with
enemn tone, the mortahity w1s 239, These fig
ures compre {mvorwbly with those from The
Johns Hopluns Hospital m the period from 1928
to 1938 more than 35 years hiter  Interest i
the hydrostatic pressure reduction of sntussus
«cption has been muntaned m Scandina1a ever
since with from time to time, Miempts o wWid
trusibdormnal mampalauon to 1t In Aus
trihn, Jargely due to the mfluence of Hipstey
hydrostitie pressurc has been nsed nath spectic
ulwr results
The use of the vy 1n the diagnosis of intus

susception was first suggested by Ladd i 1913
wd by Lehmwn i 1911 Ladd stited— There
must of course awise a certmn number of cises m
which the early dingnosts 1s diffinlt  For such
cises 1 beheve tht the v 1y with hismuth
mjections may be very useful During the
It feu months T hue employed this method
three timmes twice to sec tf 1 could frlnate the
opcriton by crusing partiil reduction with ene
mr wmd once for dignostic purposes (Fig
11y Ladd wis convinced tha this was 1 good
diagnostsc device and 1 useless therpeutic one
This was despue the fact tht the mproved

mortalsty which he reported m this paper from
the Chrldren s Hospital i Boston was sull 159,
~higher than i Hirschsprung s senies seported
w the previous decade  Ladd himself ascribed
priorssy of the use of the Roentgenogram n
the dirgnosis of mtussusceptron to I ehman al

thou,h Ladds publicition appeired earher
Lehman does staee that he was reporung n
obsenvation rde three years carier when bus
muth encms were Dirst described by Haemsch

Lehman apologzes for the fact that hus plate
nas s poor that 1 shend (Fig 18} hd o be
substituted for it 10 thus publicauon The re

sult hawerer s thwt Dr Ladd s report comtuns
the first pubhshed photogriph of the roentgen

alogic pctures of muussusception

The use of the contrst cnesmt to provude 118

11l contsol of hydrostrts pressure reducinn wis
a nuural consequence of the mtroduction of

N Tys and this was reported sunultcously b
Pouhquen in Frince Ofsson ind Palhn 2 Scan
dmw and by Retan md by Stephens m tus
country

The first successful resection of an intussus
cepuion i v child was that reported by Chabbe
of \ustriha, it 1897 the second by Colfmson
of London ten years later

The furst successful resection of e mtussus
cepion m this country was reported by Peter
son 1 1908 Actually i the 24 yours butneen
1896 wnd 1920 Clubbe could find only 15
ported mstances of successful resection of mtus
susception o nfints and it cn well be assumed
thatvery few successes Id escaped repore One
of the brilint erdy successes was that of
Dowd who i 1912 reported resection of tersms
nal alenm md nght colon m 1 fne dy old
Dbaby

As w has 1 habie of dong i such mauers
timie has affected the pertnency ol most of the
arguments for or 1gamst prmiry operune or
pramary hydrostane pressure reduction The es
dence 15 overshelnung that from 1877 to 1915
the results sn chines employing hydrostae
pressure reduction were substantially superior
1o those obtamed i the chinses umployin, opert
ure reduction prmandy  This was ewly
measured 10 tenns of oporitne morailiy  In
the Jast decade, in the chmcsy nnh the greves
mterest m surgicy] diseses of chuldren deaths
from iptussusception have been hmied essen
nally to those children hopelessly mortbund at
the ume af Admussion arespeane of whether
weatment wis by operion or by hydrostiue
pressure reduction The rgardst s naw
based on subtler crxtersn which are discnssed sn
detard m = later chptes
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INTUSSUSCEPTION IN INFANTS AND CHILDREM

The doctor wth lus gentle nice warm hands
Palpates the belly as the case demands

The RAF fecls empty (Signe de Dance)
But higher up hus search reveals perchance
A suelling rather sausage ltke which oft
Gets sometsmes harder sometimes lax and soft
It may be felt sn eprgastrium

Or one or other hy pochondrium

Or sametimes st may very sloly shde

Lou dou n towards the pelins on left side
Then may a finger 1n the recturm put

Feel the soft af ex of adtancing gut

And on the uithdraun finger wall be found
Some blood and mucus smeared all around

Sometimes the doctor will be hornified

To see a fleshy mess protrude outside

And then the long soft swelling may perhaps
Be easily mustaken for prolapse

But 1f you put your finger in the rectum

1t goes twret wall and intussuseeptum

But not usth prolapse—for there 1s a septum

The classical case of intussusception occurs
m the well nourished male child eight months
old who 1s awakened from sleep with what ap-
pears to be violent abdominal pain flexes his
thighs cries out vomuts and passes a normal
stool  Thereafter he vomuts repeatedly has
obvious bouts of recurrent peristaltic pain and
begins to pass bloody mucus per rectum Be
fore long he becomes apathetic pale and soon
presents evidence of dehydration The ntestt
nal obstruction which has existed from the first
moment does not become manifest for many
hours The condition 1s fatal 1n three to five
days 1f not interrupted The ntussusception
begins at or near the ileo caccal valve  Exam
nation of the bowel shows no obvious local
anatomical cause for the mtussusception

This 15 the classical picture and so typical
that the diagnosis may frequently be made over
the telephone and 1s commonly made by the
dispensary nurse on the patient s 1rrinal an the
Accident Room or Outpatient  Department
However the vanations of the picture are of
some 1nterest and are of great mportance
permutting the diagnosis of the atypical cases
which are the only ones in whom a fatal 1ssue
1s at all likely today

The colon asyou knou a common sute 15

For mflammation—here knou n as colthis

W hich may from trme to time cause doubt I fear
For blood and mucus may n stools appear

But usually the pain s not so severe

And since the mottons will shou faccal stuff
These points distinetive should be quite enough
(Though colo 1 snflammation oft may render
The whole course of the colon to be tender )

Aot long aga the doctar when in daubt
18 ould grve an anaesthetic to find out

1f there were any tumour on palpation—
Ifso then that uas clearhy confirmation
But 1n these days there ss a betteruay

3 huch may the need for anaesthetic stay
For 1f an enerna of barium

Be floued into the bou el per anum

And then observed miutely by x rays
45 1t ascends the colon s umding ums
One then can sce of there s im agimation
4nd not depend upon 1magnation

This means a radi>logist

Should often be consulited to assist

From 7eva The Acute Abdomen i Phyme
p with p of the p
H R Lewis & Co Ltd

INCIDENCE

Intussusception seems to be appreciably more
common 1n some parts of the world than n oth
ers At the Johns Hoplins Hospital where at
the Harriet Lane Home there 15 an extremely
active Qutpatient Department and where we
have long had a special interest i ntussuscep-
tion we see no more than six to eight cses a
year It does not appear that other clinics in
this country see appreciably more At the Den
ver Childrens Hosputal (Packard and Alfen)
there were 55 cases in ten yews At the
Childrens Hospital 1n Tos Angeles (Snyder
hraus and Chaffin) 143 cases in ten years At
the Charity Hosprtal in New Orlewns (kahle)
54 cases 1in eleven years n Milwiukee 1t the
Children s Hospital (Thatcher) 60 cases 1917
1903 The Childrens Hospital in Bosten
{Gross) where there 1s exceptional chmict)
expertence 1n all fields of pediatric surgery saw
258 cases in the tlnrtcen yeirs 1934 o 1917
not quite twenty per year  The Chikiren s Hos
pral i Cinannau (Etng)  reporty 12 cases
1047 19,2 Babies Hospital in New Yorl (Sin
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willt and Forrer), 41 cases 19491931 both
about eight cwses per yerr The Childrens
Memonal Hospieyl m Clucago (For) had 90
cises 19351956 only ten pes year nd the St
Lows Chidrens Hospual (Thursion  Holo-
with wd McCoy) 116 cises i the seventeen
yetes 1034 1051 or agmm only seven per yeur
In contrist wuh this American espertciice ane
wmt of the Roynl Hospitat for Sich Chuldren
Glusgow (Denmison 1m the ten yewrs baveen
1997 and 1996 admutted 237 cases of mtussus
eption-2% to 24 cases per yerr  From 1946 1o
1856 Denmison fas had the great total of 399
cases Amost 40 cach yeart  Helmers material
from the Unnersiyy of Lund covers 162 cises
suen i three years 54 cases per year  Norden
toft of Copenhagen collected 440 cases of mus
susception between 1928 and {935 63 cues per
year

There have apparomly been very few prease
statsstacal studies of the madence of 1ntussus
ception i the scce of such comparible sta
tistiis one should perhaps hive some teserst
ton i II(S(Y[IU& that lntllSSll&CCp(lOﬂ 154 gOOd
duaf more commeon m Britwn md m Scandina
s11 thain e the Unmited States MacMahon hs
made 2 umgue study of mntussuscepuon m the
a of Brrmungham Loghind using 1 brostas
uc approwcks  In the entire ey of Bimng
han be found for the ten year pertod 1945 o
{901 296 confirmed cases of ntussusception
151 «nidren under the age of ten yorrs an ma
desnce of 119 pur § 000 Ine births Spence ind
Coure for che fine year pened 1944 10 1949 an
Neweastieon Tyne found 127 c1ses et
dence of 38 per 1000 hiae births  In both
stedies sn the baeer pears of stndy e was found
th1t the number of cses ocued wis 1pprea
auly tgher  possibly the result of mmprosed
ascerrunmuent

bex

i our malyws of 152 cises a the Johns Hop
T Nospual 629, of the miusstisceptions wae
wy male children and 1€, an female cildren
Thin higure agrees dosely with the I uses of

61295 male for Birminghm (MacMahon)
68% n London (Pernn and Imdsiy) 64 1o,
m Syduey Austaln (Hipsley) 609, m Los An
seles (Snyder etal)  The rvo of thiee to tho
scems to be burly constant although i onr nev
17 cases 1932 1938 the wadance his been 22
mles and 25 femal>s presumably v temporary
statistical aberravion which further expename
will correct  No swsfactory esplwion s
been olfered for tns mnle preponderuxe  Mac
Mahon offers w mteresting anlysis of the sex
rato at different ages  Bedow the 1ge of wne
months males e only shghely w oveess of o
males 55467 after mne months, the encess is
very mwrhed 7779, He found the difference
1 sex ratto between these tho penods 1o be 223
plus or mmus 56 wiich wis sgmfiem

Race

Inour ongmal maternt 63 197 sore mowhite
culdren and 36 9%, were m negro clnldren
Sice the proposuon of negrae o winte duspen
s1ry visits was 60 to 30 1 suggested that antus
SllSC(Pllﬂ“ 15 somEw it more conunon m whise
than m negro duldren In our nest 17 cases
17 were whie md 30 megro reflcctng the
change mn dispensary populaan At the Chr
1ty Hospitad m New Orkans Rable reports the
et madence o be propartionad 1o the hosps
1 admssion rate

Age

As sten n Figure 3 intussttk g ption. occurs
Trgeds s the first year of hfc ad mothat year
most commonly i the penod from the Bifth to
the nmth momth OF aur tota] of F4 cwses
570, occarred n children who were four 1o
Guven months of g This s bedow die fy,
ure of MacMahon who faund that sy Bisony,
T Do T, of the patients were andler atie year
of 1,0

Dennison reponted from the Royad Hospatd
for Sich Chiddron m Chvgow 730 of 172 cues
under v yews of e Fhs Jower g wodince
fs charsrnstie of reports Gom purcly pediene
tospriahy T our utaal the peak of e
dence apprared 1o be an the seventh wd et il
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Fig 3 The peal. of the madence 15 1n the ftfth to ninth
month age pertod and 59 of the imtussusceptions oc
curred i cluldren from four to eleven months of age

months This 1s somewhat later than the ma
dence 1 MacMahon s series which was highest
1n the period through the sixth month  Denm
son found 102 cases under s1x months of age and
70 cases between six and twelve months of age
Again a somewhat earlier age incidence by
months than our own A number of other re
ports Pernn and Lindsay Hipsley show the
peal of incidence at five or six months

Intussusception 1n the newborn infant 1s of
special interest Rachelson reviened almost siv
thousand reported cases of intussusception i the
literature and found that three tenths percent
bad occurred 1n the first month of Iife  In the
past 150 yewrs 28 cases were reported in the
first month of life 18 of them in the first week
of hife  Most of the babies were muture full
term mfmts 1 good vigor  The symptoms
were 1 no wise unusual

Intussusception has been quite clearly shown
to occur tn utero and to be a cause of mtestinal

Oser 809, of the children were under two years of age
In the days when deaths occurred the mortality was high
m the youngest infants

atresta  The reason for the development of the
mtussusception i the fetus 1s unknown but
the resulting gangrene produces destruction of
the bowel and 2 fibrosis which gives the appear-
ance of a congenital fatlure of formation of a
segment of bowel However 1n the distal seg-
ment of bowel 1n such cases the end of the intus

susceptum can at umes be found 1nd the pres

ence of lanugal hairs and squamous cells of the
vernix caseosa 1n the distal segment all inds-
cate that the bowel had at one nme been patent

Season of Year

Some wniters have noticed 1 seasonal ana
tion 1n the mnadence of ntussusception usually
finding the inadence maximal in the summer
months and atntbuting this to the greater fre
quency of gastro ententss 1in such secasons  As
seen in Figure 1 1n our materinl there appears to
be a sustained peal from March through August
and another in December through January con
cenably reflecting the pertods of enterats and of
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big + Ihere 1s an apparent sustamed peak Afarch
through \ugust and another 1n December through Jan
i concenably reflecung the maximal madence of

upper respiratory infecttons As noted the max
1l inadence of tussusception 15 n the sev
«<nth nd eighth months of Life 1n our matenal
1his seasonal varuon m the madence of intus
susception does not merely reflect 1 correspond
g paak i the loeal burth rate seven to cight
months previous since the number of live births
m Balttmore from month to month year in and
yer out varies by no more than plus or minus
4°,  Bolln, found mtussusception most com
mon 1 the summer months  Close confirms
thus finding, for younger children but found m
his matenn) that after one year of age the conds
tion wis maost common n the months of Decan
ber through March  Fitzwalhams found 1 high
mcrdence i March and December and Permn
and Tindsay report peaks of madence e Aprid
and January but Hogg and Donovan and Hips
ley found lintle or no sesonal varnton  Mac
\Mahon found no evidunce of seasonal vanation
1n hus study of the total madence of intussus
ception in the ity of Birmingham

entenitis and of respiratory nfections,  (From Ravitch
wnd McCune ] Fediat 3. 1950)

Birth Rank

We have previously noted that 1 surpnsing
number of our paents occupied the lugher
birth ranks in their fimilies although on the
contrary Wakely and Athmson and Hogg nd
Donovan found 1 ligh percentage of patients
who were first born MacMahon studied his
tntussusception scries nd 1 comparison sumple
with respect to burth rank and to maternnl 1ge
amd found no significtnt differences

Ihere 1s no evulence that there s any n
cretsed likelihood of intussusception m 1 uth
Iin,, oncc one child of the fiamily his been
alfected  Tlns of course does not anclude the
nstances of mtissusception occurnng an the
occwontt fanudy sath inherited multiple polyps
m the small bowel

Mutrition and Previous Health

Intussusception tends to select sturdy  well
nourtshed mfints  The tendenay for gond nu
tnuon 18 so outstanding  that  Herschsprung
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could s1y— Ich ernnere mich auch nmicht jem
als ber einem atrophischen kind emne imvagia
tion gesehen zu haben  Of 119 of our 152
cases 1n which notation was made of the state
of nutnuon mn 98 1t was sad to be good m
eleven fair and 1n ten poor Illingsworth and
Dick offer the somewhat hypothetical suggestion
that 1 vigorous male 1nfants with strong mus
culature the tone of the bowel muscle 1s greater
than 1ts abtlity to relax the motor mechanmism
develops before the mhibitory one and in early
mfancy the parasympathetic nerves are rela
uvely weak
With respect to previous health n 119 out of
189 cases 1n which the histories were adequate
st was found that previous health had always
been good In 23 cases diarrhoea had been
noted previously 1n 13 cases consttpation had
been a prominent feature and in ten cases there
had been symptoms of intussusception on previ
ous occasions  Search of the history for common
predisposing causes was not particularly fruit
ful There were 23 children who appeared to
have defimite bouts of diarthoea before a sud
den change mn the character of the symptoms
mdicated the onset of mtussusception  Four
children had received cathartics for constipa
tion just before the onset of symptoms and
three others had been severely consupated A
good mny of our children had upper respira
tory mfections Of the last 47 7 had severe
upper respiratory infecions  However Denm
son states— Qn companng notes with our med
1cal colleagues we found no relationship be
tueen mtussusception and seasonal diarrhoea
but wn almost constant relationship with upper
respiratory mfections  As non specific mesen
teric wdenitis usually follows upper respiratory
infections and mesenteric ademitis 15 common
m ntussusception it 1s reasonable to assume
that the lymphoid hyperplasin imvolves Peyers
patches and the collar of lymphoid tssue
which 15 so marked in the termnal sleum of
mibnts
It 1s frequently stated that the high incidence
of intussusception in some European countries

15 associated with the fact that children there
are more frequently breast fed and that the
subsequent change from breast milk to cows
milk plays a part 1n the occurrence of mtussus
ception The possihality that this 1s a factor or
that the change from milk to a more sohd diet
alters persstalsts so as to initiate n Intussuscep
nion can be no more than guessed at

Previous Attacks, Spontaneous Reduction

It may well be worth emphasizing the fact
that of our first 152 patients ten had histones
which clearly indicated previous attacks of intus
susception with spontaneous recovery This
1s not often commented upon m reports on 1n
tussusception and we were unprepared for this
finding  The imtervals between pres1ous attacks
and the mtussusception which finally brought
the panents to the hospital varied from ten
days to six months

It 15 sigmbrcant that mine of these ten chil
dren were operated upon (most of these cases
were earlier 1 the seres) and of these nine
n three polyps were found and removed It s
probable that an operative search for polyps
should be made whenever there 15 1 strong his
tory of previous attacks  One of the few discus
sions of spontaneous reduction of acute mtus
susception 1n children 1s that of Goldman nd
Ellman in 1940 They presented five cises of
mtussusception  four in children much older
than the usual group in whom they felt there
was good evidence of spontancous reduction of
one or several attichs of intussusception  Three
of these children were operated upon nd found
to have no nciting cause such 1s tumor or
\Meckel sdiverticulum  Actually nonemstance
the history wis of two weeks duraton with inter
muttent attacks of pain and another w1s of one
weeks duration  While these two cxses and
very possibly a third of Coldman and Illmins
fine cases represent chromc noustran,ulaung
mtussusception rather than repeated recurrences
certainly «very surgeon has had the expenience
of operiting for 10 obvious iNtussusccption anly
to find that it had reduced spontancously some
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time between the Jast examination of the abdo
men and the opeming of the perstoneal cavaty
Rahle found fuive instances of spontancous
and complete reduction of intussusception 1n 71
cases  Thurston ef al, hist 15 pauents with the
chnical dignosis of intussusception  eight of
whom were not operated upon becuse of apprr
ent spontancous reduction or inwdvertent re
ducuon by diagnostic barum enemi  In an
additional seven patients operation confirmed
spontaneous reduction It 1s not stited how
many of these pattents with  spontancous re
duction had had diagnostic banum enemas and
this may merely represent 1 testmonial to the
casc with which some ntussusceptions are re
duced by barium enema  The same report pre
sents onc additional case of well documented
spontancous reductton of an intussusception
Jones from Newcastle on Tyne reported six
spontancous reductions mn 103 cases  MacFar
lane and Thomas cite four cases of recurrence
of intussusception after operatnne reduction nd
during the same hospital adnussion
Swtullt reports a 5%, overall mnadence of
recurrence since 1923 In hus 41 most recent
cases there were four recurrences one 1 month
after bainum enema reduction confirmed at
operition  mother fne months after bairium
enema reduction confirmed at operition and
another 23 hours after bartum enana alone
The fourth recurrence w1s four months after
primry operitne reduction  Fox reports 1 re
currence rite of 195 1in 90 ntussusceptions oper
ated upon 4t the Chaldren's Manoril Hospital
m Clicago exclusive of one clnld with multiple
polyps who required four operations Court
amd Jones report that in 16 of ther 124 clul
dren At operited upon primanly an madence
of Almost #¢, recurrences occurred  In one of
these children recurrences occurred on five occr
sions 1 one on three ocCstons 1N W0 o tho
occsions and i the rest on one occision

Spontancous Sloughing of the Intue usceptum
From the earhiest dws 1t his been Lnown
that 1 some mstances the muussusception be

comes gangrenous and sloughs the bowel fusing
at the neck of the mtussusception nd retunimg
uts contimuity  The mtussusceptum 15 passed
by rectum and recovery ensucs At tumes such
recovery s perminent but m some nstances
Inte perforation occurs 1 the line of fusion of
the proximal and distal intestine 1nd n other
mstances a progresstse cicatricial constriction
occurs at this spontneous anastomosts produc
g intestimal obstruction once more  Today
such nstances of slonghing of the intmssuscep-
tion are only rirely seen and under conditions
of gross neglect md misdingnoss or i the b
sence of medicil cire  In exlier days such 2
spontaneous p1ssige of 1 gangrenous nd sep
arited intussusception was the patents only
hope nd 15 Iate 15 1906 Haney Cuhmgs re
corded tn the hustory of 1 chald wath an mtussus
ception  thit operation w1s postponed n the
hope that sphacelanon nught take plice 1nd the
sphacelus be passed entsre per rectim  In con
trast to the ity of such cases todry Iewchten
stern e 1894 reported 42 collected cases of
spontneous resolution of 1ntussusception by
sloughing  The bowel sloughed n periods vary
g from 11 10 21 dys after the onset of the
mtussusception and the separttion was usually
tleal  Such mstances were rire n mfwes wnd
occuried chiefly in older children  Treves de
scribed the mechmism of the slough scttin, out
to explamn the observatton that at tumnes the
stough was passed wath the mucosa sude out and
at times with the mucosa side o He con
cluded that if the mncrmost loop of bowel sep
arites fint the mtussusceptum will completedy
cvert uself wibin the bowdd so that i wall be
mucost out and serosy m wnd when fimally the
returming 1yer of the mtussusceptun separues
the segment 1s passed essentanlly made out 1f
the raturnimg loop separates first 1t the nak of
the intussusceptson st 15 passed down aver the
entenng loop tntl the entire sntsuscptum
lies extended 1 the bowel serosal side out and
passes when the entermg loop separates 3t the

neck
A ranakable ense is reported by Rachelon
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of a newborn infant which at the age of 30
hours passed an eight centimeter length of gan
grenous bowel mucosal side out  The child
became obstructed and a hiptodol enema showed
a typical intussusception at the mid transverse
colon which was reduced to the terminal leum
where complete obstruction to the further flow
of contrast matenal occurred  Operation was
undertaken when the baby was 56 hours old
Incredibly the 1leum was found completely di
vided and both ends sealed off ‘The only posst
ble explanation 1s that this was a gangrenous
mtussusception part of which had sloughed and
that the liprodol had reduced so much of the
ntussusception as remamned allowing the two
ends of the bowel to separate and that 1z a
newborn these ends were able to seal off for the
24 hours between the Iipiodol enema and the
operation
SYMPTOMS
The chief complaint 1in 449 of our cases was
vomiung and i 42 8%, of the cases was the pas
sage of blood per rectum The patients being
largely infants only 25 79, of the mothers con
sidered abdominal pain the chief complamnt  In
some Instances pamn and vomiung or pain and
bleeding or vomiting and bleeding formed joint
chief complamts  In the remainder of the cases
prolapse of the intussusception distention con
stipation diarrhoea fever prostration and many
other symptoms were variously gien as the
chief complunts  The symptoms of onset tend
to differ somewhat from the presenting symp-
toms at the ume the mfants are seen  As seen
m Fig 5 evidence of abdominal pamn announced
the onset of intussusception a hittle more fre
quently than did vomiting 98 out of 199 or
49, 15 compred to 66 out of 199 or 317, The
appearance of blood per rectum was the first
symptom 1n only 23 out of 199 or 129,  As
mught be expected pain 1s increasingly the first
symptom n successtvely older age groups while
blood 1n the stool 15 the first recognized symp-
tom almost solely 1 nfants in the first tno
years of life when the less dramatic symptoms
may not command the mother s attenttion

SYMPTOMS OF ONSET
199 Cases of Intussusception

0 Tuo Tuoé& Orer

(Yrs of 4ge) (%Yrs of 4ge) Entire Group
Pam 697161437 20/33—76°"  93/199—49,
Vomiting 63/161-30  3/38— 8> 60/199-31°5
Blood 207161127 3/33— 8 23/199-12%,
Refusal to eat 8/161— 5%, 1/38— 39, 9/199- 45
Profapse n d nau
sea listl fever and i were the farst

recogmzed m the remainder of the cases

Fig 5 Pain ts the commonest ssmptom at the onset of
ntussuscepuon  vomuting next and bloody rectal dis
charge third  In the mfants pain was not appreniated by
the parents as frequently as in the more articulate older
children

Pain

A history of apparent pan at some pomnt m
the course of the disease was obtamed 1n 60 7%,
of infants under one year of age and in 81 89,
of the infants one to two years of age and 91 39,
of the cluldren over two years of age  Thus pre
sumably reflects equally on the articulateness
of the patients and the perceptineness of the
mothers  Gross and Ware report that rhythmic
pain was obserred i more than 95%, of their
cases Kahle states that pamn was present in every
patient and was the first symptom m all but two
of his series  Nordentoft noted pan at some
nume m 98%, of hus cases and agam the only
pattents i which no pain 15 reported to have
occurred were the youngest infants

VYomting

In all 92 89, of the children vomited hefore
treatment was begun  In the patents under the
age of two years vomiting occurred at some ume
m 9469, In the children two years of 1g¢
and over 32 6 vomited  As to the relattonship
of vomiung to the tume of onset of symptoms 1t
1s found that 73 of the mnfants under tvo years
of age who vomited began to vomst m the first
three hours of the discase while m the (hildren
over two 529 vomuted 1n the first three hours
It would appear then that vomiin, occurs
most uniformly m the younger mfants and n
these ifants vormung tends to be carlier 1n the
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course of the disease  Tlus early vomiting 1s of
course reflex vomiing  The vomiting of intes
unal obstruction 1s 1 late sign which should
never been seen m an ntussusception which has
been properly handled

The feeding history of the children after the
onset of symptoms 1s of interest  Only nine of
112 i whom dutn are wuhble ook food and
retuned 1t but 47 out of 112 1ook food when 1t
wis offered after the onsct of symptoms  al
though they proved to be unible to rerun 1t

Bload

In 1l blood was seen 1n 9197, In 95, of the
patients under 1o years of 1ge blood had been
observed in stools or in the rectum but 1n only
6.7, of the patients over two years old  Tn all
599, of those who showed blood at Al 1ges
showed blood in the first 12 hours 1nd 379, of
those showed blood 1 the first three hours
There appears to be little difference in the ap
perrance ume of blood 1 the stool 1n the two
1ge groups but the younger children qre morc
likely to show blood thin 1re the older ones
The blood was prominently mixed with mucus
in the majonty of the cases At bmes the pas
s1ge consisted most entirely of mucus which
w1s produced with only 1 shght admixture of
blood md occastomlly with blood detectable
only under the microscope  In some instances
the passige was 1 thin mhogany colored {lud
A fen white blood cells were not uncommonly
seent m the stoo) bt 1t wis uncommon to see
anl pus In many cses blood was detected
only on the exumumn,, finger further umphasiz
g, the neeessiy for rectal evinusnaton In
1hacher s senes blood was found in 6165 of
the paucnts i Cross s series i 815, 10 Thurs
tons m 80¢, and m hahles m 90*, Norden
wit found passage of blood from the bowel m
&8¢ of the patients under two years of age nd
m R of those above thtage

Con tipation

In 13 of the 102 cres cansupanon w18 noted
431 complunt more commonly i the less articy
late younger panents The absence of stools
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after the onset of symptoms 15 1 negatne symp-
tom of some umportance 1though 1t 1s not un
common for the patient to evacuate his bowel
shortly after the onset of mtussusception

Diarrhoea

Diarthoca after the probable onset of intus
susception occurred 1in 18 or 659 of the 199
cises  Fleven of these thirteen patients ware
under one year of age  This symptom may oc
cur when obstruction to the bowel 1s sull mcom
plete  Two of these 11 paents did not hwve 1
palpible mass on physicil exmmmaton Diarr
hoea occurs i mtussusception with sufficient
frequency 1o make it wise to consider the ding
nosts of mtussusception m mfints presenting
atypical chimeal picture of dysentery  Of these
13 patents six were wctunlly farst mistrhenly
diagnosed 1s having dysentery and three died s
a result of the enswing dely

Prolipse of the intussuscepion through the
anus occurred 1 seven children an inadence of
3 5%, with no apparent predilection for any one
age  Cross mnd Ware found six cses of prolipse
of the ntussusception outside of dic anus 1t
therr series of 610 In Kahles 1951 report of 54
cises prolapse of the mtussusception through
the anus fi1d occarred it two

Distenton 1s 1 complunt w1 rawe bang
made only three tmes i 2l exch ume m
e Distlessness  drowsingss prostration
were noted by il mothers m 309, of Al cises
with no sanation i distiibution i the age
groups  Only one mother had felt v mass i her
cinld s 1bdomen

FAAMINATION

Fever

There were 97 children tnder one yerr of
age m whom there were ditar on the temper
ture and of these 1) oot of 97 or 126, had a
temperature of 101°F or above at the tme of
admussion 29 out of 97 ar 205, had tempera
tres of 102 | orover and 12out of 97 or 120,
108 1 orover Intheconetothvoyerr a,cproup
sin out of 19 or 324, with ditn hnd temperitures
of 10 F orover andan the group over tho years
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of age three out of 21 or 14% had a fever of
101I°F or over

Tever 15 both commoner and higher m the
younger patients

Fhere were 3o fatal cases (all fatal cases were
prior to 1946) 1n which the admission tempera
ture was recorded  There were 15 children who
had temperatures of 103°F or over on admission
and 11 of these 15 739, died There were four
who had a temperature of 104°F and these four
all died Of the fatal cases 23 out of 35 or
669, of the patients had a temperature of 101°F
or over Thus the presence of high fever was
of very grave prognostic sgmficance although
mn.a third of the fatal cases in which there were
data the patients had temperatures below 101°F

In the records of the patients before the reduc
ton of the 1ntussusception pulse and respira
tions are not regularly noted and no staustical
studies could be made In both features the
trend 15 toward elevation

White Blood Cell Count

Of the 109 cases in which the white blood cell
count 1s recorded before treatment the count
was 12 000 or over 1n 609, and 13 000 or over in
53%, 1In 179, the white blood cell count was
20000 or over

OF the patients who died the leucocyte count
before traatment 15 recorded in 21  Of these
14 out of 21 or 679, had counts of 12000 or
higher but since 51 out of 88 or 509, of the
survnvors with data on white blood cell count
had counts of 12000 or over leucocytosis 1s of
no prognosuc sigmificance

Prostration

Many of the prostrated children were cold
and sweaty some unresponsine all of them tor
pid apathetic  knocked out

Of the total of 199 cases i our earlier report
the istory permitted evaluition of this symp
tom m 137  Of tlus group 66 or 137 or 489,
presented the appearance of prostranon  Of the
76 showmg httle or no evidence of prostration
mine died  Of the 66 noted 10 be prostrated 28
or 42¢; died  In siv of the fatal cases data was

lacking as to prostrauon  Obviously the signs
of torpor and depression are mdicative of graver
progression of the disease There 15 no 1mpor
tant vartation m the significance of this symp
tom 1n the three age groups In our additional
series of 47 cases 14 were severely prostrited
and mterestingly enough the only child 1n the
group with an wnreductble ntussusception was
not particularly prostrated

The appearance of prostration 1s furly di
rectly related to the duration of symptoms  Of
79 cases of prostration n which dita were ade
quate—
8 mstances of prostration vccurred 1n 44 paients

(19%) who were 1ll less than 12 hours
13 1n 35 pauents (37%) n the 12 to 24 hour

group
1410 31 patients (459} n the 24 36 hour group
101n 13 patients (77%) 1n the 36-48 hour group
11 1n 24 patients (46°%) n the 48 72 hour group
11 1n 20 pauents (55%,) 1n the 72 96 hour group
12 1n 26 pattents (469,) n the 96 hour and over

group

As we shall see 1n the analysis of the relnon
of duration of symptoms to mortality there also
15 seen there a steady progress up to 96 hours
after which there 15 a levelling off and 1 decline
Thus 15 explained by the generily earlier 1ppht
cation for treatment of the severe cses and the
selective survinal of the non strangulting ¢1scs

Dehydration

Dehydraton was found to be marked enough
to be noted 1n 51 out of 121 ($19,) of cuses
which there were adequate data prior to 1918
Of these 21 or 419, died There was no sig
mbicant difference between the mfnts nd the
older chuldren Of the 73 children who were
not dehydrated 8,73 (119%) died Adequate
data regirding dehydration were not gisun m
14 cluldren who died Tt seems clear that had
adequate dat1 been available i this group the
grave prognosuc significance of dehydration
would be even more strongly anphasized for
as 1t 15 only eight pauents died mn whom the
absence of dehydration was recorded on tdmis
s10n
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Associated Discases

It appears noteworthy that 2t the ume of ad
mission n £1/190 cases or 219, of the patients
i whom there were adequate datr there was
found cither otiis media or an upper Tespin
tory mfection or both on the Admission phys
il cxamination A number of authors have
suggested that enlarged mesentenic nodes myy
be associated with upper respiratory infections
and 1n therr tum cause intussusception  Re
cently we hive seen at another hospital 1n intus
susception 1n a child with flonid chucken pox

F of the Abd

In a2 child wuh the charactensuc picture of
mtussusception the 1bdomen early 1n the dis
cse 1s flat or 1ctually seiphord  The tussus
<eprion accrsionally forms 1 protuberance which
1s visthle  Typically the 1bdomen 15 very soft
and non tender although the child may wince
when the mtussusception s palpated nd
such 1nstances there may then be felt 1 litle
muscular ressstance over the mass  Palpaton
of the mtussusception 15 the surest dirgnostic
sign md one should expect to pripate the tumor
Amost ivanbly - Tarly in the progress of
charxtenstic ntussusception the mass passes
mto the hiepatic flexure behind the nght costaf
margin nd under the nght Iobe of the Iner
where 1t w1y be difficult or 1mpossible to feel
for some e \s tume passes the disese pic
ture 15 confused by the superimposttion of the
non speafic signs of intestnl obstruction —dis
tention and intestnal patterns which may ob
scure the mass  In 1 number of anstances the
mAss wis not defimtely palpable until thronn
into prominence by sigorous perstalsis during 1
cramp A unussuseeption palpable before such
peristatais s fede to be much firmer 2t such ©
ume  The mass 15 usually descnibed as tubuitr
ausaLe shaperd or cvhindncal - The pull of the
meentery on the mtussuscepted bowed between
the 1vers of wlich it his been dmwn con

struns the tumor to arch i 1 cunve

Abdominal Rlesistance
Some 04, of thy patsents were sad to show

complete refazation of the abdommal wall with
No resistuNe or SI)'IS"! 'm)“hcrc Some resist
ance even though only over the mass was noted
n 40%,  Tenderness was noted n 4195 of those
with adequate datr  In most of these the ten
derncss was noted directly over the mass It
will be seen that the figures are almost dent
1l for the incidence of resistance 1nd of tender
ness  Presence or absence of distention was re
marked upon i 186 cases In 51/186 or 297,
2 rather higher incidence than might be expeet
ed distention w1s present This is 1 reflection
of course of the durition of the diseise nd of
the apperrmce of signs of mtestinal obstruction

Mass

Dat were wdequate in 196 cises  In 167/196
or 859, a mass could be felt either 1bdommlly
or rectlly  In most cases 1f 1 rectal mss was
pipble an abdominal mass was felt s well
but n ten of the ¢1ses 1 which 24 mass was fedt
1t was [t only per rectum In an ocersionl
patient the abdomimal mss was planly visble
Thatcher reports 1 palpible miss i 857, Cross
m 8,9, Thurston m 729, md hahle m only
599, A mss on palpation ws found 605,
of Nordentoft s ¢hnldren under two years of 1,0
and m 73%, of the older duldran Snyder ef al
found 1 m1ss 1 only H9%,

Peristalas
Mention of presence or bsence of visible
peristalsis was made m F3 cses Tt wis noted

to he present m 21135 cses or 185,

Prolapse

In 7 /199 or $ 55, of the €1s¢s the mtmsusep
tion presented at the nus or beyond Tt s
customary 1o wirmn st mntkin, 2 pro
Japsed mtussusception for a mere fee l prolane
1 whach Jatter obuiansly the fainer cmnot be
passed between the prolipsed bowed nd the
Jhewth of the mtusisception quie apast fiom
the wide difference i the chineal prcure m the
1o conditions  Other series Teporg 1 sulntant
ally lower incidence of prolijre
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DURATION

~ The age of the pathologic process 15 an obyv:
ous deterrining factor in the production of
necrosis of the bowel and other phystologic dis
turbances It 1s of interest therefore that while
1n the last thirty years the promptness with which
<children with intussusception are brought to our
hospital has mdeed changed somewhat for the
better our hospital mortality for the disease has
first 1mproved and then been eliminated with
out obvious reference to the modest decrease in
the average duration of symptoms A few cases
of more than seven days duration are accepted
as being typtcal chronic intussusceptions which
mght weight the results In the period 1893
to 1909 patients averaged 56 hours from the
onset of symptoms to begmning of definitive
therapy and n the period 1910 to 1919 the
tme was 54 hours In the next decade 1920
1929 there was substantial improvement to 45
hours However the periods mn 1930 to 1938
and 1940 to 1948 were stll 28 hours and 38
hours In the decade 1948 1958 the pertod from
onset of symptoms to mstitution of treatment
was 25 hours after we excluded from the com
putation three cases of chromic mrussusception
of 53 22 and 21 days Retained were two of 96
hours duration one of 84 hours and three of 54
52 and 50 hours (Fig 6)

DCRATION OF §3MPTOMS AT 1 ARIOCS PFRIODS AND \fORTALITY
v Trose Pexions

Onset to Treatment

Date (Hours) Mortality
1803 1909 5 7
1910 1919 5t 7
1920 1999 1 41
193 1038 2 29
1939 1943 L 94
1913 19,8 * 0

Fig 6 One Hundred and Ninets mine Intussuscephions
1 the Johns Hophuns Hospital—189% to 19,8 There was
a farrly steady decrease tn the elapsed time from on et of

P 10 the of def from
1893 (26 hours) to 1932 (28 hours) and a drop 1 mortal
1y from 7577 10 297 Since then there has been Liude
change in the duration of ssmptoms but a decrease 1n
mortahe from 29 to ¢

Figure 7 shows the relation of Mortahty to
the Duration of the Disease before the onset of
definitive treatment The current mortality 15
50 low (xn The Johns Hophins series—no deaths
1946 1958) that 1t 1s only m the study of our
earlier cases that thus sort of information can be
eliated It 15 obvious that there 15 direct rela
tion between the duration of disease before the
onset of definitive treatment and mortality un
t1l one reaches the group with symptoms of 96
hours duration or longer [t 1s apparent that
many of the children still alve with intussus
ception untreated for over four days must hne
had non strangulating obstructions and  that
these carrying a better prognoss than the ordi
nary mtussusceptions tended to decrease the
mortality 1n this group Only 402 children
treated 1 24 hours or less succumbed a mor
tality (1893 1948) of seven per cent In the 24
hour to 48 hour group 10/37 died or 279, In
the children 1n the 48 to 96 hour group 20/37
died a mortality of 549, butn children not def
1nutely treated unul 96 hours after the onset of
symptoms only 7/23 died or 307,

OCCURRENCE OF SPECIFIC LESIONS
CAUSING INTUSSUSCEPTION

* In our first 152 cases eight spectfic causatine
lestons were discovered In five therc was 1
polyp 1 two there was a Meckel s dierticufum

1n one an ectopic focus of pancreatic ussue  In
the 47 intussusceptions since 1048 we have en
countered one small enteric cyst at the 1lco ceaal
valve causing mtussusception three Meckel s di

verticula nd one unusually large discrete puch
of 1leal lymphoid ussue leading an sntussuscep
tion The total for the 199 cases 1s thus 13 such
lestons an inadence of 617 It 15 significant
that only three of these piuents were less thm
one veir old  Three were over 1 year old one
wistuo vers old one 21, one 3/ one § two 6
and one was 1 vearsold Itas of course true that
m the 7)° of our recent cases tn which the antus

susception was reduced by barun canema alone
we have had no opportunty to demonstrate the
exastence or absence of such mechanical lesions
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THE JOHNS HOPKINS HOSPITAL INTUSSUSCEPTION lg93

- 1948

RELATION OF MORTALITY
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ONSET TO DEFINITIVE TREATMENT (HOURS)

hg 7 Inwssuscepuon-relauon of mortality to durition
ot ssmptoms (JR93 1998)  The deaths 1n the grovp of pa
nents seen tn the first 24 hours all occurred more than
3svearsago  The mortaliy nises steeply 1 the succeediny,
hours and drops suddenly alter 96 hours  This 1s due 10

nor have such Jestons 1f they evsted appetred
to cuse my difficulsy

In tyo of the five children who bad polyps
the polyps were exased  In one the type of
opcrtine procedure 1s not deserthad and i one
the imvoled segment w1s resected 1nd tha baby
died (of polvpasts of the antire utro ateseenal
trut) nd one died on the operimg tible be
fore operuon could be petformed  The fne
patients i whom 1 Meckel s dnertzenlum was
found 111 sunvived after yesecton of the dnern
calum or of the segment of the bowel from
which the dnGuetlum arose \ ten month old
wiant with 10 hour old itussiwepuon due o

the appearance at this pomt of cises of nonstrimgulung
rusascepuen  In the wnence al aay eurrent wmartaliy
1 as only wa the study of carhier cases that thas sort of
formison can be eleited  (Fram Ravieeh and e
Cune [ Feduat 37 19.0)

1 nodule of ectopic pancrettic tssue find v
bowd] resection and died  The entenc eyst was
successfully resected with the eccum nd eerme
v deumm The hrge fymphosd focas w15 nat
enased  In genertl the spectfic lesions are rize
and except m the desperately sll shonld be
exessed of encouptered 1 operinon In oldes
children wath ntussusception or iy chld
with a recurrent intussusceptron  the posabahity
of such 2 lesson must be considered

1 ympho sarcoma s the ocentontl Cune of 1
hrotie type of non st ulitin, gitesukep
uon md the dognoss may 1 tunes be ven
tared 1 the presepce of 1 chtome imuwns
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Fig 8 The Appendix in Intussusception

1 Intussuscepuion of the appendix  a The up of the

by (I)a b orc The tnvaginated appendix leads the intus

pp forms the uon and 1s ted

1nto the provimal appendrx which forms the mtussuscip-
1ens  The intussusception conststs of only two lavers—
serv rare b The maginauon starts at the junction of
the appendix and cecum  The appendix forms the mtus-
susccption the cecum the intssuscaptens.  This 1s the
commonest type to which almost all appendicular intus-
susceprions belong ¢ The imagination starts at some
paint along the length of the appendix—no recorded case
¢ Rewrograde intussusception—one recorded case € Com
plete imaginaton of appendix tnto cecum from progres
sonola b orc 2 Compound intussusception imitsated

T 3 lleocecal intussusception complicated by
appendicular intussusception but not led by 1t 1 The
appendix without being turned instde out 15 imaganated
nto the cecum as in the so<alled ntussusceprion of a
mucocele of the appendix 5 (Mot shown) The appendix
may be drawn into the general maw of any ntnsuwep-
ton but provided the relauonstup of the appendix 10
the cecum 1s not altered (see [ronuspiece) this dnes siot

an puon of the appendix 6 (Not
shown) The stump of 2n amputated 2ppendix may be the
apex of an intussusception  (From Fonhall 1 Intusus
cepuion of the \ ermiform \ppendix Bnt J Surg 19,2)
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ccption which resides in the cecum At trmes
the hypertrophied lymphoid patches in the
terminal tlcum which are thought to be respon
stble for many cases of mntussusception 1ssume
such tumor like proportions 1s to mvite resec
tion  Child and O Sullivan have reported such
cises and we describe one above

The vernmiform ppendix m1y participate m
or imtiate N mtussusception m one of 1 num
ber of ways s Forshall has shown but ordinar
1ly 1t 1s merely drawn into the space between
mtussusceptum and mtussusctpiens and 1t 1s
there compressed (Fig 8)

Cross ind Ware 1 analyzing 610 cases of
intussusception found 1 discernible mechnical
fictor m only 549, of the cises —twenty nine
mstances of Meckel s dnertuculum four of mtes
tinal polyps two of lymphoma of the bowel and
one duplication of the terminal ileum  There
15 no wnlysis 1s to the ages of the children
molved

Thurston et al reporting 116 cises from the
St Tows Chaldren s Hospital found nine intus
susceptions due to 1 Meckel s diverticulum and
two more m which 1 Meckel s diveruculum was
present but not miohved in the intussusception
In two c1ses there were wdenomart of the tleum
and m one 1 duplicition cyst of the tleum

1t w1ll be noticed that we hve mrde no men
non of the vartous anitomical types of intus
susceptions—ileo caccocolic 1leo 1leocolic 1leo
cwe) ctc We feel that no purpose 1s served
by mtroducing these terms and that further
mor¢ by fluoroscopy 1t 1s usually impossible to
separate these and at operation frequently duffy
cult  Essenunlly st as mmportant to know that
43¢ of 2l intussusceptions m mfnts and chil
dren begin 1t or near the aleo caeerl valve and
it as with these by and large that we are con
cerned  Very few mtussusceptions n children
begin i the colon The symptoms in these e

inchined to be Jess rcute and on the other hand
1 the small number of mtussusceptions which
begm far up an the small bonel the symptoms
are fulmunating and the patients usually pre
sent 15 cses of mtestnal obstruction of uncer

tun etiology rather than 1s cases of mussuscep-
tion  The rexson for the occurrence of ntus
susception mn the region of the tlcocecal vile
1s disputed  The disproportton between the
sizes of the 1leum nd the cecum m mfaney 15
greater than m later Iife and may perhaps more
reacily mute intussusception  The frequent
presence of large bodies of submucous lymphotd
tssue 1 the terminal ileum may also explun
the occurrence of some mtussuisceptions

No discussion of mntussusception 1s complete
withdut mention of the natomical varnne of
the normnl attachment of the cccum which goes
by the nime of cecum mobile  Whle 1t 1s not
necessary to have 1 mobile cecum i order for
mtussusception to occur it 15 obvious that the
free progression of 1n mrussusception around the
colon and down into the rectum as frequently
occurs would be impossible were the cecum to
be firmly fixed It 1s the relatise mobudsty of
the cecum i many nfnts which permats the
extensie progression of so many mtussuscep-
tions
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Chapter i1

LCRRORS IN THL DIAGNOSIS OF INTUSSUSCEPTION

Iu pertodically reviewing our espenence
with intussusception we were struck some years
150 by the frct that fine deaths occurred m our
experience between 1939 and 1946 all of these
m piwents treited pnmanly by opertion
Whut was most disconcerting was the discos
¢y that 1 ¢ach of these five wnstinces a serious
delny hrd occurred n the minnuon of defint
e trevtment I each instance the dely was
cwsed by fulure to diagnose the mtussusception
upon the patent s first visie to the hospual after
the onset of the condmson  In one child 1t 15
true tussusception was only n meident mn the
course of an alrewdy established fatal disease
but the other four chuldren should not hwve died
h1d the dingnoas been made promptly  This
cxpertence led us to revien che lustartes of the
chitldren 1 whom ntussusception was improp-
erlv dignosed at The Johns Hophins Hospatad
m the penod 1930 to 1951 1n order to tHumt
nate 1f possible the more common dingnostic
pufalls  We now record 1 further revies to

1958 nd combime the two grovps

£ By d large intussusception is 1 readily ding
nosed diserse wath n easily recogmzed svmptotm
paterns Teas well to note that in mny cluldren
the symproms nd sgns of ntissusception s
penvene dunng 2 mld allness such 15 an upper
respiratory nfecnon or 1 bout of pon specific
dianthocr Those who fedd that the presence
of enliged submucoal lymphowd masces pre
dl\pmn 0 ANNSACCPUION e causal relatton

ship here  In 1ny event, the possibihity of intus
susception m1y be thought of m 1 child who
scems much sicher thin his obsious upper respy
rtory infection or history of previous mild dinr
fioer would suggest A few patients bave strong
and clear lustories of previous sumbar ticks
from which they recovered spontaneonsly  Such
1 lustory should sharpen suspicion not allvy it
Duarrhoct durning the period of mtussuscep-
tion accurred 10 15 or 7 5% of our cutire series
of 199 c1ses wnd 13 of these 15 patients were
under one yeir of age Thus ts of extreme 1
portance for there 1s wn understaindable tenden
¢y to assume that n the prestnce of ntusstts
ception there must be complete mtesunyl ob
struction  OF these 15 cluldren the condinon
w1s actally mistikenly drgnosed 1 seven s
dysentery and three of them subsequently died
s the result of the delry  In the peniod 1940
19,8 121 children with antussusception were
trerted 2t The Johns Hophins Hospual In 23
of these there wis u nnl crror i iy aosn
which ~ffected the tremtment nd erght of these
19 children dud Al before 1916 Wath these
brief facts and beanng m mnd the pattern of
history and physicil oxamuntion - ordunary
cases of intussusception as discused m damtn
Chapter 11 we may proceed to an anilyus of the
cases in which there wis 1 dingnostic error with
1 sigmficnn enstng defty A stady of ths
Lind obtuins tts clief value from an examina
uon of the chnial chanceeristics of the cuet

23
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reviewed and does not lend 1tself to statistical
tabulatton so that 1t seems most profitable to
discuss the cases m groups using the ndinid
ual cases for 1llustration
Qur errors 1 making the diagnosis have
fallen mto several categories One mstance was
that of a patient who showed all or most of the
signs of an intussusception which was not recog
mized because of the ignorance of the examn
mg physician  In a second group the diagnosis
was missed because of the rather long duration
of the symptoms and the relative well being of
the child  There were five such cases m all of
them the diagnosis was not entertamed because
the listory went back for periods varying from
a week to as much as 40 days during which the
general condition of each child remaimned good
Ulumately 1n each mstance admussion to the
hospital was precipitated by the worsening con
dition of the child  One must ever heep
mind the occasional occurrence of chronic
non strangulating ncompletely obstructing in
tussusception
One of the commonest errors was m making
the diagnosis of dysentery based upon fever
vomiting bloody stools and abdominal pamn  In
this series there were seven patients m whom
the erroneous diagnosis of dysentery was made
‘When one considers how common dysentery 1s
and how vanable 1ts mamfestanions 1t 1s small
wonder this error was mide  One can only sug
gest that mntussusception must be kept in mind
In two cases there was sufficient spasm rnigid
1ty and tenderness to simulate an acute abdom
nl condition requiring surgery  In one a diag
nosis of 1ppendicitis seemed unequivocal with
tenderness and spasm i the right Jower quad
rant no palptble mass and no bloody stool At
operation the 1ppendix was found to be normal
and ntussusception was found In the other
case there was first tenderness in the night upper
quadrant then considerable nigidity and conse
quently the possibility of appendiciis sickle
cell enisis or other cause of abdominal pan and
spasm was entertained  Eventually after ad
mnstration of secobarbital sodium a mass was

felt and the diagnosis made by barium enema
It 1s worth rememberning therefore that ibdom
mal spasm may be an important feature of
these cases and may prevent early palpiion of
the mass

Palpation of the mtussuscepted bowel should
not be considered a sine qua non for the diag
nosis  In the group of 23 cases of delyed ding
nosis 1930 1951 there were nine 1 which no
mass was ever felt by abdominal palpauon or
by rectal palpation and ten cases in which there
was a varable delay before palpation of a mass
ultimately established the dragnosis  In one cise
a palpable hver was repeatedly mentioned
This may well have been the intussusception  In
two cases the mass nas felt but thought to be a
neoplasm or a cyst In some cases the mass
was undoubtedly under the night costal margin
and therefore not palpable In others it m1y
have been obscured by distention and n sull
others by tenderness and spasm In 7 of the
23 cases the mtussusception mvolved the ilenm
only In 4 of these no mass w1s ever felt

The age of the pauent was mgleading to the
pediatrician 1n several mstances  Of the total
group of 23 patients whose condition w1s 1
tially misdragnosed there were 8 patents over
a year old mncluding 7 over two years and there
was one who was 2 weeks old  Of the 199 c1ses
anilyzed almost 909, were under 2 years old
and 579, were 4 11 months of age  In this group
of 23 children 7 or nearly 1 third were over 2
years old  One tends to forget the possibility
of mtussusception 1n the older age groups as well
1s m newhorn mfants

Blood in the stools or currant jelly stoals 15
another clssic sign of meussusception  That 1t
may not apper m 1n appreciable number of
cases 15 evident since 1t did not appear 1t all in
10 of our 19 undiagnosed cases  Indeed 1 sev
eral cases the stools were normal or nearly so
and n some others there were repaated watery
stools  In some cases there was occult blood in
the stools 1nd wn others 1t was found only by
rectal examinanion

In two cases and possibly a third the 1ssue



30 INTUSSUSCEFTION IN INFANTS AND CHILDREN

was beclouded because the patients were already
mn the hosprtal with another diserse  An adds
tional case of this kind was seen recently n 1n
infnt wdmitted to another hospital with severe
and flagrint vanicella It was thought by some
obscrvers that 1l of the symptoms could be
cxpluned by intestnal involvement 1n an enan
them and accurate dignosis was delayed for
severn] hours on that account
Occasionally 1 blatantly typical cise 15 mis
diagnosed 15 1n the following mstance
P G 2 ten month old girl was seen m the dis
pensary with a temperature of 1018 and a istory
of fcver somiuing and constipation for over 24
hours  An enemn the mght before had rerurned
bright red blood  The 1bdomen was distended and
there ware  no fecal masses no tenderness masscs
or spasms  Enema return wmn the dispensary was
practically clear escept that the water was tinged
with hght pink  Diagnosis were  otitis mednn
chranic constipation () mtussusception  The child
was sent home to return the next diy  However the
arror was detected that might by the dispensary chief
n 1 review of the day s hustories and the baby was
found 1nd brought :n 12 hours after the first dispen
sary visit . The child was now flacad ind almost
completely unresponsine A diagnostic banium en
«mn filled the colon  Roentgenograms showed nu
merous loops and fhnd levels and upon opcration
1 short ntussusception was found just above the
tleocecal valve It was not gangrenous but was wrre
duable Rescetion and tnastomosts were performed
Ihe clulds temperiture rose to 10 1 C (101 8°F)
She had comvulsions for six hours ind died  1he
speamen showed the mtussusception to hive been
duc to 2 nodule of "burrant pancrentic tissue
This child had vemeting  consupatton 1nd
blood 1n the bowel when first seen nd consid
ertion of mtussusception should have been ob
hgtory  regardless of the tbsence of 1 mass
which was all that was lacking I the mere
thought of mtussusception s entertuned a bar
wam enema should be admmistered and only of
the small bowel fills readaly nd there are no
Nutd levels or distended Toops may the posss
balits be dismussed It s true that i this m
stance the mussusception wis entrely m the
which makes for more diffscult
However Dilms

sl bowel
drgnosts md ligher mortality

of the birium enema showed ditated loops and
demonstrited the ewstence of 1 mechimcal
testinal obstructton 1 mandatory indication for
opertion i atself

There was one other cise of essentially mex
cusible dignostic mccuricy which fortunate
Iy resulted in recovery  While cveryone may at
times fail to see the obrious high index of
suspicion n regird to inussusception md 1
sense of urgency m the prescnce of the posst
bility of intussusception should reduce the num
ber of diagnostic errors

It 15 possible tn some of the c1ses to see how
the examiners were musled

In six cases the duration of the illness wis
so long and the children in such good condition
that the correct diagnosts was not enterttined
until Itte  These cases were of very different
types

1he first c1se was that of 1 six year old cluld with
a two year history of anenna abdonunal pam ano-
rexin and tarry stools with occastontl vomiting, - She
had frequent attrcks of aWbdominal pan when 1 mass
was vistble an the 2bdomen  Fyen though thesc
attacks occurred durtng 2 hospital admussion ntus
SIISCCPIIO" scems not to hve been consudered L-’I')I
rotomy was finally undertaken and two separite
mtussusceptions were found with polyps i exh
smnll bowdl e

This child had peculir pigmentason {Hut
chinson Jeghers Mchusich spots) on the hips
the sigmficmce of which s indicaung diffusc
intesunal polyposis was not then reahzed The
chronierty of her complunt md the extenne
blood loss duc to the polyps had lad to dignoss
of Mechel's diverticulim uleeritive colins cte
In acturlity repeated bouts of intussusception
are 1 regulie fature of the sevearl syndromes
assocnated with muluple small intestna) polyps

Another pavent ecdebrated e the ks of the
Harriet Lane Home was an aght month old il
whase ntrel dispeamary viat wa on the Jith oy
of illness  This had begun with abdommal pun
and a normal ewacuation followed alter five houts
by the passage of blood She vomuted overy day had
foser evary day and had one or tvo normal stools
every day unud the day of her first vint when she
had a bloody watery stool  Fxamuanon showed
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dehydration 2 palpable liver a fluid brown stool
and blood 1n the rectum  She was thought to have
dysentery and was followed therenfter for 40 days
during which she made 25 dispensary visits Some
umes she had diarrhoea somenmes not sometimes
she vomited sometimes not sometimes she passed
blood sometimes not She neser failed to have a
stool but often had bouts of pain The Iiser was
usually palpable

She was finally admutted to the hospital where
after three days a barium enema was given as part
of the diagnostic study and was mnterpreted as nor
mal The next day a mass was finally felt Barium
enema reduced a typical ntussusception from the
transverse colon to the 1leocecal valve and reduction
was completed at operation ‘The child had no trou
ble thereafter Review of the first roentgenograms
which had been read as normal actually showed a
typical chronic mtussusception (Fig 9)

In this instance despite wmnumerable bloody
stools bouts of pamn and vomiting the posst
bility of mtussusception was ignored because of
the long history and the absence of obstruction
n an eight month old infant who was obviously
not desperately 11l

The next cluld n the group with chronic mntus
susception was a one year old girl with vomiting
and constupation of one week s duration and with
a hustory of flecks of blood in an enema and re
peated bouts of periodic abdemnal cramps  The

1; was ded gram showed
dilated loops and intestinal obstruction was sus
pected but because her condition seemed excep-
tionally good she was sent home to return the next
day! She was then distended  therc was tenderness
and spasm 1n the nght lower quadrant and the sug
gestion ol a mass  She was thought to have 1 low
mtestinal obstruction  Banum enema showed an
intussusception 1 the nght lower quadrant for
wluch operation was undertaken  The intussuscep-
tion was reduced

In this instance the prcture was largely that
of testinal obstruction for which admission

and operation should have been advised 1 any
cse

The fourth case of delaved diagnosis 10 a chuld

with a long lustory was that of 1 214 year old girl
who had a ten day history of allness  This had
begun with sudden severe cramps which persisted
1t frequent intervals  She somited after almost

every meal but she had normal stools without my
blood for the two days preceding admission  She was
thin dehydrated and crying with frequent spasms of
abdominal pain  There was much audible peristal
sit Hard dry feces lay 1t the rectum  There nas
tenderness and muscle spasm 1n the night upper
quadrant and 2 poorly defined tendcrmass Shewas
observed for 12 hours for () lexd possoning (r) 1p-
pendiceal abscess  unul 2 diagnostic barium enemt
showed an intussusception at the hepauc flesure
Operative reduction was successful

There seems litile justification for the delay
1n operation although the absence of bleeding
and distention are extenuaung factors and 1l
though the mass must h1ve been partly concealed
by the Inver and the night costal margin

The fifth child 1n this group was a s1x month old
boy with a three month history of cramps ind vom
iting occurring m episodes  He had daily stools
and never passed blood Three days before admis
sion a tubular non tender mass in the left upper
quadrant was felt and taken to be an entenc st
Upon operation this mass proved to be an mtussus
ception at the splenic flexure When 1t was reduced
2 mass at the 1leocecal junction was discovered and
resected and turned out to be a small enteric cyst
which had led the intussusception

The sinth case in this group 1s similar to the fifth
A five month old boy was seen by his physician 21
hours after onset of vomiting and constipition nd
having failed to respond to a change in formult
was scen at the hospatal after another 18 hours e
did not appear I was only shghtly dehydrited
afebrile A firm round movable mass was [t in the
right mid abdomen  He was considered for six hours.
to have an abdommnl peoplism before a birum
enema was finally admimstered and the mtussuscep-
tion 1n the mid transverse colon encountered and
reduced

The most 1nteresting feature common to il
these children 1s that despite the fact that they
had long standing tntussusceptions from one or
two days to others varving i durition from ten
days to 2 month or more all suruived and none
had gangrenous howel  Tlus 1s inherent in the
naturc of chronc intussusception A moment s
reflection will show that preciscly those chil
dren will have chronsc intussusception of long
standing whaose intussusceptions do not hecome
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gngrenous 1nd 1n whom neither the mtestinal
canal nor 1ts vascular supply becomes completely
obstructed  One should not msist upon feeling
a mass Defore resorting to barium enema  The
mere fact of 1 long history i a chald who 1s
stll in tolerbly good general condition does not
exclude mtussusception 1nd the child may con

unue to pass stools duly By the same token

m these c1ses bleeding 1nto the bowel m1y be
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inconspicuous or tbsent

A very small group 1s represented by two chil
dren who were already m the hosputal and sen
ously Il when mtussusception superyened

An 18 month old boy was m the hosptal dying
of malnutnuion s 1 result of diffuse polyposis of
the entire intesinal tract This had resulted
Almost constant dinrthoer In the ward long ume
ter admussion he spent 1 bad might with thdom
1l pun nd began to pass quid bloods stools

Chromc Intussusception

fig 9 C B Female 8 monthsold  Tins child was furse
Branght to the hospital 14 davs after a bout of abdominal
pun folloned by pasage of bright red blood  She had
vomited daily had fever lost appetite but had continued
ta have one 10 two bowel movements a day some watery
am! with hlood  She had fost § pounds. She was seen on
20 separate vistty o the hospital  On the fint s it was
1 iced that she bad what was thought 1o be a palpable
bver and upper atxlonunal fulliress. Her visits were usu
ally occavoned by fever vomiung diarthoea and blondy
flecks tn ehe sOnls. She was inaffy admuceed 1o the hos
atal 3 days after the first vant for this complant On

anls one ar twes occasians in her cdispeseary veuts had 0o
mass been felt She had appeared 3 puny clubd and had
penerally been thought to have  hepatomegaly  Her adl
miswion dragnoss was dysentery  She had low weight 1;"
had never stopped vomiting  On admussion she s as de
scribed as hasing a sofe liver with rounded edge two ot
three fingers breadth below the ¢ostal margn Thiree davs
attee admus 130 the mas was wdentlied as beng uuu::
shaped and enncenatly an mwssuwepuon and a d..;
nostsc barium enema was tequested of the Ral nl"’{' :':
partment o surgical wnwluur(»za:;:: ::,}:,:,::." - "x'
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Fig 9 (Cont )

mass apparently disappeared just before the roentgeno
gram was taken and the charactenstic findings seen in this
film were not apprecrated The following day the mass was
palpated once more and the diagnosis confirmed on surgt
cal consultation  Barium enema reduction demonstrated
a typical intussusception at the splemc flexure which was
readily reduced to the cecum beyond which it could not be
maved Through a small McBurney mnasion the cecum
was delinered and less than a cenumeter of bowel ap-
peared 10 be sull intussuscepted This was readily reduced
There rematned so much edema at this point that the
bowel was opened found to be normal but for the edemn
and dlosed ‘The appendix was removed the child left the
hospital well exght days later The coiled spring appear
ance 1s typical of a chronic mtussusception The edema
of the non strangulated bowel produces the large nag hike
{illing delects in the banum which enters between the
ntussusceptum and the intussusaipiens The absence of
complete intestinal obstruction does not rule out the pos-
v of mtussusception  The commonest erroneous

diagnosis Jeading to delay i the treatment ol intussuscep
tion 1s dysentery

A This was a dignostic study undertaken when the diag
nosis of intussusception w1s not very seriously enter
tamed \lthough barum reaches the right lower quad
rant the characteristic coiled spring appearince s seen
from the splenic [lexure around to the night lower
quadrant

With expulsion of same of the banum what 1s presum
ably cccum seens empty and the coiled spring
chromic non strangulating  non-obstructine 1ntussus-
ception 1s seen in the transverse colon and hepauc
flexure

=

C  Enlargement of B to show the cotled spning  more
clearly

1t 15 probable that the ntussusception moved back and

forth for a month or more almost reduning enurely at

tmes pasung far around the colon at others

Rautch  4m J Dis Chald 8 1952)

(From
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Intsansception Supenmposed an Otler Biserse

By 10 C 8 Mak filreen months old (B C My Thas
dufif had been st at home for 1 week with an upper res
preatsny atecann amd the obusus mamfetatons of
discken pox Dursny, this perisd he hind vommed several
fmes Fhe day belore admss son he began once more o
et and becme distetded. He had had abdaminal pun
fr m ume o tme durdny s eabine week M the ume of
admisston he had the Hagrant tsh of chscken pox In
wpate of the sy of alid immal pun and vopuung 1t was
avumed that the dotenuon vas due wimohoment of the

Mter 21 hours 4 ose was felt mothe n bt upper
it The mes devcdoped Dipadls fowts
plored and found to be w1 sleodeal mtususception
Lhe (uld died 21 bours after oparanon 31 autopsy
the etrre boned from cardia o anwgs ws found 1o
Ix studidesd with these polygs
\owame month ol gard was adoutted waith 1 twe
werd hutars of preen diarhorat stoale Blosd g
the soah b ol and poastent vomitn,
Thete was et wpper Jobe priomona 1he duld
war ven delndratal the oves and the fontanelles

Bowel with the enanthem of vareella and it way o4 hours

before a barium enema was vndertalen

A The plan film shows numerous thlated foops of small
bosel and ua toap wdennhiable as caton

I The colon Glled readily without demonstraung a8
intusugeption but a pecubiar shad e wasseen i the
sl howel (just oppasie the bend i the gastod wbe
s the film) when the recal onheter wav wahdaws
amd the patient alfowerd 1o evaceate the evcen it

(Conts tue ton nest pa €}

sere sunben L he alndomen was scaphond  f tomt
perature was 108 € (105 ¢ 1) The abdoman x
came mpanite wnd distended abinost at onie and
she Bepan to pass jross blood m the stoals with
much mucss Mier 72 hours she was markedh dn
tunded and sicher dospie darnin, of the proms
ma Haum onema was nomal butshe wav v,
repeatedd rurrast gl stouls U pon ogpreation 4 e
crotie stemlal mtssuscpuon was found and 1o
aweted! death esentuaun,

T both there mstances intususceptian desel
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Fig 10(Cot)

C The colon s as seen to be billed completely as well as
a few inches of terminal ileum  Proxaimal to this was
the sausage shaped double shadow of an unreduced

mntussusception  Operation was 1mmediately under

taken  An wnreducible 1leo ileal intussusception was

resected and primary anastomosis performed
The child recovered without madent  Such radiologic
demonstration ol an mtussusception 1n the ileum 15 rare
“The plan films showing dilated smalf bowel loops and
no gas in the colon should have led o operation for
ntestinal obstruction
oped 11 a child already seriously 11l and 1n the
hospital and the dragnosis was delayed because
the child was already m the hospital on another
account  Members of the stiff were slow to ap
precinte the sigmificance of the change in symp
tomatology It 1s possible of course that the
second case was one of intwssusception from the
first although there 1ppears to have been a sharp
and sudden change i the chinical picture

\ recent case tnsolves another instance of pre
existent and comnciding disease seen tn another
hospital

A 14 month old boy was admutted to the hospital
with obvious chicken pox and abdomunal disten
ton  Seven days before he anakened from a nap

likeawet dishrag andsonuted He had a normal
stool that mght but slept poorly  For the next three
days he ate poorly vomited often and slept a good
deal nd after three days without a stool passed 2
reddish watery movement He began to mmprove
eating better vomuting less when he devcloped a
rash and abdomnal distention  The rash was char
acteristic of chicken pox there was 1 soft diten
tion  of the abdomen and a watery mnhogany col
ored stool

Intussusception was at once thought of but the
obvious varicella and the prolonged lustory 1n a
child still n redatvely good condition led to the
suggestion that the problem was one of paralytic
ileus due to the presence of mtestinal enanthems
It was 24 hours belore a barium enema resealed not
only the distended loops of bowc! which had been
attributed to paralyticaleus but a chunctenstic fill
ing defect in the terminal :leum (Fig 10)

A[ OPCL’IUO“ a gnngrenous ln(\liSllSCEpllOll of the
termunal :leum w1s resected  The specimen does not
show any unusual features The cluld made 1 raprd
recovery

In this instance the existence of florid chicken
poX led to the dismussal of 1 fairly charctens
tic history of intussusception 1nd the erection of
a labored climcal structure attributing the dis
tension to paralytic ileus and visceral chicken
pox and the bloody stools to ulcerated enan
thems Bartum enemn fortunately outhined an
mtussusception 1n the tleum—n rire event

The largest group and the most deceptinve
consists of the babies who were first thought
to have dysentery and finally were found to have
mntussusception  There were eight of these
children  When the vanable charicter of errly
dysentery 1n infants and children s remem
Dered this error does not scem so remirkable
although agan 1t 1s preferable to conduct bar
mm enema studies on the mere suspicton of
the possibility of 1n intussuscepion

A ten month old baby was admitted to the dipen
sary with 1 temperature of 103 1 b after 24 hours
of vomiung while the stools were norma! the throat
was red the cves sunken and the chuld was restlesy
She was treated for dysentery an the preaiasthoeal
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stage The next day with a temperature of 106 6°F
she was admutted to the hospital - She was very well
nounshed to the point of obesity and seemed fanly
well There was tenderness and resistance 1 the
night upper quadrant  She was thought to have a
paralytic sleus of unknown ongin  Roentgenograms
showed dilrted loops Two days after admission
laparotomy showed a gangrenous itussusception
which was resected  The child died soon after
In this instance obesity of the child interfered
with abdominal palpation and with accurate
assessment of the condition  There appeared
from the record to be a constant search for real
1bdomunal rigidity 1n 1 ten month old infant
It 15 well known that m young infants there
m1y be little or no abdominal resistance n
acute wbdomnal lesions  The presence of con
suptton  distention and vomiting were not
properly cvaluated
The next child also died  He was a six month old
mfant with 1 18 hour istory of bloody stools 1omut
mg and crampy 1bdominal pun  He was in shock
bleedimy, from the rectum and severely dehydrted
Rectal exammation showed bloody mucus It was
discovered that the chuld had been olfered egg for
the f1rst time on the day of onset and thercfore ime
was t1iken 10 test hus allergy to egg albummn which
proved mimmal  Roentgenogrims showed dilated
loops and after several hours operation was under
taken At operinion analeotleal intussuseeption was
discosered and reduced  His temperature rose to
116 C (1068 F) and hc died perhaps as 1 result of
scanty supportine trentment having recened only a
httle dextrose before the eperation and only 160 cc
of blood after the operation
In this instance 1 delay of 2 few hours was
occastoned by neglect of the obvious idications
of intussusception with a clear chnwal preture
except absence of 1 mass  The intussusception
was tleotlerl  The time which wis wisted could
hae been cmployed n vigorous transfusion
theripy
The thurd chuld mistthenly thought to have dvs-
entery was eight monthsold  He came to the hospatal
shorth after having passed four watery vellow stools
and having somited several imes He was obviowshy
acutely 11l and was sent home as having dysenters
Next day he appeared 1o be havin, eramps and had
2 bloods mucousstool There was now a massan the

nght upper quadrant  Barium cnema reduced 2
typical mtussusception to the right colon whence
reduction was completed 1t opertion

The fourth infant in the dysentery group came to
the dispensary after 18 hours of vomiting and no
stool He was thought to have an acute nutntional
disturbance  he was given fluds mtravenousty and
feedings were ordered withheld  Several hours later
he was brought back to the hospital with colicky
pun and a nght upper quadrant mass there was
blood on the finger after rectal examination Banum
cnema reduced the mtussusception to the cecum and
operation completed the reduction

In this case vomiung and the fact that the
child had been one day without 1 stool were il
there was to arouse suspicion but 1 barnum
enema nught hive been rdvised because of the
question of intestial obstruction

The Bfth cluld 0 this group an eght year old
boy had a ten hour hustory of severe cramps wath
vomuing 1nd scveral watery stools with mucus and
blood The abdomen was rounded and shightly
distended  Rectal examination yrcdded a hquid stool
with bleod mucus nd white blood cdls  The ding
nosts upon admisston was dysentery but alter sev
eral hours a banum ecnema was done which showed
an intussusception n the descendng colon which
was readily reduccd by hydrostate pressure

The sixth child in this group was a scven month
old gir! with a two week lustory of vomiung, havng,
ten to tuelie dinrrhoeal stools a day fever and
anorexit Blood 1ppeared an the stools the day
biefore her frrst visit and on that day she had only
three to four stools  1he temperature was 101+ F
She was wrritable toxie and shghtly dehydrated and
the err drums were red and bulging  The diver
was felt tno centimeters bedow the costal margm
A myningotomy was done nd she was sent home
Ihe next day she was vomsang and had a loos
purulent stool a tender abdomen and 2 rectal pro-
lapse  She was aduntted and the following, day a
barwm cinem showed a pormal colon but dusten
tron increased and stools ceased altogether  \toper
ation an deageal ntussusception vas seduced  The
child seemed 1o be recovering when colon bacstus
memngitss developed and she died

Her cramps somiung and tenderness had
been agnored and 1 gs posable that the liver
s chie intussusception Inusanceptions whic h
do not enter the colon arc radiologically and
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chimeally difficult to diagnose  Cramp like pain
vomiung and distention should have suggested
mechantcal intestinal obstruction It 1s infinite
1y more costly to delay operation for mechanical
ntestinal obstructton untuil diagnosts 15 1bso
lutely certamn than to operate occasionally for
what proves not to have been an obstruction
The seventh child mistalenly thought to have
dysentery was a five month old gl first seen at
the hospital 2 few hours after the sudden onset of
vomuting and diarrhoea  Blood appeared 1n the stool
after her furst hospital visit  Finally admitted 48
hours later she was prostrated weal lethargic de
hydrated A mass was felt in the left lower quadrant
and reduced by barium enema and she recovered
Her case 1s described 1n detail 1n Chapter V under
Complications of Barium Fnema Treatment
The eighth child 1n this group was an cight month
old boy whose 1llness began with 2 sudden bloody
diarrhoea  Seen soon after he was passing bloody
watery Yyellow stools and although exhibrting per:
odic cramps and vomting repeatedly was sent home
on sugar water  On his return the next day he was
profoundly prostrated severely dehydrated and aci
dotic A mass was easily palpable in the left lower
juad The puon was reduced by
barium ¢nema from the sigmoid to the ascending
colon and further reduction completed at operation
A minth child with diarrhoea six weeks of
age had been followed at the Harmet Lane
Home and Dispensary for most of 1ts brief Life
with constant diarthoet and oceasional bleeding
The chuld was wdmitted to the balumore City
Hospital monbund and with a profound marasmus
Despite the continuing diarrhoea because there was
now blood in the stools a barnium enema was ad
vised  The plain film showed numerous distended
loops of what appeared 10 be small bowel with no
tecognizable loops of colon A banum enema was
undertaken and no mtussusception was recogmzed
A subsequent review of the films (Fig 11) showed an
obyvious memiscus 1 the ascending colon with the
suggestion of a compound intussusception The final
films showed incomplete filling of the colon al
though there was a httle dribble of bartum nto the
tleum  For this reason operation was nsisted upon
The mntussuscepuon was found to have been com
pletely reduced by the banum enema only 2 a
notic annualar ring 1n the ileum some nches proxt
mal to the 1leo cecal valve indicaung the previous

presence of the intussusception

The cild marantic and monbund on admis
sion from 1ts long diarthoea continued m its
previous state for two days and died  Autopsy
showed an extensnve and profuse enteritis

In one child a girl of 29 months an attempt
was made to establish the diagnosis of meningstis

She was admutted to the hospital 18 hours after the
onset of vomiing and cramps  She was markedly
distended and 1ntestinal pattern and peristalsis were
conspicuous nevertheless 1n the absence of a mass
or of blood 1n the rectum her extreme listlessness
and drowsiness suggested a central nenous system
disorder such as encephalitis or memingitis Lumbar
puncture was negative  After frve hours a barum
enema was performed and showed muluple flud
levels a stepladder pattern and a typical mtussuscep-
tum at mud transverse colon reduced to the ileum
At operation the 1leotleal component was reduced
manually The child remamed stuporous for dys
before recovering and 1t 1s not impossible that we
were deabing with mtussuscepion supervenng in 1
child with encephalitis

At least three children suffered a delly n
diagnosts because of a compound error 1t was
or should have been evident that some other
form of mechanical mtestinal obstruction might
be present or some other 1cute abdomunal proc
ess yet the ciuld was not admitted to the hospt
tal for immediate operative treatment

One child of six years was seen after 18 hours of
periumbilical pan and vomuting with no stool
the second 24 hours  The Imer was thought to be
palpable  An encma was ineffectual but the child
was sent home  He was brought back the next day
markedly 1l dehydrated and distended with nu
merous dilated 1ntestnal Joops It was thought that
he might have peritomitis and tleus but operauon
showed a large eocteal sntussusception winedr way
resceted  Death followed soon alter operation

A four year old boy with a sumilar history was
more fortunate  He had a two day Instory of abdom
mnal aamps was sent home and returned an 24
hours having vomited several tmes  There was a
Iittle spasm 1n the night upper quadrant and active
penistalsis  He was sent home again and returned
the next day with cramps distention and night upper
quadrant tenderness and spasm MWath the cnld
under sedauon with secobarbital sodium a typcal
mntussusception was fedt Barium enema reduced t
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Intussuscepuion Misciagnosed  Dysenters

hg 11 D L Fepole sx weeks (B C M) This baby

was dmutted to the hospital moribund watly a hustory of

drarthoea for most of ats bnef Iife and occrsional bleed

mg Despite the continuing diarthoea because there was

blood i the stonls a banium enema was adviscd

A\ The plun film shows numerous distended loopy  The
colon 1s not recognizable

to the cccum and operanion completed the reduction

In this mstance the boy was twice sent home
despite nghtsided abdommal tenderness and 2
history of cramps for which 1dmission and opera
tion should hve been tdvised from the firse

By contrast wath these cases there s the fol
lowm,, c1se history =

A3t vear old white bos had 1 i dve hour lustory
of generalized abdonunal pan nausea and vont
mg with no stool an thrt tme There were tender
ness and ngadas an the n bt lower quadrant Oper
auon for appandicatis was promptls undertiken An
mtaeeption 1 as found to have passed anto the

B The obseryers dhd not pote a0y Imtusaaecpuon ppdes
the fluoroscope but this film shows an obuous memiv
cus n the ascending colan and suggests also thae there
may huve been a compaund intussusception with the
colocolic portion in the transverse colan 1 process of

being reduced at this pornt
(Continued onnext pa €}

ascending colon and reduction aind cure were readily
accomphished

Intussusception had not been suspected and
no barum cnem was performed  but operanon
was undertaken without del1y and the resule was
good

There was one {11l ease 1 which we see no
opportumty for the dingnosss to htve been
made —

A two week old infant with diarrhoea had ban
Lavin, up to seven or i ht stools a day since the
sccond or third dav of hfe  There had been no
vorutin, and no bload i the stool He had taken
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Fu, 11(Cort}
G & D The colon appeared to fill incompletely and
although a little barium passed into the 1leum there

was a fallure of the deum to fill freely  On this ac
count after a review of the films several hours later
operation was snsisted upon  The intussusception
was found to have been completely reduced and only
a cyanot¢ annular nng n the leum some inches prox

feedings unul four days preceding admission  The
abdomen was soft There was no vormting and no
dsstuntion At autopsy a gangrenous intussusception
1 the midileum was found

It 15 worthy of note that in 7 of the 23 cases
of mis-dingnosed ntussuscepnion  the ntussus
cepuions were definitely ileoileal 1nd had not
yet imvolved the colon  This bemg a dispropor
tonately high figure n view of the low nc
dence of such intussusceptions in the entire se
Ties 1t must be assumed that there 1s a direct
connection between the occurrence of 1leotleal
mtussusception  the difficulty 1 dingnosts and

smat to the ileo cecal valve indicated that intussuscep
uon had been present
The child and on ad from ats
long diarthoea continued 1n 1ts previous state for two
days and died  Autopsy showed an extensive and dilfuse
ententis

the lugh mortality  There have been 16 deaths
i the 121 cases of intussusception since 1930
and 1 8 of these the ntussusceptions were
tleoleal  The cidence of mtussusceptions he
ginning high in the small bowel was 109, or less
n the enttre series further emphasizing the spe
aial character of such muussusceptions

rrors in dingnosts of intussusception occurred
m at least 2% cases i our hospual since 1930
these errors were msociated 22 ¢ases with
significant delay mn treatment  In the 23rd case
appendiaitss was thouzht to be present and upon
operat on the intussusception was found and re
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Ireved  Errors 1n diagnosis were based on a
number of musconceptions In some cases a
hustory of days or weeks of pain vomiting con
stipation etc with relatne well being was not
recogmized as charactenistic of chronic non
strangulating intussusception  In 8 cases the
pssage of feces even to the point of diarr
hoenl stools was enough to lead the examtners
wstry with the susprcion of dysentery  In sex
eral c1ses intestinal obstruction of uncertan type
w1s thought to exist but operation was inex
plicably not immediately undertaken On the
one hand, in many of the cses too much stress
was laid on failure to feel a mass while on the
other hand an enlarged Iner was palpated
n severl cases and insufficient weight was 2t
tached to a finding of slight abdominal tender
ness or resistance In some cases the absence
of currant jelly stools 1pparently encouriged de
Ity but i others pink enema returns or a his
tory of blood m the stools fuled to 1larm the
obsenvers

In three cases the children had established
dirgnoses of other diserse pneumonia diffuse
mtestinal polyposis varicellr nd ths delayed
the recogmtion of 1 supersening 1ntussuscep-
tion

If we are to lose no children from mntussus
cepuion early accurate diagnosis 15 required
This calls for a hugh measure of susprcion and
a rexdy resort to barium enema and plan roent
genograms of the abdomen 1 doubtful cses

A barium enema which runs into the distal lleum
rules out the ordmnary type of intussusception
at the 1leocecal valve but does not rule out one
higher 1n the ileum  The latter will usually
show distended gis filled loops m the roent
genogram  Mechanical intestinal obstruction
from any ciuse requires carly relief by opera
tion  Alertness to advise early operition for
suspected mtestinal obstruction will benefit the
patients wrth obstruction far more than it will
harm the occasional patients who will prose to
hve been unobstructed  Had this prictice been
followed m the cases reported above 1t might
have stved 1 number of chuldren 1n whom mntus
susception produced 1 picture of ntestinal ob
struction the importance of which wis mm
mized

The last death n this group occurred more
than 12 years ago evidence of 1 trend towards
more 1ccurate diagnosis 1d more vigorous erly
treatment
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Chapter IV

PATHOLOGICAL AND EXPERIMENTAL STUDIES IN
INFUSSUSCEPTION

Despne widespread nterest 1n the clmical
aspects of intussusception there have been few
experimental studies of the problem In 1893
Nicholas Senn found that manually produced
mtussusceptions i cats would reduce spontan
eously 1f not fixed by sutures  He reduced expe
Timental ntussusception by insufflation of hy
drogen gas and considered this the preferred
method of therapy in patients Senn's studies
are perhaps the only ones before our own deal
g specifically with the mechanism of reduc
tion of mntussusception by gas or fluid pressure
and aimed at establishing the uulity and safety
of this method of theripy He was inclined to
think that gas was a good deal safer than fluid
but this may have been due to a certamn preju
dice held by him 1n favor of the use of hydro
gen gas i surgery  He had recently demonstrat
ed expernmentally 1n dogs wounded by pistol
shot through the abdominal wall that if hydro
gen gas were nsufflated nto the intestine 1t
would escape from the mtestine and out the ab
dominal wound where 1ts presence could be
demonstrited by lighting 1t with a match  Ths
test Senn recommended for use tn clinical 1n
stances of penetrating wounds of the abdomen
n order to permut carly diagnosis of perfora
tion of the intestine so as to justily operatnne
imntenention

D Arcy Power n a magmficently comprehen
sive Hunterian lecture n 1897 described his

own expertmental work with guinex pigs cts
and rabbits  He found difficulty in producing
intussusception by means of cathartics and other
pharmaceuticals  Intussusceptions which he
produced manually were usually not dramatic
in their results for his animals tolerated such
intussusceptions fairly well Nothnagel in 1904
found 1n cats and rabbits that steacily mun
tamed faradic stimulation produced a tetanic
contraction of bowel which occasionally crused
the bowel to telescope into the segment distal
to 1t He was chiefly interested as was Senn 1
the mechamsm of preducing intussusception
Both of them noted that the mtussusception
developed At the expcnse of the shewh  the
leading pont not ltering D Arcy Powers in
terests were more far reaching and s obserya
utions more detailed than those of Nothngel or
Senn

Watts and Fulton n 1931 reported the pro
ducton of intussusception 1t monkeys by frrdic
stmulition of the pre motor area of the cerehrnl
cortex

There are 1 number of observations from the
experimental laboratory reporung that dogs with
one or anather type of chromic experimental
renal preparation are prone to the devdopment
of mtussuscepnon  Houck and his assocntes
found that 11 out of 36 dogs mamtned from
6 to 111 d1ys on a low salt diet and pertoneal
dialysss after a bilateral nephrectomy  devel



42

oped intussusception  Sclye mentions muussus
ceptions v frequent complicitions 1o sery young
dogs following 1 comtricumg higunre on ane
nal artery

Crollman and s collergues found mrussus
weptons s 1% of 71 bilaterlly nephrectom
tzed dogs whether untreated or subjected to the
artificn! hadney  In Houcks stuches nme of
the mrussuscepuions were single two were dual
ten were forward md one was retrogride The
mtussusceprions occurred from the 2Znd to the
3uth dry alter nephrectomy  some progressed
to gangrene wnd some protruded through the
wus o mwmy of the dogs hyperemin conges
tion ¢pitheln! hemorrhages md edemr n the
mucosa of the meestne 1ppeared nd were inter
preted s the possible causes of intussusceptron
together wath visceral pesitoneal smeason from
the dinhysis flud  This could not be the ex
plimon mn Seclves and Grollmans ammals
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tiz d.  Fapenmentat {ntos vurpuon m Dogs  The
slewmn has been sumulated by a current from an sductic v
ceul applicd w e M centimeters [rim the juncuon wath
the eI The spasnc sepment has been grasped walt
sl ber shadd £ rveps and imagsnated sato the dutal bowed
A sneoth glass £l 1 g biced alongude the foreeps the
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Furthermore some vetrs ago w performung b
hiteral cutaneous ureterostomics 1 young pup-
pres by belaterl extr pentonen operitions we
found fual muussusception 1 common comphica
ton of our studies It seems probable that renal
lestons of the kind under discussion are ssoa
atedt wsth mtestinal hy perpenstalsis whieh lewds
with some frequency to the deselopment of
Hiussusception

A great mass of clinical experienee has been
aquired over the prst 83 yerrs i the treatment
of mtussusception  both by operauon nd by
reduction with hydrostatic pressure The bull
af this muteral demonstrites aduquately to us
by pragmanc west the safety and supenionity of
primary reductuon by hydrostatie pressure Two
of the grivest abjpections rused to the method
are that gIingrenous bowel may be reduced nd
that bowel may purforite under pressure dunng
reduction  Some years 1go 1 assottion with

Clamp removed fiom sheulhs—
sheuth= then =e withdraws
lemvind plisg rod in place

HMesenlepy
drawn inlo
{intussusceplion

fo reegrs are shpped aut of thee sheaths and the s} caths

then remaved ¥ nfr the ghas 138 the s waceg e 0%
aibvanced b centmesers 3t the expense o the reapient
Unp~the wntasascprens. A ulk sutore m then ! nmats
he Jootd of the mtosicepism  (Fron Ravck and M
Cune full Johug Mophing Hap & IHB}
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Dr Robert M McCune Jr scudies were under
taken to determine experimentally the hkel
hood of such mushaps and to cbserve the path
ological changes 1n the climical course of mntus
S\lSCCp“Oh 1n ammals

Atlempts to PX’OdlICC lnlllSS\lSCEP[lOn were
made by pamting the ileum with barum chlo
nide and then mmvagmating the contracted bowel
with rubber shod clamps In some ammals
prostigmine was then mjected into the corre
sponding mesenteric artery The prostigmine
produced no obvious effect upon the intussus
ception  Intussusceptions produced m this man
ner were rrreducible by enemas s soon as 7 or
8 hours later This we attributed to the nstru

{

{

Fig 13 Expenimental Intussusception in Dogs

Cross
speamen of RM 9 dying of irreducible ntussusception
The intussusaipiens and ntussusceptum have both been
opened Note the dilatation of the tluem proximal to the
Intussusception and the narrov constrictian at the proxt
mal end of the intussusception The muc sz of the nner
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mental trauma to the bowel with resultant 1d
herence of the adjacent coats

The final procedure was as follows employ
ing adult dogs under general anesthesia and op
erating with stenile techmique  The 1leum 14
cenumeters above the junction with the colon
was stimulated by a faradic current from an n
duction co1ll  While the bowel was sull con
tracted strongly 1t was seized by rubber shod
forceps and 1nverted into the distal segment  If
the entire mtussusception was produced m this
manner the serosal surfices were sufficiently
traumatized so that firm adhesions developed
within 12 hours making the reduction 1mpossi-
ble by hydrostauc pressure and dafficult by i

most layer of the intussusceptum 1s well preserved and
undiscolored  The outer layer of the intussusceprum 1
st ollen dixolored and the changes are more marked at
the up of the intussusception  Fhe outermost laver the
sntussuscapiens 13 grosty normal
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Cross

b, 11 Expenmental Intussucepuon 1n Dogs
speaamen of RN 32 Irreducible intussusception at 48
hours  The outer laver of the intussusceprum 1s plainly

gngrenous and the changes conpicnowsly more adhanced
at the up thin proumtly (From Ravieh and McCune
Bull Johns Hopkins Hospr 82 1918)

Tig 1o Bxpenmental Intssusception an Dogs. The
mtusuweption has prolapsed through the anus (1) and
1 gangrenous while within the abdomen (B) there ts seen
a spontanesushy produced enlocolic anttwsukeption n
the same ammai  The experimental intussuxeptions pro-

23

duced presented at Jeast as severe a eombilion a3 that seen
chimcalhy and prosaded 3 suiable test of she prowble
harards of hydrostatic teducyon  (From  Ravtch an)
\McCune  Bult Johns Hopkins Hoop 87 JOIX)
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rect muntpulauon  The mtussusception there
fore was only muated with the forceps (Fig
124) the forceps then being repliced by a
smooth glass rod and the intussusception com
pleted with this mstrument (Fig 12B) which
was readily withdrawn without damage to the
opposed serosal surfaces  Intussusceptions of
some 15 centimeters in length were regularly
produced  The level of the distal end of the
mtussusception w1s always marked by 1 silk su
ture 1 the serosa of the mtussuscipiens  The
neck of the mtussusception was usually 1t the
tleo colic junction or just prosimal to 1t
Becruse the cecum of the dog 1s firmly fixed
to the posterior parietes there was usually not
much progression of the intussusception In two
mstances the mtussusception beeime compound
developing 1 colocolic component which by
shortening the colon permitted the intussus
ception of the 1leum to prolapse through the
anus  In two nstances the mntussusception was
reduced spontaneously  In two others the intus
susceptions did not become gangrenous and the
anumls suffercd only from partl ntestinal
obstrucnon Al the other ammals guve chim
3] esidence of mtussusception—anoresir vom
g passage of bloody mucus per rectum nd
finally derth unless the intussusception was re
duced  In aquunls coming to operition the
gross pathological picture was much hike that
m the human In 2 number of dogs 6 to 8
hours after production of the mtussusception 30
cubic cenumeters of ¢stor oil was given by
stomch tube n the hope of aggruaung the
wtussusception  Untreated ammals usunlly sur
wived over 18 hours A\ total of 11 dogs suc
cutnbed to unreduced wmtussusceptions  S$1x of
these intussusceptions were produced by the ear
lier and more truumane method with m average
sursnal of 71 hours  Light others had ntussus
ception produced by the gentler method with
the glis rod and sunnved wm werage of 89
hours
Alter itenals of 18 28 38 and 18 hours the
dogs were anesthetzed with ether and the abdo-
men reopened  The serosal sutface of the neck
of the intussusception was cultured A balloon

catheter was pliced m the rectum the balloon
distended nd saline solution pernutted to enter
the rectum from 1 heght of 3 feet  The pres
sure wis muntuned for 5 mmnutes  If reduc
tion uas not wchieved che colon was allowed 1o
evicnate nd after 5 minutes the process was
repeunted  If reduction was still not achieved 1
third attempt wis made  This techmque fol
lowed the clintcal techmque of hydrostauce pres
sure reduction which we anployed 2t that ime
It Iater became apparent that it was simpler
and more effectrve to muntun hydrostatce pres
sure without ramission rither than emptying
the bowel repeatedly

1f the ntussusception w1s reduced the sero
s1l surface of the bowel was cultured 1gun this
tume at the level of the ongmal apex of the
mtussusception  In wmy csc the 1bdomen was
closed and the dog permitted to recover from
the 1nesthesin  The majonty of the dogs whose
intussusceptions were completely reduced by hy
drostrtic pressure had uneventful recovenies the
dogs m the 38 hour group experiencmg the
greatest difficulty  When the chimicl signs of
mtussusception were present before reduction—
1norexn vomitng hstlessness passage of blood
per rectum they disappaired withm 24 hours
after reductton  Some dogs pissed soft un
formed stoals for a fow days afternard  Other
wi1s¢ the dogs remuned cnuiredy normal to grass
obsenvation S of the 10 dogs with srreducs
ble ntussusception of 48 hours showed 1 pro-
gression of thar preoperitine signs—vonion,
listlessness  tachycrdim passige of blood per
rectum and soon became unresponstyve and mor
bund and died 3 or § days 2fter producton of
the mtussuscepuon  Two of the 10 dogs with
irreducible mntussusceptions 1t 18 hours had
chronic intussusceptions nd showed Tele more
thin  occwsionil somung  md  consnpianion
though one did show great waght loss by the
end of two wecks  'wo dogs of the 18 hour
group dicd under anesthesin - T'vo chs show
tng, spontncons reductions at $8 houss and the
dogs stccessfully reduced 3t 18 hours peen
cred uneventfully  Two dogs dyng m fess than
18 hours before reduction could be atempted
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Plate 14 RM 28 Experiental Intussusception m Dogs
Intussusccpuon wrreduable at 48 hours
Specrmen removed at 14 dus
MUsUSCEPtum W15 narrow

Dog surined
The lumen through the
but patent There was no
fangrene 1t thus time  hut the mucosa of the intussuscep-
tum had slou,hed from the returming cont particularh
near the apes

Hate 1B RM 3¢ Fypermmental Intussusception in Dogs
Dog died 1t 43 hours  The apex of the mtussusceptum 15
g renous the remamder hemorrhagic and swollen
The emheathing intussuscprens 15 essentially normal
Thie 1 & RM 22 (\30) Fxpenimental Intus usception
m Dogs  Intus ukeption of 25 hours durion Reduced
by enemv  Scrowal cultures Al stenile before and alter
reduction The ups of the villi are slow hung and the
wills are engorged 1ith blaod A fibninous hem wrhagic
meml rane ¢ ners the mucosa The submucosa 3s tremen
@l edematous and hem awthagic id mbltrated 1 th
round cells The langiu limt muscle ¢ relatnely moaswmat

The scrosa (not shown) 1s edematous and hanortligic
and imfultrated with a fev polsaorphanuedear leneocyte
among the round s
Tae I D R\ 5 (\12) Fxpenmental Intus useption in
Dogs  Intususception of 56 hours durition D g died
at 06 hours of intussusception \utnp acd 1 once The
photomicra,raph shns all three Tvers of dus it o
cepuon 1t the tune of the amimal s death

A Innerm st laver of miu useptum

I Returming layer of sutussusceptum

€ Ln haatjung Fner—the mtusasapicn
The chan,es 1re Ie s extreme than s RM o3 (e B A)
but e ne can see clearhy the mucosad hem rrhage and uleer
anon and the  ubmucow) hemorrhage 1n the setumm,,
ver (B) < f the it usccptum  These (hanges are much
farther advanced and much m re stnkang than they are
wnthe mner «renrenng laver of the intus uscepts 1 The
uterm > tlaver the intu usapiens jsaent berelanedy
uormat
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EXPERIMENTAL INTUSSUSCEPTION IN Docs

Table of Results

Duration
of Iniags Culture Before Result of Culture After
Dog nation Reduction Treatment Reduction Fate
Hr

RM 16 18 Sterile Reduced 1 enema Stenile Anesthetic death

RM I/ 18 Stenile Reduced 1 enema Gram + coca1 Survived

RM 18 18 Sterile Reduced | enema Stenle Sunned

RM 21 18 Stenle Reduced 1 enema Sterle Surynved

RM 19 28 Stenile Reduced 1 enema Stentle Survined  Bropsied at 9 days

RM 20 28 Gram + cocar Reduced 2 enemas Gram - cocc Survived  Biopsied at 7 davs

RM 22 8 Stenile Reduced 1 enema Stemile Sunned  Biopsied at 2 davs

RM 29 ~8 E colt Reduced 3 enemas E cob strep fecalis  Sunued  Biopsied at 10 davs

RM 30 38 Stenle Reduced 2enemas  Strep fecalts Survived Biopsied at 8 days

RM 31 38 Sterile Reduced 3 enemas Sterite Sunyned  Diopsted at 6 davs

RM 33 38 E col1 Reduced 3 enemas E col Survived  Bropsied at 4 days

R\ 36 38 Strep salnanius Reduced Senemas I roteus vulgans Survved Bropsted at 2 days

strep salnanus
strep equinus

RM 38 38 Sterile Reduced 3 enemas Gram—rods Sacrificed immediately after
biopsy

R o 48 N Spont reduction Stenile Sunived

RAL 25 48 Spont reduction Stertle Sunned

R 9 48 Gram + cocar Irreducible R Chronic tntussusception Sur
wived  Biopsied at 4 days

RM 23 4 Gram + cocal Irreducible —— Anesthetic death

R 24 48 Gram + cocar Irreducible —— Died at o hours

RAM 28 48 Gram + cocar Irreduaible —_— Chromic intussuseeption  Sacny
ficed at 14 davs

RY 37 48 Hemoeh tic Staph albus Trreduaible —_— Anesthetic death

RM 3¢ 48 Salmonella Para B \o treatment —— Died at 43 hours

{post mortem)

RM 25 48 Strep fecalis E coli Irreduable —— Dic1at 98 hours

RV 37 48 Cultures lost Reduced 3 enemas  Cultures lost Sursned

RAL 39 48 Strep fecalis E colt o treatment —_ Dicd at 4714 hours

RM 40 48 Clostridium welchn Irreducble —_— Dicd at 3 hours

RA{ 41 48 Strep fecalis E coli Irreducible —— Dicd at 60 hours

R\[ 4 48 Strep salivanus frreducible . 1 ed 31 120 hours

RAf 43 48 Strep satnanus E colt Irreduaible — thed at 141 hours

(From Ravich and \cCune Bull Johns Hopkins Hosp &  1918)

Fig 16 Expenmental Intussusception an Dogs. Intussus-  under direct visual control It 13 of greatest interest that
<tpuons were produced operauely under stemle condi  p g were freq ly found on the wr

Uonsand the abd,

d under similar c face of the antus usceptum and even of the Mitussusaipiens

At the stated tervals Culrmus were taken of the serosal  tn many ammals with bowel sufficiently viat Ie 1o survive
sutfaces of the intussusciprens before reduction and of  even after full thickness biopsy of the bowe) ual) 2nd
the ntussusceptum after reduction by hydrostauc pressure  closure of the defect.
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e

Fig 17 RV 38 (\60) Experimental Intussusception n
Dogs  Intussusception of 38 hours duration reduced by
enema and the dog sacnficed at once  Cultures Belore
reducuon—stenile  after reduction—~gram negatne rod
shaped baalh In the gros the serosa was edematous and
Leefy The imolved mucosa was darker than normal and
sharply delineated  Under the microscope one sees celiu
{ar infiltravon of the well preserved mucosa Coblet cells

had courses much hike the other fatal cases de
scribed abose

It will be seen from Figure 16 1 tabulwuon
of our anmimal experuments that whencver an
mntussusception could be reduced by hydrostiic
pressure the ammal sunvived aindefinitely (but
for one which died under anesthesia)  In no
instance thd any ammal wath a reduced intus
susception have pentomtis Abscess fistulr or
ans other complication to suggest that non viable
bowel might hue been reduced  In no instance
did bowe) reduoible or irreduoble rupture In
the 18 29 nd 38 hour perixds the itussuscep
tians were 1l reducible and a1l dogs suraved
In S ustainces subsequent full dickness hiopsy
of the mtnsnsception was petformed and fol
loned by wneventful reconeny I the 18 hour
group there were 13 dogs excduding two whoe
mmssysecptions. had seduced  spontneonshy

A .-.:—;T.f .):}G)\,::':"

SR G
are numerous  Both muscle coats show severe changes,
scen most plamly 1n the arculir muscle coat the viatahity
of which 13 doubtful 1n some areas There 1s fibrin on the
serosa Expenience with amimals allowed to survse would
indicate that an the face of an tntact mucosa and submu
cosa the areas of probable necross in the muscle layers
could be expected to heal  (From Ravitch and McCune
Bull Johns Hopkins Hosp 82 1918)

Only 1 of these I3 mtossusceptions at 18 hours
w1s reductble by hydrostatie pressure s dog,
sunned The other 12 were all 1rreduaible by
3 feet of hydrostine pressure nd all 12 dogy
died

The cultures taken from the serosal surfices
of the intussusceptions e of speaal mterest
and are shown i kigure 16 The following or
gunsms were adenufied from these cultures
often scvertd from one ammal Fschericher colt
alpha Streptococcus fecalis alpha Streptococcns
salnanns Clostrdimm welchu Proteus vafant
Apha Streptococcus equinus . hemolyvue Stapy
lococcus athus and Salmonelly pary If As e it
be suspected  while cultures were poutive i 2
out of 3 doos with intussuseeptions 28 hotrs old
or less 5 out of 6 of the 3% hour old intawaseep
tons vielded positine coltures and 12 out ol 12
of the 18 hour old intussus eptions vielded povt
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Fig 18 RM 33 (\60) Experimental Intussusception m
Dogs Intussusception of 38 hours duration  Reduced
Biopsied after 4 days Cultures Before reductuon—nega
e after reductton—Escherichia coh The mucosa 1s
mjected and hemorrhagic but the vill: are tall  Goblet
cells predominate  There 1s extensive submucosal nltl
tration and 1n this instance both 1nmer and outer muscular
coats show changes of moderate degree Changes in this
ammal s intestine are ot as marked as in many others
(From Ravitch and McCune Bull Johns Hopkins Hosp

82 1948)

tre cultures  These results were anticipated by
D Arcy Power who suggested 1 1897 that We
do not yet know the exact course taken by the
mcroorganisms as they pass through the wall
of the bawel but there seems to be no
doubt that microorgamisms begin to traverse
the mtestinal wall when a loop of bowel has
been constricted for a perod of from { to 48
hours and that the more completely the blood
supply 1s arrested the more rapidly they pass

It 1s striking that bowel as well presenied as that
seen 1 Figure 17 of RM 38 sacnificed tmmed:
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Fig 19 RM 31 (\60) Fxpenimental Intussusception in
Dogs. Intussusception of 38 hours duration  Reduced
Biopsted after 6 davs  Cultures “egatnne  The patho-
logical changes are still striking hemorrhage and engorge
ment have regressed but there 1s a heavy cellular :nhitra
tion most marked 1n the thickened submucosa and 10 the
subserasa  Again goblet cells are promment  The mternal
arcular muscle Jayer stains poorly s heavsly infiltrated
with round cells and appears degenerated  The longs
tudinal muscle shows some cellular infiltrauon but the
muscle fibers stand out sharply and the nuder are well
presenned  (From Rawitch and McCune Bull Johns
Hophins Hosp 82 1948)

ately after ready reduction of 1 38 hour old
ntussusception  permitted  bactenia o pass
through the wall despite well presersed mucosa
and submucosa The chimical sigmificance of
these bacteriologic findings ts apparant They
must account n part for the morbidity fter
operatine reduction of mtussusceptions partic
larly 11 the pre 1nt1 biotic era~high fever (some
times seen also after non-operatine reduction)
abdomumal abscesses wound mfections  postop-
erative adhesions with intesunal obstruction
Several features emerge from the patholog:
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<) studdy of bowel recotening from intussuscep  ception  The pressure of edem should be the
tion  In these e\periments the returming limb  same on entering nd returning layers but the
1s regularly found severely dimaged even to the  circulation of the returning layer s further m
point of gmgrene at 1 time when the bowel . terfered with by the U turns made at the
the entering limb 15 sull viable  Under the apes of the ntussusception md 2t the neck
conditions of our experiments and probably in  effectively 1solating this segment of bowed  The
mtussusception beginning m the terminal 1leum frontispiece Figures 14 and 15 and Phe 11
ur patients che returning hmb 1s cut off from A B stlustrte this pomnt  The changes crused
1ts arculation by the acute hinking of the bowel by the condition are so severe 15 sh plunly
5 1t tarns on rtsclf 1e the 1pex of the intussus 1o be seen mcroscopically ten days fter reduc
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hig 20 RN 20 (\NGO) Expenimental Intussusception in - Fig 20 RM 19 (\60) ij;cx;nmcm:]l ln:::’\:l‘:;{ptl‘l;::(:;'
Dogs. Intussusception of 28 hours duration  Reduced  Dogs  Intussusception of l. mur‘s" ::::Ik ]
by enema Biopsied 7 days later  Cultures Gram postne  Riopued 9 days later  Cu mre:J et e e the
ces before and after reducon  In the gross the bowel  appeared nonmal in the gross Und ‘:ll lt"d e
was shightly thickened  Under the microscape the silltare  eputhelium i3 seen 1o h:\hc rrgtr;:: 0([ ’nl,lul,',m i
found engorged with hlood and round cells and a fu: m;!'l bu‘lllnr l‘nnt:sc x.n t ;':n'x:l\l rh:;w el e

wolse wphonuclear leucocstes  The mucoa w1l vl 8 ”
Lml the :-,hnd\ di tored  The thickening of the bowel at  round cell inhiltration of the sul;::nm:; ::;;,::,’;::l:n
this stage 18 due more to the wemendous collular anhltra  engorged sesels. There are ’: ""{:a _yn’c ol
10 of the submucoa than to edema  The inner circalar  leucocytes amang the m ma;mt tl:rl o
muste laver again appears glass and inhiltrated while  lvmphad {olbeles are grtll%;n :c:;:“ g and
the extermal fongitudinal muscle fayer 15 well presened  polymorphonuclear tcllx' b l:m] e The e

No ulceration 1s seen but the il seem thinnad out  there are stull a few round :t 3 i pl" iy
“There 1s moderate seroaad edema and round cell snfiltra cular musle aver wsull a n}nmm Rﬁ‘"‘yh e

win (From Rasvitch and \McCune Bull Johns Hopkins  with mamy round cclls (| :v:mwm)

Hosp 82 1%18) Bull Johns Hopkins Horf
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tion (Fig 22 (RM 29)) Hemorrhage and en
gorgement disappear first then edema and last
Iy cellular infiltration  The mucosa 1s frequent
ly partially sloughed or eroded but ulcers
through to the submucosa are not seen De
spite this fact pathogenic bacteria male their
way through to the serosal surface There 15 a
striking difference between the survnval ability
of mner carcular and outer longitudinal muscu
lar coats as sharply demonstrated 1n the photo

BR, ¢ TARSONT

micrograph of RM 23 (Plate IIA)  The mmner
arcular muscular coat 15 largely destroyed nd
unrecognizable 1n the thickened returning Iyer
of the intussusceptum while the outer longitude
nal coat 15 relatiely well preserved morphologt
cally

Another avenue of mvestigition has been the
study of the pressure tolerances of the humn
colon This was made necessary by such advice
as that given by W E Forest of New York
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Fig 22 RA{ 20 (\G0) Expersmental Intussusception 1n
Dogs  Intussusception of 38 hours durauon  Reduced

Biopsied 10 days later Culture Escherichra col: alpha
Streptococcus fecalis. There 1s no more evidence of hem
orthage and engorgement  One still sees an abnormal
number of goblet cells There 13 some round cell inGilra
tion of the submucosa  The inner arcular muscle 1s almost
Ialine The outer coat shows some changes
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Fig 23 RM 23 (\f0) Expenimental Intussusception in
Dogs Intussuscepuion of 48 hours duraton  Irreducible
Amumal saenficed and specimen obtamned  Serosal culture
Gram positive cocct Only the returning layer of the intus-
susceptum  the middle of the three Javers of the intussuy
ception 1s shown  The bowel 1s almost entirely gangren
ous. The mucosa 15 unrecoghizable  The submucosa 1s
dously thickened  The mner arcular musde s

8
The serosa 1s thickened and nfiltrated with round cells
and polymorphonuclear cells and shows beginning organ
1zauon  Edema has entirely receded  (From Ravitch and
NMcCune Bull Johns Hophins Hosp 82 1948)

completely disorganized while the outer Dingitudinal
layer 15 starthingly preserved 1n contrast to the general
destruction of the other laver  The serosa shows only
edema  The vessels do not show clots or thromtn A byw
poncer photomicrograph showing a cross section of the
entife speamen 1s seen an Plate 1L A (From  Ravich
and McCune Bull Johns Hapkins Hosp 87 198)



52 INTUSSUSCEI TI0ON IN

Fig 21 R\ 30 (\60) Experimental Intussuscepuion 1n
Dogs  Intussueption of 88 hours duration  Reduced
Mopsied 8 days Jater  Culwure alpha Swreptococcus feca
Ls The uilli sull show hemorrhage and an infiltration
of mononuclear cells ‘The submucosa 1s thickened and

1889  He advised  Inying the chnld i the hall
way nserting the enemt tube nd slonly s
cending the sturs enema bag in hand  evercis
g cawtion 1fter ascending 10 feet !

Morntmer n Englind 1njected the colons of
fresh cadavers wuth the 1leo cecal valve higated
He found the serosa to begin to erick i some
rses with fine feet of pressure mn most with
aght fcet nd occasional rupture to occur with
sis feet of pressure Nordentoft performed sun
tlir expeniments distendimg the bowel of dead
newly born ¢hietdren with the aleum hgated
the 1leo crecal juncuon  The bodies had been
dead from 14 to 51 hours  Rupture of the how
¢l accurred with pressures of from three to ten
meters  In two cses in which the resistanee of
the small bowd was tested 1t was found to
rupture after three and~xeven meters of pressure
respectinedy

The 3 or 314 feet of pressure used m patients
would appear to provide a safe mgin

INFANTS \ND CHIIDREN

_‘ %“?% ,;@.S

There 13 once more

heavily :nfiltrated with round cells
the usual difference between the muscle coats the outer
being well presened the inner not  (From Rawtch and
McCune Bull Johns Hopkns Hospr 82 1918)
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Chapter V

TREATMENT OF INTUSSUSCLPTION

A OPERATIVE

Tlu stindard trewment of mtussusception
m this country and the British Isles 1nd 1
most of Furope 1s immediate operitnve reduc
tion of the meussusception  Tor 1 good many
sears grent stress was laid upon the necessiy
for aperiung upon the patents within mo
ments of their armsal i the hospiral and Doc
tor Ladd m particular emphasized the urgent
mmporttiee of instant operition As time has
prssed it hns become generilly accepted that the
mmmecdhine need of 1 dduld with intnssusception
1s for erwenous flurds or blood for gastric
1spiriion s i any type of mtestnaf obstruc
uon nd for the adminsstration of antibiotics
1 11 10y other sitnnion 1n which there ss poten
tl jeopardy of the vascular supply of the
bowel  [hese measures having becn under
taken the 1bdomen s entered through the sur
geon s csion of choce  Our own preference
1 muussusception m a situation i which the
operitive mampulaton My begin i the left
lower quadrant and end n the nght lower quad
ramt would be for a lower mdhine mciion
( \crrnlly our intussusceptions e dmost mvar
1ably reduced to the cecum by the banum enema
m that 25, of cises i which enemn reduction
15 not complete and there a small McBurney
mciston suffices ) The mtussusception s man
pilly Jocated the bowel manepulated by com
pression Just distal to she mtussuscepnion din
i, 1t proxumally 10 the bowel reduces easly

514

and mpudly cthere s no need to deliver the m
tussusception nor o question the vitbihy of
the bowel  The proper mechanssm of manual
reduction of an intussusception was cleatly de
scribed by Hilton Tagge and Henry ¢ Howe
of Cuys Hospital m therr report i the Meds
¢l Chirurgical Transactions for 1976 They
stated  the intestine was 1ccordingly drwn out
from the domml ety awd even then
some diffriculty wis expenenced m reducmg it
Pulling 1t the end was quute meffectunl though
as much force 1s was considered yusufible was
exerted mn this way  Under 1 kind of hneading
movement howeser combimed with circalir
pressure upon the firthest mtussuscepted part
of the gut 1t begm to yidd and when onee
started the process went on readily unul the
1nst pare of the intestine was reached

It will be seen that this method of reduction
which 1s preasddy that used today 15 essentitlly
one in whuch the surgeon by compressimg the
bouel distal to the mtusstsceptunt  INCFENCs
the pressure within the lumen of (hnt bowel
forcang the intussusception proxamlly w this
manner  This pressurc 15 applied much as in
hydrostatic pressure reducuon wuh an enema
but the manual method of reducton 15 peees
sanly more traumate At tunes there m1y be
cncountered a substaney] difliculty 1 opernne
reduction of an intusstsception I such n
stances 1 a5 smportang that the itussusception be
deliered and carefully obwened winle prevsure
1s bemng made distal to it The finst nanuos
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of mmpending danger will be serosal cracking
of the recening loop of bowel as undue pressure
15 exerted upon 1t by the failure of the intus
suceptum to yteld At times the manipulation
may be aided by the gentle wmjection of stenile
mineral o1l between the coats of the mntussus
ception  Attempts to stretch the neck of the
mtussuscepuon “l[h mstruments m\anably e
sult i dsaster and 1nciston of the neck of the
1ntussusception 1nvites contimination of the
operative ficld In any case 1t will be seldom that
an intussusception so difficult of reduction as to
require these strenuous methods will prove not to
Tequire resection because of gangrene or doubt
ful viabiliy  1f therefore persistent and gen
tle compression of the bowel distal to the 1ntus
susception does not reduce the process resection
should be undertaken One can tell m five
minutes whether the bowel will reduce and
stubborn persistence at manual disimagmation
15 10 be decried
In view of the recogmized mncidence of recur
rence of intussusception numerous methods have
been undertaken by yarious surgeons to decrease
the likelthood of recurrence In general 1t may
be sad that the various attempts at fixation of
the cccum and of the terminal 1leum have been
abandoned as not bemg c¢ffectne and as being
potentially harmful A good deal has been wnit
ten about the advisability or madvisability of
removal of the appendix at the time of reduc
tion of an intussusception  Although the group
from the Children s Hospital m Boston former
1y mseighed strongly aganst this practice a re
view of current “nnngs on ln(llSSllS(‘Cp[lOn
would suggest that appendectomy 15 now more
commonly performed than not at the ume of
operative reduction  In a review of our own
matenal up to the time at which operative re
duction became a rarity we found that patients
m whom the appendix had been removed ac
tnlly had a lower mortality than patcnts on
whom 1ppendectomy had not been performed
No complications were atinibutable to appendec
lomv,
Surprisingly enough there remains a substan
tal lack of agreement among the varous sur

geons nterested 1n the problem as to the proper
method of procedure when bowel 1s to be re
sected Intestnal resections and anastomosis of
any hind were fraught with an almost prohib:

tive mortality up to the fust decade of this cen
tury It 1s not surprnising that m thae day sur
geons either refused to operate hoping that the
gangrenous mrussusceptum would piss spontt

neously or attempted some mnor appewrmg
procedure rather than a bold resection d anas

tomosts  Such a procedure was that of Cusling

seen 1n Figure 25 This type of half way mens

ure 15 still apparently performed from time to
time but with s Iittle success as 1t had in Cush

g s day

Maunsell s method of resection of tumors of
the bowel which was based on the deliberte
production of an mtussusception obvipusly sug
gested 1tself to those operating at the tum of
the century and fearful of their A"bility to suture
dnided bowel after a resection  This method 15
cited only for historical reasons since unlike
most of the other methods of operition which
have ever been proposed for intussusception (see
Fig 26) 1t 13 now never used In this ingenious
method the entering and recening lyers of the
mtussusception were sutured together 1t the
neck of the ntussusception  The mussusap-
1ens was opened by a longitudinal meision and
the intussusceptum amputated from within the
itussusciprens A circular suture of the 1mpu
tated base of the mtussusceptum w1s followed
by closure of the masion m the intussusaapiens
As mught be supposed this method did not prove
to be very successful despite 1ts ingenuity

The drawings in Figure 26 1llustrte the
modes of treatment of irreducible ntussuscep-
uon which have been employed  These are —

1 Resecuon of the bowel and craanion of a
double barrelled 1leo colostomy

2 Exteriorization of the bowel with delyed
diviston of the howel  (the  Asepuc Mikuliez
Tesection)

3 Pnmary resectton with end to side 1len
colostomy the open end of the colon being left
as a vent

4 Side to side anastomosts around the intus
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Fiy, 2> Drovangs by Harvey Cushing i History No 10141 The Johns Hophins Howpital
A Case ol Intussuseeption

A March 22 1900
Qperation '
Cwhing
Fther

Median Exploratory Laparotom)
Reducuon of Intususepuon
1 erforition at apex ol intussuscipiens
Fstablishment 1t thi pomt ol arnl anus
Chronic pentomus

Collapsed trmsernse calon
SLTOSA to serosa

Sketch showmg roughly the
situation nd character
of intussukcpuon

(;nucans membranes :n red) Lumen

Stmation ¢ £ slough and

perloratnon Dutended Heum

Appendic

Intusuception an the carly davs of the Johns Hophins
Hospital was a highly fatal diease despate the fact that
Hutchunson had alteads demonstrated the feasibility of
aperation and $lirchsprung the fower mortality assoct
ated with swstematic use of hydrastatie pressure Hanvey
Covlnpz was all b Bife a menaatons and careful woiker
T'he old hustories ¢f his pauents contan many examples
of careful and Juad illustrations hike the present one

I Operation Cushing

Sketch ilustrating method of closure
after reduction al intussusception

Much shocked

Fatient took ancsthenie badly
Cfether chart

How supenor is a briel and nicely illuar ned pote (i iwer
colors) Like this to the impersonal formal tsped opes2
wse notes which most of us leave today  1he operauon of
course was poorls concenned  The bowel was too aeverely
1njured to be trusted beneath the abdominal wall - Thos
patent fnled to sursive and the teyules of the emp by
ment of thiy procedure which are still reported from tme
to ume have been similarly unsatnfacery Cu hing v
sullicenthy disatsshied with has results s the freatment
of antassusception that in 146« hen a chuld with hadr
cephalus on wh m he had awempred a sub arachn al pend
1o nical shune through a metal b desel iped i pwrp:
1n he advied observing the duld an the Dope thatif e
it ception would beeome gangeen us and s !t
shrugh out spontanecu v I that imtance thind It
eceur and the child succumbed



INTUSSUSCEPTION IN INFANTS AND CHILDREN 57

susceptton which 1s left undisturbed
5 Resection and primary anastomosis side

to side end to end or end to side
As the mortality of intussusception 1t general
has decreased sharply and the frighteningly high
mortality after resection of a few years ago has
similarly decreased arguments fivoring one or
another method of treatment 1f based on mor
tality figures alone tend to lose their cogency
The most important determination to be
made at operation 1s that the bowel 15 mdeed
ron viable or that the intussusception 1 irre
ducible If after fne minutes of attempts at
manual reduction the bowel has not begun to
move back one should assume that the mtussus
ception 15 nrreductble and proceed with some
type of operation which recogmzes this fact A
good deal of experience 15 required to tell
whether the beefy edematous thickened and
indurated hemorrhagic bowel of a reduced 1ntus
susception 15 viable or not It 1s a striking fact
that i msttutions at which the majonity of
ntussusceptions are reduced by barium enema
the resection rate 1s far lower than n nstitu
tions where primary operative treatment 1s the
rule It 1s enurely possible that the increased
Tesection rate when operation 1s undertaken 1n
all cases 1s occastoned to a constderable extent
by the additional trauma to the bowel incurred
as a result of the surgeon s manipulations  Fur
ther 1t seems probable that it a2 good many
cases bowel which 1s entirely viable has been mis
takenly resected because of 1ts swollen hemorr
hagic appearance  Two examples of the latter
from our oun expenience have been cited and
are 1llustrated 1n Plate IIC and D Needless
to say 1f there 1s any doubt about the viability
of bowel 1t must be resected although increas
g experience will lead to greater accuracy n
this determiation  There 15 at present no
ready method for operaung room determination
of the viability of possibly compromised bowel
The choice of an operatine method of treat
ment of an  nreducible mtussusception s

swayed by che following factors

1 The desire 10 do as lutle as possible as
ripidly as posuble 1n a profoundly 111 infant

2 The desirability of avoiding the fluid loss
es and wound complications attendant upon cre
aton of an 1leostomy

3 Desirabihity of immediate restoration of
continuity of the ahmentary cal and

4 The avordance of staged procedures

This 15 to a very considerable extent a mat
ter of indinidual experience outlook and phn
losophy Those who have had disastrous results
from attempting resection and primary anasto
mosis 1n these profoundly 11l children with un
prepared intestine and edematous bowel and
probably contaminated peritoneal cavity are
understandably prejudiced aganst such a pro
cedure  On the other hand as progress 1s made
m surgery staged operations 1n one field after
another have been gnven up for immediate de
fimtive operaune procedures  For a long time
of course 1t was thought that infants would not
support an tleostomy with any degree of success
Improved methods of management of fluid and
electrolyte problems have very largely disposed
of this objection to a staged procedure

Resection of the bowel n the course of the
operation and bringing the bowel ends out
through the wound (Fig 26A and B) 1s the most
direct and simplest way of dealing with the
problem  Gross 1n Boston and Jones in New
castle-on Tyne have described worthwhile mod
iftications of this basic plan  Gross (Fig 26B)
drsides the mesentery but does not resect the
bowel The loops of bowel immediately prox:
mal and distal to the anastomosts are sutured
together 1n preparation for the construction of a
double barrelled 1leo<olostomy  The abdom
nal wall 1s now closed about this doubled loop
the intussusception uself bemng enurcly cxterio
rized  Wath the abdomen now completely
closed the proximal and distal hmbs are tran
sected between clamps and a catheter 15 nsent
ed nto the proxumal limb for decompression
A crushing clamp 15 applied 1o the spur within
a few days and the enterostomy 1s closed withun
six or seven days  Cross reports 11 cases tren
ed i this way with 11 recovenies a mortaluy
of 23, Fleven of these patients were trented
11 the mine years between 1939 and 1918 wuly
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recovery in ten and a mortality of 9%, The ages
of the successfully operated children range from
three days to seven years Jones wntng m
1923 reported 82 intussusceptions reduced by
primary operation with no deaths six sponta
neous reductions and stx chromc intussuscep-
tions operated upon with po deaths In addi
tion there were nine nstances m which resec
tion was required  The loop of involved bowel
was brought out through the wound (Fig 26A)
the bowel loops not being sutured together the
abdomen was closed and the bowel resected
Forty eight hours later the exterionized ends of
the bowel were resected and closed and a side
to side anastomosis performed In these mine
cases there was a single death He excluded
from consideration a case i which the entire
colon was necrotic and required resection with
ulumate fatal outcome A later report by
Court and Jones adds one more successful case

This method would appear to have all the
advantages of Gross s method and to be moving
much closer to the primary anastomosis since
the reconstitution of the continuity of the bowel
15 achieved 1 two days  The results could hard
ly be improved upon

<z
Fig 26 Operatise Treatment of Intussuscepuon
A Al and A2—The method of Jones of Newcastle
A—The entire intussuscepuon 1s brought outside the
abdomen the abdomtnal wound closed
Al—Both loops are amputated and tubes are ned into
the bowel The dotted Line indicates the sie of proposed
transection of the bowel the edematous exterionized ends
being removed 48 hours after the ongmal operauon and
a stde to-side anastomosis performed as in A2
Jones reports ten cases with a single death
B Bl B2 and BS~The Asepuc Mikuhe procedure
of Gross
B—The enuire ntussuscepuion s extenonzed the me
sentery divided  the allerent and the efferent limbs
sutured together and the wound closed
Bl—Both loops arc amputated The proimal himb is
decompressed by means of a catheter
B2—Within a few days the spur 15 crushed by 2 dlamp
and on the sixth or sexenth day the remaining enterostomy
wound 1s closed by an essenuallv extra peritoneal opera
tive procedure
Gross reports 14 cases with 1 recoveries and of these
1n the vears 1939 to 1948 cleven cases with ten recovertes.
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The chief adsantage over primary anastomo-
sis would appear to be m the tmprovement n
the edematous state of the distended proxtmal
bowel and in the certamty that fter 48 hours
any bowel apparently viable had sunned the
Jeopardous pertod of progressing infarction

It 15 not surprising 1n consequence of the fact
that the bowel nhich presents to vien n an
wrreducible intussusception 1s almost always via
ble that surgeons hate from time to time been
tempted to perform anastomoses around the
tussusception leaving it in situ  Parry n 1909
and Rutherford 1n the same year reported suc
cesses by this method and Montgomery and Mus
s11 m 1930 revnved the method which 15 from
tme to ume referred to as the Montgomery op-
erauon {(Fig 26E) White and Dennison at the
Royal Hosputal for Sick Chldren m Glisgow
are among the more recent advocates of this
method  In four of their case, a simple anasto-
moss was performed around the mntussusception
and all the bowel returned to the abdomen
The subsequent courses of these children dem
onstrated that 1 two cases the intussusceptum
sloughed and was passed with sausfactory func
tion of the intestine from the time of operition
In one case which subsequently died of len
Lemia and was autopsied the ntussusception
apparently remained 1 situ but  recanlized
In the 4th case the mntussusception 1pparently
reduced tself and 2 barium meal followed 1ts
normal route  Dennison and some of the ¢ar
lier authors 1n bypassing the intussusception
advise suturing the neck of the mtussusception
to prevent its further advance

After Denmison s first report in 1918 Wiite
and Denmison 1 1942 reported a total of 16
patients i whom a prunary anastomosis was
performed without resection of the miss  In
six of these the mass was extertonized at the
ume because 1t was thought 10 be gangranous
through to the outer coat  White and Denm
son make the pomnt that they have never seen
death from perttonits tn unreduced ntussus
cepuon and that death occurs from intestinal
obstruction and  toxermia  For this reason they
feet that the return of the wrreducible mass mto
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the peritoneal cavity after a simple anastomosis
does not violate surgical principles  They also
emphasize the fact that a substantial number of
the resections are required mnot hecause of the
basic extent of the pathological process at the
ume the patient 1s brought to the operating
room but because of the damage mflicted by
attempts at manual reduction Of their 16
cases four died Four of the six patients with
extentorized bowel required 1 subsequent herm
colectomy In one of the patients with ex
teriorized bowel the intussusception could be re
duced subsequently and was returned 1nto the
abdomen with success In another such case the
baby aspirated vomitus and died after the sec
ond small operative procedure on the second
day The other three deaths were in children
who had simple anastomoses and are described
as having been due to bronchial pneumonia to
shock and to tovenma respectively

In connection with the work of White and

<&

C and Cl-Durect resection of the intussusception and
performance of a straightforward double barrelled 1leo
colastorny

D-~The methed of Wwvodhall-the mtussusception has
been resected  Contmuity of the bowel has been restored
by a side to yide anastomosts and the ends of the bowel
have been brought out as decompressing vents which will
dlase sy ly or cin ly be closed by a
few sutures

E~The procedure of Parry (1909) and of Rutherford
{1909) revived by Montgomery (1930) and presently ad
yocated by White and Denmison  The intussusception 1s
Teft 1n situ nd a side to side anastomosis performed be
tucen the afferent and efferent loops  White and Denm
son report 16 casts with 1 deaths

I Fl and T2—Resection and primary nastomosts
@ither side to side (F) end to-end (F1) or end 10 ude (F2)
This 1s the most strai htforward and defimune procedure
Thus 15 the preferred method of Dennis of Benson and
Sharp of Tackard and Allen of Zachars of Fox of
Thatcher and others and seems to be becomung estab
ished s the procedure most frequently advocated and
performed

Mentioned only for the sale of lustorical completeness
s Maunsell s operation  Here the nech of the mtussuscep-
tion 1s sutured the mus wsapiens inased  the imussus
<eptum amputated the tramsected ed=es of the mtus us-
<eptum md intus wsapiens + hipped over and the inqision
0 the muus uscipiens then b ed

Dennison 1t 1s Hnportant to potnt out s jones
and others have stated that occastonally necrosis
1s found and recognized 1n the ensheathing Iycr
and when this 1s the case quite obvously a sim
ple short ciramung procedure cannot be per
formed Whether one would choose then s
White and Denntson have chosen to perform
an mtra abdominal anastomosis with exteriort
zation of the bowel and of the intussusception
withont resection 15 a matter for mdividual
judgment  From the report of White ind Den
mison 1t seems that very hittle 15 guned by len
g this mass of bowel outside of the 1bdomen
for a ume It 15 of mterest 1n White and Den
mison s patients that after two months there wis
not 1n any case any 11diologically demonstrable
evidence that the short crcuung anastomosis
was functioning and the implication 15 that the
normal channel had been reconstituted and that
the anastomosis had ceased to function  Ones
reaction 1s that tlns s an essentnlly unsurgical
procedure and that one 1s loath to lene 1
potentially gangrenous lesion m plice 1nd that
m general m intestinal surgery short circuting
wntestinal operations which do not deal defum
tvely with the primary Iesion are unswisfactory
Unfortunately for such a priort judgments the
method does work and the results are entirely
acceptable It may prove that the risks ol len
mg the molved segment of bowel belund 11e no
greater than the visks 1ssumed m performing
more complicited operatine procedures nd
anastomoses

In order to combime the advantages of remoy
al of the mtussusception and restorauon of the
continuity of the mtestinal tract n one stage
with the decompressive benefits of the Miku
licz type of operiion Woodhnll (Tig 26D)) At
the suggestion of Dean Iewis resceted the mtus
susceptum  performing 1 side to sude mstomo
sts bringing out the ends of the transected
bowel 1s temporary vents  Tlus had the double
advantage of decompressing the proximal ntes
tine wnd mimumizing the danger or conscqence
of leaka e from an anastomosss - edemitnus
bowel  As the nstomosis began to function
these vents closed spontincously or could he
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the perttoneal cavity after a simple anastomosts
does not violate surgical principles  They also
emphasize the fact that a substantial number of
the resections are required not because of the
basic extent of the pathological process at the
ume the patient 1s brought to the operating
room but because of the damage inflicted by
attempts at manual reductton  OF thewr 16
cases four died Four of the six patents with
exteriorized bowel required a subsequent hemt
colectomy In one of the patients with ex
teriorized bowel the intussusception could be re
duced subsequently and was returned mnto the
abdomen with success In another such case the
baby aspirated vomitus and died after the sec
ond small operative procedure on the second
day The other three deaths were mn children
who had simple anastomoses and are described
as having been due to bronchial pneumonia to
shock and to toxerma respectively

In connection with the work of Wiate and

<

C and Cl-Direct resection of the mtussusception and
performance of a straightforward double barrelled 1leo
<olostomy

D-~The method of Woodhall—the intussusception has
been resected  Conunuity of the bowel has been restored
by a side to side anastomoss and the ends of the bowel
have been brought out as decompressing vents wiich will
close be closed by a

7 or can
few sutures

E-—The procedure of Parry (1909) and of Rutherford
{1909) revived by Montgomery (1930) and presently ad
1ocated by Wiite and Denmison  The intussusception 1s
feft 1n situ and a side to-side anastomosis performed be
tneen the afferent and efferent loops  White and Denm
son report 16 cases with 1 deaths.

F E1 and F2—Resection and primary anastomosts
<ither side to side (F) end to-end (F1) or end toside (F2)
This 15 the most stras, htforward nd defs F
Tlus 1s the preferred method of Denms of Benson and
Sharp ol Packard and \Allen of Zachary ol Fox of
Thatcher and others and seems to be Lecoming estab-
Tished as the procedure most frequenthy advocated and
performed

Mentioned only for the sike of historical eompleteness
s Maunsell s operation  Here the nech of the

Denruson it 1s important to pomnt out as Jones
and others have stated that occastonally necrosis
1s found and recogmized 1n the ensheathing layer
and when this 1s the case quite obviously a sim
ple short ctrcuting procedure cannot be per
formed Whether one would choose then s
White and Dennison have chosen to perform
an wmtra abdommal anastomosts with extertort
zation of the bowel and of the mtussusception
without resection 1s a matter for mdimidunl
judgment  From the report of Whute and Den
mison 1t seems that very little 15 guned by leax
g this mass of bowel outside of the 21bdomen
for a ume It 1s of mterest tn White 1nd Den
mison s patients that after two months there was
not n any case any radiologically demonstrble
evidence that the short circuiting anastomosis
was functiomng and the mmphication 1s that the
normal channel had been reconstituted nd that
the anastomosis had ceased to function  Ones
reaction 15 that this 15 an essennally unsurgictl
procedure and thit one 1s loath to lene 1
potenually gangrenous lesion n plice and thae
m general n intestinal surgery short circuiting
mtestmal operations which do not deal defii
tvely with the primary lesion are unsiusfactory
Unfortunately for such a prior: judgments the
method does work and the results are enuirely
acceptable It may prove that the risks of len
mg the mvolved segment of bowel behind 1re no
greater than the nishs ssumud m performing
more complicated aperitne procedures nd
Inastomoses

In order to combine the advantages of remoy
al of the intussusception md restoratton of the
contmunty of the mtesunal tract n one st1ge
with the decompressive benefits of the Miku
hez type of oparuon Woodhall  (Fr, 26D) at
the suggestion of Dean Lewis resccted the antus
susceptum  performing 1 side to side nastomo
sts brnging out the ends of the trinsected
bowcl 1s temporary vents Tlus had the double
advantage of decompressin,, the proximal 1ntes

uon s sutured the intussusapiens inced  the intusius
<eptum amputited the transected edges of the intos us
<eptum and intus uapiens whipped over nd the ina son
an the intus uscipiens then clrsed

tine and m,, the danger or consequence
of lerkaze from 10 antomosis 1 edemtons
bowel  As the wmstomosis begn to funcion

these vents closed spontineously or could be
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closed by 1 small extrt peritoneal operition
Famally there 1s the direct primary anistomo
sis (kg 26F) usually end to end which most
WTILers 1re coming to ccept
In irreducible or strangulated mtussusception
1t 15 self evident that a one stage resection nd
primry anistomosis would be the most desir
able procedure if st could be safely performed
That 1s actually the direcuon 1 which most
surgeons reporting their esperiences today are
tending with the notable exceptions gnven
abore  Our own experience with resection 1s
essentiitly n old one 1nd so few resections are
now required on our service 1s to 1llow no con
clustons  Qur present practice 1n bowel resection
m anfnts for other causes 15 entrely 1n favor
of a primary one stage anastomosts  In a review
of the entire material of The Johns Hophins
Hospital from 1889 to 1948 there were 32 opera
tnve procedures for gangrenous or irreducible
miussusception  In nine wmstunces the bowel was
resected and an immediate anistomosis per
formed Seven of these pauents died the first
one being m 1899 of 1 breakhdown of the anasto
mosis  Most of the dexths appeared to be of
shock and nfecton 1nd not due to 1 suture
line breakdown with the esception of the cse
done in 1899 In four cases the intussusception
was reduced and an enterostomy performed
All four of these patients died  In one cse the
bowel was extrapentonerhized and the patient
dicd  In seven nstances bowel of questionible
viability was inverted 1n order to 1oud the Irger
operation of resection  Three of these seven
patients died Il three of these deaths occurred
i the immedite post operattse period wnd all
were apparently duce 1o the desperte condition
of the paucnts 1t the tme of opernon Tight
patients were trented by 1 Mikuliez ovpe of vesec
ton one before 1930 wath death seven since
1930 with one death  Inve of these were of the
ordinny Mikuhez tvpe and three of the aight
were done by the modification described by
Woodhall  Agun these two deaths occurred two
to three hours after operaton bemn,, 1p[nrcml)

INTUSSUSCEI TION IN INFANTS AND CHILDREN

attributable to the condition of the child At the
tume of operition 1nd to the operition wd not
to loss of fluids from the tleostomy  The tno
patients operated upon by Woodhall both reco
ered 1s did 1 third child with 1 side to end nas
tomosis the end of the 1leal seyment bem,
brought out s an 1leostomy  Thus fustulr wis
closed seven d1ys Inter

In the ten years January 1918 to Janmny
1958 we hme had 52 meussusceptions it The
Johns Hoplins Hospital md no deaths  Of
these only two had bowel resections one in 1949
m 1 seven month old mfnt for n enteric cyst
at the 1leo caecrl vale which had cansed a
reductble itussusceptton and one i 197 i m
infant of four months with  irreducible mtus
susception reacling to the hepatc flesure (Fig
27)  Prumry resection and anastomosts was
performed 1n both mfants without event

The reported mortality of intussusception n
those cases which requured resection hs been
extremely high unul very recently nd 1t 15
small wonder thtt surgeons hve shied away
from primary anastomoses believing that these
rcquired Iarger operttions nd longer proce
dures m ctremely sich children Benson and
Sharp reporung their expenence 2t The Chut
dren s Hospial of Michigm n 19,0 reported
frve children with mtussusception resected dur
g the previous three and a half years with pn
mary anstomosts nd 1 single death due to
necrosss and Terhge At the suturc hme  Some
of their anistomoses were end ta end some end
to side some side to side  The fual case d a
side to side wmastomosts  They feel that side 10
side anastomosis 1s preferable for mbnts younz
<r than four months 2fter which 1ge the suze of
the bowed begins to take end to ond anmtome
sts fersible and practical - Dennts writin,, from
the Unnersity of Minnesota repored cight 1c
sections for mtussusception betnween 1010 and
1917 with primry nd o end anistomosis w8
mg the dosed techmique He had no deaths
Packard d Alen wrung from The Demver
Chidrens Hospral report mne resections for
inttssusception with no deaths Pramary anas



Fig 24 Incomplete Barium Enema Reduction Rescction

of T End wend \ h h Fe
male 5 months Md  Intussusception 21 hours duranen
A The banum column siops abruptly just proswmal te
the plenic flexure  There 1s a vague Olling defect
The muussusception has been reduced across the mid
hine Thus s an occasional case in v hich Hanum seems
to enter a short distance into the lumen of the s
susceptum  producing a conial banum shadm

=

€ & D The mssukeption was reduced into the acend

ing colon and eould be reduced no further  Note the
almost completely tansserse cutoff of the banem
column  The ¢ mplete al wnce of baram between
the lavers of the intussusceptssn sugzests a tight and
srreducible swussuscef uon In facs operation under
taken at this ¢ int reveale § an inususception which
rest ted attempts at manual reduction

(Cont nuedonn 1faz )
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tomosts was performed in all There 1s no diffx
culty 1n finding reports usually somewhat ear
lier than these histing prohibitnvely high mor
talities from resection for mtussusception  Sny
der hraus and Chaffin wnting from Los
Angeles Childrens Hospital m 1949 report a
669, mortality 1n patients requiring resectton
Gibbs and Sutton 1n 1943 reported a 719, mor
tality 1n patients requining resection  In their
hands resection and primary anastomosss yielded
a mortality of 439, whereas Mikulicz resection
produced a 1009, mortality Gibson and asso
ciates reporting from the Mayo Chnic mn 1949
had a mortahty of 509, 1n patients requinng
resection and primary anastomosis and had one
survival after a Mikulicz resection  Hogg and
Donovan from Babies Hospizal in New York
1n 1946 reported nme resections for mtussuscep
tion  Three out of five with primary resection
and anastomosis siccumbed and two out of the
four with Mikulicz resection died  McLaughlin
m 1948 reported resection 1 21 cases with a
mortality of 50%, Gross and Ware writing n
1948 reported 18 cases with primary resection
and lateral anastomosis with only three recos

ertes a mortlity of 839, These had all been
performed more than ten years before the report
and these results were the basis [or the abandon

ment of primary resection and anastomosts at
the Chnldrens Hospual i Boston  In 1953
Gross had perlormed 18 Mikulicz operations by

€
L The ntact speaimen the ileum entening the mtussus
<eption at the left

The specumen lias been sphit and the view 1s that of the
intenor of the portion visible 10 L which has now
Leen turned over so that the ntussuscipiens 1s at the
lett and the entering ileum at the nght Notce the
apparent good condition of the proxtmal ileum and
the tremendons thichening of 21l coats of the returning
himb of the intussusceptum and the be,inning slough
of the muc»a  The intussuscipiens 1s d and

the techmque described above and had fifteen
recoveries

Lawrence wnd Ulfelder reported from the
Massachusetts General Hospital 1in 1952 five re
sections with anastomosts for wreducible 1ntus
susception with one death

Zachary prefers a generous resection with end
to end anistomosis by 1 closed techmque nd
decries erther the asepuic AMikulicz procedure
other Mikulicz procedure or the additton of 1
lateral anastomosis to such a procedure 1ccord
ing to the method used at Newcastic on Tyne

Fox mn 1956 from the Childrens Memorl
Hosprtal in Chicago reported ten resections with
primary anastomosis and one death

Thatcher reporung from the Milwaukee Chil
dren s Hospital m 1954 reported 15 resections
with primary anastomosis since 1947 with one
death a 6 6%, mortality

In no single series 1s the number of resections
1equired suffictently large to mike 1 compin
son of result statstically sigmficant  In the
small series of resections with which we thus
have to deal rndom sampling of 1 few more
profoundly 11l pattents 1n one climc than m an
other may sertously color the results It would
appear probable that as good results ¢an be ob
tuned by primry resection nd mastomosts 1s
by 1 Mikuhz exteniorization procedure It cer
tainly 1ppears to be estiblished that if 1 Mk
Iicz procedure 15 to be performed 2 anistomo
sis may be performed at the same time by the
method of Woodhnil leavin, onc or both loops
of bowel open 1s 1 vent or the double barrelled
tleostomy m1y be taken down After 18 hours nd
the exteriorized ends resected and i nastomo
sis performed by the method of Jones or 1 dou
ble barrelled tleocolostomy my be performed
the spur crushed and the bowel anistomosed
some time Iater —the method of Cross

All of these methods are appreciably less udy
than a direct anmtomosss md scem not to pro

thinned out but intact The appendic abo visible 1n

E has ju t begun to be drav 0 into the intussuscep-
uen and sts distal poruon shows changes i color

An endtoend ana tomosis 12y performed  The chuld

recorered unerentfully and left the hospital in ten days

duce de
expected that there will be a gradul trend 1o
sards general adoption of the one sta, ¢ defins
tive procedure  The short aranong procedure
presently advocated by the Clasgon group also

! rably better results It 15 to be
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represents a less than definitnve operation which
does not have the appeal of the primary resec
tion 1nd anastomosis nor results su[fmeml) bet
ter than reported by the other methods to war
Tant 1ts adoption
Above all 1t must be stressed thit children
with tussusception are sich mdiaduals, that
they are suffering from substantial flud loss
Joss of electrolytes and blood mto the fumen of
the bowel into the bowel wall and mto the
perttonerl cavity even before nperation has been
andertaken and that bacteral trinsmigration
through the bowel wall begins even n a stage
when the bowel 1s sull 1iable No operatne
methad will yield good results f ume 15 not
tahen first for swift and ethictent attention to
correcting and countericting these factors No
chuld with mtussusception should be operted
upon without having 1t least recened intrne
nous flurds ind any chuld who 1s ac ail pros
trated should recerve biood This should be 1n
the amount of 15 cc per kilogrim of body
weight  If blood has not been admimstered
and operation discloses the need for resection
blood trnsfusion should be begun 1t once all
patients having been matched for transfusion in
any case  All such children should be operated
upon with an mtrienous drp running  As
all operations for ntestinal obstruction, most
particularly 1 mfants who strangle so readly on
vomitus the stomich should be emptied by
stomich tube before operatton 15 begun and
suction muntuned on the gistric catheter
throughout the operation Anubiotic wlmins
tratson should be begun before the child 15
taken to the opering room  This serves to
counterct the effect of the bictenal invasion
caused by the primary condition the potential
sorling 1t operation nd possible pulmonary 1w
fection In the fast movng freld of intumicro
il therpy speafic recommenditions  tre
ikely to hnve only 1 fleeuny, validiey  Our pres
ent preference 1s for 1 combintuon of pencithn
nd streptomycin
Post-Operatnre Therap
1 remtment After operition 1 gmdt(\ essen
tally by the same ndices 10 the child whe has

INTUSSUSCEPTION IN INFANTS AND CHILDREN

had 1 sumple operine reduction of m s
susception and the child who hias had 4 rese
ton  Gastric suction 15 muntuned from the
time of operatton 1nd the cinld treated as of he
had an established mtesttnal obstruction «
soon s the child bas pissed 1 stool the suction
1s discontinued nd the child begun on oral feed
mg  In the simple reduction of intussuscep-
tion this wall usually be within 21 hours  \fter
reseciton 1t m1y be 1 matter of several dys
At all events nothing 1s given by mouth unul
the chid has demonstrited by the prssage of
stool that the 1ntestinal ¢l 1s open md fune
tioning  Untl thns tme the flud balwmce s
muntuned by the admunistrition of merenous
flurds to the 1mount of 100 to 150 cc per hilo-
grim of body weight per dvy  We prefer 4 I
tite sahine glucose solutton for ordinary porposes
This consists of one part M /6 lactate tvyo pans
0 85%, N1Cl and three pirts 37% glucose mwaner
In profoundly Il children with resections and
severe fluid Josses 1t m1y be well to 2dd porsim
chloride 1 5gms/1000 cc of soluuon  Blood may
accasionally be needed tn the post-operune e
riod 1n children who hne had 1 resccrion

B DNon Operatise

“The first successful opartne reducuon of n
tussusception 1 1n infmt was veported by Jon
athin Hutchmson m 1873 the pinent hng
been operated upon n 1871 Unul thus tne
the disease had heen ireated cuther c\p«nnlly
wauting for ggrene of the mtussusception and
spontneons passage of the slough or find been
treated by recta) snstillions

e method of trewment by seetal wstrlla
tions 1s ofder than 1y operatiie atic Nappoe
rates nd Praxagorts 1dvsed forced oot of
water of ur mto the mtestmes i il forms of
slens without having described mtissuseption
md 2 number of wthors m the carly e
teenth centary dvased mnd wsed clysters mccm‘
fully for mtussusception Others used bellow
or connccted hydrogun gencrstars nuh the Y!r(
o or nserted effervewent pawders it u’r
yectum or imerted bottles of charaed water 1

ath
jerng carbion diozede under presstre Suft
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Infussuscephions at The Johns Hopkins Hospilal 1959-1957

® Reduced by enema
alone 53[77(69%)

O Reduced by enema and
(opex'ahon 2477 (31%)

5/24 operative confir- o

mation)
NO DEATHS

Fig 28 Seventy seven Cases of Intussusception Treated
Primartly by Barwum Enema at the Johns Hophins Hos
prtal 19391957 Inclusive  Note that the position of the
intussusception when encountered by the bantum enema
has little or nothing to do with reduaibility  Of those cases

ers passed long bougies 1n the attempt to per
form a direct reduction or sumulted the pro
lapsed intussusceptum with electnicity or tried
to shrink 1t with cold water or hypertonic saline
solution  Wath this bickground Hirschsprung
of Copenhagen m 1876 reported his expert
ences with the systematic treatment of 1ntussus
<eption 1 mfnes ind children by hvdrostatic
pressure By 190> Hirschsprung was 1ble to
report on 107 personal (ases of mtussusception
His results were so superior to any previously

operated upon e were found to hase had their s
susceptions completely reduced by the bium enema so
that the barium enema reduced 58/77 or 70¢°  Of the
19 others operated upon n all but one the barium cnem
had reduced the intussusception to the ciecum

reported thit his contemporaries scem 16 have
doubted his conclusions  He apperrs to have
been forced m sell defense to publish 1 cancise
account of exch of his 107 cises  He presented
a 35% mortality mn 1 disese which up to thw
tme w1s fatal m over 809 of the cases  In 81
patients treated by Hurschsprung wath enemn
alone the mornality was 23¢,  Ihese hgures
compare favorably with those from The Johns
Hophins Hosprtal  using operitine treatment
only an the penod from 1929 10 198 more
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than 25 years after Humschsprung  The method
of reduction by hydrostatc pressure wais sys
tematized by the Pamsh school Hurschsprung
nd his successors hoch 1nd Ocrum and Mon
rid Al of these pricticed to varying degrees,
minuil distmvagination of the mtussuseeption
through the ntact abdomnal wall  In 1913
and 1914 the first reports of mtussusceptian ding
tiosed by roentgenogriphy were made by Ladd
and by Ielimann  In 1927 Olsson and Pallin n
Sweden  Stephens and Retan in the United
States and Pouliquen 1 Frince all reported
reductions of mntussusception by barum enema
under fluorascopic control  Clubbe of $ydney
the great Austraban student of mtussusception
while f1orng operative reduction of 1meussus
cepuon 1n hus erly cases used an mjection of
wirm ol muntumng that 1t always reduces
thie teussusception to a certain estent and n the
best and gentlest possible way  In this way 1t
lessens the shock of the coming operition be
cause less mimpulation of the mtestines 1s need
cd It 1s espeannlly useful 1 crses m which we
find the intussusceprion i the rectum becruse
if we do not wse 1t we may find some difficulty
m getting our fingers below the tumor to begm
the squeezng process  Hipsley 1lso of Sydney
Austrilin dissaushied with 2 mortality of 89
with the operatie treatment of intussusception
began the regular treatment ol intussusteption
by hydrostatic pressure with normal sihine soln
von  In 1926 Hipsley reported his Tirst seres
of 100 cases so treated with the speaticubrly
low mortality rite for that tme of 54,  Since
that tune use of sAline enemas has continued to
be standard 1 2 number of ustrihm chnus
but the use of banum nem has been populr
m Semdmiv and m South Americt Inthis
country nd 1m Fnglnd nd Cerminy the use of
hydrostaue pressure has nover been widddy ¢
cepted although m recent yes there have been
notieable some concossions 1 ts direcion by
those who previowsly resorted solcdy to opery
ton
Ihe wddition to hydrostatic pressure reduc
uon  of mampuliton through the antt b
dominal wail has been potedan Copenhagen nd

elsenhere to result m occasional rupture of the
bowel and for this rewson that 1s to b stronghy
condemned  Our own experience with hydro
static pressute has been lumited entirely to the
use of the barum enemn reducton wd dates
from 1939 From 1939 1o 1946 the wse of the
barum enema becime nere wsingly ihe method
of choice i the treatment of mtussusception at
The Johns Hophuns Hospual nd sue 1946 1
has been unnversally the method of chowe The
demonstration thit during the period 1939 to
1947 there were 21 prumary opurmve redue
tons with fne deaths 1 mortaliy of 24, wut
27 primary enema reductions with ho martahits
had 2 good deat to do with influcncing the prac
tice of the surgical sarnvace  Prior to thit tme
selectton of method depended upon my persomil
success i perstirding the mdnidual surgeon m
charge of 2 gnven ¢ase Since thae ame at b
been standard practice to msttute bartum cne
m1 an all eases suspected of hwving mtussuscep
tion  The Johns Hophins scries consns of 77
c1ses of mtussusception i imfants nd children
treated primnly by binmm cnem from 1939
to 1958 We hve had no deaths i the senes

During the three yers 19521955 1t the Mount
S Hosprtalin New Yorh when buium enennt
reduction of mtussusception was the method of
chotce there was 1 smgle death This wwsnt
child 1 whom the wtussmeeption could not be
reduced by banum eneam and m whom opert

tion w1s resorted to without deday It ppar

ent from the record thae the meussuseeption w19
reduced with some difficulty at optraten and
that non 1Bl bowed was gudged to be stk

and left belund  Ihe puent s condinon stend

iy wonened and the pinent died without 16

opcration At wtopsy the bowd which tnd
been mvolved 1o the stetssusce preon w1y fonnd
frankly necrove A the Bafumorn C s Traspt

il whore baraea caemt reduction of mngusis

cption 15 now standard prictice we hwe afso
had e dewth 1 ehald trotad by enan pn

This was 2 manuc mhnt sy wecke

1§
e fifeed

of age who hd had dirhocy Bvith some
g for most of ws brief fife and who hul beent
scit ta the Cry Hosprtals an 1 monbund state



¥1g 29 Reduction by Barum Enema Alone
Female stxteen months old This infant awakened at
400 a m crying with pamn drawing up her legs and
began passing bloody stools shortly afterwards at the

MY

same ume that she began to somit  Seen nineteen hours
after the onset she was vigorous not prostrated There
was resistance 1n the right upper quadrant where a sausage
shaped mass could be felt extending across the epigas
trum  There way bloody mucus in the rectum

It had diarrhoea distention  tracheo bronchitis
and bilateral pneumoma  Despite the conunu
ing drurhoea after tho days because there wis
a good deal of blood 1 the stools a bartum ene
ma wis advised  This was mterpreted 15 show
ng no mtussusceptron  The review of the films
showed poor filling of about three mnches of the
small bowel and m intussusception onginally
present n the colon (Fig 11)  Operntion was
underinken at once  \o mtussusception was
found  \n annular ¢ywonc mark  thought
probably to have been ciused by the neck of an
mtussusception was found about two feet abose
the 1lea cecal valve  There was no hemorrhage
or edema

The baby conunued 1 1ts maranuc and mon

bund state and died tvo days later This intus
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4 Shows the intussusceptum encountered 1 the trans
verse colon to the lelt of the vertebrl column  The
meniscord € fect produced by the Glling defect of the
ntussusceptum and the extension of the horns of the
menscus up mto the space between the ntussuscep-
tum and the intu suscrprens are beauts ully shown
The intussusception has begun ats reducton and has
been displaced almost to the vertebril column
(Comttnu d on next page)

=)

susception was almost agonal v an mfnt 1l
rexdy monbund and was so rpidly reduced that
the ongmal observers doubted 1ts enistence
Autopsy showed an extensive mnd scvere entert
tis involung all the intestine 1s well 5 1 severe
ilateral pneumonit and 1 diffuse tracheo hron
chitss
Technique of Bartum Enema Reduction

As oon as the diagnosis of intissusception 1s
suspected  the operating room 15 notuficd and
the patent formally posted for apartion In
most cises the intussusception has been re
duced before the opcrting room has hiad tme
to send for the patint  Tntravenous flud d
mimstration 1s begun at once 1n almaost 11! chil
dren  Ason any type of mtestinal obstrucuon
the stomach 1s emptied and the gastric tube left
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€ The concwve Blling defect has almost disappeared 1 D

the intussusception has moved ncross the vertebral
column and

I he meniscus 1s re forming once more to the nht of
the vertebral column

% s

am Tiss passed bey ot the Pepane 1 vuee

b

e
} Ihe it septim has been teduced almow 1y the } I o
2 ane
hep atic Hlexure and the mermiscus as te fornung omee
mrore
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Fig 9(Cont}

G Begins to fill the ascending colon but no barmm 1s
seen m the ilenm and the cecum 1s certanly not com
pletely filled

H The abdomen 15 so completely obscured by barum
that 1t might be difficult to be certain that there were

m place  Although 1t has not occurred n our
expenience the vomting and aspiraton of
somutus by an infant 1 the dark of the fluoro
scopic room which might otherwise occur could
pose a serious problem In the more severely
shocked chuldren blood 1s matched and blood
trsfusions begun actnally m the fluoroscopic
Toom  An ungreased 45 cc Foley bag catheter
1s mserted into the rectum the balloon nflated
fully and the buttocks strapped tightly together
with adhesne It 1s remarkable to see how
large 1 balloon a tiny mfant can expd af at
struggles  The catheter 15 connected to an am
ple reservorr of barum at 1 height of between
three feet and three feet sin nches above the
table We do not employ mesthesta or sedation
In 1 single mstince the patient was a siv vear
ald girl who bu the author 1 the mampuliton

K

With 2
Itle care actually one loop of small Lowel can be
seen lateral to the mid ascending colon and several
loops of smll bowel can be seen immediately beneath
the nuddle of the transserse colon

loops of small bowel winch had been hlled

was begun  In this mstance upon maturc rc
flection 1t was deaded 10 use general mesthe
stv The barium 1s permitted to run mto the
rectum unmterruptedly although 1t umes the
flow may be momentartly halted while spot
films are exposed  The barium will usunlly be
seen to run rapudly into the rectum and colon
until the head of the banum column mects the
pont of the mtussusception At this point the
rounded head of the Advinang banum column
suddenly becomes concave forming 1 meniscus
round the head of the mtussusception much 1
would a column of barium n the vagina out

hinmg the cerax Tor purposes of documenta

uon we usmlly obtain a Hilm of the mrussuscep-
ton when first encountered and 2t lewt one

more to show complete reduction  As the Indro-

tate pressure of the column of binam suspen
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1
]

g "9 (Cont )

1 J K show that with progresave evacmauon of the
barium after the balloon catheter has been yew ned
{J nd K) banum Olled foops «f suidl F el ¢in be
more clearly and conclusnely demonstraied

Ihe entire process of reduction sequired ten minutes

Ihe ¢k et the hoaspital 3 eIl gn three done Chare

mstilled an the stomach smmedistedy after the Lanum

cnem reduction 3 as recosered an the stoe b yathin un

hours
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Fig 30 Reduction by Ianum Enema Alone P C
Female 334 yeats old Ths child entered the hospital
14 hours after the onset of abdominal pain and somitn,
She had vomited repeatedly 1o stool had been passed
She was prostrated and lhistless dehydrated with markedly
sunken eyes the odor of acetone on her breath and three
plus acetone 1n her unine  The abdomen was soft and a
transverse sausage shaped mass \ as visible and palpable
m the ep g about 813 and

sion 1s muntamed the menscus lengthens the
horns extending proximally around the intus
susceptum unti} suddenly the intussusception 1s
displaced and the menuscus flattens out again
This process 1s repeated sometimes with ex
treme mpidity until the mtussusception 1s re
duced to the cecum and through the 1leo cecal
valie  In the transverse and ascending colon
the mtussusception  frequently  fits loosely
cnough in the larger caliber ntussuscipiens so
that barium seeps between the intussusceptum
md the mtussuscipiens producing the  corled
SPring  appearance cien n acute mtussuscep-
lons  One should take care to see that the

barmm flows freely mto the sleum  If the 1

firm 1n consistency

On banum enema the intussuscep
tion was met to the left sude of the transierse colon and
readhly reduced with free filling of the ileum within 15
minutes

The charactenistic filing defect i the head of the
barium column 15 seen just proximal ta the splenic
flexure

1 The meniscus 1s [ound {lattened as the barium reduces

1t to the nght of the vertebral calumn

g

cum does not fill freely one should operite at
once even though the sntussusception has appar
ently been reduced through the tleo cec1l vihve
and the cecum fills without my defect  1ttle
harm 1s done by a McBurney masion which dis
closes that the intussusception has been an fact
completcly reduced and real harm may result
1l complete reduction of mtussusception s 1n
correctly diagnosed At times when 1 antus
susception rests enttrely within the small bowel
1t can be demonstraed by birnwm refluxm,,
through the 1lco ceeal valve up to the mntussus
ceptum (Frg 10)  Thus s not dependable md
m any case one mkes no attempt 1o radice
mussuscepuions at this Jevel by banum enema
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A y \

Fig 39(Cont )

C Baruim has reached the hepatie flexure between the D Shows the hepatc flexure filled and birum sceping
intussusciprens and the intussusceptum  although the between the intussusceptum and the larger cabher
Intter 1s sull almost 2¢ the night vertebral border ascending, colon

A [ilm taken with the colon Tess distended after partal
cxpulson of the banum perots caues ifferentian o

I Shows free GOiling of mans loaps of small bowel 14
When the barsum v as expelled the returns were colored
pink by bload

Between the hirge bowel and the wnall b wel framel

by the parually emptied colon
The child passed a spe ntancais stew | and [atuy within
€ houry and way discharged well o the sth ¢ay
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Fig, 31 Reducton by Banum Enema Alone C G
Female 6 months old This child was brought to the
hospital 6o hours after the omset of abdominal pain
and vomiung  She had been passing bloody mucus for
G hours before admission A large tubular mass was felt
m the lelt side of the abdomen and thought to be the
intussusception  The child s general condition was good
Admimistration of intravenous glucose and sahme was
begun nd a barrm enema undertaken A catheter was
Placed 1 the stomach as 1n all these patients to prevent

Intussusceptions enurely hmited to the small
bowel will usually present the picture of intest1
nal obstruction and m such patents 1f banum
enemt shows no intussusception n the colon
aperition should be undertaken at once
There 15 great vanation m the speed with
which reduction can be achieved  In one mnfint
wtth n mtussusception of the transserse colon
motion pictures were taken of the entire reduc
tion  The contiuous film strip covers a period

vomuung and aspiravon 1 the dark ol the fluoroscopy
room A balloon catheter v s inserted mnto the rectum
and distended

The plain film sho s the gastnc catheter 10 place and

-

the rectal balloon nflated  \ number of dilated loops
of small bowel are seen in the left upper quadrant

B Demonstrates the barium outhning the end of the
mtussusceptum n the rectum immediately above the
balloon although 1 e had not [dlt the intussusceg tum
on rectal exaninaton (€Contmielonnext pag )

of less thm five scwonds  In another mstance
an expenenced pediatriaan called to s1y he was
sending w1 mfant with intussusception All
was made raady the baby was met at the door
thomtussusception which was encountered 1t the
md transverse colan was completely reduced s
o 10 three mmutes and the baby was on his
way to the ward within ten minutes of the tme
he passed throu h the hospual gate At other
umes reduction may be extremely stubborn
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€ he smmmuseptum has been reduced ta the sigmosd
and these ss a shwp memiscont edye to the whanang
broum column When the antas usceptum fizs the
mrgssusapiens ughth ey hinde barm s able 10
awend beneen the tho foops aud one gets 1 meniscus
of thes character When dhe Gt s dews snug a good deal
M barin mon pass bowess she Joopy praducing the
wmied spring appearance 3y the banmm concenerates

ot rardy tire will be 1 momentiny pause
when the mtussuscepuion s counterad then
steuly reduction to the spleme Bowure Dedy
A the splenue flevure may be folloned Dy rap d
suhucnion 1o the hepatie floxere where there
mn o bosome dedne Fbing, of the coonm
i often slon and tie cocum myy distend quire
markedly bodore 3 sdden rush of binum o
the sall bowed denotes camplete reduction
Ve hne no hesttation s confintng wath the

INTUSSUSCEPTION IN INFANTS AND CUHHDRFN

beineen the edemnous lalds of bowe] at the same
tune thit the end of the antususeptum produces 2
large round flling defect Frequently the menicond
shadow 1s seen 3 she Jeft colon and as the wntuvuseep
o o teduced the radiolo e preture of the mtussus-
cepuon changes towrd the right enlon

The wntnsucption has been sediced well up nto
the descendsng wlon (F ontinucton nesifant)

reduction Tor 15 lang s {5 sunotes or 1 bour
sa long 16 stedy progiess i been made The
dnldren wre rccavin, mtrnatous fluds or
Blood 15 needed dunag the procedie and she
rocnegen esposure 3 onfy fracbontl and soter
mittent Once 1 as obvons that there b heen
1 1hwohite arrest of dhie bsons colim for ten
unues or so nothin, 14 g0 be gunal In pee
sty e operation should be proceeded with

The prmapl ddlicalues s e wse of it
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E ) —
Fig 31(Cont )
The reducton has progressed around the bend of the
splemic flexure
Although the barium has reached the night colon and
the filling defect of the onginal intussusception 1s st}
seen 1n the ascending colon there 1s an abnormality 1n

m

-

method are likely to involve a Jeakage of barium
from the rectum beciuse of failure to strap the
buttocks together tihtly or plugging of the
tubing or catheter by lumpy barium mixture
Il there 15 any doubt that there has been a free
flow of bartum 1nto the bowel with maintaned
pressure the child may be allowed to evacuate
and the procedure repeated

It 15 our present practice to rely in general
upon one continuous sustained mjection  The
ntussusception 1f not completely reduced 1s al
most invanably reduced to the cecum although
mn a few cases, 1t has gone no further than the

-1
=1

the left transverse colon  Inspection shows the column
of barium gosng through the middle of another intuy.
susceptum and outhning a colo<olic IMtussusception
1 huch 1s only incomplerely reduced

ascending colon and 1n the last case treated
the intussusception which proved at operition
to be rreducible could not be reduced by the
barum enema beyond the hepatc flexure

It 1s of the utmost importance to be certun
that there 15 free filling of many loops of small
bowel with barium  The distended cecum and
the sigmoid 1f redundant m1y overlap and be
tween them obscure the freld so that 1t 1s dilf
cult to see the ileum  In such instainces af the
child 15 tumed upon the bdomen ats ouwn
werght may separate these two loops of bowel
and permist one to see the tleum between them
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Fig 31 (Cent )

G This mtussusception 1s stll further reduced while the
trinsverse colon s filling and one sees the orignal
musshisception more sharply 1n the ascending ¢nlon
The positton of the meni cus of the colo-calie ntussus
cepuion 1 F and C issuch 1s 1o sug,est that this second
mussusception was actually a retrograde inssuscep-
ton

Under no arcumstances do we ever manpulate
the abdomen however great the temptition
Under no arcumstinees do we ruse the o
ter of banum lgher than three fect six inches
aborve the tible Negleat of these precwstions
mniates tupture of howel or reduction of gn
Sitnons howel s 2 number of reports testify

1f the abdomen becomes so distended with bar
i thae s s difficule or impossible to be cer
tun that teops of small bowel hae filled the
«utheter s pamoved the chuld AMowed to evacu
e md then fworosoped once more  The
loops of smill bowdl filled with banum will
wsuatly be seen frimed by the olon Tmmedy

H The colo coltc mussuscepuion 15 completchy reduced
and the scending colon progressavely Gils with banung

ately after the complenion of the reduetion pow
dered chareol s deposited o the patents
stomach through the tube already i phice S
hours Mter an cuem ts admnstered o reeover
the chareotl and prove beyond doubt the rehiel
of obstrucion This mathod mueduced 1y
Hipsley wsures one that the obntruction has
been rehiesad but does not nocessanly danan
strate that the mssuscepnion his ban otrfhy
seduced  Hipsles makin, wse of the obsenna
tron that flnd which refluxes muo the alensm wall
not be pramply expedied menures the geetle of
the Aduldren bedore and Hier a sihine oems
I the abdomil qrth yemuns substanniatly
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Fig 31(Cont )

1 Note how the overdistended sigmoid encroaches upon
the shadow of the cecum so that st s diffscult 1y eell
whether the small ben el 1s filling or not

] Shows apparently complete filling of the < slon bue the
posstblity of overlap between an overdiended sg
moid and n ancompletely [iled cecum cannnt be
excuded It 1s probable that some of the shadw 13
due to loops of small bowel but «ne cannot state ths
unequnocally

h In this instance v ith a bittle more Billing new rany-
verse ung 1,0ps crow bets ecn the Dops of colon and
are obvioushy bops of small bomel  An evacuation
Nl trequents shows loops « F small bwel framed by
the parualls empts colon (See b1y 30 F )
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mcresed after expulsion of the enema he 1c
cepts this as evidence of free pissage of the fluid
mto the tleum and hence of reduction of the 1in
tussusception  While fus results hive been ex
trordinnly good we prefer the certunty of
direct fluoroscopic observt on nd the opportu
mty that ths affords for objectne documentn
tion on the film of the exmtence of an s
susceptton 1nd of 1ts reduction
The successful reduction of an mtussuscep
tion 15 indlicated by the following critenn1 —
1 The free flow of bartum well mto the
small bonel Thus 1s the sine qu non of com
plete reduction and must be msisted vpon n
all c1ses which are not to hive an immediate
operition  The remuning critenn are merelv
confirmatory
2 The retran of the banium with feces or
with flatus Tins 1s not helpful m the ocet
stonal child who 1s incompletely obstructed but
most children with ntussusception are com
pletely obstructed and have empued the colon
distal to the intussusception so that apperince
of feces 15 1 them 1cceptible proof of reduction
V Dusappemance of the mass At times 1
m1ss 1 stzll palpable in 7 child m whom there
1 posttn e ricdiologic cvidence of complete redue
uon of the intussusception The mass n such
cses s the swollen edematous bosel presiously
forming the mtussusceptum  The enlirged mes
cnteric lymph nodes which regularly 1ccompiny
an intussusception my form pare of such 1 pal
ible post reduction mass On the other hwnd 2
very simll intussusception still persisting m the
regron of the 1leo ceeal valie mty no longer he
palpable afthough suilf present and sigmfictne
1 Clical amprovement of the clld who
often f1lls mto 2 naurl sleep This s dm
wane wd furdy  constant As  Nordentoft
ponts out mcomplete reduction frequently re
ieves symptoms temporintly <o that this aign
o0 1s merely confirmnory
5 Subsequent yecorery an the stool of the
charcoal g by mouth or the tpparnce of
2 blood free siool

Most of the chufdren re so Istless wnd apr
thetic that the banum enema seems to cruse

them hittle distress and w15 scarcely necessary
to restrun them  If restrunt 1s requured 1l
tic bandages holding the extended Jomed hands
and the extended feet will deerense she peces
sity for exposing assistaints  In some of the oder
children 1t 1s necessary for properly protected
wsistants to restrun the hands nd feet
In only 1 single mstance hine we had whu
mught be considered an untoward reywon 10
this treatment  This was m 2 five month old
colored female mfant who had been brought to
the hospital becuse of soming and 1 frink
upper respiritory infection  Howcver her som
=4
Fig 32 (pages 81 82 83) Reduction by Rmum Fremy
Alone A B Male three vers eight months old Ty
child was seen f1ve hours after the onset of severe Abudomn
mal pun  There w9y 3 transserse epigasinc s His
conditron wisgood  Barnum fowed freedy up the deserd
g, colon nd around the splamc flesure o meet an

obstrucuon in

1 the transverse colon just proximal fo the defe of the
mudhne

b The filling delect stowly and progressively moves across
the transverse ¢nlon to the night of the midline

C VMore banum 1s beginning, to pass between the pius
stisceptitm and the sntussuscrpiens fhere s a {arge
{illing defect an the banum column and the beguning
of p1a) rings of barm 1 the folds of the edematous
l"llli‘ll‘&(‘plllm

D&E  As the burum reches the hepatic Hevure the i

15 much lomer and 1 goad deal more hinmn seeps

Between the Iners of the intussusception producing

the strsking Billing defece and the corled spring appear

nee

1he hepatic [lexure as filling more completely hut the

filling defect persists.

€ The nght colon and hepatie flexure have fifled o

pletels and the filing defect 1v now viable down

the ascending enlon

The ascending colon ss very irgels Tilled and the out

Dine of the cecum can be seen but i has not Glked comn

pletely although there 1s no abyous IiMung defect

Fhe cecum pow appears o e fufed Ly densely

and there 15 2 e barm medit 1o 1Cwhich must he

sn the snll bowel

With a 1u b mans loops of small banel have il

the cecum appe e o kve hiled eompletedy asyell

A\ detnd « f the small bowel toof o shows no abn enal

ity and

After withdrawal of the alloon catherer and with

expulsion of mst o the st mreely fillesd 1mpé of

small bowel are scen discrete frem the hirpr imeshire
The bl Tefe the henputal well in theee davs.

-

-

ert and

o

b
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Fig 3 (Cont)



INTUSSUSCEPTION IN INFANTS AND CHILDREN

83



INTUSSUSCEPTION

hig 33 Reduction Wy Banum 1nemr \lome T W
Female B months old  This cild developed divrthoer
and abdonunal camps 18 hours befure conung to the
hospital began to puiss bloody mucus 21 hours belore
adnussion to the hospral had somited two or three tmes

tmg hid come on comadentlly with an at
truk of abdommnl pam donng wiuch she had
drinn ber legs up cried and vonuted  In spue
of thus vouuung pun wd 2 lethargy wihich was
noted m the records she was sent home ding
nased 15 cute naenttont] disturbanee In
the 1vo W 1 bhalf hours which hd rnspired
sinee the onset of hor Mness she had not passed
blood and rctunlly no blood wis pissed unul she
bad Been home afmost e hours more She
was Iimally brought (o the hospirat 02 hours
Ater the anset of the liness when she was
prostred debvdruted and had casily palpa

NINEANTS AND CHILDREN

on the Lirst day of symptoms but had taken and retamed
some feedings  She was apatheuc quiet and prostrated

fhe abdomen was relixed  There way a fullness i the
lower abdomen and there was an easly palpable cuned
fiem and movable mass extending from the umbilicus mt?

ble anss m the et lower quadont The bir
mim enemt cncountered the mrassisception 19
the descendin, colon (Frg, 1) whence st wis
cissly reduced to the splemc floware v peried
of five mmutes md to the hepauc flexnre
another ten nmnnutes  There was then no chan,e
for 30 munutes of stoudy pressure e quire
obvious that at this pomt the child shouhd have
beent tken (o the operitmng soom However
e subsequent wd furly deiberate atternpts
were made 1t reducuon by brnum enom and
on the thurd el same brrsten was sech 10 s
o the weendn,, colon and cecum Sinee 1t
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Fig 33(Cont )
the left lower quadrant and easily palpable rectally as
well Barium enema at once showed an mtussusception m

the rectum s seen 1 A the mtussusceptum reached

low 1nto the rectum  Barium has begun 1o pass between

did not fill the 1leum the child was ordered to
the operating room  Before she could get there
she developed generalized tonic and clonic con
sulsions and had two subsequent seizures of the
$ame type The operation was postponed for
several hours on this account but when it was
fmally undertaken  the ntussusception  was
found completely reduced The child very
slowly recovered from the effects of these con
‘ulsions  the cause and nature of which re
mamed uncertain
Results

In the 77 nuwsusceptions treated by barium
¢nema 53 have been reduced by the barum
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the intussusceptum and intussuscipreny  The outhne of
the distended rectal balloon 1s sharply usible  In B ihe
concave memiscus of barium 1s scen to have reached the
sigmotd and in C the ascending colon  In both D and

enema alone n madence of 6945 (Fy, 28) Of
the 24 patients who were operated upon there
were fine 1in which the reducson hd been
achieved by the bartum enema so that the oper
nton was merely confinmtory The hinium cnemn
therefore completely reduced the intussusception
mn o8 of the 77 wases or 70¢, There hwve been
no deaths

Recurrence

We hae had three recurrences in the 77
cases  The first recurrence was m a 13 month
old colored male first seen two weeks after the
onset of 1bdomnal pam and vonuting, with con
stipation anorexta and cramps  He had cran
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Fig 3eCenny
b hittle binum hias passd between the ntussusceptum

berry colored stools was moderately prostraed
markedly dehvdried and had 1 farge mass i
the eptastnum - The banum (nema encount
cred the disti end of the mtussusception 1t
the splume flesure whenee 1t was promptly re
duted o the denm whach filled well - Char
ol ginen by stomach tube was reeosered five
hours Iater 1 spontaneous stool and the fol
lowsn, momm, i prssed 2 norml stool felt
well had no palpable mass  He then ramuned
vymptomae unul 18 hours ier the anamy
reduction when he vomited twice nd shortly
Mier pased 1 oonreme gy stool and b
doufn mass palpnble i the e Jover qud
1t ostending, up to the It upper quadrne
nd across the widine By binum cnema thie
IhtusACepuon was ohce more teduced with 1)

INTUSSUSCEI TION IN INFANIS \\D CHILDREN

F

And musasapiens 1o outhne the splenic flesure  1n b

and F the plemc Heosure ills progresindy

m, of the deum althouh there remuned 1 il
n,, defcct i the ceenm Operatsan disclosed
am intussusception of the appendix isell (see
Tig 8) It secmns possthle thar the mntussusep-
tion of the ppendin peristed After the first
1eduction but had not been observed fluorascap
wlly > i bad i the second seduenon Fhe
cluld ramamed wedl After resccnon of the tppen
dis md pant of the cccum

[ he sccond recarrence wasin reld ol seven
teen momths i whom an mtusascepron hud
previonshy bren rednced by banum enenny 1>
months before when she st two months old
The second munssusceptiot wis sumbidy un
cventfully redoced by basum encemt

The thard racprsence was i 1 chdd who had
an mtussueption of ax hours which ws en
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Fay T3(CmE)

In G and H the mtussusceptum is seen moving ar und
to the hepauc flexure  Here there was o debav The
small hut defintte progress from C to ! jusulied pey
sistence an the reduction

Ialows numer s Dops of smatl boy el (led s ith basem
—proof sl complete reductim  Imrasencus Owds hd
been begun before the fluoroscopy 10 | ran continuonsly
during the procedure  The Ol reduction ok « e iour
of steuly progress v ith the barem cxpelied and € dmin
ssterct tvace Charcoal was insallad an the stamach at
the Omcluon of the pracedure anl v as recosered six
hours fawr by enemt The culd vw L ffund s off the next
m g Dicharge frem thie b patal v ay delaved by the
davelopment «f ot medis anfa cellubits fr m uleu
tanenu fluid which v ere gaven the first Nt



8% INTUSSUSCEPTION IN INFANTS AND CHII DREN

countered 1t the mid trnss erse colon nd readily
reduced mto the small bowel Charconl admmn
1stered through 1 stomach tube was recovered by
enemn some hours ter md the child had normal
stools wnd began tikmg flnds Sinty hours Iter
she developed cramps and began vomiting agun
Another intussusception was found nd this time
the mtussusception was reduced to the iewm
but the ileum atself could not be filled  The
abdomen was explored nd the mtussusception
found 1ctunlly to have been completely reduced
The appendix was removed  The chuld s had
no subsequent difficulty

Confirmatorv Opcration

There were four other patients in whom oper
ation undertihen after m apparently mcom
plete reduction by barium enemn served simply
to prove that the intussusception had indeed
been completels reduced The second such con
firmatory operation w1s undertaken 1n 1 two and
1 1Ilf year old white girl dmatted to the hosps
tal with 1 ten day history of "bdominal cramps
and restlessness with frequent vomiting and
only occasional retention of feedings  She was
prostrated  quite markedly dehydrated acidotic
and there was 1 palpable mass in the night upper
quadrine A barum enema encountered n n
tussusception 1t the hepauc flesure  Tlus cwse
was treated in 1912 when we ssumed thae 2

{(Text co ttie { on paee (00)

=
big 31 Reduction by Banum Fnema tlone € E.
temale 4 months okl Tlus cluld was scen 151 hours

after the omet of symptoms marked by sominng fol
1o cd by evulonces of abdominal pun She had been
given castor ol amd > hours alter the onset of svmptons
passedd Blood v sl a stol She had been fetharme afl day
before the ant of frank symproms  The abdomen was
soft there was some tenderness and re 1 tance 1 the Jeft
fower quadrant where the mass could be felt quite reukids
I'te mass was canhy palpable en rectal examination as
well  Intrasenous flunds were adauaotered through 2
af henous cut<donn

v Shaws the eharagterntic meprss of the aduanang
hanum column alreads diplaced st the o femc
Hesuze  The mios ey on seduced wo quckhy that
althugh the How of anum wis cut Jt opee whentle

smpuvesecpty 1 was outloed an the gectuin the 1!;!;:&
v proceeded ta the spleme flexure be! re 3 him

could be 1aken -
O ms the roduct 0 progressed anes the 1 FE)

u
verse col i with 3 Lithng defect in the ¥ appum ee Tun
eausced by the head of the sntunusceptum
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C Shous the Dithing defect even more planhy m the nght
sude of the transerse colon

=

E One can see incomplete filing of the cecum at the
$me ume that the appendix 15 nicely outlined Reduc
ton to this point had been extremely rapid buy at this
Point baniym began to escape from the rectum  The
@theter wasy 1thdrar - the child allowed 10 expel the
banum the catheter rerserted strapped 10 place and
the flow of barsum resumed

F Shows the fillin, of the many loops of small bowel
which occurred with dramatic rapidany

1t 1s possible lor the abd wmen o be ¢ mpletely lanted

out by overlapping of a distended sizm n 1 and a distende §

Eight eolon witheut Blling « £ 1ops of small brwel Fep

thisreason the banum wasevacuate 1 thyu hile catherer



9%

INTUSSUSCEPTION IN INFANTS A\D CHILDREN

G Ay loops of small bowel e quite disunctly visible

H The catheter was removed and after {urther evacua
tion there 15 no question of the adequacy of the
reduction

Note the gistric tube visble 1n AF In all cases the

stomach s empued before the manmipulition 1s begun

Churconl was deposited through tlis tube wnd appeared

mn a spontaneous stool five hours hier The child fell
wleep at the conclusion of the procedure bug when mak
cned was 1 good deal more alert than previoush A muld
philchitis 1t the site of her  eutdown  hept her an the
hospital for 6 dass

Fig 3, Reduction by Banum Enema Alone R 1

Fande § months old  This cutd had had dighoer
for .1 hours which had ceased about 8 hours before
admision o the hospittl - She had been vonuung for $
bours Lefore admision The cluld was not partientarly
Ul the Wdomen was soft a tbulir mass was ey felt
Tung vansversady Ab ne the umbndicus Onbanm encma
the intussusception was encauntered at the mid tHinsverse
colon Keduction procecded rpudly to the ind rseending
wlon Lhen the catheter was Gapelled On the second
antempt the reduction proceeded to the ccanmn s hen v, un
the catheter wis expelled  On the third ttanpt she smalt
bov el Oilled freels These maneuvers sequired an fiour

—

ind a half The child was Terhugic on whmisseon and
duning, the procedare hecame nonmally reactsve and
crinks nd the previmsly found nrvs wis no Dnger pat
pable  Fhe chitd was s the ho panad for 31 da

Shows the antussusceptin ceountered i the trans
verse colon immedntels to the fefe of the vertetrat
Fhe mesuscord ed, e of the adsnan, binam

-

rotumn
calumn as plunly seen

An eblique vier a e moments fater show the mi
transves ¢ o Lin v ath a shup and der menivns

€ Shows the hatium seep i, aronmd the itus uwej i n

at the fiepatc Hexure
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Fig 37 Reduction by Bannum Enema Alone H F
Male 8 years old  This boy came to the hospmtal (Mt
$§ H} 46 hours after the onset of mtermutent colicky
abdominal pain  He was known to have ¢ystic fibrosis of
the pancreas  He had not vomited and had not passed
blood His general condition was good and an casly pal
pable rounded solt mass was felt in the night lower quad
rant  We were called 1n consultation on this patient
because a banum enema had demonstrated the intussus-
cepuon and had reduced 1t from the transserse colon to
the cecum but no further and the attempt had been

b and was ¢ plated  Examina
uon showed the patient sull in good condiuon with an
easly palpable mass 1n the nght lower quadrant  The
catheter was remnserted and strapped in place and banwm

altawed to flow unmterruptedly from a hesght of 3 feet
abore the operatmg table without any mampulavon of
the barsum or of the abdominal wall

A The muussusception had progrewed once more and
was now encountered gust beyond the hepauc llesure
producing the typical Olling defect in the banum
column  Note the appatent double memsus shawing
that the meniscord pattern 13 camsed n part by the
protrusion of the intususkeptum into the itusuip
sens and i part by barium filling the edematous folds
of the inussuseptum

Reduction proceeded rapudly 1o the awending b
which Billedd wel!

I'he cecum filled poorly as ac had engmally and 3n
arregular filling defect appeared

2l
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D As the brum wis allowed to [low the cecum progres
svddy lilled with barum

\though there 1s still an obvious Giling defect i the
ceum there 15 1 Jewst one transverse hyng loop of wha
nust be tleum hilted with banum 1t s important to con
mue the flow af banem 1t this pomt - A false diagnoss
f reduction mas be made if a bttle barium slips mto the
tewm past wnancompletely reduced mtussusception

Shows complete Blling of the cecum nd of mrny foops
of sl bowed  The abidomen had filled o completels
with batium before this film had been taken that it

had not heen powible to be certun thae the opacty
taken after

P

was cmnedd By small bos 1 Tlne hilm
evacnanm ol some of the barum sh s frec filling
st muny Dropn of small bowel
Sin davs 1iter a bepeat barsm enem was performed be
ause in childien of this age canatne levons ate more
ommonis Ound than i nfants, N such deson 1 ae
temonstrated

INTUSSUSCEPTION IN INFANTS AND CHIL DREN
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Fig 38 Reductuon by Barum Enema Alone D B
Female 8 months old This panent was admitted to the
hospital 24 hiours after the onset of somiting Her mother
stated that the child was constpated nd seemed to be
hauing abdominal pun  The child had had an upper
Tespiratory infection for several days  She was extremely
Prostrated and dehydrated and passing bloody mucus per
Tetum  There was fesistance 1n the night upper quad

rant wherc 4 mass was thought to he palpable  On banium

enema the intussusception w1s encountered on the lelt

we of the transierse wolon and was rapidly and com

pletelv reduced wath free fulling of the small bowel

A Shows the tpical meniscus encountered I the trns
verse colon just to the lelt of the sertebral column

P The intussusceptum has been reduced a linle blunt
g the horns of the meniscus
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€ The smtuvuscepuon s found to be reduced to the
hepauc flexure  Here as the bowel becomes of hirger
caliber and there 1s more spice between the ntussus.
ceptum and the mtussusaapiens we begin to see numer
ous coil ike shadows of banum pasing between the

INTUSSUSCEPTION IN INFANTS AND CHILDREN

ntunxeptum and the intuswistipiens.

D Numerous loops of small bowel are scen 1o have filled
and the colon 1s completely outhined and filled
The chuld teft the hospital well ¢ the £th day
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Fig 39 Reduction by Barum Enema Alone B A
Female 7 months old Thu infant was seen 3 hours after

she awalened with pamn and doubling up her
thighs A few moments later she had a normal bowel
€acuation and began to vomt  The paroxysms of pain
and yomiung recurted at 10 to 15 minute internials  She
waslethargic but not shocked There was a firm sausage
thaped mass lying transversely acrass the abdomen Just
above the umbilicus The mtussuscepnion was reduced
by banum enema 1n a matter of seconds 1In order to
obtain the roentgenograms the flow of barm was
momentanly interrupted for each exposure Charcoal
deposited 1n the stomach appeared 1n a spontineous stool

5 hours later Feedines were started the next mormng

and the child dicharged in 6 days  The tntussusception

was encountered at the splemic flexure where there 1 vy

ible 1n

A The lurge flling defect caused by the mtussusceptum
and the long horns of the meniscus as the harum shipy
between the inner and outer colls preparatory to 1e
duang the intussuscepuion

B Shows filling of the colon and many Yoops of small
bowel The pattern of the bartum tn the mud trans.
serse colon 1s suggestne ol a second colocolic intuy.
susception apparently retrograde but may be due 10
persistent edema The child had no further diffsculty
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chironic mtussusception of this durition wonld
not yield to a barium enema 1nd the barium
enema which was undertaken was meant to be
purely diagnostic It was undertaken by the
radiologists who sud that there was no tendency
for the intussusception to reduce  Operation
w1s proceeded with although the mass seemed
less definite than 1 had before At operation
there w1s no intussusception but the enure s
cending colon 1nd an mnch or two of the termt
il ileum were edematous thickened nd cov
ered with fibrin The child hid no subsequent
difficulty
The third purely confirmatory operation was
performed n 1 ten month old white male who
w1s secn 12 hours fter the onset of bloody rec
tal discharge nd abdommnal pun He had
m1ss i the right mid abdomen and barum
enem showed the mtussusception 1 the nud
transverse colon  The cecum did not 1pperr to
11 although the mrtussusception was . lewst
prunlly reduced and operition was undertaken
With the abdomen open there was seen only
cdemrtous nd njected termmal relum 1na
cceum: with no remuning itussusception
The fourth confixmatory reduction was m 1
child of six months who had come to the hospr
12 tuelve hours after he had suddenly begun to
screrm with pun He was passing bloody rec
tal discharge md had 2 sausage shaped mass
hyng transvarsely m the ¢pgastium - On bar
wm enemt (Lig 10)  the mtussusception wis
first localized distal to the splemc flecure
the upper pre of the descending colon Tt was
slowly reduced through the splemc flexure
trumerse colon hepaue flesure and Ascendiny,
colon to the cecum  The termsnal aleum was
then visuahzed lying to the right of the cecum
and [1cd for four mches only  For thns reason
operiion was undertahen but the mtussuscep-
ton was found to be completely reduced  the
bowel han,, simply somewhat edematots
The It merely confirmatory operition wis
that performed on the five month old child pre
viowsly mentioned becruse of the comulsions
occurring 1fter the banm enema reduction

INTUSSUSCLETION IN INFANTS AND CHILDREN

(Iig 41)  \gunan this ainstanee the termuml
tlenm was seen to Ot only for four inches and
operation was undertthen on the suspicion that
the mtussusception had not been completely re
duced At operitton the INTUSSLSCEPLIOn w1s
found to hve been completely reduced and the
appendin was ramoved

Completion of Reduetion by Operation

The wisdom of the exploritory opertions
performed in the st two cases hecause of
complete filling of the ileum s demonstrated
by mother panent one of the tho 1 whom an
mcorrect diagnosis of complete reduction was
made  This was 1 four year old gul with 2
21 hour mtussusception which was enconntered
at the hepate flexure md reduced smto the
termmnal tleum Tt was noted that only six or
seven mches of the termmat e Oited but the
child was allowed to return to the ward  She
begwn to vomit gun several hours Jwer A
m1ss w1s once more palpible and it was agam
demonstrated on bartum enema to be anontus
susception It was redieed to the cccum but
no further  Operiton was undertihen nd sfter
the remaunder of the intussusception had been
reduced manually there sots disclased @ Meckel s
dwerticulum 15 inches proximal to the tleo cecyl
valve  The Mechl s diverticulun was resected
and the duld did wedl

Faed

Fig 10 Operatse Confirmaton of Complete Recluction
by Banum fnem W (6 months old - Thi chuld
came o the hospital 1. hours after he had widdenly
began to scream with pua Hewas pounga b1 wxdy rectal
dischizge ind had a sausage shaped mas Tying transversely
m the epigastium e was knockedout  and ey
drated and 1t the same e 1evles. The abdbhmen was
seaphmid and completely relaxed  The auuge shaped
mass was castly felt long transcnsely abmve the umbiticus
Ihere was dark Blood in the rectum JHnum encma was
undertaken at once
A Ihe intus uscepts i was et jut aistat 1y the of Tensc
flexure i the upper part of the dewending cabm Bt
way slawh and ,myr«nrl) displacedd provmally
IH & G Show the spleme flexuse Glled amd the meniens
advanang mto the trannene eolon
D The meniius has Hattened ot as the inty wwepu 0
has been sull further reduced acr ms the trannens

<ol n
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B FK O Show the progres sse filling of the transiene
colon and hepatic flexure

B Shows a sudden hilling of the awending colon with
barsum beginning to outhne the Hilling defectin the
ecum

1 Shows the cecum very larges fitled and with no sharp
fitling defect 10 the wall of the cccum but the termenal
sleum has not filled

H 3&;&

] Stows 3 loap of terminal seumn quite cleardy Billed ant
hang lateral to the ¢olon 2 nost uncormmon §xcation
for the terminal sleum  There wactually saalleac o
cave edge 11 the upper end of the Earum ¢f Tumn an !
this was ¢ rrectdy antetprete § av a memiscus an heavrz

incomplete reducuon
(Cantinued ann sifa ¢}
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hy, 11 Operine Confirmaton of Complete keduction
by Bwum Enemi € A Female 5 months of age
Tlus ctuld s trextment represented unwise and stubborn
persistence it use of the banum enemt which we feel to
have been quite improper despite the ulumately success
ful outcome [he chuld was seen 1 the Qut piuent
Department two hours alter the onset of abdominal pain
which caused fier 10 draw fier Tegs up with each spasm
She had vomited severl times and had an obvious upper
fespiritory anfecuon  She was sent howe dingnosed as
an wute nutntional distuthance  and anstructed to
return the nexe dw The culd was not brought back
unul two days Jater 52 hours afier the onser of her
symptoms In the mewmume she hid Been vomiting re
peatediy and had become lethrgic and had passed bloods
matertsd from her rectum She was prostrated and dehs
drated and 1 mas measuning § x 1 centumeters was cauly
felt in the lelt lower quadrant  In the rectum there was

Tt may e of anterest to see the stans of the
mssukcpion 1 aperion the other cases
mcompletely reducad by the banum enema

2 In a six month old male mfant i ntus

susception of 30 hours was encountered at the
hepane flesure and reduced by binum enemn 1o

INTUSSUSCEL 11O\ IN INE ANIS AND CHIIDREN

2 aurmmnt gelly staol -\ banum enem was begun shorth
Heer the chuld sos admitted to the ho pital and it was
recorded in the chart that the intussusception encoutitesed
m the descending, colon was ey reduced to the spleme
flextire in [ne munutes 1 ta the hepatic fleure i ten
punutes shere thete + as no change for the next thirty
nnutes A seeond mal was made alter the cluld was
ginen 1 buel rea and in twents fine mynutes agun no
progress was made 4 third traal was made at once and
this ume alier Gilteen mnutes wome barum wiy seen in
the avcending enlan and ccann - Na further progress hang
made after another tlhiryy nunutes the effort was ahan
doned and the child w s dispatclied 10 the operitm,, soom
A Numermn ditated Trops i the phan Glm ol siouy
tndicate an antestnal olstrction of w me characeer
None of the thlated Twps are wentilnble as coton
{Conttue fonnexifa €]

thececumn The appendin filled but only s hittle
barrem entesed the deum (B, 12) 0 Toounh 1
McBumey merson 2 sl st of tleum was
reduced from the ceenm and the ippendin 1o

mmned
Vol oq seven momh old gnale an ntusus
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B

B The IMussisception 15 met an the distal tran serse
olon fluoroscopucally 1t was first seen 1n the descend
ng colon

€€Ption of 27 hours was encountered distal to
the splenic flexure  The cecum filled but the
feum diq not  Ei ht hours Jater cramps re
red and on 5 Tepeat enema the cecum be
80 10 i1l bug the tleum did not  This w1s the
setenth €ase n our b:n'mm enema series our
oy other mistaben dragnoss of complete reduc
o and was one of those which convinced us
that Jperation must be undertaken at once 1if
the aleum fals to fill freely  Ar operation an
Heaileal intussusception which had passed nto
the cecumy 1 found and reduced the leading
pomne of the ntussusception 12 centimeters from

T pa

C In this oblique view of the transserse eolon one sees
the banium nflitrating berween the layets of the intus
susception  the intus usceptum producng a sphenical
ilhing defect (Contt iued on next pane)

the 1leocecal valve was eyanotic and a segment
tho ot three cenumeters in length was resected
and an anastomosss performed Microscopie
studies showed this to be perfectly vable bawel
(Plate 11D)  The chuld did el

1 Ina child of exght months 1n intussiscep
tion of eight hours was encountered on banum
¢nem at the splemic flexure and was reduerd
to the 1ileo cecal valve without fuilin, of the
ewn At operation about onc mnch of tlenm
was gently presed out of the cecum throuh 1
McBurmney inasion

o Inasiv month old imfant with w s



D Shows the intussuscepuion neanng the hepatic flexure
and

£ Shoy s the hepatic flexure filled

F Shows the banum pasung down into the ascending
colon and the cecum and

€ One sees the cecum sull further Blled  This as the

Jast film which was taken I here s a suggestion an the
middle of (he field of loops of small bowel which have
been Gilled even though there 1s sull a filling defect
1n the cccum
Before she could get to the operating room the child had
the fint of three severe generalized tonie and domic con
suluom which delaved aperation for 2 periex! of scveral
hours. When operation was finally undertalen the intus.
ssceptin was fiund to have been o mpletehy yeduced
cither by the Lanum enema or swulbsequent to that Fight
eenanches of i tal afeum  the cecum and the frovmal
awending «hn were engorged sath Hoad edematnuy

)|

and swollen and had ebyiously been included 1o the intus-
suxeption  There were numerous enlarged succulent
Ismph nodes i the neighborhood of the ileocecal vale
The cluld did not awaken for mine hours after anesthesia
but thereafter made a gond recovery and was taling
fhuds by mouth on the third day  She was discharged
1ol on the fifteenth day  The ammal error an the dis
penary was the result of an madequately lugh index of
suspucion The only deaths from i suscepts 0 in the
Jetng Hophans Fospratan the Lot 19 years (the Jast onc
12 vears ag ) were an culdren in whom the diagn s bad
been sumlath missed at t e hospatal In the present in
stance the ¢l 3s bie was protatly saved n spute «f the
over vigorous and penntent attempts at veducts 0 be
carse aniraven s (hind adminnttation hat been begmn
even bet e teductim ha ! been attermyed an g beeaww
redicer i having hinally been achioved 1oseets nwasn t
(€ ntinuedatl tiom fre t§s )
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Fig 42 Operatine Compleuon of Incomplete Reducti
by Baum Enema W A Vfale 6y manths old This
child came 1o the hospatal 30 hours after the onset ¢f
mnability  abdomunal pan and somitmg  He frw
Ppassed bloady clots {following 2 rectal exanunation tn the
bo putal bus had been vomuting up to the time of admis
uon dlthough he had been able (o take a hutle water
There was shight resistance 1 the nght upper quadrant
But 5o mass could defitely be felt Upon bartum enems
ﬂunmscopy the mtussusception was encountered with its
2pex at the hepanc flevure 1t was readily reduced to the
cecum and could not apparently be reduced further The
barum was observed to pass freely into the appendix and
some barum passed mio che sleurn bue the deum did not

susception of 28 hours duration an ntussuscep
on filling the ascending colon was rapidly and
almast Instantaneousty reduced to the cecum
but without filing of the small bonel At op
Fration a nubbin of tleum was reduced through
the 1leo cecal alie and the appendin removed

In 2 male of thiee months an mntassuscep-
Uon of over 96 hours duraon was encountered
' md sgmord and reduced 1o the ascending
lon with the buum encma At operation

-

£l fie Iy an ¢ mass was now palpable in the segion of
the cecum Mor the lirst tme At operation through a right
MeBurney nasn a smalt nubbim of dleum was found
4l vy be protruding into the cecnm and was ewsly re
tuced  An appendectonm was performed and the ki
el th b pual well on the 8th day
% Shot s the fillmg defect of the barum column just 1o
the left of the hepauc flexure with the characienstic
memscus and osal kiling defect
B The mtussusception has been further reduced oward
the fiepaue flexure one can see a few nngs of barium
around the negane shadew of the wntussuscepram as
the bartum seeps between the imtussusceptum and the
mtussapiens (Contitucton n xt page}

with some defficulty the reduction was com
pleted  This chuld did well but returned shree
months fater and was operated upon for wute
mechameal mtestinal obstruction due to ulhe
stons and had one further bout of obstructon a
month later which was treated without eperation
The note was mde 1t the orgnal operation thy
the muculans and serosa of the ascendin,, colon
were badhy dmaged althongh the bowel was
considered siable as nom fact provd w be

e
fequired  One 1 Jusubied i mamtaming bydro tauc
f:"”“” upon the bowel & ing as there 1 perystent and
ey seduction of he intussusception slow though st
:':l)h‘:‘ Uno progress: made the paucnt should be sent
Optraung room v huch has been held wn readiness.

Stubbrm detezmmat n o ackiere a cure by Lunum
encma has no place 1n 2 ratonal therapeatic o ey Jhin
#s the onby amstance an which we have wen ¢ oaulung
m assaaan o with ity uneg m reduced 1y burm
enema
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Shows the ntussusception reduced to the ascending
«olon with 1 g deal of barum pasing now between
the stussusceptum and the lomely fiting intussus-
aprens

The fiml OIm there 15 scen some banum in the
appendin and some i the terminl tleum but an
obvious persistent Riling defece i the cecum  The

=1

None of the children who haue had reduction
of mtussuscepion by barm enana alone hne
had subsequent attacks of mechanieal mtestintl
obstructton and tlus 1s the onh one of the chul
dren with reduction completed by operiuon who
Id such aintestinat obstruction

7 Hus thurteen month old male 1s men
toncd under recurrence of tussusceprion ter
bium encma rediction A\ mtussuseption
of 11 dus dunon with 1 typical lustors was
cncountered at the splemsc flexure It was re
duced to the cceum id the small bowel could
be seen flling well  Charconl gaven by stom
wh tube was passed by rectum five hours ier

INTUSSUSCEPTION IN INFANTS A\D CHIIDRFN

apparent hiling defect lugh in the acending eolon s
of course 1 perstaluc wase
s n this case operation must be undertaken promptly
unless there 15 free Oilling of the leum with banum nd
without any persistent delrmity of the cecum  (Erom
Ravitch and McCune  {un Surg £ § 1918}

1 he chald had normal stools apperred perfeatly
well without 1 palpible mass and was asmp
tomtsc uatrd 18 hours 1fecr the reduction wher
the symptoms  of ntussusception recurred
There was 1 mass i the feft lower quadrne
The intussusception was reduced from the de
scending colon or sigmotd 1o the ceceum where 1
smll fithing defect remuned At oparion
the only intussusception ramamin,, wis found 1o
be that of the appendiy which wos temoved to
rether with ats base of cecal wall - Fhe dhild did
well

8§ In 113 month old mile wn intussusception
of 27 hours duration was encountered ot binum
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enema in the Yeft tramsserse colon mnd red
throngh the cecum up o the dewn ¢
wehes of deum filled and then 1 typrad
effect conld be scenan the deum At opo ¢
through 1 McBurney mceston 1 saadl ik
mtussusception. was reduced without diti
and the appendin w1s removed
% \ntussusception of 53 drys duin
an ¢ight month old child was reduced fr o
splenic flesnre ta the cecum At opes
button of deum m the cecum was fy Ao
10 \n muussusception of 12 hours du
man 31 month old female was encouus
the left side of the transs erse colon and 1«
ta the cecum (Fig 49) At operation
nebbin of deum was cassly popped b
the bowel and the appendix removed
1 Ina 29 month old female n protoun
2pathy with an 18 hour mtussusception Dy
enema rapidly redueed the mrussuscept: on b1
the midiransverse colon to the cecum !
small bowel did not £l readsly At ¢,
U4 inches more of mtussusception was 1 1
disclosing 3 Meckels dnerpicalum which
Tesected
12 An intussusception of 28 hours n an
:lght month old child was reduced from the
iemoid 1o the ascending colon At operaton
the re der of the eption nas rexdily
teduced *
hui.g; o;?m was a four year old child with a 27
mmmem!’ussuscepuon presenung n the left
Pesety s ;0 on  The cecum did not Kl com
pmm?n o'; at operation the tmy TeMNMNG
Yahe oy the miussusception at the 1leo cectt
wha uced just as 1t was being demonstrated
1 ponge stick 1n the abdomen
‘m\mu,]n a cluld of 15 months a 46 hour old
asrod lfepllon presenting at the recto stigmord
ced to the cecum 1n 30 minutes of steady
&Ki‘b The tleum did not fs11 At operiion
ofthe e cl‘l of the ntussusception was fliched out
o um and the appendix was removed
\mu“uma seven year old boy wuth a fne hour
Ny Cpuon reachung the hepauc flexure the
‘hccecum";ma reduced the intussusception to
ut no further At operation twelve

1 tnomad

r dudd

nyan the

] 1 e thumb
1 Wt € muussuscep
! o Thus vas

i ¢ m o vith 1.« hour ntus
v vt roe Feod the splomse flesure

e hepue flesne m 30 min

I sem (b1, 27) but could not be
furthet tedice | Operaton way undertaken at
once the bowed detted reducton and = resection
and prmary wnd 1o end aMISIOMOSIS WS per
formed  The cinid lcfr the hospral well mn ten
diys  No primary lesion was found 1n the bowel
I an additonal case listed 15 requinng opest
wat 1 ddinon o the barium enenn an Jntus
susception of anh fne hours durion m 1 boy
o years and four months old was encountered
1 the mud transserse colon nd completely and
readihy reduced by the bartum enemt The
parmum entered the smnil bowel freely the mas
was no fonger pilpable and within six hours
the chuld passed charcoal and stool  He scemed
quute well S and a2 h1)f hours after reduction
he developed crmphike abdommal pan and
began to pass blood and mucus tozether with
o mass reappeared untid after 21 hours

stoet
when a vague mass Wis felt and 1t was thou i

that he had a recurrence At operauon the
cermunl tleum for three or four mches and the
cecum nd pn—)\lm;l ascendsng colon were tre
mendously thickencd and indurated and 1 was



108

[t il £
Tl

-

C

i

€ Shows the miussiscepnon seduced 1o the ascending
colon with a good deal of bannm passing now between
the mtussusceptum and the loosely fitung mimssus
cipens

D The fmal film there 1 scen some bamum in the
appendin and some 3n the temunal sleumn but an
olinious persistent Gilling defect m the cecum  The

None of the chikiren who have had reducnion
of intussusceptson by barium encmn alone hne
find subscquent artacks of mechanienl intestinal
obstruction and this 1s the only one of the chil
dren with reduction completed by aperiuon who
had such mtesunal obstruction

7 This thirteen momth old male 15 men
noned under recurrence of mntussusception after
birtum enemn reduction  An intussusception
of 11 dns durttton with 1 npcal hustory was
encountered At the splenic flesure Tt was re
duced 1o the cecum md the smail bowel could
be scen filhing well  Charconl gnen by stom
ach tube was passed by rectum five hours her

INTUSSUSCE PTION IN INFANTS AND CHILDREN

apparent Bitling defect high 1 the ascending colon s
of course a perntaltic wave
Asan this case aperstion must be undertiken promprly
unless there is free hilling of the sleum with barum and
without any presistent deformuty of the cecum  (From
Rnuch and McCune  dnn Surg 125 1918)

Che chiuld had normnl stools appeared perfectly
well without 1 palpable mass and was wsymp
tomatic untat 18 houss after the reduction when
the symptoms of mtussusception  vecurred
Thure wis a mass m the left lower quadrmt
The wussusception wis reduced from the de
scending colon or sigmosd 10 the ccccum where 1
small filng defect remmed At operitian
the only mtussusception ramuning, was found to
be that of the appendss shich was removed to
gether with s hase of ceri wall - The child did
wedl
S In1 19 month old male wn mtussusception
of 27 hours duration was encountered on hinum
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Iig 13 Operauve Completion of Incomplete Reduction
by Banum Enema I G Femnle 11 months old  This
child was seen 12 hours after the onset of spasms of
peniodic abdommal pan - She yomited immediately alter
the onset nd repeatedly thereafter  She took fcedings
when offered Lut was unable to retamn them She was a

thought that 1t might be the site of 1 tumor per
haps a lymphosarcomr  For this reson the ter
minal lleum and the night colon were resected
and 1n mstomosis performed  Plate 1IC of the
spectmen shows merely the changes consistent
with viable bowel 1t this period after reduction
of 1 mtussusception  The child did well al
though he returned subsequently with 1 mechan
1cal obstruction due to adhesions which requured
Op(l”l"(‘ln

In two other cases histed s requiring opert
tion mnd very ewrly i the series the opertors
agreed to the performance of hydrostatic pres
sure reductton on the opertting table with the
open abdomen The first of these was 1 siv
month old female with an intussusception of 15

INTUSSUSCEPTION IN INFANTS AND CHILDREN

»

well nourished child 1n good condition  ‘The 1bdomen
w1s very soft and rddwced  There was n cauly visible and
palpible sausage shaped mass in the night upper quad
rant four by three cenumeters tnr diameter  There was

a little tenderness over the mass
(Continued on next page)

hours durition At operation the intussuscep
ton was rexdily palpated mn the sigmord colon
A Toley g catheter had been placed in the rec
tum the balloon distended 2nd the catheter con
nected to a bottle of mtrivenous stline solution
This was 1llowed to run 1nto the bowel while the
operitor and first ssistant each muntuned 1
finger on opposite sides of the mtussusception m
the "hdomen At the cnd of five mmutes when
netther observer had noticed any change i the
positzon or tenseness of the antussusception the
attempt was discontnued  the hands removed
and the bowel exumimmed  To our surprise the
intussusception had 1educed completely nd this
had 11l been rccomphished so swiftly smoothly
and gently that our fingers holding the wmtussus
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A. The mtussuscepuon was encountered ar the dwtal
transverse colon but the first film taken shows that 1t
has already been reduced to the md transverse colon

ception had not percened the change m tension
asthe intussusception w1s reduced nd the bow el
filled with sabine solution  The same procedure
%as employed 1 an eight months old male with
an ntussusception of 36 hours durauon This
INtussusception  had reached the descendin,
colon and was similarly reduced very 1pdly to
thececum  The final portion of the mtussuscep-
ton could not be reduced unul stersle mmneral
ol had been introduced between the Inyers of the
"llussusccpuon and very firm manunl pressure
made on the cecum just distal to the intussuseep
ton  Ths cluld also did well

We feel stron iy that binum enema cw wnd
should be adminsstered to evers cluld with m
tssusception regardless of the duriton of the
dhsease or the chulds condion  Iresent and
Previous espericnce and experimental studies
together with the great mass of r:-pnr(cd cases
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B C and D Shot progression of the reduction across the

tran erse colon
{Cont tued on next page)

convinee us that if manuil pressure s voided
and if the banum canmster s ne higher than
three and 1 half feet above the opertng table
sangrenous bowel wilt not be reduced and perfo
rtion of the mtesting will not occur - We hve
seen chnldren 1 such a degree of collapse that i
seemed 1lmost certain that the bowel must be
gangrenous who hwe yet had intussuwceptions
reduced while blood was being admusisstered and
hwve not required opertion It 1s searcely pos

sible to make n bsolute dingnosiy of gangrene
of an mtussusce ption with accuricy without op

erwion  No e s Jost by the use of the bar

wn enema since the operatin, room s ben,,
gotten m raxdiness and the culd 15 hawing a
Lt aspinnon and supportive antrienous
flwid therapy or tmnsfusion 1t the same time

Furthermore evenaf the mtussus eptaon should
prove 1o b mcompletely reduced by barum
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E The splenic flexure h1s been passed and banum s
prssing around the mtussusceptum m the ascending
colon

F The transierse colon and ascending colon and cecum
are filled Howeser there s sull a parual filling defect
n the cecam 1nd no barnum has proceeded 1nto the
small bowel It 1s obvious that the balloon catheter
has been expelled and that there 15 leakage of barum
on the sheets The operator did not remsert the cath
eter into the rectum and attempt another enemr but
proceeded at once to operation At operation a small

enemt the more of the intussusception that 15
reduced by the enemt the less remains to be
done m the operating room  The problem of
reducing 1 sntussusception found at operation
to be m the right colon or in the cecum 1s
qmte nother one from that of rednang an intus
suscepuion from the rectum or sigmoid entirely
around the colon

Fxcept for the first few cases most of the
INCISIONs 1 cases requuring operative comple
tion of the reduction have been nght lower
quadrant McBurney or Iateral trmsverse e
stons which expose Iittle mare of the peritoneal
cavity thn the cccum and terminal tleum The
one cise of mtestnal obstruction due to adhe

INTUSSUSCEPTION IN INFANTS AND CHILDREN

nubbin of ileum was found 1 the cecuim and through
the small McBurney meision ws readily reduced with
pressure of the thumb The appendix was removed
and the cluld was discharged from the hospu! on the
8th day
This was an early case  If the catheter 1s kept 1n place
without leakage such intussusceptions will usually reduce
completely without operation  If the catheter 15 expelled
reinseruon 1n such case with tnother flow of banium will
usually bring success.

sions occurring subsequent to operitive comple
uon of reduction w1s m on¢ of the earlier cises
where 1 vertucal night rectus retricting lower
abdom:nal ncision was employed

Most reports of extensine climenl experience
with mtussusception mention the occurrence of
mechanical mntestinal obstruction due to adhe
sions some tunc after operitive reduction of
intussusception  In view of the formal Iparot
omy tequired and the extensne handling of
the alrewdy triumauzed bowel  his s small
wonder and marks 1 sharp difference from the
experience of chinies employing primary hydro
static pressure reduction

Packard reports two such snstinices of subse
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quent mechanical intestinal obstruction i 43
chldren previousty treated for intussusception
by primary operation  Thurston Holow ich 1nd
McCoy 1n 109 operations for intussusception re
port 7 cases of mechanical obstruction due to
adhesive bands occurring from two months to
three and one half vears post operatyely  hahle
reports 4 such obstructions 2 of them fatal
88 cases  We reported in 1950 12 cases of me
chanical intestinl obstruction (3 of them fataly
developing weeks months or years after opera
tsve reduction 1n the early series at the Johns
Hophins Hospital

Thus 15 therefore a serious complication and
the deaths should fairly be attributable to the
treatment of intussusception by the operative
method

Although we are convinced that all children
with mntussusception deserve a tral at barium
efema and expect thar between 70 and 757, of
them will be cured by the barium enema we
are emphatic that the barium enema should not
be stubbornly persisted 1 If at any pomt
absolutely no progress 15 made for ten or fifteen
minutes the attempt should be abandoned and
operation proceeded with  On the other hand
50 long as there 15 any progress however slow
the attempt should be persisted n

It 15 our feehing that the barium enema reduc
tion of an mtussusception 15 as much a surgieal
Pprocedure as the manipulative reduction of a
fracture or the cystoscopic Temoval of 2 ureter
alstone  The barium enema should be under
e control of the surgeon who will make the
deassion when and if operation 1s to be per
formed and who will perform the operation
As close Cooperation with pediatricans and
diologists as can be achieved 15 desirable but the
stirgeon should be present at alf such manipula
tions and yesponsible for their conduct  Any
other course 15 certamn to result in delays The
only mnterpretation whych can be placed on some
series of hydrostauc pressure reducuons which
have presented a sigiificant mortaliry 1s that a
Policy of hydrostaisc pressure reduction at all
€0Sts was 1 force  The banum enema should
be considered 1c and therapeutic

d as a d

113

medium which results 1n accuracy of diagnosts in
essentially all ¢ mes nd which ss curine m 509,
to 75, of cases and enormously stmplifies the
task of the surgeon 1n the remunming 2575 to 30¢,

Our own interest mn mlussuscepllon was
woused 1n 1933 by the paper of Dr E H Maller
of Chicago who descibed Ins dissausfaction with
hi own poor results (4%, mortality in 20 cases)
wd referred to the remarkable results of Hips
lev 1in Au traht with reduction of muussuscep
ton by hydrostatic pressure  In reviewing the
literature we were struck by the interestng
fact that surgeons reporung m 1930 wnd 1910
mortafities of 20%, and 309, for the trearment of
intussusception scorned the non-operatiye meth
ods which had a lower mortality i 1890 and
1400 and which 1n 1926 gave a mortlity a
low as 5% 1n 100 consecutive cases trexted by
Hipsley

A paper of Hipsley s published n 1935 1s ¢
parurular mterest He reported on this occa
sion 486 cases of intussusception treated by te
susgeons with an over all mortality of 1195
Three of the ten surgeons always atterupted
preliminary reduction by sahine enema wnd b
a mortahity of 989 The other seven sus,
operated on all patients without an attempt
hydrostatic pressure reduction and had 1 117
mortality  This 15 a significant difference
large series of patients treated n the
pertod of time and at the same hospital

Today there 15 essentially no mortaluy fr
mtussusception treated 1n the best pediatne su
gical chinics except n the case of children
rcady rrretmievably monbund at the e ¢
admission A compuratse stady of current
tabity statsstics 1s thercfore of lutle salue Suc
a study published by us ten yerrs 1.0 w
mor!:\hly from HllllSS\lS(cpllD“ Wi NOL o
showed a strilng difference 1in the results
chimics employing operatise reduction prin
and clinics employing hiydrostatic pressure
ton primandy with the balance hieasily m favs
of the latter

Nordentoft and Hansen Bave compiled v
results of a colossal Danish expenence with
wssusception based on 1012 cases treated
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F Ihe spleme flexure has been passed and banum 1s
pun,, around the intussusceptum in the ascending
colon

F The transierse colon and ascending colon and cecum
are filted However there s sull a partial filling defect
m the cecum and no barum has proceeded mto the
smalf Hor el It 15 obvious that the balloon catheter
has been expelled and that there 1s leakage of banum
on the sheets The operator did not remsert the cath
ctes into the reaum and sttempt another enemn but
proceeded it once to operaon At opertuon a small

nem the more of the intussusception that s
reduced by the cnema the less remuns to be
done 1 the operang room  The problem of
reduang n antussusception found 1t operiion
to he i the night colon or i the cicum s
quite wWother one from that of reduang an intus
susception from the rectum or sigmond enurely
around the colon

Tacept for the birst few cases most of the
NCIKIONS 1N Cises Tequuring operitine comple
non of the reducnon hne been nght lower
quadsint McBurney or literal trinsserse ines
stons which (xpose httle more of the pentoneal
cavity than the ccoum and termunabaleum The
one cvse af mesnm) obstruction due to adhe
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nubbin of ileum was found in the cecum and through
the small \McBurney inasion was readily reduced with
pressure of the thumb  The appendix wis remnyed
and the child wis discharged from the hospial on the
8th day
Flis was an early case 1€ the catheter 1s kept in place
without Ieakage such intussusceptions will usually reduce
completely without operation i the catheter 1s expelled
reinseriion in such case with another flow of bariam will
uswilly bring success.

sions oceurring subsequent to operatine comple
uon of reduction was i one of the carhier cases
where 2 vertienl right rectus retracting jower
ahdomunal incision wis employed

Most yeports of estensine chimieal expenence
with mtussusception menuon the occutrence of
mechinica) itesunal obstruction due to wdhe
sions some tune After operitse reduction of
mssnsception  1u view of the formal Iparot
omy requred nd the extensie hndling of
the already trnmnzed bowel  Tus 1 sl
wonder and marks a sharp diffcrence fram the
exvpenence of chnes employing primary hudro
static pressure reduction

Packard seports tho such snstances of subse
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quent mechanieal intestunal obstruction m 43
chuldren previously treated for intussusception
by pumary operation Thurston Holownch and
McCoy 1n 109 operntions for mtussusception re-
port 7 c1ses of mechmmenl obstruction due to
adhesne bands occwnng from two months to
three wd one half vears post operitnedy Kahle
reports § such obstructions 2 of them fatal 1n
88 cuses  We reported m 1950 12 cases of me
cnmerl imtestnal obstruction (3 of them fatal)
developing weeks months or years nfter oper
tie reduction 1n the ewrly sertes 1t the Johns
Hoplns Hospatal
Thus 15 therefore 1 serious complicwon wd
the deaths should fairly be attributible to the
freument of intussusception by the operune
method
Although we are convinced that 21l chuldren
with ntussusception deserve a trial at banum
¢hema and expect that between 70 wnd 75¢ of
them will be cured by the banum enema we
are emphauc that the barium enema should not
be stubbornly persisted in - If 1t Wy poim
nbsolutely 1o progress 1s made for ten or fiftecn
minutes the attempt should be abandoned and
operation proceeded with  On the other hand
50 long as there 15 any progress however slow
the attempt should be persisted 1
1t15 our feeling that the barmm enema reduc

tont of an intussusception ts as much 1 surgieal
procedure as the mampulatiye reducuon of 1
fracture or the cystoscopic removal of a ureter
afstone The banum enem should be under
the control of the surgeon who will mnke the
deasion when and if operion 15 to be per
formed and whe will perform the operuan
As close cooperation with peditnaans and 1
diologists ay can be achieved 15 desimble but the
strgeon should be present at 11l such mampuly
1005 and responsible for therr conduct  \m
Othier course 15 certamn to result 1 delays The
only Interpretation which can be placed on some
s€nies of hydrostatic pressure reductions which
bave presented a sigmficant mortahity 1> that 1
pohey of hydrostati pressure reduction at all
€OSts was 1n force The barmum enema should
be considered as a dizgnosuc and therapeutic
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medium which results m accuracy of diignosts m
essentrilly 1l eases ind which 1s curtnve m 709,
to 7)™ of cises and enormously simplifies the
task of the surgeon m the remuning 2,9 to 30¢,

Our own 1nterest In Imtussiisception was
arowsed 1n 1933 by the paper of Dr E H \Diller
of Chicago who described his dissatisfrction with
his own poor tesults (40¢, mortihity m 20 cases)
and veferred to the remarkable results of Hips
lev 1 Australin with reduction of mtussuscep
uon by indrostatic pressure  In reviewing the
litentme we were struck by the mteresung
fact thar surgeons reporung m 1930 1nd 1940
mortalities of 2067, wd 309 for the treatment of
mtussusception scorned the non-operative meth
ods which had « lower mortality in 1890 and
in 1900 wnd which m 1926 gnve 1 mortaliy as
low 1 2% m 100 consecunve cases treated by
Hipsley

A paper of Hipsley s published m 1930 1s of
paticular wmterest He reported on this occa
ston 456 c1ses of intussusception treated Ly ten
surgeons with an over all mortaliy of 11€,
Three of the ten surgeons always attempted 1
preliminary reduction by saline enemt and had
a mortily of 989, The other seven surgeons
operated on all patients without an attempt 1t
hydrostne pressure reducnon nd had a 149,
mortality  This ts a sigmhbcant difference 1 a
farge semies of patents treated 1n the same
perzod of ume and at the same hospital

Today there 1s essenually no mortality from
intussusception treated 11 the best pediatnc sur
gical chinies except 1n the case of children al
rewdv aretrievably morbund at the ume of
admussion A comparause study of current mor
1hity statisties 18 therefore of hittle value  Such
1 study pubhished by us ten years ago when
mortality from mtussusception wWas not so rare
showed a stnhing difference mn the results of
climes employing operative reduction primanly
and chinics emploving hvdrostatic pressure reduc
uon primanly with the balance heawily in favor
of the latcer

Nordentoft and Hinsen have compiled the
re<ults of a colossal Danish experience with n
tussuscepuon batwed on 1042 cases treated be
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tneen 1928 and 1935 and 796 cuses between
1934 1nd 1949 In the first period Nordentolt
collected 419 cases of mntussusception 204 were
treated by bartum enema alone and of these
there were 12 dewths Two hundred and fif
teen had 1 secondary operation 16 of which
were merely confirmatory and 45 of these chil
dren died  Thete were thus 57 deaths out of
£19 cases 2 mortakty of 13 6%, n 1928 1935 =
result outstinding for the ume In 450 pn
mary operations there were 116 deaths or 2
25 89, mortahty  The remunder of the pauents
were treated by a water enema or by trins
abdenunal mantpulition  In Hansen's supple
mentary report there were 413 cases treated only
by barmum enemt with two deaths and 302
cases secondarily operated upon (in A3 cises
the operation was merely confirmatory) with 50
deaths  There were thus 52 deaths in 715 cises
1 mortality of 7 3%, The mortality dunng the
stme pertod out of 74 cases operated upon pri
marily was 18 9%,—14 deaths The remander of
the patsents were apprrently undiignosed and
dted without treitment Once more the mor
tlity 7 3%, was better than most American chin
15 were reporting m 1949 The cruse of the
deaths 15 only very bnefly discussed In the
carlier piper Nordentoft states 1mong otler
things that while the pressure used 15 generlly
that of 1 to 12 meters 1t 15 never to go 1borve
2 meters that 1s to s1y six feet! which 15 1
great deal more thmm we thmk s sife Nor
dentoft states— 1f there 15 doubt 1bout the re
duction—utuch there will alsays be 1f the encma
does not pass into the small bowel—n immed:
ate final trextment will be ndicated  In early
cases 1 brief deday 1o anut developments will
be warranted but should on no account exceed
1 very few hours  This ne consider 10 be dmn
erous acdvice  IF there 15 any doubt about ve
duction 1mmedinte operation should be under
taken A rexding of Nordentofts test would
suggest that 1f reduction 1s not 1chiey ed repeted
attempts 1re mde dunng the hirst and usu
ally only roentgen exwmnaton It would 1p-
pear from Nordentoft s stitements that the pt
tents tre the panents of the rdiologic service
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for this tretment and thus myy quite naterally
lead to over vIgorons persistence i enemt ma
nipulition  From Nordentoft s 1905 paper one
grhers that m 1134 barium enemt reductions
four c1ses of rupture of the bowel occurred At
ll events Nordentoft s and Hansen s results are
good for their bme compare frorably with re
ports from other clinics but 1re not quite 1s good
s one would have 1 right to expect

Helmer reports 130 cases of mtussusception
reduced with bartum enem {over 809%) with
no dexths In 30 addiional cises m which
Iparotomy had to be resorted to 10 1dinon
there were mme deaths 1 mortality of 5 6%, for
the whole muerrl  In the lst three and 1
halE years of the study that s to s1y from 1944
to 1947 there were mine cases operated upon
one with 1 resection with no deaths  This 1s
constdered to be due to ymproved nesthesin
md post operative cre

Recently Packard ind Allen from the Den
ver Chuldren's Hospital and hahle from the
Chanty Hospital m New Orlewns have appar
ently begun to use the bartum enemy with
crensing frequency  On the other hand Denm
son of Clisgon 2fter 1 trr1) has ghven nt vp s
unsitisfictory

\foore 1pprently wtempted barnm encary
reduction m 17 cses and had only two successes
1n addition to one which was confirmed 1t oper
ation He had one death foliowing vestction
m s totnl of 1% cses nd 4 deaths without
resecion The results seem unsunsfictory with
all forms of treatment m this sertes

T'ranas and Triedman report from §9%9% 1956
38 cases treated by primary operinon with four
resections nd tho dewhs  In 7 cases Innum
enem was employed—four with complete reduc
uon nd three Tequusing, opentive complction
As a result they adsise barnum enema by the sur
geons s the first step a0 treatment

Santulh and Fester from the Babies Hospr
1l 1 New Yark rccently nsed prnsry hanum
enemn reducuon 1n 30 cses with complete e
duction 1 12 without operbion nd mmpluc
reduction it st more conlinmed wt opertion

that 1s to say 6095 Al Zachary a0 Sheilseld
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after mtinl resistance has finally tried the bar
wm enem 2nd has been successful in 33 cases
out of 54 He pomts out that hus wcidence of
suiccess has been haghest mn the intussusceptions
under 24 hours and 1n bubies older than six
months Combining these two features he re
duced 23 out of 28 or 82%, of intussusceptions
of less than 24 hours durauon in infants older
than six months  Hiller 1 Australia reporting
from the Royal Childrens Hospital m Mel
bourne has been employing the barium enema
mn early cises of intussusception and 1 41 such
mtussusceptions out of 1 total of 60 succeeded in
reducing 24 all of the rest of them h1ving been at
least partly reduced  Giordany Bass and Grier
of Pittsburgh treated 27 cases of intussusception
by barium enemn and reduced 22 or 819, They
had one death 1n spite of complete reduction
with viable bowel 1n 1 child who had convul
s10ns and died with aspiration pneumonia which
may have been due to aspiration of the barium
in the fluoroscopic room

‘What arc the reasons for the resistance among
surgeons to a form of treatment which 1n so
many hands has given results superior to those
achieved by primary operations The objections
commonly raised are these —

1 The ongnal diagnosis may be uncertain

2 It s difficult to be sure of reduction

3 Wil not the recurrence rate be higher-

4 Polyps and other tumors cause many m
tussusceptions nd will not be found

5 Inthe unsuccessful cases a dangerous delay
will have been caused

6 The bowel may rupture

7 Non viable bowel may be reduced

To answer these objections

1" To be sure 1n most forms of non-opera
tive treatment of acute abdominal conditions as
I acute cholecystiis acute pancreatitis per
forated duodenal ulcer the first problem is that
of diagnosis and the fact that 1 such conditions
this cannot be made with absolute accuracy s
an automatic disadvantage However n intus
susception the diagnosis by fluoroscopy 15 fairly
sunple the criteria are charactenistic and expert
ness in their recognition 1s soon acquired  The
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mexperienced may reduce an intussusception
without recognizing 1t certamnly but no one can
fail to diagnose an intussusception m the large
mtestune which does not reduce Intussuscep-
tions sull mn the tleum cannot usually be dem
onstrited  Houwever they present as cases of
mechanical intestinal obstruction and 1f enem
does not disclose an itussusceptron the history
the course and the fluoroscopic finding of dis
tended loops will require operation Further
more whereas most cases of intussusception are
diagnosed clinically a few actually require bar
wm enema for definitne dragnosis  In mamy
climies i which the barium enema 1s not used
therapeutically a good many intussusceptions
have been madvertently reduced in the course
of what was meant 10 be a purely diagnostic
barium enema  Furthermore human niture
bemng what 1t 15 pedtatricians are much more
Iikely to male a tentative diagnosis of mtussus
ception before they are absolutely certamn when
this mnvolves merely an enema rather than n op-
eration  As a pedagogic point we perform a
barium enema wheneter the question of mtus
susception 1s rased however confident we myy
be 1n a given mstance that the suggestion 1s base
less The result we behieve 1s substintially
earher definitnve treatment

2 Accuracy of diagnosts of complete reduc
tion 1s high We have made an erroneous ding
nosis of complete reduction twice wn the 77
cases The second of these was mine yers ago
Once we adopted 1t as tron cld policy that op-
eration would be performed in cvery case m
which there w1s not free filling of many loops
of small bowel we hne hid no fewr of mis
taken diagnoss of complete reduction  On the
other hand as indicated 1 a previous section
we have in five instances been unsure that reduc
tion was complete only to discover 1t opertion
that 1t was

Exen if we were to insist on operative confirm
atton of every enema reduction the procedure
would sull be safer and casier thn operative
reduction alone The use of hydrostatic pressure
1s safer quicker and less traumatic 1n the reduc
ton of intussusception than 15 the manual
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squeening  pulling and hauling of operatne
reduction
3 As to the rate of recurrence we have had
only three in the 77 cases ‘This rte of recur
rence 1s about that which 1s reported from series
of primry operatine reductions
t  As concerns the posstbility of failing to
discover such a tumor by barium enema alone
the icadence of specific causttive lesions n our
series has been only 13 mn 199 cases of mtussus
cepuen a tot1]l inadence of 6% These oc
curred practically all m the children over two
years of age Furthermore the tumors which
cause mussusception are rarely dangerous of
themselves  Mechel s duverticula occur 1n per
haps 19, of the population wnd in 1ddmion
would appear from our experience that ntus
susceptions ciused by Meckel s diverticulr are
not usuilly completely reducible and will come
to operation  Polyps n children may be the
cause of repeated intussusceptions or may cause
anema from bleeding but are not dingerous 1f
not found at once  Large lymphoid patches will
usually cause no further trouble and such rare
lestons as the occasional small entenic cyst or
focus of ectopic pancreatic tissue are of hittle con
sequence except as they cause intussusception
5 As for the dely which might be caused by
an unsuccessful attempt 1t redaction by enema
1t usually requires less than half wn hour from
start 10 fimsh to reduce an ntussusception by
this means It 1s our practice to call the operat
g room as soon as the diignosis 1s made and
we have usnally finished the reduction 1n time
to cancel the operation before preparations in
the operating room hve been completed  This
time 1n ny case 1s employed for vage of the
stomach admuinssteation of intrnenous fluds
and anublotics and so long s the procedure is
under the control of the surgeon from the out
set no ume will be lost
6 Rupture of the bowel can occur with hy
drostatic pressure 1s well as with manual reduc
tion during operation  However 1t 1s much less
likely 1o occur with enema since less force 1s em
ployed and that force 1s diffusely distributed
e employ three feet to three feet six nches
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hydrostatic pressure and rehigiously wstun from
mampulition of the bowel  There hve been 1
few nstances m Scwnding of rupture from
manual reduction through the intact "bdominal
wall with or without enema

7 Asfor reducing non viable bowel 1t would
appear thit with 1 pressure of threc feet sin
inches one cannot reduce gangrenous bovel Ir
reducibility of an mtussusception as ndicated
by our experiments and the prevtous stue
ments of others 1s determined by adhesions be
tneen the sheaths and by the degree of edem
Both factors increase with time and become more
effective 1 preventing reduction s the damage
to bowel increases By the time the constric
tion 1s so severe as to have produced gangrene
the moderate pressure employed will not reduce
the bowcl and 1t 1s ymportant to note that the
stress of this pressure 15 borne by the outer
sheath the ntussuscapiens which usually re
mams viable to the end

An adsvantage of the banium enemn reduction
50 obvious as scarcely to need mention hes m
the fact that 709, or more of the chuldren will
have escaped an anesthetic and a fapirotomy
with whatever risks are taken to attend these
Turthermore although we imsst that esen when
reduction 1s obviously complete all cluldren
should be hosprtabized and pliced on mubiote
therapy of the enteric poorly absorbable type
to decrease the Likelihood of 1 specific enteritis
occurring m the mjured bowel these pertods of
hospitalization are appreciably shorter than
pauents who are operited upon The 1nerge
duratron of stiy n the hospital for our Inst 15
patsents trewted primartly by barum cnema wis
Little more than four and a half dvys with many
of the cluldren leaving the hospital i so or
three days

It 1s as well 1o reemphasuze agun the fact
that this method 1s not a substitute far opert
uon nor an escape from operition Tt s s
much a surgical procedure 15 15 reducnion of 1
fricture by triction The surgeon should be 1s
ready to perform 1 lparotomy 1f 1t proves nec
essary s the orthopedist 15 to perform an open
reduction  The trcatment should be carried out
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by 1 surgeon and 1n a hospital It 15 not an
office procedure nor 1 hitchen table remedy
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