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PREFACGE

The carly papers of Ward, Wangensteen, Miller Abbott and
Johnston created a new era in the treatment of intestinal obstruc
tion By the use of suction applicd to an indwelling gastro-
dvodenal or ntustinal decompression tube, 1t has been possible
to reduce the mortality rate 1n cascs of bowel obstruction from
sity per cent to less than sisteen per cent That this reduction
in mortality rate was not entirely duc to intestinal decompression
15 a unnersally accepted fact Our newer concept of water bal
ance, for which we are deeply indebted to Coller and his asso-
aates, and our clearer understanding of the changes in intestinal
physiology and physiological chenustry of the blood, played no
small part in this reduction 1n mortality

Intestinal distention however 1s one of the important dis-
orders of intestinal physiology as a result of an interruption of
the intestinal stream from os orum to os anum  For some time
surgeons throughout the world felt that by the use of the Levin
tube the problem of intestinal distention had been solved Tt was
soon found that this was unfortunately not the case The intro-
duction of the Miller Abbott and Johnston tubes 1n the treatment
of bowel obstruction was the next logical evolutionary step in
the solution of this problem Here, 1t was again soon found that
although many cases were greatly benefited still the method of
mtubation required a high degree of “hnow how" and usually the
use of fluoroscopy 1n these very 1ll patients in order to get the
tubes to pass through the pylorus  The literature, n the past
seven years s replete with articles describing the virtues of these
tubes and the great difficulty so often experienced 1n passing them
The percentage of failures 1n many climies ran as high as twenty
per cent ' We were impressed by the necessity of finding a newn
type of tube and a newer concept of its passage through the gastro-
ntestinal tract  We felt that in order to make the use of the

mith, B. C.  Miller Abbott Tube  Stathtieal Stud Caser. Ann.
S, 122 253 259 (Aug.) 1945 ¢ edy of 1000
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tube #fool-proof” it should be constructed as simply as possible
and must further satisfy four critena

The tube must hay e 2 lumen sufficiently large so that intestinal
particulate matter would not plug i1t. In this way the care of the
tube by the nursing staft could be reduced to 2 mummum The
tube should be radic-opaque so that the roentgenologist would be
1n a position to know exactly where 1t 1s at all imes and so that
Loots and hinks could be readily detected The tube should fur
ther have a sufficient number of holes so that pocheting would
not occur 1n cases of multiple short loop obstructions  The holes
should be of sufficient size so that they do not become plugged
readily

If such a tube could be passed far down the gastro-intestinal
tract the treatment of intestinal distention would be greatly
simplified  Since the propulsive mechamem of all tubes resides
in the head of the tube and since we found after much expert
mentation and thought that mercuny was the best medum to be
used n the head’ of the tube the problem of the propulsine
mechanmsm mcrely resolved itself down to placing the mercuny
n a very loosc bag at the very tip of the tube in order to utlize
all the physical propertics of mercury and not merely its weight

During the early vears of 1942, 1943 and 1944 many changes
were made 1n the tube n order to make 1t as simple as possible
A newer concept of ita downward passage has been developed
in this process of deyelopment

1 wish to express my admiration and grantude to Dr Dansel
T Leithauser whose gudance and example has helped me to

steer a straight course I should also like to express my appre

cation to Dr C S Kennedy who made 1t possible for me to
carry on this study Dr Roland P Reynolds was ever helpful
partcularly when the going was rough I am indebted to all the
doctors on the staff of Grace Hospital for the use of their cases
duning the developmental stages of our simplfied tube. T am
particularly indebted to Dr Ians Jarre of our roentgen ray
department whose suggestions were most helpful particularly n
writing the chapter on the roentgenologist s role in intubation
T am greatly indebted to Dr John R Paine for his very excellent
summary of the listory of intestinal tubes Everett R. Phelps,
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Ph D, and Robert 11 1 shing M &, collaborated in studying, the
cffeet of the tension of intestinal gases upon the balloon of n
testinal decompression tubes  Dr Phelps, head of the department
of physics at Wavne Univeraty placad the faalitics of s de
partment at our disposal to carry out this study 1 should like
to express iy appreaation to the followny, journals for permut
ting, me to abstract matemal freels The American Journal of
Surgery  Surgery, Gyuecolagy and Qbstetries  Annals of Surg
erv, Archnes of Surgery  Journal of the imerican Medical
{ssocatton Neo Iugland Medieal Journal  Surgers  and
{merican Journal of Digesti~e Diceases  Last, but not least |
wish to thank v wife Tidlan for the excellent shitches which
help to clanfy many pomts 1 am deeply indebted to Frank Rus-
lander for the exccllence of lus photography

I should like to express my appreaiation to the irm of Charls
C Thomas Publisher for many hindnesses throughout the proc
ess of compiling this matenal

Mroyrr O Castor M D
Dctroit Michigan
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INTRODUCTION

N THI past ten vears ntestinal antubation has come to oc
cupy a ver important position in the armamentanum of the
surpeon i his attack upon intestinal distention No thinking, sur
geon would deny the mportance of decompressing the gastro-
intestinal tract 1n any case of severe distention nor can we fnr;.,d
that 1n mam cases such intestmal decompression is inatself a life
saving measure Yot despite the mportance of such intestinal
decompression the incans of sccuring it namely intestinal intuba
tion 13 generally intrusted to the nteme who too often lacks an
adequate understanding of the mechamism mvolved
This past decade has seen tremendous improyements m 1n-
testinal decompression tubes as well as i methods of obtaming
2 negatine pressure to produce suction at the end of such intestinal
decompression tubes T he indications and the contra mdications
for the use of such tuhes has pradually cvolved as a result of the
work of manv surgeons working, independently in different parts
of the country  Much  water has passud under the bridge  since
the early papers of Ward # ¢ Westcnman ® Ranavel * and Wan
gensteen and Pame ™ called the attention of the surgical world to
the fact that a sinple tuhe passad into the stomach of patients
with Jleus due to pentomtis would decompress these cases as
well a3 many post-operatine cases of mtestinal distention  In
many cases, the Levin tuhe passed through the pylorus and de
ompressed the duodenum and upper jeunum  As long as the
distention was chiclly rascous such methods of decompression
Rereadequate This work furnished an impetus to surgeons eveny
where and succeeded in crcating an ntubation cra
The carly work on gastro-uodcenal intubation was soon fol
lowed by an attempt to pass such tubes far down the gastro-
ntestinal tract snto the colon 1f need he, m order to treat m
testinal distention The demonstration by Paine® that negative
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pressure at the end of a gastro-duodenal tube could not effectrvely
reduce the intra luminal pressure in the ileum, and the cliuesl
observations by surgeons everywhere that gastro-duodenal intuba
tion was not sufficent to treat intestinal distention, resulted in 2
search for more cffective methods When Muller Abbott combned
the observations of Hotz,* that a balloon placed into the bowel
would cause contraction of the bowel wall when the balloon was
inflated, and the observations of Jones,*® who studied intestmal
pain by passing a balloon-tipped tube down the gastro-intestinal
tract and noted contractions upon the mflated balloon, the result
of combining both of these observations was the development of
a balloon at the distal end of a double or triple lumen tube It
was noted that, 1f the bowel 1n front of the balloon were decom-
pressed and the balloon inflated peristaltc waves would be set
up as a result of the inflated balloon acting Iike a bolus  In this
way, such tubes were carnied down the gastro-intestinal tract n
order to study the intestinal physiology and the fora at different
levels of the gastro-intestinal tract.

Johnston 1n 1938 ** used these long tubes in cases of bowel
obstruction  The nced for 2 tube that would pass down to the
point of obstruction was recogmized by Johnston with the resuit
that an attempt was made to utihize the Muler Abbott tubes for
this purpose. Surgeons everywhere were quick to recogmze the
great value of having a tube down to the pomnt of obstruction.
The use of the Miller Abbott tube became wide spread

It was realized very shortly thereafter that there were many
drawbacks to the use of the Miller Abbott tube in cases of bowel
obstruction  Some of these drawbacks were due to the fact that
the tube itself was not the answer to the problem of intestinal
distention and some of the drawbachs were due to the improper
sclection of cascs for intubation and a lack of proper understand-
ing of just what onc could accomphsh by intubation

Since 1938 much work has been done in order to more suc
cessfully treat intestinal distention and to clanfy just when where
and how these tubes should be used Several different types of
tubes have been introduced with the objective of intubating suc
cesafully a higher percentage of cases with less effort and with
tubes gving a maxtmum drameter of decompression Each tube
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wat evolved by a surgeon to meet certain physiological cntena
which he thought necessan to propel the tube down the gastro-
intestinal tract  Classifying our tubcs n usc today by this stand
ard, tour differunt types of tubes based upon four dificrent prin
aiples of propulsion are found in use today

Flgure 2

Figure 1

Figure 1 Tube head of Alller
Abbott tube. Balloon along the shaft
of the tube at 1ts distal end. Balloon
to be nflated with air  Note perfor
ated metal end projecting beyond the
balloon. This 13 a double lumen tube
nclosed 1n one sheatlt,

Figure 2. Tube head of Johnston
tube. Hefe the double lumen tubes
are not inclosed 1n onc sheath, The
small tube 15 used for inflation of the
balloon and the large tube for de
compression. Note that the balloon
1 attached along the shaft of the
dusta] end of the tube and note how
the tube tipped with a metal plece
projects beyond the halloon. Note
fenestrations 1n metal tip of tube

The Miller Abbott  tube™?
which 13 based upon the prin
aple, “that 1t 1s necessary to de
compress the gut i front of the
balloon, so that when the balloon
15 1nflated 1t acts ke 2 bolus and
1s so propelled down the bowel,”
would then be called 2 double
lumen “air filled bolus type tube "
Successful ntubation can be ob-
tamned 1n a good percentage of
cases using this type of tube 1f
one 1s willing to spend the time
and use fluoroscopic control
Once the patient 1s successfully
intubated with this type of tube
its downward progress 1s gen-
erally rapid However, being 2
double lumen tube with a small
lumen for decompression a great
deal of nursing care s required
to keep the decompressing Iumen
open There are many modifica
tions of this tube utilizing the
same propulsive principle These
tubes are double lumen with
both lumina inclosed 1n the same
sheath

In the same classification as
the Miller Abbott tube one
would find the Johnston tube !*
Here we find a double lumen

tube based upon the same propulsive mechanism but to avoid the
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disadvantage of the small lumen used for decompression the
two lumen are not in the same sheath but are made by the co-
aptatton of two tubes side by side A small tube to inflate the
balloon and a larger lumenal tube for decompression

The Aguar tube* which was
introduced in Brazil 1s a single lu-
men tube based upon the prinaple
of jetpropulsion * The princple
upon which this tube was based 1s
the concept of the surgeon that by
njecting a liquid or air or liquid and
air forably mnto a single lumen tube
the emussion of this solution at an
acute angle at the head end of the

e, tube results in 1ts downward pro-
pulsion This type of tube 1s not
e available m North America Most

surgeons are ‘very loath to inject
any flud or air and fluid into a
gastro-intestinal tract already filled
..& with gascous and liquid matenal
Although American surgeons do not
ll:‘“l‘"’]zt p’f:;uﬁ{‘n‘f":i“ :rll;: use this type of tube nevertheless
Lqusd or atr and liguid 13 mjected  the development of a tube based
l‘:‘;:d‘yhin"éb: “'_:‘ﬂ 0";“;3‘;0:: upon the Jet-propulsion’ principle
through the metal tube head. The has been of great value in helping
force of thi stream propels the 1o crystallize our 1dess as to the
fube slong. type of tube that would most per
fectly fill the surgical requirements to induce successful intestinal
intubation
As early as 1908 weighted gastro-duodenal tubes came into
being, with the reports of Einhorn*® and Gross™ working inde
pendently In the next ten years a multiphicity of gastro-duodenal
tubes were developed all based upon the principle of weight
of the head end of the tube as a propulsine mechamsm Many
metals were employed n obtaining such weighted heads Gold
silver lead and mercury all had their proponents and were used
in the head ot a tube to weight 1t so that gravity would carry the
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Figure 42
tube dowmward An outgrowth of the development of these
gastro-duodenal tubes was the devclopment of long intestinal
decompression tubes also constructed upon the “weight principle.
Lead 1n the form of an olive and attached to 2 tube by 2 suture
or string has been used with some success 1" However, the many
disadvantages of using an mnert metsl such as lead and the
ability to pass it through the nose, necessitating passage of a
catheter through the nose and out through the mouth and then
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pulling the proximal cnd of the tube through the nosc after
which the lead ol e 1s snallowed, has resulted 1 such tubes not
mecting with much favor  Mercur) uscd as weight was ong
mnally pached solidly 1nto the head end of & three sixteenths inch

Flgure § Figure 6

Figure 5 Cantor tube. Note that the very

ample loose balloon 1s 2t the tip end of the

tube. Thus permuts o “free flow ' of the mer

cury trapped 1n the balloon. Note the mze of
the holes. Thus 15 2 single lumen tube

Figure 6. Harns tube. This 13 2 ungle lumen
tube. Note the head of the tube Its con
struction 15 the same as that of the Miller
Abbott and Johnston tubes. Notice the pom
tion of the shaft of the tube passing through
the balloon contamning the mercury Metal
inserts at points at whb:h balloon s tied to
1o

tube by Wilkins ** A mod
ification of this 1s to usc
mercury at the head, in
the balloon of a Muller
Abbott, Johnston, or
Iarns tube **

The fousth prinaple
upon which the construc
tion of a tube 13 based 13
the maximum utihization
of the “frce flon” of a
highly mobile heavy
metal such as mercury *
To utilize this prinaple 1t
should be quite obvious
that none of the physical
propertics of mercury
must be restramned For
this reason, the mercury
15 placed n a very loose
balloon at the tip end of
2 tube so that motion of
the patient would carry 1t
downward An attempt
has been made in this
type of tube to reduce the
problem of intestinal 1n
tubation to tts simplest
possible form using
tube of the simplest pos-
sible design

The proper utiliza

tion of any of these long tubes depends more or less upon the
bramn of the surgeon’ behind the tube A proper selection of
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the tube to be used and a hnowledge of the physiological prin-
aples upon which the construction of the tube 1s based 13 of the
greatest value in successfully intubating any case of ntestinal dis-
tention. If the interne or resident staff are to be responsible for
the passage and supervision of these long tubes, then the remdent
staff must be adequately tramned in their usage  The proper use of
the long intestinal decompression tube can be as important to the
patient as the surgical procedure itself  Often 1n fact, the use of
2 long tube 13 a life saving measure without surgical interyention
There 15 no doubt that successful intubation and decompression
must not be intrusted to a novice or a nurse if this surgical ad
1s properly to take i1ts placc in our surgical armamentarium

The ficld of usefulness of the long intestinal decompression
tube has greatly expanded since the earhiest reports of Wangen
steen and Ward  Successful intubation and decompression 1s now
being practiced upon any patient with intestinal distention regard
less of etiology  We now know that indiscriminate use of mtes-
tinal ntubation and 1ts improper management may be fatal to
the patient This 18 particularly true in strangulating types of
bowel obstruction. Because of the great vancty of intestinal
disorders that can be favorably influenced by intestinal intubation
we have realized the necessity for a book upon this so sadly
neglected subject  In this book, all phases of intestinal intubation
and decompression arc touched upon as well as anything that 1s
in any way concerned with intubation or decompression. We
hope to have under one cover everything that 1s known about
this subject 30 that it can be readily available for quich reference

Successful intubation requires four attrbutes in the man who
has elected to use this method of treatment First he must have
common-sense  This, so often neglected attribute, 13 of the great
est importance in the would-be intubator Without 1t even the
simplest problems become complen  Although 1t 1s true that 1f
the patient presents merely 1 case of post-operatn ¢ gascous dis
tention 1n whom perstaltic activity 15 not impaired merely drop-
ping a long intestinal decompression tube into the stomach wall
usually result in successful intubation because penstaltic actity
will carry 1t downward. Unfortunately most of the cases of
intestinal distention that the surgeon 1s called upon to sce cither
have verv httle or no penstaltic activity or the penstalsis may
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be reversed  In such a case meubation with the long tube requires
«ome cffort on the part of the ntubator 1f it 13 to be successful
By smphifying our intestinal decompression tubes, we have made
it possible to asord many of the troublesome problems madent to
intubation vet common sense always must be used particularly in
the unusual type of case Throughout tis book we shall repeat
edly call attention to tlus and demonstrate by concrete example
low a lack of common-sense makes the use of intubation worth
less. The second attmbute required of the would be intubator s
a knowledge of anatomy 1le must rcalize that there are many
traps and pit talls through which the long, tube must pass on ats
journey from os orum to os anum  The successful avordance of
these traps depends m some measure upon one s knowledge of
anatoms and the utihization of this knowledge in the proper use
of the long tube  The third attnbute 1s patience and a knowledge
of the phyvsiological principle upon which the construction of the
tubc 1s based Impatience only results in cotling of the tube and
a knot formation in addition to increasing the discomfort of the
patient by failing, to obscrve the niccties of intestinal intubation
Rough handling of the tube or the patient will only result in
cardio-spasm or pyloro-spasm because of emotional upset mn the
patient or as 2 result of a reflix from the injured nasal mucosa
Gentleness and patience tn passing the tube and the sclection of
a tube that 13 lcast Iikdy to injure the nasal mucosa 1s of im
portance A fourth attnbute 13 a knowledge of physiology and
pharmacology A patient with chronic sinusitis and marhedl
engorged turbinates must be treated differently than one with a
normal nasal passage  We may be called upon to intubate patients
with all tvpes of nasal pathology from deviated septa or per
forated septa to nasal polypr The vast majonity of such cases
can be successfully intubated trans-nasally utithzing our hnowledge
of pharmacology as to the effect of cphedrine and pontocame
upon nasal mucosa  Sedation particularly in the ner ous patient
may make all the difference betn een success and failure

Once the long tubc has passed into the stomach then a
thorough knowledge of the physiological prinaple upon which
the tube 1s based 1s of the greatest value in successfully passing
the pylorus It should be quite apparent that an air tube  would
require some different maneuvering than 2 weighted tube or a
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tube utilizing a * free flow  of mercury in 2 loose sac. The sur
geon should hnow just how each tube 15 expected to pass down-
ward in order to intelligently utilize 1t to 1ts greatest advantage.
Here again, we must call attention to the fact that patients with
penstaltic actvity require hittle or no attention as the tube will
pass downward literally by itself

A long intestinal decompression tube far down the gastro-
intestinal tract solves only one phase of the problem Improper
use of negative suction pressure at the proximal end of the tube
will result in no decompression  We have scen many cases m
which the head of the
tube was found at x ray
to be at the ileo-caecal
valve, the tube patent,
and yet no decompression
obtained solely because
there was no adequate
source of negative suc
tion at the proximal end
of the tube. Whatever
type of negative suction
one chooses to employ
whether 1t be siphonage,
bottle method of suction
{Wangensteen), or some
of the new mechanical
pumps, some attention
must be given to 1t to -
sure that it 18 functioning

Figure 7 Note that the iwatestnal decom
pranon tube (Cantor) has passed through
the small intestine and the head of the tube

15 found n the caecum. Note the presence of
the dutention. An madequate source of suc
tion =t the head end of the tube resulted in
poor decompression. When » good source of
negative suction pressure was applied to the
praxamal end of the tube decompression was
proapt. Pauent C. B, White, Male Age
58. Dugnons Caranoma of the caecum.

properly

One of the greatest
advances in surgery of
the gastro-intestinal tract
mn the past decade 13 the
studies by Coller® and
his co workers upon
water balance as well as
more recent studies on
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the chennstny of the blood  These studies are particularly ap-
plicablc to the aftercarc of the intubated patient A patient nith
2 Jong tube 1< losng conuderable amounts of water and clec
trolvtes daih - We have removed as much as five thousand cubie
centimeters of liqud particulate matter 1n a twenty four hour
penod in some cases of ntestinal distention In order to nsure
a favorable outcome to the patient a proper nater and cleetro-
Ivte balance must be mamtamed  Successful mtubation and de
compression would be of httle value if the patient would dic be
causc of altered metabolism due to dehvdration or clectrolyte loss
A patent who 1« hang intubated requires the surgeon to be
cternally viglant to avoud such difficultics

The studies of T ersthauser upon carly ambulation® which 15
being recogmized as an important factor in reducing our post
operatine morbidits s utthzed to the greatest advantage m our
smplified ‘frec low of mercury  tube  ere the motion of the
patient and changes of position not only prescent post-operatine
vascular and pulmonan acadents but greatly aid mtubation by
virtue of the freely flowing mercury at the head-end of the Cantor
tube which moves with cach change 1n postion of the patient
Carly ambulation 1s also of great value in proventing pulmonary
complications in intubated patients  Many of these patients de
velop an increase in bronchial and naso-pharyngeal sccretions be
cause of the presence of a tube in the naso-pharynx  Such secre
tions dropping into the trachea and hecoming mspissated could
casily constitute a mucus plug resulting in atelectasis The presence
of 2 long tube 15 15 no way a deterrent to carly ambulation. The
only Limitations to early ambulation are those cases described by
Lerthauser 2 and not a result of the presence of a long tube per se
An occasional case of ericord or arythenoid cartilage edema or
ulceration with cord involy ement®* has been reported Such com-
plications must be watched for by the intubating surgeon and
Proper measures tahen to prevent mjury to the patient before
1t occurs

The range of usefulness of the intestinal decompression tube
'8 being extended daily with inereasing benefit to the patient
Simplification of the long tube and a crystallization of our 1deas
s to the indications and contra indications for the use of the
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tube utthzing 2 * free flow” of mercury in a loose sac. The sur
geon should know just how each tube 13 expected to pass down-
ward 1 order to intelligently utilize 1t to 1ts greatest advantage.
Here again, we must call attention to the fact that patients with
penstaltic activity require little or no attention as the tube will
pass downward literally by iself

A long intestinal decompression tube far down the gastro-
intestinal tract solves only one phase of the problem  Improper
use of negative suction pressure at the proxmmal end of the tube
will result in no decompression  We have seen many cases
which the head of the
tube was found at X ray
to be at the ileocaccal
valve, the tube patent
and yet no decompression
obtained solely because
there was no adequate
source of negative suc
tion at the proximal end
of the tube Whatever
type of negative suction
one chooses to employ
whether 1t be miphonage,
bottle-method of suction
(Wangensteen), or some
of the new mechanical
pumps, some attention
must be given to 1t to -
sure that it 15 functioning
. properly
pf.";;mef"E‘cj:;r)'bﬁummtgxm Onc of the greatest
Lhe{;n;ll u:tt;ﬂ:ne and zge he:&.o{ the m§ advances 1n surgery of
the distentson :nm U‘tle he proschce o the gastro-intestinal tract
ton t the head end of the tube resulted n 10 the past decade s the
poor decompresslon. When a good source of  studies by Coller™ and
negative suctron pressure was applied to the
proxtmal end of the tube decompression was his co workers upon
]swg'ompﬁ.h;:c:;nt CB Whi;; ;ic-lz, Age  water balance as well as

Carcinoma SR more recent studies on
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the chemisty of the blood  These studics are particularly ap-
plicable to the after-care of the intubated patient A patient wath
a long tube 1 losng, conuderable amounts of water and clec
trolvtes dailhv - W have removed as much as five thousand cubic
centimeters of liqud particulate matter in a twenty four hour
period 1n «ome cases of mtestinal hstention In order to insurc
a favorahle outcome to the patient a proper water and electro
Iyte balance must be mantained  Successful intubation and de
compression would be of httle valuc 1f the patient would dic be
cause of altered metabolism duc to dehydration or clectrolvte loss
\ patient nho 1s hang intubated requires the surgeon to be
ctemally vipilant to asoud such difficulties

The studies of T eithauser upon carly ambulation® which 1«
being recogmized as an important factor in reduang our post
operatne morhidity 1< utilized to the greatest advantage in our
sumplified free flow of mercunn  tube  Tlere the motion of the
patient and changes of position not onlv prevent post-operative
vascular and pulmonany accidents but greatly aid intubation by
virtue of the frecly floning, mereuny at the head-nd of the Cantor
tube which moves with cach change in posation of the patient
Larly amhulation 1s also of great value in preventing pulmonary
complications tn intubated patients Many of thesc patients de
velop an increasc 1n hronchial and naso-pharyngeal sccrettons be
cause of the presence of a tube 1n the naso-pharvnx  Such secre
tions dropping into the trachea and becoming inspissated could
casly constitute a mucus plug resulting in atclectasis The presence
of a long tube 15 15 no way a dctcrrent to early ambulation. The
only lmitations to carly ambulation are those cases described by
Leithauser® and not a result of the presence of a long tube per se
An occasional casc of cricord or arythenoid cartilage edema or
ulceration with cord 1nvoly ement ® has been reported Such com
plications must be watched for by the mtubating surgeon and
Proper measures tahen to prevent injury to the patient before
1t occurs

The range of uscfulness of the intestinal decorr pression tube
Is bcmg extended daily with increasing benefit to the patient
Smphfication of the long tube and a crystallization of our ideas
a3 to the mdications and contra indications for the use of the
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long tube has done much to insure a successful outcome  The
co-operation of surgeon and roentgenologst in many of the more
difficult cases to be intubated 15 essential. We have been par
ticularly interested in evolving a practical technique of intubation
so simple that i1t does not require flucroscopic control and that
would be adaptable for use in smaller hospitals without adequate
» ray faalities as well as in smaller communities where the ser
vices of an expert roentgenologst are not available at all. We
have demonstrated n well over five hundred cases that over
ninety five per cent of all cases can be successfully intubated with-
out fluoroscopic control  Chech films at six and twenty four hours,
although highly desirable are not absolutely essential An exam
ination of the aspirated contents of the gastro-intestinal tract and
the markings on the tube are quite accurate 1 localizing the post
tion of the tube  We have endeavored in this work to treat the
subject so that our colleagues not having metropolitan convem
ences can successfully intubate and decompress such patients as
require 1t
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CHAPTER II

THE HISTORY OF THE INVENTION AND
DEVELOPMENT OF THE GASTRO-
INTESTINAL TUBES

By
Jonn R PAINE
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Unroeraty of Buffalo School of Medicine

Supplemented by
Mevex O Cantox

HE LONG intestinal decompression tube as we know 1t
today 13 the result of a slow evolutionary development over
a period of one hundred and eighty years. Many men con-
tributed a Dittle and  carned the ball just a bit further In this
slow evolutionary process the old axiom that necessity 15 the
mother of mvention’ certainly held true, because, as the need
arosc for tubes znd as our knowledge of the gastro-intestinal
tract increased tubes were devised to meet our changing needs.
From its humblest beginnings with the usc of an eel skin to form
1 gastric tube, to our present day ten foot long radio-opaque
wntestinal decompression tubes, there has been & slow but steady
forward progress in our attack upon the gastro-intestinal tract.
At present we can with very Little dificulty, pass a tube 1n through
the nose and get 1t down nto the sigmord colon,
In the time of the Emperor Claudius, 1t was common prac
tice at the end of a feast or banquet to serve an emetic, the
voritiom ™ with the dessert. This, when effective, guie 2
sense of well-being and permutted the partakers to straightway
begin enother feast The amount of emebc given seems to have
varied considerably for often as not 1t produced merely an un-
comfortable sense of nauses or an mntractable vomiting even after

[16]
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the stomach hecame empty - Pasung the finger into the posterior
pharyns was another method quite commonly used by the Romans
\ more refined means of emptving the stomach came mto favor
with the use of the pinna I'us was a feather or group of
feathers dipped 1 ins or avpress ol used to tickle the <oft palate
and posterior pharmx Indeed  Agnippa 1s said to have had
Claudws murdered by brdung lus plvuaan to use powoned
feathers

Dunng the middle ages under different social customs  the
demand for agents by wiich the stomach could be empticd was
nat so great but was still present duc to the populanty of poison
ing as a means of murder Onbasius ™ recommended that a long
leather glove finger the lower end stuffed with wool be pushed
down the throat  licromvmus Mercunalie® advised the use of
2 long leather strip called  lorun vomitorium ' This was coated
with several unappetizing substances the basis of which was tannic
aad  Onc end of this was swallowed and the other held outside
the mouth

About the middle of the seventeenth euntury there appeared
n Europe a new and rather curious instrument which sas recenved
in Germany very enthusiastically  Various names were given to
suchas  magenkratzer, magenraumer  magenburste ™
A rather voluminous litcrature cxtending over nminety years,
sprang up concerning the indications for and the techmque of 1ts
use  These stomach brushes constructed of whale bone arched
n almost a half arcle were tpped with an wvory bead and tufts
of horse hair ik, or hinen  1leated contros ursics raged at times
concerning the propriety of their use  In some localities they werc
publicly owned and kept 1n erther the parish church or comvent In
other places their use was forbidden by law

We do not hnow defintely who first passed a tube 1nto the
buman stomach or for what purpose but ther¢ are many sug
Bestive references that it was done before the time of Physick
who, by most wniters 15 credited with the iy ention of the stomach
tube and pump 1n 1800 # It would scem probable that such
tubations were not done prior to the Dutch physician and chermust
Van Helmont,®* who first made flexible catheters of leather soahed
N resinin 1646 Boerhave® (1668 1738) another Dutch phy
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sictan was the first to suggest that a flexible tube be passed into
the stomach for medical purposes however, we have no record
that he ever did what he recommended

In the Philosophical Transactions (Vol 66) a paper appeared
by Tohn Hunter read March 21 1776 * This paper entitled
Proposals for the Recovers of Persons Apparemtly Drowned
contains the following It will certainly prose advantageous if
the same kind of steams (1¢ steam of volatle alkali or warm
balsams and essential o1ls) can be conveyed into the stomach as
that seat of unnversal sympathy will be aroused by such means.
Secondly a synnge with a hollow bougic or flexible catheter of
suffictent length to go into the stomach and convey stimulating
matter into 1t without affecting the lungs

Whether anyone ever carnied out these directions we do not
know but in 1790 this same John [Hunter ® reported a casc to
the Society for Improyement of Medical and Chirurgreal hnowl
cdge as follows A Case of Paralvsis of the Aluscles of Deglutt
ton Cured by an Aruficral Mode of Conteving Food and Med:
cotes to the Stomach We will quote the description of the in-
strument he used as he gave it The instrument made use of
was a fresh ecl shin of rather a small sizc, drawn over 2 probang
and tied up at the end where 1t covered the sponge, and tied again
close to the sponge where 1t fastened to the whale bone, and n
small longitudinal shit was made into it just above this upper
ligature To the other end of the ccl shin was fised a bladder
and wooden pipe, similar to what 1s used in goving a clyster, only
the prpe was large enough to let the end of the probang pass into
the bladder without filling up the passage The probang thus
covered was mtroduced into the stomach and the food and med:
cmes were put mnto the bladder and squeezed down through the
cel shin

On the bamis of the above evidence, we must credit John
Hunter with the first recorded use of 2 stomach tube In 1797
Alexander Monro II11* delinered as his graduation dissertation
at the Unnermity of Ldinburgh a paper entitled De Dysphagia
In this paper he questioned the prionty of Hunter and stated
that in 1767 his father had used a flexble tube of coiled wire
corered with leather to remove dangerously fermennng flurds
and gase trom the stomachs of cattle
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In his memoirs, \mbrose Pare who Ined and worked in the
carly ainteenth century s reported to hayvcntubated the stomach
of a patient by uuny, the stalk of a leck  Baron Larrey ® Napo-
leon Bonaparte s Surgeon-Greneral, recounts mn his AMemorrs the
use of stomach or csophageal tubes to foed pattents with tetanus
and how n the case of Marshall Murat such tubes had to be uscd
to feed lum because of a severe wound in lus nech Tt 1s very
doubtful honever 1f he ever passed the tubes into the stomach
for he states that the position of the tube was determined before
feeding by anjecting a few drops of water to sce 1f the patient
coughed

Dupuvtren and Renault* in Pans had followed up Boerhave s
suggestion that a flexible stomach tube would be a practical and
uscful mstrument and by 1803 had perfected an instrument and
published 2 description of it We have been unable to find evi
dence that they cver used the instmmient except on expenmental
anmals

EARIY APPIICATION OI STOMACH TUBLS
FOR THIL RLMOVAI OI POISONS

Philip Svng, Physich a Philadelphia surgeon, knowing nothing
of the preceding work began to advocate washing out the stomach
with a tube and svringe 1n cases of poisoming in 1800  Such
recommendations appeared 1n his lectures to the students at the
Uninersity of Pennsylvama and his nephew, Dr Dorsey, had
speaial tubes constructed for that purpose in Pams in 1803
Dorsey tried the procedure 1n 1809 but was unsuccessful n sas
ing his patient  The first article on the subject by Physich ap-
peared in The Lclectic Repertory and Analytical Review (Vol 3)
1813® He related how on Junc 6 1812 he was called to visit
twins, three months old who having whooping cough were each
given one drop of laudanum by their mother to ensure a good
mght's sleep  The corh had been left out of the laudanum bottle
for some time and e aporation had increased the strength of the
fincture 0 much that both babies became comatose with morphine
Posoming  Physich fedling certain they would die used a urethral
atheter and syringe to wash out the stomachs of both infants
One died, but the othcr completely recovered

1818 the first authentic record we have of a tube heing used
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to remove noxious or poisonous substances from the human
stomach It will be remembered that IHunter used the tube only
to convey medicines and food into the stomach

On May 29, 1822, Mr Jukes,"™ an English surgeon of Wst
minster published in an obscure periodical the Gazette of Health,
a description of what he called a stomach pump ' It was made
of a two-foot rubber tube one-quarter inch in diameter The
distal end had seieral perforations and an 1vory bead at the tip
To the proximal end was attached an elastic bottle also made of
rubber Jukes advocated the use of this instrument in cases of
posoning to empty and wash out the stomach He had expen
mented on dogs and himself to prove its effectiveness  In fact on
one occasion he took ten ounces of laudanum into his stomach
and evacuated 1t without harm to himself In the fall of 1822
two papers were published n the London Medical and Physical
Journal One n September, was by a2 Mr Bush,*® of Frome,
and the other in November was by Mr Juhes

These papers described an mnstrument to be used for washing
out the stomach m cases of porsoning  Both instruments were
rubbers tubes of sumilar make but m place of the elastic bottle
used by Jukes Bush advocated the usc of a syringe  Juhes imme
diately claimed prionty on the basis of his carlier publication 1n
the Gazett. of Health Sir Astley Coopor® became interested
in what everyone in Lngland considered to be a new nvention.
At hus lecture at St. Thomas Hospital Wednesday December 10
1823, he had Jukes appear and demonstrate his new instrument.
The tube employed was connected with a special syringe made by
Mr Reed of Rent This was considered a great improvement
over the onginal instrument made by Jukes in 1822 because of
the special construction of two valves which ehminated the neces-
uty ot removing the syrnge from the tube

With this lecture Garrmison* says the procedure of gastric
lavage 1n cases of poisoning became definitely established in Eng
Iish medical practice Thus we sce that by 1823 the stomach
tube had been mvented 1n France, England and the United
States and as far as can be determined, without knowledge of
what had occurred in the other countries

It 13 hard to understand how such a useful and at times life
saving, procedure as gastric lavage once having come into use
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could be w0 neglectud and forpotten as stems to have been the
case at the muddle of the ninetcenth cantury— The onls unprove
ment 1 the construction of stomach tubes or 1 thar use from
the time of Jukes publications 1 1823 to hussmanl s claswc
paper in 1869 nas the suggestion of Arnott in 1829  and Sumer
val n 1832 that siphonage be used i gastric lavage instead of
forccful suction

MODLRN DLVLI OPMLNT IN THL CONSTRUCTION
AND USL OF THE STOMACI! TUBL

We must gine credit for reviving a chmeal nterest in the
stomach tube to Russmaul Through contact with Bowditch of
Boston, Russmaul was acquainted suth a model of the stomach
tube and pump constructed by Dr Wyman also of Boston
Boseditch * had used this to aspirate empyema cavities [ gave
Russmaul the speofications and the latter had the mstrument
maker, Fischer of Freiburg make such a pump On July 22
1867 Russmaul made a diagnosis of gastnic dilatation due to
pvlariculeer on a peasant mrl of twenty five named Mane Wener
Using the ‘Amencan pump  he treated this patient by frequently
emptyving and lavaging her stomach  The patient recovered. By
1869 he had treated twelve similar cases and wrote his famous
paper entitled Uber die Behandlung der Magenernesterung durch
eine neue Methode mittelst der Magenpump ** This paper re
cerved a wide arculation and had a profound wnfluence on the
treatment of gastric disease throughout Europe and America
B B V Iyon® says that this paper was directly responsible for
Billroth s interest in gastric surgery,  Posstbilities for the dhagnosis
and treatment of gastnc discase were scen immediately and the
mprovements 10 the instruments by which they could be made
soon began to appear

Theodore Juergensen*® i 1870 reminded the profession
agam of the possible dangers of forceful suction duning gastric
1avage and emphasized the practicability and simplicity of siphon
age  Aucrback** and Ploss** independently developed double
recurrent stomach tubes in 1870 Their tubes had the disadvan
tagre of being large and causing the patient considerable discom

fort when used but gastric lavage could be done more thoroughly
and more rapidly
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In 1871, Leube ** saw dearly the diagnostic possibillities for
studying gastric physiology by using the stomach tube. It was he
who first suggested the test meal. In 1874, Ewald® and Oser®
developed stomach tubes of soft phiable rubber and of smaller
caliber than had been used previously Up to this time, stomach
tubes, while flexible after a fashion, were stiff and hard and
entailed 1n their passage a considerable unavoidable discomfort
to the patient. It was considered necestary to employ a suff tube
because of the force which was used 1n its passage. No co-opera

tion was expected from the p2
tient. A few soft plable tubes

had been used but were always
mserted with a2 stylet or man-
dann. Ewald and Oser first
showed that soft rubber tubes
could easily be passed without
stylets 1f the co-operation of the

patient could be secured. How
much this meant to the patient 1in
the way of increased comfort can

canly be imagined
W SERRY Our gastric tubes of today
ITRACH peTr are practically the same as those
Figure 8. Gerry Stomach Pump. used by Ewald and Oser The

:{1:: :;'m"“ ]ftmmgl‘;fu'h";"‘p; quality of the rubber 1s better but
poted to facilitate deglutition by act  the principles of construction and

0% a3 & bolus for pharmgeal eon-  the techmic of nsertion and use
stnctors.

arc the same. Suggested 1m
provements have not ceased to appear but with one or two ex
ceptions have not been accepted by the profession as practical or
worthwhile Marcy,** in 1883, emphasized that in double recur
rent tubes the efferent tube must always be larger than the afferent
one This same pomnt was later utihzed by Johnston m the de
velopment of his mntestinal decompression tube  The last 1m
portant change 1n the construction of the stomach tube was made
by Rehfuss® in 1914 This tube was in fact merely a varnation
of Cinhorn’s duodenal tube used to obtain samples of duodenal
and gastric contents for examination. It 13 not suitable for thera
peutic purposes and has in no way replaced the larger caliber
tubes for lavage
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EARLY ATTEMPTS AT DUODENAL INTUBATION

The impetus which medical thought recened from Rusemaul «
paper can scarcely be oy cr-cmphasized  Throughout the world
investigators set about to study the physiology and pathology of
the stomach, and 1t 13 not strange that experimentation soon began
1n an cfiort to make the duodenum and 1ts seerctions available for
examunation and analyss The duodenal tube 1n contrast to the
stomach tube was entirely an Amencan development and a direct
cesult of this desire to reach the duodenum for diagnostic pur
poses Before the invention of the duodenal tube 1in Amenca,
Boas** and Boldy reff,* in Europe tried to obtan duodenal secre
tion Boas, by massamng the night upper quadrant of the abdo-
men, tried to cause a reflux of flmd through the prlorus  and
Boldvrefl by giving fatts meals, tried to obtain the same results
as an cffect of normal physiofogy That they succeeded in some
cases ts undoubtedly true but neither method was practical nor
rehable.

The Amencan Fenton B Turch ® presented to the Inter
national Medical Cangress at Rome in 1894 a curious and com
plicated mstrument which he called the “gyromele.”” This was a
revolving flexible steel cable tipped with a spiral spong and
spongt. This cable was encased in 2 rubber tube and at the
proximal end fitted with a dnll arrangement to enable 1t to be
rapidly rotated Ongnally designed to outline the stomach by
palpation through the abdominal wall, this instrument went
through many modifications and with it Turck clarmed to have
intubated the duodenum and obtained duodenal secretions al
though few men other than humself ever used it

J C Hemmeter®™ of Balumore, in 1896 reported certain
expeniments he had carried out m an attempt to intubate the
duodenum  He first passed a balloon mto the stomach This
was roughly m the shape of the stomach with a groove inning
along the lesser curvature Through this groove a rubber tube
was passed into the duodenum  To prove that the tube actualls
r:tt{:ithg (iut;‘dcnum Hemmeter tooh roentgen-rays of the tube
(c:urc :nduc:c;:c:jgl‘,:‘t “‘;:\nsl:n umpracticzl and cumbersome pro-

interest until brought into contro-

versy fourteen years later after Einhorn and Gros
their simple duodenal tubes ' presenied
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The German F Ruhn,* worked with IHemmeter at Baltimore
i 1895 1896, and had assisted him with the experiments men
tioned above. With a rubber covered steel spiral he tried to
catheterize the pylorus directly  After returning to Germany he
developed the method further and wrote a description of 1t 1n
1898 In general this method was not conmdered reliable or
practical and never recerved the attention which its inventor
thought 1t deserved but 1t 1s no doubt true that Ruhn frequently
was able to reach the duodenum with his spiral tube

THE INVENTION AND DEVELOPMENT OF THE
MODERN DUODENAL TUBL

In 1909, almost simultancously Maunce Gross®® and Max
Linhorn ® presented to the medical profession a simple method
of obtuining duodenal secretions  Einhorn proposed a small metal
olive or capsule perforated and attached to 2 long thin rubber
tube The capsule was to be swallowed in the evening and the
penstalsis of the stomach allowed to carry the tube into the duo-
denum  The metal capsule weighed fifty nine grains and wnas
23 Fr in diameter Aspiration of fluid was to be done with a
syringe  Gross also proposed a tube which he claimed to have
first introduced as a gastric tube in 1894 The tip of this tube
weighed one hundred and fifty nine grains and 18 described as
being twice the size of a pea It, too was made of metal Gross
claimed that the pylorus can be reached and passed by his tube
because of the adaptability of the small metal ball, which gradu-
ally leads the tube to conform to the lesser curvature of the
stomach and in continuous movements glides into the antrum
pyloncum His technique was to have the patient swallow the
little ball smoothed with salina untl the divsion of forty five
centimeters had reached the ips Now Ightly blowing several
times into the stomach would smooth 1t out, so that the tube
would hang freely in the cavity  When the patient was on his
nght side the tube would ghde through the half opened mouth
without swallowing sumply following the pull of the ball untl
sixty centimeters was reached  In another ten minutes Gross
claimed that the tube was passed through the pylorus  His patients
were all warned not to swallow during this ime 1n order to give
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the tube an opportunity of beng drawn through the pylorus by
the neipht of the round ball
Just as Russmaul 1n 1869, had begun a new era in the study
of gastric discase o 1 mhom and Gross imtiated another period
of cwperimentation and study of gastro-
intestinal pathology  Intermists were the
finst to fully prasp the siymficance of the
opportunitics afforded by this simple new
instrument  [ts use quickly spread to
Lurope and literally dozens of men be
an to usc it wxtensnvely  The literature
on the subjeet after 1910 1s s oluminous
Lach one who uscd the duodenal tubc
scems to have thought that he could 1m
prove on 1its construction or on the
technic of 1ts ust  As a result between
forty and fifty difierent duodenal tubes
arc described in the German French
and Coglish Iiterature  The majonty of
them however are but vanations of the
Figore § Figure 10 ongnal tubes and most of them employ
}‘ﬁﬂ ]u;ul;r.:: h"ﬁ the principle of a weighted tip and nar
tr m 19 still  row soft rubber tube. The differcnce in
::dm,éz_r \mﬁﬁﬁﬂ the various tubes ®! %% %3 44 due to
bead 21 gr changes in the shape and a progressne
Figure 10 Lyon Tube In  increase in the weight of the tip of the
;’::;‘: ‘:‘fﬁﬁﬂ"z tube from thirty three grains to one hun
day for the same purpose. dred and seventy gramns, and the types
Metal head woighs 90 gr  of up vaned from the 1vory ball used
by Juergenson to the lead enclosed ball of Finhorn Lead gold
sbher bead brass, and gold plated metal all bemg represented
in the tips of these tubes The work of Hess % and the tube of
Lesin € dusirve special mention In 1912 the New York pedia
trician Alfred Hess described the use of 2 small Nelaton cath
cter for duodenal intubation 1n infants Due to the anatomucal
rclatonships of the infant stomach this procedure could casily be
carnedout A L. Levin of New Orleans, in 1921 desenbed his
smooth catheter tipped duodenal tube for adults This tube has
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the advantage over most other duodenal tubes because 1t may be
passed through the nares and 1s made of one solid piece of rubber
This tube has found increasing favor since 1ts introduction and 1s
used extensively for gastric lavage and asprration.

Speed of intubation has been a goal of all who have used
duodenal tubes and has been one of the reasons for the mult-
pliaty of types developed As noted above, Einhorn passed the
tube through the mouth in the eveung and allowed ten to twelve
hours for penstalsis to carry it nto the duodenum.  Gross dlaimed
that intubation could be done much more rapidly with his tube,
using gravity as an aid to gastric penstalsis, one to two hours
bewng the average tme requred. Lippman® made = saennfic
study, 1n 1914 of the technics used in passing duodenal tubes
and developed his own technic based upon this stady  His method
18 briefly described as follows ‘The patient 13 placed n a chair
and the freshly oiled tube passed into his fasting stomach for a
distance of forty five centimeters  After bending shghtly forward
for 2 minute the patient partially reclines on s nght side and
the tube 1s slowly inserted twenty five centuneters further This
position 1s mawntawmned for five mmutes and then the patient turns
on his back and fully reclines while his hips are elevated shghtly
Five minutes later the tube 13 mserted ten centimeters farther
Thus should place the tip of the duodenal tube 1n the duodenom
It 18 claimed that with this technic duodenal tubes can be passed
in normal persons m fifteen to thirty muutes Morgenstern ®
in 1931 proposed a new technic to wnsure the passage of these
gastro-duodenal tubes through the pylorus His technic was to
push up the greater curvature of the stomach with lus left hand,
the patient standing m front of the fluoroscope while massaging
the tube toward the pylorus with his nght hand. It was clarmed
that by pushing upon the greater curvature that the tube head
would be brought up to the same level as the pylorus and hence
eanly passed Another interesting device was the so-called radicu-
lator ® This was 2 two pronged instrument pressed agamnst the
fifth dorsal vertcbral area one prong on each side of the spinc
This procedure was supposed to imtiate reflex relaxation of the
pvloric sphincter and permut a rapid passage of the gastro-
duodenal tube
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Lake 1" 1n a paper entitled  The Influence of the IV eight of
the Duodenal Tube Tip on 1ts Fnirance Ttme, reported his oh-
servations 1n the course of three hundred and nincty six diagnostic
duodenal dramages during a three year period  Four dundenal
tubes were used n this study  These were Rehfuss tube, Twiss
tube Lewin tube and Linhorn (Moses) tube The waghts of
their tips are  Levin tube—no weighted tip Twiss tube—69
gramns, Rehfuss tube—75 grams, and Einhorn tube—150 grains
As a result of hus obsersations he was able to conclude that there
was no significant diffcrence in the percentage of successes with
any of these tubes in a two hour period and that the adding of a
metal tip of various weights had no advantage over a plan rub-
ber catheter With regard to whether the weighted tip caused the
tube head to reach the duodenum saoner he was able to conclude
that all the weighted tipped tubes regardless of their weight pro-
ceeded to the duodenum with equal rapidity and that nothing was
gamned by increasing the weight of the tip to 150 grains  The plain
catheter tipped Levin tube however appeared to proceed to
the duodenum at a slaner pace From hus observations 1t would
scem that a weighted tip appeared to hasten the entrance of the
deodenal tube into the duodenum when compared with the speed
of a plain catheter tipped Lewvin tube but that increasing the
weight of the ap had no appreciable effect.

Many tests have been suggested and used to localize the tip
of the duodenal tube All wnters agree that the only posinne
way 13 by fluoroscopy or xray The gross appearance of the
aspirated contents and the reaction of the aspirated fld how
ever, 18 a fairly rehiable indicator as to whether the tube has
passed into the duodenum

THE CLINICAL APPLICATION OF THE
DUODENAL TUBE
The more 1mportant uses to which duodenal tubes have been
put will be briefly summanzed with emphasis on several of these
uses The examination and analysis of duodenal secretions 1s the
prume purpose for which the doodenal tube was mvented and
continued to be its most important use up to about twenty four
years ago  Duning this period of time an ever widening use of
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the duodenal tube as a therapeutic agent in the treatment of
both medical and surgical conditions began. During the 1930 s
by far the greater part of the publications concerning this instru-
ment deal with 1ts use in the treatment of gastric and intestinal
distention rather than i diagnosis. Here we find the direct fore
runncer of the long intestinal decompression tube bung used for
the same conditions which ultimately brought the long tube nto
being

Gross, Schmidt ™ and Jutte ™ have all recommended duodensl
lavage and duodenal msufflation of oxygen for a number of con
ditions the most important being auto-intoxication and testinal
catarrh Lyon™ has been pre-cmimently interested 1n the non-
surgical dramage of the gallbladder with magnesium sulphate in
stilled through a duodenal tube of his own design  Gantt and
West,™ Simon ™ and Gunn™ have used it in the trecatment of
intestinal parasites Carnot and Libert ™ Iilicnthal ™ and Mc
Donald ™ have found it useful for feeding in cases of dysphagia
anorexia and persistent voriting  Soper* recommends 1t n the
treatment of hematemesis Young® has used 1t for feeding mn
uremita  Dudko and Brailowshi1 ® by inflating the duodenum with
air were able to cause a nail lodged there for tno wweehs, to pass
A number of wnters have described its use in the treatment of
peptic ulcer  The more important of these are Einhomn ® and
Buchstein ¥

While surgeons have only of late vears used the duodenal
tube cxtensively for any purposc other than diagnosis Wester
man ® as early as 1910 reported fiftecn cases of serere pentom
tis with gastro-intestinal stasis treated by continuous siphonage
dramage of the stomach by means of a2 small tube passed through
the nose but remarhed that the siphonage was interrupted from
time to-time by gas A year later Rappis™ reported ten similar
cases treated mn the same way and warmly recommended that
method of treatment. Ranavel ™ m 1916 recommended that
closed systems be applied in the use of such tubes  Willy Meyer ™
used duodenal tubes, after gastric operations, for aspiration and
admmustration of flmds The general use of siphonage dramnage
of the stomach 1 post-operatine treatment and n any condstion
accompanted by gastric and intestinal paresis was eamestly advo-
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compress 2 markedly distended paretic gastro-intestinal tract were
much more apt to be unsuccessful than in cases in which an active
pertstalus was sull present. For this reason and because the
studies of Miller Abbott™ on intestinal physiology and their de
velopment of a long tube which was capable of passing down
into the gastro-intestinal tract to the point of obstruction, 2 move
ment toward the development of tubes that would more surely
pass downward into the colon, if need be, was imtrated.

THE DEVELOPMENT OF THE LONG INTESTINAL
DECOMPRESSION TUBE

Intestinal intubation was successfully accomplished by Schel
tena* 1 1908 when he succeeded in passing a small tube into
the bonel for the purpose of introducing medicinal substances
In 1919, Einhorn used an 8 Fr tube for the same purpose but
found 1t too small for aspiration Finally, i 1921, Emhormn,*
stull using an 8 Fr tube successfully aspirated mtestinal contents
for study McClendon, 1n 1925 ** published X rays showing that
a tube could be passed mnto the lower jleum In 1926 Van der
Reis and Shembera ® passed a tube all through the gastro-
mtestinal tract and out e anus It took two to sxx days and re
peated feedings to accomplish this so no one used the tubes for
intestinal obstruction

In their onginal communication 1n 1934 Mller Abbott de
scribed® their techmque for introducing a double lumen rubber
tube tipped with an air filled balloon This tube was developed
by combining the observations of Hotz that inflation of a balloon
1n the gastro-itestinal tracet resulted m the mrtation of penstaltic
waves and the studies of Jones 11 which a single lumen, balloon
tipped air filled tube was introduced far down the gastro-intestinal
tract to study pam The ongnal studies of Muller and Abbott
and the development of their tube was, as noted, to study the
intestinal flora and phystology of the gastro-intestinal tract The
surgieal possibilities of the long tube were not noted at that time
although 1n a paper m 1936 by Muler Abbott, and Karr ** they
mentioned the fact that they had used their tube to study onc
patient with bowel obstruction due to carcnoma of the caecum
In cases of obstruction they noted the asptration of gas in front
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of the balloon thus imtiating penstaltic waves which carnied the
balloon downnard like a bolus By 1938, articles appeared n
the htcrature by Jahnston™' and his co-workers of Detrott,
Rlemn™ of Mt Sinat Llospital and Willson™ of the Mayo
Clinic, describing the use of the Miller Abbott tube or modifica
tions of 1t 1n cases of bowel obstruction
The great advantages of using 2 long tube which would pass
down to the point of obstruction were realized by surgeons cveny
where and for a time it was tddt that our troubles were over
o the treatment of intestinal distention It was soon realized,
howeser, that although the Miller Abbott tube was definitely a
step 1n the right direction yet 1t was not
! the ansner to the problem because of
! three objectionable features One of the
! e most objectionable was the ease with
which the tube became plugged by gastro-
o intestinal particulate matter This neces
sitated repeated irmgations and consid
erable attention by the nursing staff Dur
:;%:Ab&?mm ng the war years with the depletion of
per figure) and Cantor tube  the nursing staff to the armed forces
‘(]L“Wf'umiﬁ‘f_:l")d":;':r h;’; this objection was a very important one
decompression 1 equal to  as many tubes had to be remoyed because
tfiaton of bulloon m the  Of Plugging of the suctioning lumen
Miller Abbott tube, Note Lhe sccond abjectionable feature was
the dcmé-:p;;nntgbl:mm of the fact that very often the tube did not
pass down nto the gastro-intestinal tract.
In some centers the percentage of failures was reported as being
as high as twenty per cent When this occurred, the tube coiled
up 1n the stomach and acted no better than the Levin tube despite
the various technics ' 131% proposed to expedite the passage of
this tube through the pylorus A third objectionable feature was
the fact that there were only four small holes above the balloon
and several below it and that the tube was double lumen When
this tube had passed well down the gastro-intestinal tract the
area of bowel about the suctioning holes would often be decom-
pressed but secondary dilatations of the stomach mght occur
necessitating the use of 1 Levin tube in the other nostril or pochet
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ing of intestinal contents proximally due to multiple short loop
obstructions as a result of plastic exudate or adhesive bands  For
these reasons, many modtfications of the Miller Abbott tube and
newer techmes for using began to appear to insure the passage
of the tubes through the pylorus The Johnston tube was de
veloped 1 19387 1n order to increase the size of the decom
pressing lumen It was however, a double lumen tube whose
propulsi e mechamsm was an air filled balloon In 1944 Harns
and Sivertsen ' suggested placing a amall amount of mercury
the balloon of 2 Miller Abbott tubc in order to weight i1t. It was
found that by domng so the percentage of failures decreascd.

This method seemed more successful than the application of
a magnetized tip as suggested by Mayer ' who proposed to apply
a magnet to the nght flank and so draw the tube head through
the pylorus, or the mcthod of Abbott who suggested the wn-
sertion of a stylet nto the lumen of the Miller Abbott tube and
under fluoroscopic control wisually threading the tube through
the pylorus When it became evident that mercury alone in the
balloon would carry the tube through the pylorus, a further sim-
plification of the long intestinal decompression tube was posstble
Harns ™ and Cantor** wire both working upon the deselop-
ment of a single lumen tube  Harns modelled his tube head after
that of the Muler Abbott and Johnston tubes, whereas, I felt that
1f mercury was to be nsed as a propulsive mechamsm all the physe
cal properties of mercury 1e lability motility, and cohesive
power, should be used and not merely its weight  For this reason
[ designed the Cantor tube specifically to carny the mercury and
utthze all these physical propertics  The only way this could be
donc was to usc a single lumen tube with a loose balloon at the
very tip of the tube Thiy would permit a free flow of the mer
cury which we have amply demonstrated will earry the intestinal
decompression tube far down the gastro-intestinal tract even n
cases of paralytic ileus A new prncple of propulsion 1s being
emphasized namely the motion of the patient to carry a hughly
labile cohesnve heavy metal trapped m a loose balloon at the tip
of a tube downward mnto the gastro-intestinal tract.

Just as the long mtestinal decompression tube underwent evo-
lutonary changes from an cel skin to our present day single lumen
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simplihicd intestinal decompression tube, so ton, the use of mer
cuny m mtestinal obstruction also underwent changes  As carly
as 1732, and for the next fifty years V314 HSTGUT numerous
reports appeared in the hterature discussing the use of metallic
mercury by mouth in the treatment of bowl obstruction Tt was
felt then that the metallic mercury would work its way past the
obstruction and so rilease it This method fell into disrepute n
the nuddle of the mincteunth century, but it called attention to
the use of mercuny  Wilkins,™ 1n 1928, utihzed mercury by pack
ing 1t into the end of a three sintuenths inch lumen diameter gastro-
duodenal tube 1n order to weaght it for more rapid passage Then
when 1arns and S crtsen in 1944, utthz «d mercury in the balloon
of a Miller Abbott tube the true place for mercury in the treat
ment of bowel obstruction was obtained The natural result of
combining all these ohservations was the inevitable construction
of the simplest possible radio-opaque single lumen tube constructed
speatfically to carry the mercury and most effectively praduce
testimal decompression
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CH4APTER LI

NORMAI ANATOMY OF THE GASTRO
INTESTINAL TRACT AS RELATED
TO INTUBATION

HERL ARE many anatomical traps and pitfalls to halt the

downward passage of the long mtestinal decompression tubc
In its passage from os orum to os anum A hnowledge by the
would-be intubator of these anatomical features that must be
watched for and the application of common sense readily over
comes the vast majonity of these traps  One must remember that
the tube passcs on 1ts course downward from the nose through
the naso-pharynx, esophagus, stomach small bowel and often
large bowel cach of which 1s subject to normal as wecll as ab-
normal vanations

NOSE AND NASO-PHARYNX

All of the present day long intestinal decompression tubis arc
intubated trans-nasally because 1t has been found that this route
1s much more comfortable for the patent It leaves the mouth
free for the ingestion of food Nature however, did not intend
the nasal passage to be used as a passageway for & foragn body
such as an intestinal tube The turbinates and its coyering cavern-
ous tissue as well as the nasal septum although admurably adapted
for respiration may present a real obstacle to intubation In an
individual of normal body habitus, whose upper respiratory tract
has not been subjected to chronic sinusitis or rhinitis or hay fever
which are apt to produce a tremendous swelling of the turbmates
there 13 usually sufficient space in the middle or infenor meatus
to pass an 18 Fr intestinal tube with casc. Thus 18 particularly
the case if the head end of the tube 1s built of a soft thm rubber
balloon without any metal parts which would interfere with 1ts

[40]
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compressibiity - There are wide vamtions however, in e the
normal nose with reard to the wadth of the passapeway  An
indnadual with o broad nose will present the intubator with 2
wide tunndd ke passage theough wlich any si7¢ or type of in
testnal tube can be passed with case whereas an individual with
2 VeMy Narrow nosc Ay present a passagenay 5o narrow that 1t
will require some mgenuty and the sclection of the most cam
pressible tube to pass through st Between these two cxtremes
there are all gradations of width  Johnston™* recommends that
n the narrow nose type of indinidual the metal end piece of hus
tube be removed and then roapphid after the tube has passed
through the nost and buen fishud out through the mouth after
which the tube head 1s swallowed  In some cascs, it ts necessary
to pass a catheter through the nosc and then fastening the proy
imal end of the double lumen tube to at, the long tube would be
pulled through the naso-pharvay 1n a retro-grade fashion after
which the tube 15 swallowed by the patient These mananers
although succesaful arc timu consuming, and annoymy, to most
paticnts mamy of whom arc apprchensive to begin with The result
of this activity 1s apt to be rcflex spasm of the cardiac or pyloric
sphincter with @ rusultant inabiliy to pass the long tube  With
our simplificd intestinal decompression tube we believe that we
havc avoided this complication  The balloon at the cnd of the
tube 1s £0 soft and compressible as 1s the tube since there are
no metal parts, that 1t can readily be passed atraumatically
through even the narrowest of nasal passages Asde from the
avoidance of discomfort to the patient, the smoothness of its
passage through the nose we bilieve helps to prevent n great
measure any reflex sphincteric spasm that 1s 50 apt to result in
an unsuccessful passage of the tube

There are many deviations from the normal to he found n
the nasal passage that must be watched for 1f intubation 1s to be
successful - Lnlargement of the turbinates, whether on a con
gestne or mflammatory basis, may so narron the nasal passagc
that no tube can be passed unti! proper decongestants have been
;pplncd to the nasal mucosa Tt 1s amazing how large a passage

ccomics available when such engorged rurbinates are wll shrunk
The fleor of the nose may protrude upward as a vanation
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of the normal, making the inferior meatus unswitable for ntuba
tion. In such cases the middle meatus can readily be used after
the turbinates are shrunk

The presence of a deviated septum will not only make -
tubation often impossible on the side tonward which the septum
13 bent, but even the opposite side may present a narrowed passage
due to chronic congestion and hypertrophy of the turbinates so
often found in such cases The presence of chronic infection tn
all such obstructive cases 13 the usual finding Nasal polyp: are
very apt to be found concomitantly To pass 2 tube through 2
passageway covered with an inflamed congested mucosa and to
do 1t without pain and a mimmum of discomfort requires not only
some shill but a great deal of tact It should be quite evident
that a patient who 1s annoyed and made uncooperative because
the intubator 1s rough and the procedure panful will not result in
optimum condittons for the passage of any tube—much less a
long intestinal tube

The effect of cmotions upon gastro-intestinal motility and
sphinctenc activity 1s well known."® Every effort must be made
to pass this first barrmer, the nose, as panlessly as possible and
to re assure the patient so that as close to normal intestinal con-
ditions will prevail When confronted by a patent with a
dewiated septum the only possible thing to do 1s to pass the tube
through the side away from the deviation after adequately shrink
ing the nasal mucosa with ephednne and anaesthetizing the senst
tive inflamed mucosa with one or two per cent pontocane. In
the technic of inserting our simplified intestinal decompression
tube three methods may be employed depending upon nasal cor-
ditions. The tip of the tube which contains the mercury may be
grasped between the thumb and first finger holding 1t up and so
forming an empty spur of balloon which 1s then fed into the nose
with the head hyper-extended or the empty balloon may be gently
pushed bach ito the nose by a cotton tipped applicator, or the
empty balloon (portion) may be gently inserted with a bayonet
forcep Inany event the head must be hyper-extended At some
time or another 1t will be necessary to mtubate a patient with a
large perforation of the nasal secptum. In a case of this type
methods tno or three are the only possible ones to successfully
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of the normal, making the inferior meatus unswitable for intuba
tion In such cases the middle meatus can readily be used after
the turbinates are shrunk

The presence of a deviated septumn will not only make -
tubation often impossible on the side toward which the septum
15 bent, but even the opposite side may present a narrowed passage
due to chromic congestion and hypertrophy of the turbinates so
often found mn such cases The presence of chronic infection
all such obstructive cases 15 the usual finding Nasal polyps are
very apt to be found concomitantly To pass a tube through a
passageway covered with an mflamed congested mucosa and to
do 1t without pain and a mintmum of discomfort requires not only
some skill but a great deal of tact. It should be quite evident
that 2 patient who 15 annoyed and made uncooperative because
the intubator 15 rough and the procedure painful will not result in
optimum conditions for the passage of any tube—much less 2
long intestinal tube.

The effect of emotions upon gastro-ntestinal mothity and
sphincteric activity 1s well known ** Every effort must be made
to pass this first barner the nose, as paimnlessly as possible and
to re assure the patient so that as close to normal intestinal con-
dittons will prevail When confronted by 2 patient with a
deviated septum the only possible thing to do 13 to pass the tube
through the side anay from the deviation after adequately shrink
ing the nasal mucosa with ephedrine and anaesthetizing the senst
¢ inflamed mucosa with one or two per cent pontocane. In
the technic of inserting our simplified intestinal decompression
tube three methods may be employed depending upon nasal con-
dions  The tip of the tube which contamns the mercury may be
grasped between the thumb and first finger holding 1t up and so
forming an empty spur of balloon which 1s then fed into the nose
with the head hyper-cxtended or the empty balloon may be gently
pushed back mto the nose by a cotton tipped applicator, or the
empty balloon (portion) may be gently inserted with a bayonct
forcep In any event the head must be hyper-extended. At some
time or another 1t will be necessary to intubate a patient with 2
large perforation of the nasal septum In a case of this type,
methods two or three are the only possible ones to successfully
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pass a tubt  Nasal polypi arc not uncommonly found 1n the nosc
of patients to be wtubated  Genurally by shrinking, the turhimates
with cphedrine and a judicious application of two percent ponto-
camne, mtubation may readily be carried out  Occamonally, the
nasal passage may he found to be <o filled with nasal polyp that
it 15 impossible for the patient to breathe through the nose much
less pass a tube tranenasally  Fortunately, this state of affairs
15 exceedingly uncommon  In our series of over five hundred n
tubations we have never encounterud this condition

The naso-pharynx rardy constitutes a barner to tubation
In children occasionally the naso-pharynx may be found to be
30 filled with hypertrophicd adenoid tissue as to make the passage
of a tube diffiecult The sumphfied type of tube will pass hon
ever 1f there 1s any space available These children are mouth
breathers so that a diagnosis of naso-pharyngeal pathology 1s
quitc evident upon exanunation Tumor masses or retro-pharyn-
geal infections may 30 narrow the naso-pharynx as to make 1n
tubation trans-orally most demrable These complications for
tunately are rather uncommon It should be quite evident that
no atten pt should be made to pass a long intestinal decompression
tube until a careful examination 1s made of the nose and throat
Much discomfort for the patient and discomfiture for the -
tubator may be avoided by so doing

The-oro-pharynx 1s rarely the scat of sufficient destation from
normal to impede intubation  Occasionally marked hyperaesthesia
of the oro-pharynx particularly i a high strung nervous patient
may make mtubation difficult because of excessie gagmng and
complaints of discomfort from the foreign body (tube) Guing
such patients a mild sedative and spraying pontocame or benzo-
cune upon the oro-pharyny will do much to keep these people
happy and comfortable dunng the time they are being intubated
It should be emphasized that anything that irritates the patient
will be reflected by a change 1n intestmal motility or tone of the
stomach and 1ts sphincters  We depend upon the same action of
the pharyngeal contrictors as accurs 1 deglutition to carry the
tube through the oro-pharynx mto the csophagus  Most medical
centers have given up the stylet method of introducing an intestinal
decompression tbe We depend solely upon the physiological
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of the normal, making the inferior meatus unswitzble for mtubs
tion In such cases the middle meatus can readily be used after
the turbinates are shrunk

The presence of a deviated septum will not only make in-
tubation often impossible on the side toward which the seprum
1s bent but even the opposite side may present a narrowed passage
due to chronic congestion and hypertrophy of the turbinates so
often found n such cases The presence of chronic infection
all such obstructive cases s the usual finding Nasal polypr are
very apt to be found concomitantly To pass a tube through a
passageway covered with an mflamed congested mucosa and to
do 1t without pain and & minimum of discomfort requires not only
some shill but a great deal of tact. It should be quite evident
that a patient who 15 annoyed and made uncooperative because
the intubator 1s rough and the procedure painful will not result
optimum condittons for the passage of any tube—much less a
long intestinal tube

The effect of emotions upon gastro-intestinal motility and
sphinctenc activity 1s well known * Eyery effort must be made
to pass this first barricr, the nose, as pamlessly as possible and
to re assure the patient so that as close to normal intestinal con-
dittons will prevail YWhen confronted by a patient with 2
deviated septum  the only possible thing to do 1s to pass the tube
through the side away from the deviation after adequately shnnk
ing the nasal mucosa with ephedrine and anaesthetizing the senst
tive mflamed mucosa with one or two per cent pontocane In
the techmic of inserting our simplified mtestinal decompression
tube three methods may be employed depending upon nasal con-
ditions  The tip of the tube which contains the mercury may be
grasped between the thumb and first finger holding 1t up and so
forming an empty spur of balloon which 1s then fed mnto the nose
with the head hyper extended or the empty balloon may be gently
pushed back mto the nose by 2 cotton tipped applicator or the
empty balloon (portion) may be gently wserted swith 2 bayonet
forcep In any event the head must be hyper-extended At some
time or another 1t will be necessary to mntubate a patient with 2
large perforation of the nasal septum  In a case of this type,
methods two or three are the only possible ones to successfully
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pass a tube  Nasal polypi are not uncammonly found in the nosc
of panents to be mtubated  Generally by shrnking the turbinates
with ephedrine and a judicious application of two pereent ponto-
camne, mtubation may readly be carned out  Occasionally, the
nasal passage may be found to be so fillud with nasal polypr that
it 18 mmposaible for the patient to breathu through the nose much
less pass a tube trans nasally  Fortunately, this state of affairs
1s exceedingly uncommon  In our sencs of over five hundred n
tubations we have never encountered this condition

The naso-pharyn rarely constitutes a barricr to ntubation
In children, occasionally the naso-pharyny may be found to be
s0 hlled with hypertrophicd adenoid tissuc as to make the passage
of a tube difficult The simplihed type of tube will pass how
ever if there 1s any space available These children arc mouth
breathers so that a diagnosis of naso-pharyngeal pathology 1s
quite evident upon exanunation Tumor masses or retro-pharyn-
geal infections may so narrow the naso-pharynx as to make n
tubation trans-orally most desirable These complications for
tunately are rather uncommon It should be quite evident that
no atten pt should be made to pass a long intestinal decompression
tube until a careful examination 15 made of the nosc and throat
Much discomfort for the patient and discomfiture for the -
tubator may be avoided by so doing

The-oro-pharynx 1s rarely the seat of sufficient deviation from
normal to impede mtubation  Occasionally marked hyperacsthesia
of the oro-pharynx parncularly in a high strung nervous patient
may make intubation difficult because of excessne gagging and
complaints of discomfort from the foreign body (tube) Guing
such patients a mild sedative and spraying pontacaine or benzo-
cune upon the oro-pharynx will do much to heep these people
happy and comfortable during the time they are being intubated
It should be emphasized that anything that irmtates the patient
will be reflected by a change i intestinal motility or tone of the
stomach and 1ts sphuncters We depend upon the same action of
the pharyngeal contrictors as accurs 1n deglutition to carry the
tube through the oro-pharynx mto the csophagus Most medical
3‘“““ have given up the stylet method of mtroducing an mtestinal

ccompression tube  We depend solely upon the physologicat
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mcchanism of deglutition to pass our simplificd tube so that the
co-operation of the patient 15 cssential

After passing through the oro-pharynx and being, propelled
downward by the pharyngeal constrictors, the tube head appears
at the sophagus at the level of the encotd cartilage  The oso-
phagus 1s a musculo-membranous tubc whose function 1t 13 to
carry {ood mto the stomach That thts mechamism 1s 2 highly
complex activity and depends
upon an alternate contraction
and rclaxation of the esoph-
agus and cardiac sphincter of
the stomach 1s universally
agreed upon  As a result n
addition to the anatomical
types of obstruction to the
passage of a long tubc the
surgeon may cncounter phys:
ological derangements of this
mechamsm due cither to fear,
trauma or to some abnormal
physiology In the vast ma
jority of cascs intubation
through the esophagus pre
sents no problem, the intestinal
tube Iiterally drops mto the
Figure 12. Cardiospasm due to clumsy stomach To accomplish this
pamsage of tube 1n d nervows pavent. e do not push down upon the
tube or try to forcibly pass it at any ime. We depend as noted
upon the action of the pharyngeal constrictors and the normal
physiologtcal mechanism of deglutition

A carefully taken history before ntubation will readily reveal
2ny difficulty i swallowing food or pain n the region of the
csophagus  With o hustory ot dysphagia it 1s will worth whilc
to study the csophagus fluoroscopically before intubation 1s begun
This 15 particularly the case in gastric hemorrhage. Here the in-
tubator would be very wise to make certain that the patient does
not have csophageal varnices that are blecding  Intubation in such
a casc particularly using any metal tipped tube, may result 1n a
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wavere owophageal hemorrhage I sophageal strictures diver
tculae or obstructions of any tvpe such as is seen 1 cases duc
to compression from without by aortic ancurysm medhiastinal
tmor or trom ncoplasia of the cophagus wtsedf will ivariably
have a lustory of dysphagia
The dagnosis of csophagcal
pathology by the rocntgenolo-
st prepares the surgeon for
the problums to be met so that
a change i mtubation technie
can be made to overcome the
dificuly  In lesions of the
esophagus producing constric
tion so that hquid food cannot
pass obviously 1t may be diff
cult or mmpossible to pass an
mtestinal tube It is quite for
tunatc that such pathology 13
rarcly found i mdmduals to
be intubated.

In a general hospital such
as Grace we rarely see the ex
treme type of cardiospasm

Figure 13 Same patient as 1n Fig 12{
after proper scdstion and passage o
tube through the note atraumatically hnown as achalasia  The
Film

taken twenty four hours after milder types of cardiospasm

intubation. that we sec can usually be

passcd by tho intestinal tube  Graing such patients sedatives and
increasing the amount of mercury mn the balloon in order to obtain
its dilating effect 15 1nvamably successful

The esophagus 1s tiwenty fiv e centimeters long from the cricod
cartilage and forty centimeters from the teeth This should be
barne in mund 1n passing a long tubc 1n order that too much
tubing may not be passed mbally In the Miller Abbott and
Tohnston tubes that arc calibrated in centimeters sufficient amounts
of tubing can be noted by the calibration. In the Cantor tube the
first marking 15 S ' Thus marking 1s scventeen ches from the
balloon thus giving, ample tubing to carry the balloon nto the
stomach  Consideration must also be ginen to the height of the
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patient in passing this imitial length of tubing A patient six feet
four tall would obviously require more imual tubing than would
an individual four foot ten  YWhen the extremes of size are to be
intubated, the mitial length of tubing must be mcreased or de
creased 1n proportion

The stomach prescnts the greatest trap in intestinal intubz
tton If one can successfully pet the tube to pass through the
stomach and pass well into the duodenum, successful intubation
13 generally assured The reason for the difficulty in traversing
the stomach are both anatomn
cal and physiclogical The ana
tomical reasons to be consid-
ered are, n the order of their
occurrence  the cardiac sphine
ter the posterior position of
the fundus of the stomach the
vanability i the shape of the
stomach and the pylonc
sphincter

Once the tube has passed
through the cardiac sphincter
and drops into the stomach
then the intubator 1s 1n a po-
sition to take advantage of
our knowledge of the gastnc
anatomy 1n order to success-

fully pass through this barrier

The first barner, the cardiac
sphincter having been passed
we now move on to the second
obstacle.

The postenor position of

Figurc 14 Pontion of tube head m the
left para vertebral gutter with the pa

tient flat on his back 19 due to the pos-
tenor pomtion of the fundus of
stomach when patient aasumes that post
tion. Free flow of heavy metal (mer
cury) carnes tube head to most de
pendent portron of stomach

the fundus of the stomach

with the patient on his back becomes an anatormucal pomt of
great importance when we are using ntestinal tubes that
are weighted This 13 partcularly true in the use of the simpl-
fied intestinal decompression tube since the ‘ free flow  of mer
cury n the balloon drags the tube into the most dependent por
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won of the stomach namcly the fundus which 1s found 1n
the left para vertebral gutter when the patient 18 flat on his
back In no other portion of the gastro-mtestinal tract i the
position of the patient o unportant from the pont of view of
succissful intubation 1t should be noted here that 1f the patient s
stomach 13 1n £ood tone and has normal penstaltic waves then 1t
matters vers httle what postion the patient assumes since the
perstaltic actnaty will carry the tube through the stomach and
wnto the duodenum  Swner most of the patients to be intubated,
honever present a distended
stomach with ather poor tonc
or na penistalus or even re
verse penstalms, then it be
comes exceedingly important
to so maneurer the patient
that our tube head, which 13
wetghted with a labile heavy
metal (mercury), can always
run dosnhidl  In such cases,
the tube head will run uphill
with great difficulty or not at
all  The importance of this 1s
quite apparent when one con
siders that the stomach varies
widely n shape and position
with changes in ponition of the

Figure 15 Note the position of the rube  Patient and the degree of dis
hndmhv;iﬂmu:‘nmuthtﬂm tention of the stomach In

additian to these normal var
anons i pontion and form of the stomach, there are also varn-
ations in shape of the stomach 1n individuals of different bodsy
types  Roentgenologuts are wont to speak of the “] type of
stomach the steerhom’ type of stomach and all gradations
between these two types At times the stomach may be 20 ptotic
that the greater curvature may be found at the umbilicus or even
lower whereas the pylorus and the first kmb of the duodenum
arf fixed to the undersurface of the lner at a relats ely high Jevel
When such an individual ts up a rather acute angle 15 formed
accentuating the uphill direction of the first limb of the duodeum



48 INTESTINAL INTUBATION

Figure 152

The only exception to the rule that the head of the mercury
werghted intestinal decompression tube wil always be found mn
the left para vertebral guttr with the patent flat on his back
occurs when the transycrse colon 15 markedly distended When
this occurs the fundus of the stomach 1s likely to be pushed
forward 3o that 1t no longer 15 the most dependent portion of
the stomach when the patient 15 on his back  Under these con
ditions, the greater cunyature would become the most dependent
portion of the stomach so that the weighted tube head would be
expected to be found m this arca Fig 152 demonstrates this
very well This patient had an obstructing caranoma of the
agmotd colon. As a result the colon becanie tremendously dilated
as acen 1n this figure. Because of this distention of the colon the
tundus of the stomach was pushed forward out of the left para
vertebral gutter In Fig 15a we see that with the patent flat
on her back the tubc head 15 now found at the greater curvature
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Figure 22 Figare 23

Figure 22. Ptonic stomach with the patient in the crect position  Lateral view

Compare this with the position of the tube head noted in Figure 15 also taken

with patient erect. Note how stomach cha tn shape and postion with &
change 1n position of patent,

Figure 23 Flat plate of the abdomen. Note how the stomach visualizes be

cause of its gascous content. This enables the wtubator to know the type of

stomach he 13 dealing wrth and plan the procedure of intubation accordmely

If our patient to be intubated has had x ray studies of his
gastro-ntestinal tract a brief review of the anatomy of his
stomach noted on the film 1s of value mince 1t tells us the type of

stomach we are dealing with tely the vast majonty
of patients intubated are stinal obstruction so
that barium cannot be g ¢ if facilities are
available, a flat plate o g the stomach
which 15 distended wit on to the in-
tubator A history of t some time
previously 1s of the grea znatomy of
that organ may have b stomach
that has had a partial g rostomy
presents a change n the neces-

sitates a change 1n the te
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In the stomach which 1s atomic and has little or no penstaltic
activity, turung, the patient on his ripht side and shightly on his
face causes the werghted tube to
drop toward the apex of the
stomach funnel, 1 ¢, the pylorus
The first Imb of the duadenum,
however, runs uphill to a greater
or lesscr extent depending upon
the type of stomach presented
Llcvation of the foot of the bed
tnelve to fifteen nches resules mn
the first limb of the duodenum
now runming downhill with the re
sult that the heavy highly mobile
tube head presses aganst the py
loric sphincter and usually werks
through 1t rapidly carrymng the
tube down the first imb of the
duodenum to the junction of the
first and sccond limbs

In the "steer horn’ type of
z‘f:;uz;di‘d“::i '2‘;‘.’:::"‘ é“m;" stomach elevation of the foot of
e R e e e s

¢ 151

Stunders Co., Phila- 1940) Since we do not as a rule know
the type of stomach we are intubating we uanersally employ
this position and have been highly successful in passing the tube
through the pylorus The only cases in which we do not employ
this position for our first manewver to avoid the trap of the
posterior position of the fundus of the stomach and the uphudl
curve of the first hmb of the duodenum are stomachs thut have
had erther partial gastric resections or gastro-enterostomies In
cases of this type since the gastnc stoma 13 now along the greater
cunature 1t becomes the most dependent portion of the stomach
with the panent erect  In such cases when the tube 15 passed 1nto
the stomach we stand the patient up and heep them up for an
hour or two m order that the tube head may drop through the
gastric stoma and fall into the jejunum thus by passing the duo-
denum  If we were to employ our usual procedure of turming the
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patient on his night side and clevating the foot of the bed, it
should be obvious that the tube head would pass into the proximal
limb of the anastomosis and be trapped there.

Pyloro-spasm may at times provc an obstacle to successful in-

Figure 25 Normal stomach of stecrhorn lg n s

hypersthenic individusl. (2) Esophageal on (b)
Pylorus hidden behind stomach, i) Duodenal bulb
lidden behmd antrum of stoma (Frem Rugler
L. G Outline of Roentgen Dhagnons, J B Lippin-
cott Co., Phila.)
tubation particularly 1n the high stnng nervous mdividual who
has not been properly sedated and whose intubation has been
roughly handled Tact on the part of the ntubator and sedation
of the patient will usually result m a successful passage. In 2
very small percentage of cases, less than five percent, despite any
thing the intubator may do intubation will be impossible  There
are some patients who become so disturbed at the sight of an
intestinal tube and the prospects of mtubation that no amount of
scdation will be of value An occasional patient will say I would
rather be dead than have a tube stuck mto me.  Although such
patients constitute less than one per cent of our cascs, yet they
are found In this group too, we would indude the uncooperstive
patient who pulls the tube out during the night despite our efforts
to keep 1t 1n
Pyloric stenosis, a not unusual finding may present a real
obstacle to successful intubation and one that may be unsur



ANATOMY OF GASTRO INTESTINAL TRACT 55

mountable  Leithauser ™ has reported a case of this type in which
solid food would not pass through the pylorus, but a simplified
intestinal tube did pass through permitting trans tubal feeding

Figure 26 Figure 27

Figure 26. Stomach following partial gastrectomy of Polya type. Food would

pot go through the stoma. All food ingested was vomuted. Cantor tube suc

censfully passed by increaning the amount of mercury used 1n balloon. Alimen
tation via tube in small bowel. (Courtesy of D J Leithauser ALD)

Figure 27 When the marking “D” of the Cantor tube appears at the nose
note the positon of the tube head just beyond the duodeno-jejunal flexure

In cases of this type, an increase 1n the amount of mercury used
1 the balloon to seven or eight cubic centimeters will often result
m successful intubation

The tone of the stomach 1s of great importance in intubation
If the stomach 13 1n a state of good tone any tube will rapidly
pass through In an atomic stomach or one having reverse per
stalsis, attention to the details of intubstion to avoid the traps
and pitfalls found 1n this organ will nsure a successful intubation
in well over ninety five percent of all cases The calibration of
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the simplified intestinal tube 1s such that twelve inches 13 allowed
to carry the tube head well down the duodenum through the
stomach before the marking D' appears at the nose. In using
the Miller Abbott or Johnston tubes that are calibrated in centi-
meters the tube 13 introduced to the sixty centimeter mark with-
out suction and then the tube s advanced one nch every ten
minutes until the seventy five centimeter mark 1s reached This
should bring the tube through the stomach and well along the
doudenum

The first limb of the duodenum runs upward and backward
whereas the second limb runs downward and the third hmb passes
from nght to left and shghtly upward In intubation with the
Miller Abbott or Johnston
tubes, which depend upon the
downward propulsion of the
tube by an air filled balloon
no special postural manage
ment is required although all
patients arc turned on the
right sde  With the simphfied
intestinal decompresmon tube
(Cantor) maneuwvenng the
patient so that the highly
mobile head can always run
downhill nccessitates utilizing
our knowledge of the anatomy
of the duodenum Since the
first Iimb of the duodenum
runs upward and backward
we turn the patient on his nght
side toward his face and ele

vate the foot of the bed Ths
mancuver brings the first imb
of the duodenum downhdl
The second limb of the duo-

Fignre 28° When the marking “P” ap-
pears at the nose the tube head Is usu-
ally mn the second portlon of the duc-
denum as noted here. Note bow the
tube head sppears to pull the tube dowmn.

denum passing downhill we must reycrse this Trendclenberg post
tion after the tube has passed through the first imb of the duo-
denum The presence of bile in the flnd aspirated venfics that the
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tube 15 1 the duodenum A Towlir's position brings the sccond
limb of the duodunum downhidl o that agam the mobile head of
the tube can pass downhull The third limb of the duodenum passes
from mght to 1cft and shighthy upward To uulize this anatomical
fact we turn the patnt on Ins left sde ereating a dosnhll
counce for the mobile werghted tube head By turning and moving
the patient we are able to constantly cause the tube to run down
il an 1ts course through the
duodenum  In cases of bowel
atony or reverse peristalsis
these mancuy crs arc important
for proper intubation as we do
not depend upon peristaltic ac
tivity to carry the tube onward
lere but mercly 2 free flow of
2 highly mobile cohesive heavy
metal trapped in a loose bal
Joon at the end of a tube Tt
will always run downhill under
these conditions but not uphill
The ligament of Tretz
has not recened the attenton
that 1t deserves as a barner
to intestinal mtubation  Sur
geons generally are only n
terested in whether the intestt

Figure 29 é‘i’t;te how the tube hesd
d h
;:;-f,-d?nduwn e ‘m&;ﬁm'ﬁ nal tube head has passed

the duodenum, acroas the thurd bmb of  through the pylorus  From
the duodenum and 1nto the duodeno- th h b
Teyonal Gesnre en on the tube 1s supposed

to pass down the gastro-intes-
tional tract without any difficulty Once the tube head 13 shown
by radiography to be in the duodenum then the wtubation 1 con-
mdered as being successful Unfortunatcly i many cases the
tube head passes through the pylorus only to hecome arrested at
the distal end of the third part of the duodenum It may remain
at this site for days with the result that complete intestrnal de

compression 1s not obtained

In studying this problem two important factors were found
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to be responsible for this barrnier to an otherwise successful -
testinal intubation On the one hand, the length of the Ligament
of Treitz, and on the other hand the weight of the flud and gas
filled loop of jejunum into which the duodenum empties It should
be quite obwious that an intestinal decompression tube whose
downward course 1s arrested at the duodeno-jejunal flexure 1s not
as cfiective 2 decompression unit as the tube would be 1n the
tleum  For this reason, the importance of any barner to an other
wise successful intubation must not be minimized

Anatomusts describe the Ligament of Treitz as the suspensory
muscle of the duodenum. It 15 a bundle of involuntary muscle
fibers runming from the left pillar of the diaphragm to the duo-
deno-jejunal angle ¥ Cunningham 3* describes the Ligament of
Treitz as a muscular band that spnngs from the nght crus of the
diaphragm on both sides of the esophageal opening It then
descends over the left crus behind the coehac plexus, the splenic
and left renal vens, and the pancreas and then mserts into the
duodeno-jejunal flexure. In children this muscle 1s well marked
and easily 1solated and some of its fibers can be traced nto the
root of the mesentery where they arc inserted into the peritoneum
In the adult 1t becomes higamentous and loose and 15 difficult to
distinguish from the surrounding fibrous tissue.

The function of the Ligament of Treitz 15 to prevent the
duodeno-jejunal flexure from being dragged downward by the
weight of the jejunum It tends to heep the fourth part of the
duodenum relatively at a fixed point

Anatomusts have described the variation n the curve of the
duodenum as 2 result of the vartion in the position of the third
portion of the duodenum The third portion of the duodenum 18
described as being either nearly horizontal and the fourth part
nearly vertical or the third portion of the duodenum may incline
upwards as it passes to the left and then it would he in line with
the fourth portion of the duodenum

An examnation of thirty five cadasers by the zuthor has dem-
onstrated that there 18 a considerable variation 1n the obliquity with
which the third portion of the duodenum passes from nght to
left and associated with this there 15 a concomutant vanation n
the length of the Ligament of Treitz. Just as the position and
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twpe of the stomach seums to he associated wath the body bwild or
habitus of the individual, <o also docs the angulation of the third
and fourth portions of the duodenum appear to vary with the
Yength of the Vaipamunt of Tratz In indiniduals with a short
Iigament of Tretz the third portion of the duodenum was in
vamably found to anpulate upward at o farly acute angle 1 st
passage from nght to left  The shortness of the T igament of
Treatz in this type of ndividual would result in a rather marked
angulation at the duodeno-jejunal fleaure  On the other hand in
dividuals with a long T igament of Treitz presented a third por
tion of the duodenum almost honzontal and with a far less acute
angle at the duodeno-jcjunal flexure  In some cases the direction
of the third portion of the duodenum was such that almost no
angle was found beta cen the fourth part of the duodenum and
the jejunum

In measuning the Tagament of Treitz i the thirty five cada
vers we found the shortest ipament to be one half inch long and
the longest two and onc half inches long  The measurements were
made from the upper surface of the duodenum to the pomt of
attachment of the higament to the vertebral column  Nine of the
cdavers (269 ) were found to have a Ligament of Treitz that
measured onc half inch i length  Every one of these cadavers
presented a third portion of the duodenum with a2 very acute
angle upward and to the left and with 2 very acute angle at the
duodeno-jejunal flexure  This acute angle could constitute a
barner to intubation In Fig 29a note the very acute angle at
which the third portion of the duodenum passes upward and to
the left and note the acuity of the angle at the duodeno-jejunal
fexure In four of the cadavers (11%) the Ligament of Treitz
was found to be two and one half inches long  Associated with
this long ligament the third portion of the duodenum passed al
most honzontally from nght to left and the duodeno-jejunal
flexure was obtuse In Fig 29b note that the duodenum s almost
honizontal across the abdomen Such cases would be easily tntu-
bated Trwenty two of the cadavers (62%) presented 2 third
portion of the duodenum occupying an intermediary position to
that noted in Figs 292 and 29b In these twenty-tno cadavers
the Ligament of Treitz ranged from three-quarters of an nch to
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one and one-half tnches in length  Fig 29¢ 15 an example of this
type of duodenum with 2 Ligament of Treitz of average length
The chnical application of these anatomical observations can
be directly noted 1n intubating the duodenum  In studying 2 large
number of patients we have been able to divide them into three
groups with regard to the ease of intubaning the duodenum
In our first group we find 2 well marked angulation upward
of the third portion of the duodenum A study of Fig 29¢ dis-
doses a well marked angulation upw ard as the tube passes through
the third portion of the duodenum Note the obliquity of the
wbe as 1t passes through this portion of the bowel and the ten-
Jency to kink at the junction of the second and third portions of
the duodenum. Note that the weighted mercury head has
ropped nto the jejunum  This tube was arrested at this pomnt
1ortwo days Tt was necessary to ambulate this patient before the
1t head advanced beyond this point By ambulation we per
mr=ed the maximum utilization of the downward pull of the tube
z2d In cuses of this type ambulation must often be resorted to
~eohation beyond this pownt 13 desired. This 1s particularly the
== patients with atonic or paralytic ileus
Jr our second group we find a honzontal third portion of
— -nadenum and almost no angle at the duodeno-jejunal flexure
—_7u3demonstrates an intestinal tube honzontally in the third
( . tthe duodenum Note how the tube head dips down-
w —_ [rees of this type are very easy to intubate and rarely
duw —_ 1z downward passage of the mtestinal decompression

duod. —urd group we have the third portion of the duo-
portion.. z=mng an mtermediary position between the 2cuity of
describec.— = poted 1n groups one and two  Note in Fig 29f the
nearly Vei.—q tubc passcs through the third portion of the duo-

upwards.a. - ~ad projects well into the jejunum  Note
the ¢ third portion of the duodenum pro-

. 1s not nearly as acute as m figure
. Tly easy to intubate although
which insure further progress of
Tett

the 1 of intestinal distentton, n
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Figure 294 Figure 29¢
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which the ditending domante are flwd and gas the jepunum s
filled and waghtad st bocomes obwious that the downward drag
aof this waghted jounum would markadls increase the obhiquits
of the duadenoegounal flosure In many cascs of paralitic aleus
the  distended  jejunum be
comes <o heavy as to almost
entirely close off the end of
the duodenum 1n those pa
tients whoswe duodenal angle
falls i group onc  In such
cases the shortness of the
Lagament of Treitz constitutes
a consderable harmer to n
tubation and onc to be rech
oncd with

\fter thic tube has reached
the duodeno-jejunal  flexure
the anatomy of the small
bowel requires other pro-
cedures Tt has been well
demonstrated by Miller Ab-
bott and Johnston that the
balloon acts like a bolus to
mtiate peristaltic waves and
aarry their tubes downward through the small bowel This same
mechamsm also occurs with the Harns and Cantor tubes A
loose balloon at the cnd of a tube, as found in the simplified
mtestinal decompression tube, constitutes 2 suficient bolus as
tubes A loose balloon at the end of a tube, as found in the simplt
fied intestinal decompression tube constitutes a sufficient bolus as
to be carred downward by penstalsis, of there 15 any  On the
other hand 1n an atomec bowel motion of the patient and fre
quent changes in pouttion results 1n motion of the mobile mer
cury in the tube head which casily carries the simplified tube down
the loops of small bowel Many changes of position and motion
of the patient are highly desirable because of the different planes
that the laaps of dutcaded bowel lie wm Tf there 1s no contra
indication to ambulation this will greatly facilitate the downward

Figure 291
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passage of the tube Dccompression 1s prompt due to the large
lumenal diameter so that peristaltic waves are soon set up

It must be remembered that the small intestine 15 cssentrally
a non-rigid mobile tube lying in every concervable plane, but sus-
pended by six inches of mesentery which 1s attached across the
posterior area of the abdomen
obliquely from left to mght and
downward It has been amply
demonstrated by Paine '™ and
by many clhinical obseryers that
where the small bowel 1s filled
with swalloned air as in post
operative distention, any tube
in the stomach or upper duo-
denum will decompress the
jejunum because of the tend
ency on the part of gases to
cqualize their pressures and
the elasticity of the bonel wall
pushing upon the intra lumin-

ally trapped air  When the
small bowel s filled with air
and flud, however such as 1s

Figure 30 Obstruction by an adbesive
band at the hepatic flexure of the colon.
Note the pontion of tube head in the

caecum.

scen in sciere pOst-Opcrat‘l\e

distention or bowel obstruction which 15 advanced then, the laws
of diffusion of gases no longer hold mince we have a mixture of
gas and fld  Furthermore the multiphaty of planes that the
loops of bowel lie n creatc m reality x muluiple short loop ob-
struction phenomenon  This can only occur in a structure such as
the small intestine because of its peculiar znatomy It should
be quite evident that x long intesunal decompression tube passed
well down into the small bowel would not only decompress the
bowel but also prevent pocketing since the entire twenty four fect
of small bowel 15 often strung along four fect of tubmg The
effcct 13 1n reality a pleating ot small bowel along the tube and
not intussusception-ike infolding  In 1ts downward course through
this small bowel that has been discussed 1if one uses a smplified
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intestinal decompression tube (Cantor) wath a free lowing mer
cury 1n ate head many changcs of poation of the patient ambula
tron whereser possible: and motion in diffcrent plancs will usually
cficetively result in small bowel mtubation

Figure 31 Figure 32

Figure 31 Note ponition of tube head in the ascending colon. Patient A I,
White female Age 60 Dugnoss Caranoma of sigmoid colon.

Figure 32. Note the positien of the tube head 1n the sgmaid colon.

For purposes of intubation the colon 13 divided into night and
left halves with the mid-point of the transvcrse colon marhing
the dmiding line  The colon does not require any special maneuvre
to be intubated Generally when the intestinal tube has reached
the tleo-caccal valve the small bowel penstalsis has been restored
sufficiently as to pass the tube nto the colon and usually along 1t
The remarks relative to the tube running uphill that were applica
ble to mtubation of the first imb of the duodenum do not apply
1 this viscus for the reason that we now have penstaltic activity
while in the stomach we had either atony or reverse peristalus
Lven m obstructions of the sigmoid colon 1t 1s often possible
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to intubate the colon The division 1nto right half and lef
of the colon for purposes of intubation 1a due to the fact t
dealing with obstructive lesions of the nght half of the
intestinal intubation to or through the ileo-caecal valve wil
fectly decompress the bowel
proximal to the point of ob-
struction making possible a
one stage resection and anas
tomosts without prelmmary
or concomitant enterostomy

In this way, @ so-called “non

surgical enterostomny ' 1s madc
available for the surgeon g

ing him time to adequately
prepare his patient for sur
gery The surgical procedurc
13 greatly simplified by virtue N
of the peculiar anatomy of the a4
small bowel that permuts 1t to

be strung along four fect of

]
tubing and so well out of the

Figure 33 Cantor tube bas
operative field. theough the gastrosntestnal tra
The left colon does not  pereed from the anus. This co

lend itself as well to intubation  twenty four hours .fr:;"nm;u
i}: the nghtl colon. HAt times  Betem, Tube was ren Feuai, £
¢ intesttnal tube will not pass  Dusgnosu  Ileo transverse cok
through the ileo-cazeal vahve ‘ﬁ:mﬂéigeﬁ_;wﬂt
so that the colon proximal to
the sigmord may not be decompressible  Although the nght
may be filled with gas and hquid particulate materal whr
capable of being aspirated through an 18 Fr mtestinal tube
often the left colon whose chief function 18 storage, ts filled
firm or wnspusated feces that cannot concervably be aspu
through a tube A defunctomzing transserse colostomy |
excellent procedure 1n such cases However there are indica
far colomc wtubation cven 1 left nided colon lesions which
be discussed in a later chapter
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tn the rumoval of intestinal tubes that have passud into the
colon, thirty nunutes or more should be alloned A firm but
gentle traction upon the tube will readily remose 1t Remember
that there 15 pleating, of twenty four fect of small bowel along
four fect of tubmg—gcntlcness 18 the answer to pamless extrac
tion Occasionally a spasm at the ilcocaccal valve duodeno-
jejunal flexure pylorus or cardia of the stomach may arrest the
extraction of the tube  Giving the patient a sedative, not mor
phine and leaving tum alone for thirty nunutes or longer will
wvanably result i a release of the spasm and an cflortless ex
traction of the tube  Where the tube has emerged from the anus
howerer, 1t ts esthetically more desirable to pull the tube out from
below
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CHAPTER I}

INTESTINAL PHYSIOLOGY AS RELATED
TO INTESTINAL INTUBATION

SUCCESSFUL wntestinal intubation requires a knowledge
the normal as well as the changes n intestinal physiol,
as a result of discase. Sice our tubes are intestinal decompress
tubes their greatest field of usetulness occurs in cases of mtestt
distention regardless of etiology Intestinal distention implies
paired intestinal motility and often a reversal of the normal du
tion of penistalsis  In addition, sphuncteric spasm often constitu
an almost msurmountable barrer to successful mtubation. 1
character of the intestinal content in the different divisions of
gastro-intestinal tract and the secretory activity of portions of 1
bowel constitute an important consideration n tubation

In the naso-pharynx and oro-pharynx the mucosa 1s norma
moist and sensiive. The presence of a foreign body such as
intestinal tube for any length of time results 1n an rmtation a
congestion of the pharyngeal mucosa  This manifests itself
a fecling of dryness in the throat or by an increase 1n secrett
of the nasal and bronchial glands This 1s particularly apt
occur 1n smokers who have increased post-nasal dranage ev
prior to intubation The increase m secretory activity of the glan
may be complicated by some dehydration which can then res
1n the formation of thich mucous plugs The danger of atelecta:
from this source 1s real and must be guarded against by dnnhu
fluds keeping the tube moist with fine od and motion of tl
patient as well as ambulation whenever possible to prevent sw
complications  Chondnitis and uleeration of the vocal cords ha:
been reported as 2 result of intubation The cases ™ report
followed the use of double lumen tubes It 15 possible that th
were the result of the tutial trauma by the metzl heads on t}
tubes since we have not as vet had this complication appear
must be natched for

[es]
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We depend upon the physiological activities of the pharyngeal
constrictors for successful intubatton The mechamsm of swallow
ng food 1 which the pharyngeal constrictors contract behind the
bolus of food and propel it downward 13 also ultlized 1n intuba
tion We gne the patient nater to drink while passing the tube
With cach act of swallowing, the tube 15 gently passed downward
with the bolus of hquid W discourage foreibly pusling the tube
downward agamst the pharyngeal constrictors, but stress the fact
that the tubes must be carried downward into the stomach as
physiologically as food In the vast majority of cases to be in-
tubated, the patient although vomiting as a result of reversal of
the mtestinal stream will neyertheless hayve a normal swallowing
reflex so that normal deglutition 1s possible

There are unusual cases in which the swallowing refiex 1 1m
paired so that the intubator must resort to a change in techme
to get the tube into the stomach Lesions of the vagus nerve or
the recurrent laryngeal nenve arc prone to produce a difficulty 1n
swallowing The so<called achalasia of the esophagus® results
n a spasm at the cardiac sphincter mahing successful intubation
dificult. In such cases, there 1s alnays 2 history of difficulty
swallowing  In this way, a diagnosis of the lesion present could
be made before mtubation 1s attempted If the disturbance in
deglutition 1s duc to a derangement in physiology, as noted, then
increasing the amount of mercury to seven or eight cubic centr
meters and standing the patient up will invanably result n a
successfully passed tube into the stomach The motility of the mer
cairy in the loose sac and the effect of gravity would Literally shoot
the tube 1nto the stomach Where the cardiac sphincter 13 spastic,
ambulation with the weighted loose balloon in place often creates
the same effect as the dilatation of the cervix utert by a dilating
projection of membranes of pregnancy The free flowing mer
cury tries to find the most dependent level and its cohesive power
tends to draw the rest of the mercury and tube head after it
Fortunately these extreme degrees of cardio-spasm are uncom-
mon The milder forms of cardio-spasm are reflex n ongin due
to fear emotional instability or trauma to the nasal mucosa by
1 rough intubation. Adequate sedation for the patient and gentle
ness on the part of the intubator will avoid most of these cases
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szure M tonic stomach in a hyposthene mdividual (Frems Buck
Roe_nqcnol of the Alunentsry Trect W B
Saunders g] Phils,, 1946)

The tonus of the stornach and the condition of the pylorc
sphincter are umportant for successful wmtubation An atomc
stomach with a spastic pylorus creates a difficult mituation for the
intubator Most of the stomachs that are to be intubated arc
distended. Where the stomach 1s 1n tonus and normal penstalac
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Figure 35 Tramverse hypertone type of stomach in a hyperstaenic
inddual. Ambulation required for successful intubation 1n this type
of patient. Sedation imperative before beginning to Intubate. (From

Buckstein, ] Clnxcal R logy of the Al y Tract, W B
Saunders Co., Phila, 1940)

waves are present as in cases tn which intubation 1s resorted to
preliminary to resection of the mght colon, no special maneuvers
are required In such cases, the intestinal tube will be rapidly
passed onward with the ingested food. However since the vast
majority of cases to be intubated present some alteration in gastric
motility or tonus, this must be taken into consideration

If an intestinal decompression tube 15 to be passed post-opera
tive, 1t 13 essential to remember that in the first six hours post
operatinve that there 13 atony of the stomach For this reason
if such a stomach 1s intubated immediately post-operative and so
kept empty of gas and fluid 1t 1s far better to leave 1t in mitu for
six hours before maneusering the patient n an attempt to pass
the tube through the pylorus By waiting the stomach will be
permitted to regain its tonus and motihity with the result that
mtubation will be greatly simplified  Any attempt to pass the

long tube through the pylorus immediately post-operative may be
unsuccessful
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at mtervals and the antral contractions forces some of the hiquified
food through The pylonic ning relaxes at irregular intervals and
not with cach gastnc contraction wave It has been shown by
Cannon ' that solid objeets forced against the pylorus prevent
relaxation of the sphincter and retard the passage of gastnc
chyme Liquid food may be forced into the duodenum within a
few minutes There 13 1n addition a speafic food reaction  Carbo-
hydrate foods begin to pass out of the stomach soon after in
gestion and requires only about onc hall as much time as the
proteins  [Tats remam 1n the stomach for the longest time when
tahen alone Hydrochloric acid i the stomach scems to favor
or produce a relaxation of the pyloric sphincter according to
Cannon although 1t causes a contraction of the duodenum  John
ston '™ and co-workers have shown agam that there 13 a speafic
emptying time for cach type of food ingested Cannon's observa
tions indicated as did those of Griitzner, that matenal may re
main 1n the fundic portion of the stomach for a long time until
the tonus of the stomach forces 1t out of the fundus toward the
antrum

The importance of these physiological observations cannot be
minumzed 1n intestinal intubation because in difficult cases every
scrap of knowledge of the normal physiology of the stomach must
be utilized 1f intubation 13 to be successful. As noted above, the
chief function of the fundus of the stomach 1s storage  We have
shown that anatomucally the fundus of the stomach comes to hie
1n the left para vertebral gutter when the patient lies flat on his
back. Under normal conditions the tonus of the stomach will
push the tube from the fundus to the antrum and then through
the pylorus regardless of the position the patient assumed The
Patient with intestinal distention 1s usually one who has an atonic
stomach or one with reverse penstalsis  As a result of the loss
of stomach tone, when the panient lies on his back the tube head
comes to lie in the fundus of the stomach in the left para vertebral
gutter and remains there because that 1s the most dependant por
tion of the stomach The only way that the tube head can be
moved out of that situation 1s to mancuver the patient so that the
pylorus will be downhill and become the apex of the stomach
funnel In many cases, the vertebral column projects so much
sbove the pouch of the posteriorly placed fundus of the stomach,



74 INTESTINAL INTUBATION

that the patient must be tumned i the semi-prone or prone position
thus throwing the mobile balloon filled with mercury agamst the
anterior wall of the stomach and toward the pylorus

The observations of Cannon that sohd objects forced against
the pvlorus prevents relaxation of the sphincter and retards the
passage of the liquid gastnc
chyme accounts for the in-
ability to pass some of the in-
testinal tubes with metal tips
and bulky heads. In the sim
plified intestinal decompres-
sion tube with the liqud mer
cury trapped 1n the loose sac
the pylorus 15 presented with
2 mushy sac. This has the con-
sistency of & thickened chyme.
As a rusult it more nearly ap-
proackes normal physiologreal
conditions and hence passes
through the pylorus more
ready

The fact that hiquid foed
Figure 36. Four hour film after Inra  May be forced into the duo-

bation. The effect of the pttient  denum 1 & few munutes and

10 drops of dilute bydrochlonc sad m
two ounces of water every two hours the observations that carbo-
and orange juce 12t the same amount 2t hydrate foods leave the stom-

the same time. ach very shortly after inges
tion whereas protein and tats take much longer 15 also utilized to
insure succeasful intubation 1n difficult cases If the tube fuls to
pass through the pylorus in the first twelve hours the patients
are given small amounts ot liquid chiefly water and orange jutce
as well a8 karo sweetened water 1n an effort to utilize this funda
mental observation Success has often followed this procedure
m otherwisc troublesome cases Cannon s observations that hydro-
chlorie acid 1n the stomach favors or produces a relaxation of the
pylonc sphincter may similarly be utilized by giving the panient
ten to twenty drops of ten percent hydrochlonc acid 1n onc half
glass of nater and clamping the tube for onc hour With pyloric
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Figure 37 Tube has passed through the gastro-intes

tinal tract and hesd found at the ileo-caceal valve at

operation. Note how almost the entire small bowel
pleats itself upon four feet of intestmnal tubing

relaxation and the patient in the proper position the tube head
will invanably pass through Once the tube head 1s through the
pylorus the hydrochloric ad must be discontinued as acid 1n the
doodenum causes contraction

When the intestinal tube has passed into the duodenum, usu-
ally 1ts downward progress is rapid regardless of the type of
tube used The air filled balloon double lumen tubes, being based
upon the prinaiple of downward propulsion by penstaltic waves,
may move with difficulty i paralytic sleus We have been much
more successful since we have used the simplified intestinal de
compression tubes 1n such cases At times, the angulation created
at the duodeno-jejunal flexure duc to a distended jejunum and
collapsed duodenum with a short ligament of Treitz may create
a barnier to successful intubation  [his 1s less likely to occur with
the simplified intestinal tube although on occasion no tube will
pass this point  Adequate jejunal decompression 1s obtained, how
ever sothatina few days conditions are favorable for the further
downward progress of the tube As long as the patient 1s decom
pressing and his abdoman becommg chimeally flatter and softer a
waiting policy will hring rewardy in successful mtubation This
of course docs not apply 10 strangulating or suspected strangulat
Ing obstructions— in these cases immediate surgery s the rule
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In the small bowel the mechamism of propulsion of the bolus
of food or the bolus of the tube head 18 contraction behind the
bolus with relaxation in front of 1t. This mechamism 13 further
comphicated by the attempt at segmentation of the bolus of food
thus creating a rather complicnted mechamsm In intestinal dis-
tention, the normal physiological mechamism 13 interfered with
Its return upon decompression of the distended loop of bowel
results in the iitiation of penstalsis and the down progress of
the intestinal tube In cases of paralytic ileus much less return of
peristalsis 13 found with the result that intestinal intubation 1s
more difficule. It 1s in cases such as these that motion of the
patient 1n many directions 1s utihzed to pass the simplified intes-
tinal decompression tube by virtue of the effort of the mercury n
the head to always run downhill decompressing the distended
loops of bowel along the way

When the tube head reaches the colon, usually it matters very
little for purposes of decompreasion whether 1t goes any further
Most of the distention of the small bowel will have been deared
up The hqud content of the night colon 1s amenable to aspiration
through an eighteen-french tube, but the solid feces of the left
colon 13 not The gastro-colonic reflex 13 utilized as 15 ambulation
if colonic ntubation 18 desired. It 1s well known physiologically
that the right half of the colon triturates intestinal content but
that upon the ingestion of food a reflex 15 sct up that causes mass
peristalsis that moves the wtestinal content of the nght colon
and the tube head into the transverse colon These moyements
are strong penstalic movements but occur only three to four
times o day For this reason, it may tahe two or three days to
intubate the left colon Because of the solid nature of the contents
of the left colon a trensverse defunctiomzing colostomy 13 2n
excellent procedure for colonic decompression except 1n those cases
of incomplete obstruction of the left colon on an inflammatory
basis In that event, long intestinal tube intubation 15 quite suc
cessful untl the nflammatory reaction subsides releamng the
obstruction.
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CHAPTER |

DISTENTION IN THE GASTRO-
INTESTINAL TRACT

T IS a well established fact that the control of distention 1s 2
cardinal pomt in the treatment of intestinal obstruction. Our
newer methods of treating intestinal distention by intubation has
been one of the greatest factors in reducing the mortality rate
from sixty pereent to less than sixteen percent  Our hnowledge
of water balance as well as the numerous contributions to our
knowledge of intestinal physiology and physiological chemistry
coupled with the use of sulphonarmde compounds and more re
cently perucitlin also played a role in reducing this mortality rate.
In discussing intestinal distention 1t must be borne 1 muind
that there are all degrees of intestinal distention from the rld
post-operative distention to the most severe type found n 2
neglected case of intestinal obstruction. The phenomenon of i+
testinal distention 1s an mvanable accompamment of any inter
ference with the normal passage of intestinal contents from os
orum to os anum  Once there 1s an mterference with the free
movement of the intestinal strcam some degree of distention 1s
almost certain to follow
The milder forms of intestinal distention found so commonly
post-operatne are generally accepted as being due to swallowed
air  Although the recent work of Ringsted and Andersen®
Mclver * and Fine ™ has called to the attention of the surgecal
world that seventy percent of the gascous element found in mtes-
tinal distention 15 due to swallowed air vet medical interest n
this problem has been traced back to the tune of Hippocrates
The earliest wnitten work on this subject was a book on the
winds or flatuosites wntten by Hippocrates As a result
the ancients created an entity of the condition to which they gave

[7#]
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the name ‘morbus ructuosus ' and ascribed all sorts of disorders
to1t

hantor ™ i Ius cacellent review of the hterature of this sub-
ject has traced the numerous publications from the carliest times
to the year 1918 1 shall quote frecly from his article on the
subject which nas so well done that it could not be improved upon
From this revicw, we find that Combalusier, in 1747, attempted
to gne a more restncted sigmficance to the role played by the
gases  Although as far back as 1652, a study of the intestinal
gases had been made by Van Ielmont 1t was not until the end
of the eightcenth century that the indefimite notion of morbus ruc
tuosus was abandoncd and that interest was centered on the actual
composition and ongin of the gases As matenal, both human
and ammal, accumulated, the truc nature of the gases began to
be understood  Human subjects were examined after death, crim
mals being the chief subjects Despite the crude methods em
ployed at that time, the hasis for the chenistry of the subject was
really laid down in these investigations Nagendie ™ gave us the
first clear account of aur swallowing 1n 1813 He reported the case
of an army conscript who practiced auto-mflation to avoid mily
tary service The expenmental contributions of Latour,'! Tap-
peiner '* Schierbeck,'™ Woodyatt and Graham 37 and Yllpo 13
tended to show quite well that the bamis of gastric gases under
normal conditions 1s constituted of atmospheric air

Despite the work of Magendic showing that air swallowing
%as not uncommon and was a perfectly normal physiological
Process, 1t was never fully realized that air swallowing under
pathological condions may give nise to disturbances generally
2sumed to be due to gases ansing within the body

It was not until the publication by Quincke 1 1889 ™ and
by Bowveret m 1891 ' that the present view point was given
complete expression Bouveret's term  acrophagia  was imme
diately accepted and confirmatory papers followed each other
quckly - Although 1t was readily accepted that air was constantly
being swallowed by normal individuals it was not so widely ac
cepted that the gases of the stomach were dertved entirely from
the atmosphere

The fate of the atmospheric air that 15 swallowed and appears
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in the stomach in the normal individual 1s well hknown Most of
the swallowed air escapes through the esophagus by eructation
This 18 a reflex, and occurs when there 1s an snerease in the intra
gastric pressure Some of the gas passes through the pylorus and
moves downward in the gastro-intestinal tract A portion of this
gas 13 excreted per rectum and 2 portion of it 1s absorbed by the
mucoss  That oxygen 1s readily absorbed by the gastric mucosa
13 an old observation. Ylpd *! has shown that oxygen 1s absorbed
by the gastric mucosa at the rate of twelve cubic centimeters per
munute. It 1s therefore probable that whatever gas 1s passed into
the small intestine at the end of the ordinary peniod of digestion
consists chiefly of nitrogen with some carbon dioxide from the
stomach. In the fasting stomach whole atmospheric 21r may pass
through the pylorus. Analysis of the gas found in the gastro-
intestinal tract by Ringsted and Andersen'* shows mtrogen 68%,
oxygen 20% and hydrogen and methane 12% Transection ex
perments in which the esophagus was tied off and then a bowel
obstruction produced in expenimental aumals has shown well
that little or no intestinal distention resulted This emphasizes
the great importance of swallowed arr 1n the production of in
testinal distention when the bowel 1s obstructed Not zll of the
gas found in the gastroantestinal tract, however, 13 the result of
swallowed air The two other sources of gas n the gastro-
mntestinal tract are  gaseous interchange with the blood arculating
through and to the bowel wall (20% ) and the action of intestinal
bacterta upon the bowel content with the formation of gas (10%)
Although the three sources described are considered as being
the cause of the grseous distention s the gastro-intestinal tract,
the percentage of gas formed from cach source varies with the
etiological factor responsible for the mtestinal stass For ex
ample 1 the post-operative type of intestinal distention the gas
1s chiefly swallowed air and very little of the intestinal gas 13
due to diffiusion from the blood vessels n the bownel wsll and
none 13 due to intestinal putrefaction or fermentstion. Such types
of intestinal distention although annoying to the patient and sur
geon are not generally of serious moment and can usuzlly be
controlled by an indwelling duodenal tube of any type The more
scvere forms of postoperatne distention however are to be
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cdassificd with the type of distention as & result of a truc bowel
obstruction
Gascous distention of the gastro-intestinal tract varies greatly

n degree and 1n composttion depending upon the cause of the
nterruption of the mtestinal stream and also depending upon
the pomnt 1n the gastro-ntestinal tract at which the interruption
occurs  Generally obstruction to the intestnal stream may be
produced in three diffierent ways  Mechanical ocelusion of the
bownel ather from without the lumen, within the lumen of the
bonel, or from witlun the wall of the bonel Diminution or loss
of ntestinal penstalus from any cause whatever Interference
with the blood supply of the bowel which may be primary or
sccondary to any of the preceding forms of interference with the
mtestinal stream  Any one of these factors may operate inde-
pendently or in combination to produce intestinal stagnation which
results 1n distention  Intestinal distention although an almost
mvanable accompamment of this stagnation, does not always
occur with bowel obstruction  Obstructions high up in the gastro-
intestinal tract produce very little distention for the obvious reason
that there 1s very little bowel proximal to the intestinal blochage
to become distended Naturally, the degree of intestinal distention
ncreases as the point of intestinal blochage passes downward to
the anus, and the greatest degrees of intesttnal distention would

as expected occur with lesions of the sigmoid colon

In contra-distinction to most cases of early post-operative dis-

tention 1n which the distending clement 18 chiefly swallowed aur,
m the vast majority of cases of bowel obstruction the distending
clement 18 not only gas but large amounts of flmd and particulate
matter The flud content of the distending element in the gastro-
mtestinal tract may equal or exceed the gascous This fluid 1s
derived from three mam sources (a) that hqud ingested by
the patient and carmed down the gastro-intestinal tract to the
area of bowel blockage  (b) saliva gastric juice, pancreatic juice,

bile, and succus entericus—3000 cc secreted daly (¢) flad
from the blood vessels of the bowel wall passing into the bowel

The only constant of this triad 15 the flmd sccreted by the patient

The greatest source of fluid within the bowel in obstruction 1s
thought to come from the arculating blood and 1s characteristically
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cury will provide a fairly good blood flow through the bowel wall
Lf the diastolic blood pressure drops to 50 mm of mercury, then
the blood flow through the bowel wall will not be continuous and
may even cease when the pulse pressure drops as a result of a
bowel obstruction Gatch Trusler, and Ayers™® have obsened
that there 13 always some flow of blood which no degree of mtra
intestinal pressure will stop They attribute this to a small anasto-
motic artery at the mesenteric border of the bowel. This explans
the maintenance of the flow of blood through the mesentery when
the circulation through the intestine 1s arrested by distention.
Stone and Firor'® have recorded measurements of ntra
intestinal pressure varying from thirteen to one hundred and
clesen mm of mercury  Sperling, Paine, and Wangensteen™
have reported the rupture of a distended loop of bowel on 1y
escape from the abdomen They found by expenment that a piece
of fresh human deum ruptured at a pressure of 210 mm. of
mercury Except for extremely high pressures the intra intestinal
pressure 18 no measure of the impairment of arculation. Gatch
and Battersby ** have shown that a pressure high enough to put
the wall of the bowel under tension will decrease in the course
of a few hours because of dilation ot the bowel In such cases
the color of the wall of the bonel and its degree of tensity clearly
shows whether the pressure 1s njunng 1t. They have demon-
strated 1n dogs that an intra intestinal pressure great enough to
causc tenseness of the wall of the bowel will dlowly decrease as
the bowel dilates and becomes flacad A tense bowel has 2
diminished blood flon but that when it becomes flacad there 13
sufficent blood flow to Leep it alive though 1t suffers from con
gestion of blood 1 its capillaries In this way dilation protects
the bowel against high intra intestinal pressure provided the
pressure does not increase step by stcp as does the dilaton
Acute and serious injury to the bowel by intra intestinal pressure
occurs then only when the pressurc 1s near the diastolie blood
pressure and persists for several hours  Van Zwalenburg '™ made
similar observations on the blood flow in the intestinal wall as
affected by varing pressures within the intestnal hmen. He
noted that 1t was quite certain that distention of the bowel wnter
fered with the circulation 1n its wall and permutted wnfiltration
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and cftusion to take place nto 1ts wall and lumen and into any
other opun spaces w hich nug it came wto ats wnfluence The venous
arculation was shown to be retarded at comparatively shght pres
surcs  Lfusion follows, as in all obstructions to venous flow
Since the average venous pressure vanes from four to ten mm
of mercuny, any pressure beyond that would offer some resistance
to the return flow of blood Gatch, Owen and Trusler ' have
shown that the 1olume of blood flowing through the wall of the
howndl decreases as the intra intestinal pressure increases, until 1t
becomes nothing when the ntra intestinal pressure 1s equal to the
systolic pressure When the intra mtestinal pressure reaches the
diastolic blood pressure, then the only flow of blood within the
wall of the bond occurs during the ventricular systole. Hernn
and Meeh ™ in studving the effect of distention in dogs with
various tvpes of fistules have come to the conclusion that disten
tion 15 2 strong stmulus to mtestinal secretion  In this fashion a
vicious crcle 1s created

Because intestinal distention that we are concermed with in
long 1ntestinal tube intubation 1s the result of the accumulation
of gas and flud 1n different proportions the laws of equalization
of pressures docs not apply as it would 1f the distending clement
were cither gas or flud alone. The admixture of gas and flmd
n loops of bowel lying 1n every concenable planc in the abdomen
and often kinked by virtue of the weight of the fluid within 1t
necessanly decrcases the efficiency of any method of suction ap-
plied for the purpose of decreasing the distention. Such hinks in
the bownel are important factors in decreasing the efficiency of
gastro-duodenal suction dranage 2ad make the use of the long,
intestinal decompression tube imperative particularly when the
Links are mamntained by the weight of overlying loops of bowel

That distention alone 15 capable of producing many of the
svmptoms and sequel of intestinal obstruction has been will
demonstrated expenimentally by Fine, Rosenfeld, and Gendel 1=
These workers demonstrated that distention without obstruction
could produce dangerous effects
" dRt:ccnt obseryations by Leithauser ' suggests that a vitamin
b cnf;\::ncncyf particularly thiamine chlonde, may be responsible

y of the cascs of post-operative distention. He has re
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ported six cases of adynamic ileus with severe abdominal disten-
tion to call attention to the fact that symptoms suggesting the
presence of intestinal obstruction and leading to erroneous diag
noses and unnecessarv operatrons mav be caused by thiammne
chlonde defiiency  In these cases, the distention was not con-
trolled by mechanical decompression nor adminstration of pros-
tigmin, but responded dramatically to the admuustration of
thiamme chlonde and vitamin B complex.

Montetro and Filho =* were very enthusiastic about the use
of thramine hydrochlonde mn the treatment of post-operative
mtestinal distention  Based upon thetf observations of mneteen
cases they hay e been able to demonstrate the therapeutic effective
ness of thiamine hydrochlonde i the treatment of the post-oper
ative distention particularly when 1t occurred in individuals with
vitarun deficienaes

When a2 vitarmun defiaency state does not exist 1t seems quite
doubtful as to whether any one vitamimn or group of vitamins has
any stmulating effect upon mntestinal mouhty Tt has been well
established that a lack of certain elements of vitamm B complex
will seriously impair the intestinal motility It has also been shown
m vivo and n vitro that vitamin B-1 inhibits the cholinesterase
which 1n turn frees more acetylcholine to promote intestinal mo-
tiity  Monteiro and Filho i their studies of the effect of thramne
upon ntestinal distention were of the opimion that a deficency of
this vitamin resulted m degencratne changes in the plexus of
Auerbach and n the nerve endings of the vagus From its action
1n the treatment of intestinal distention, they formed the hypothe
s1s that the vitamin B-1 had a healing action upon the cells and the
fibers of the plesus of Auerbach and the vagus.

This expenience suggests that nutnitional defiaency should be
suspected and a therapeutic trial of vitamms made 1 cases of
abdomnal distention n which the evidence does not justify a
posiive diagnosis of mechamaal obstruction of the intestines It
suggests also that thiamine chlonde should be admimstered at
the tume of operation to prevent post-operatine distention espe
cally tn panents whose nutntional status 1s at all questionable or
n whom there 15 any suspicion of liver damage. It 1s now our
practice to routinelv admumster parenterally vitamin B complex
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with high thiamine content to all surgical patients the day before
operation and daidy for three days after operation  Since this
has been done post operatin e distention has been greatly reduced
n frequency

LEFI CTS OF INTLSTINAL DISTENTION

The effects of ntestinal distention may be divided into the
local effects upon the gastro-mtestinal tract and the general effects
upon the individual as a whole

Locat EfFects

One local cfiect of intestinal distention 15 an imparrment of
the primary physiological function of the gastro-ntestinal tract
te, nutntion With intestinal distention there 1s stagnation of
the mtestinal stream and as a result hittle or no absorption of
nutriment  The individual as a result has lost the power to
assimilate food by ingestion  Gatch and Battersby have shown
that expenimentally the power of absorpnon from the gastro-
intestinal tract ceases when the intra intestinal pressure equals or
exceeds the diastolic blood pressure

Fine, Fuchs, and Gendel* 1n a recent expenmental study of
the factors causing death 1n cases of uncomplicated acute ntes-
tinal obstruction noted a serious and rapid fall in the volume of
the arculating plasma  This extreme loss of plasma occurred as
a result of distention of the obstructed small intestine and con-
tinued as long as the distention continued. Ewidence was ob-
tained that intrayenous plasma in amounts adequate to replace
that lost as a result of obstructing and distending the small intes-
tine confers a protectn ¢ mnfluence sufficient to markedly prolong
the life of the ammal This cffect in prolonging hfe was not
obtamned by the use of equal or larger amounts of physiologic
solution of sodium chloride Since the distention 13 responsible
for the loss of plasma decompression should be accompanted by
a retardation of the loss or cven by a gain in plasma volume
Clinically this cffect upon the plasma volume 1s not noted in the
carly stages of the discase because of the various chechs and
balances brought into play by the body

When distention develops spontaneously clintcally the ten
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sion produced by the gas when it first enters the intestine 15 usually
not sustained owing to absorption via the blood stream relaxa
tion of the intestinal muscle tonus spatial re adjustments of ad
jJacent organs and the relaxation of the abdomipal wall. The
fexibility of these accommodating mechantsms tends to heep the
intra intestinal pressure from reaching pathological levels In
addition a patent pylorus will permut the regurgitation of intestinal
gas to some degree  For this reason 1t 1s only when these adjust
ing mechamsms fail that there will be a cnitical loss of plasma
volume such as 1s noted in experimental ammals

The observations of Fine and co-workers,”™ and our own
climical obser ations, throw considerable doubt upon the observa
tons of Elman® that death can follon an adequate decompres-
sion of an acute distended bowel because of too sudden deflation.
In well over five hundred cases we have never seen this to occur
In fact n late cases of bowel obstruction with tremendous dis-
tentton the more rapidly the distention can be controlled the
better  The removal of five to six thousand cubic centimeters of
hiquid matenal and unmeasured amounts of gas 1n a twentv four
hour period 1s not unusual

W ith distention as has been noted there 15 mnterference with
the blood supply to the bowel wall As a result there 1s an in
crease 1n sccretion into the lumen of the bowel and an increase
n transudation trom the vessels in the bowel wall. The result
of this 13 loss of fluid, chlorides and finally plasma into the lumen
of the bowel and pentoneal cavity This fluid loss 1s further
increased by the most commonly noted sequeli of mtestinal dis-
tention namely—vomiing  In high intestinal obstruction with
little distention vomuting 15 a veny early finding which rapidly
depletes the chlondes of the patient resulting in the development
of early dchydration and alkzlosis In low intestinal obstruction
charactenized by great distention vomiting 1s apt to appear late
in the course of the disease. As a result the tendency toward
the development of acidosis due to loss of alkali 1s the usual effect

It has been amply demonstrated by the preceding discussions
that the degree of distention produces a directly proportionate
circulatory impurment of the bowel wall Impatred nutrition to
the bowel wall as a result of impaired blood supply occurs swhen
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the pressure within the fumen of the bow ul excecds the systolic
pressure and may be followed by necrous and purforation of the
gut The chech mechanisms proviously discussed are such that this
occurrence 1 uncommon  Intestinal distention in the degree that 1s
found clnteally  although sufficient to imparr the venous return
hecause of the low venous pressure will not impair the artenial
supply sufficiently to produce gangrene and perforation cxeept
in far advanced neglected cases The usual result of the venous
stagnation 1s congestion and loss of fuid by transudation With a
tugh degree of intustinal distention there 15 10 addition arculatory
impatrment  The diaphragmatic excursion 15 himited due to the
pushing upward of the diaphragm mto the thorax by distended
loops of bowel The decreased negatne pressurc in the chest
results 1n a loss of the suching power nto the superior vena cava
and 2 resultant congestion of the arcas which empty mto it In
addition the abdominal distention by pressure upon the inferior
vena cava results in an impaired venous return and consequently
a loss of serum into the pentoneal cavity  This 1s further
creased when the patient 15 put up in Fowler s pouition In this
position the fiexion of the thighs tends to decrease the venous
return to the femoral vens which 1s further decreased by the
mcreased abdorminal pressure pushing upon the thac veins Con
siderable fimd 13 lost to the arculaton of the patient with an
obstructed bowel by both mcthods of venous stagnation The
final result of this flwid loss 1s dehydration

Dehydranion  Dehydration 15 one of the most important
cffects of intestinal distention but one which can be adequately
controlled at the present tme with our knowledge of fiuid balance
The desvelopment of dehydration and the degree of dehydration
depends upon the level at which the blochage of the intestinal
stream occurs  The higher the obstruction the more rapid the
onset and the more severe the degree of dehydration whercas
the lower the abstruction the slower the onset of dehydration
The sequence of events that was considered by most surgeons ¥
to result in dehydration was as follows  With interruption to the
intestnal stream regardless of etiology there 1s a stagnation of
the intestinal content Gas and fluid arc accumulated n the ob-
structed segments of bowel and invols ¢ more segments proximally
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to the pomnt of obstruction. The bowel becomes more and more
distended with a resultant increase in intra mtestinal pressure.
With the increase in the intra mtestinal pressure, there 13 an in-
creased transudation of fluid into the bowel and tissue spaces
from the vessels in the bowel wall as a result of vascular com
pression  With this loss of fliid from the blood vessels there 1
a diminution n arculating blood volume This results 1n 2 loss
of plasma producing a hemoconcentration. There 1s also 2 loss
of chlordes which varies in degrec the higher one obstructs the
gastro-intestinal tract. High obstructions have the greatest chlor
tde loss  Smce all the blood volume must be maimntained for
adequate nutrinon fAwd 1s drawn into the arcalation from the
tissues and water depots of the body to replace that lost into the
bowel Very soon the tissue fluid 1s depleted with the resultant
development of dehydration phenomenon.

As opposed to the previously held views noted above the
observations of Fine and associates ' tended to show that bowel
distention maintained for many hours causes marked concentra
tion of the blood. They state that this cannot be explained by
dehydration or by mtra-peritoneal loss of flmd. Gatch and
Batteraby ™ in their experimental work in dogs appear to have
demonstrated that the hemoconcentration which occurs as a result
of intestinal distention 1s due to the injury to the capulary endo-
thelium throughout the body as a result of asphyma Because of
the slowly developing asphyxia resulting from imntestinal disten-
von there 15 damage to the capilleries throughout the body re
sulting 1n a Joss of albumin chiefly and globulin to a lesser extent.
They claim as proof to corroborate this experimental finding that
artificial respiration and giving pure oxygen to the patients (or
expenmental ammals) would oppose the development of the
dehydration phenomenon because of its effect upon the asphyaz
Both these measures mitigate but do not prevent the asphyxia.
The observations of Fine, Frehling and Starr® upon the effect
of giving pure oxygen to amimals with intestinal distention indi
cates that there 1s a dechine in the mtra luminal pressure which
congists chiefly 1o & washing out of the mtrogen This may be
responsible for some of the good results obtamed bv Gatch and
Battersby
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A loss of chlondes mto the bowel or by somiting 13 compen
sated for by a reteation of sodwm 1n order to maintain the proper
hydrogen 1on concentration  As the loss of chlondes continues
msufficient sodium 15 available to compensate for the chlonde loss
so that mn order to heep the proper acd base balance sodium
must be exereted by the Sadneys  Since sodum 18 cesponaible (or
water retention i the tissucs a loss of sodium through the hid-
nevs carnes some water with it resulting in a further water loss
thus increasing the dehydration  If thus process 1s not corrected,
the interstitial flurd reser ¢ becomes exhausted causing the eelular
water to be lost Tlis i1s very danperous because of the small
margin of safety permitted n the loss of intracellular flud  1f
continued cellular death occurs

Effect of Distention Upon Moty There 1s umform agree
ment that distention of any part of the small intestine with ade
quate pressures results 1n inhibition of the small intestine both
above and below the distention Y oumans Meek and Herrin '
have shown experimentally that the motility of the jejunum above
and below a distention has been decreased The distention of the
jejunum 1 a dog results n inhibition of all types of moyement
and decreased tonus of the undistended part of the jejunum in
both directions from the site of the distention  The degree of
inhibition depends upon the rapidity with which the pressure 1s
increased in the distending balloon and upon the final pressures
obtamed This inhibition of the jejunum 13 the result of a reflex
over the extrinsic nerves by stimulation of the afferent endings in
the jejunum by the distention  YWhen the extrinsic nerves are cut
an trnsic and less eficent mechamsm for mediating intestinal
mhibition during intestinal distention 13 brought mto play This
pathway 15 supposedly oter the inttinsic nerve cells 1in the bowel
wall

Pain and Nervous Exhanstion  \With increasing distention as
a result of bow el obstruction, intestinal pain 13 one of the cardinal
symptoms  Where the intestinal stasis 13 due to paralytic 1leus
the element of pain may be absent but the exhaustion as a result
of the nfection or the ctiological factor responsible for the ileus

replaces it in importance  With bow el obstruction intestinal colic
1s almost continuous and severe. Rest 13 obtamed with great
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difficulty, of 2t all due to the seventy of the abdomunal pain The
intestinal contractions, n an cffort to overcome the blochage of
the mntestinal stream, are very scvere and reman so until the
obstruction 15 relieved or the bowel so distended as to become
atonie. In strangulating types of obstruction, the peristaltic wayes
are so wiolent that the pain may be almost unbearable. In late
cases, this may be complicated with the development of pam duc
to penitomtis  On the other hand, the pain may be the result of
the pentoneal (rntaton from pentomnis and the intestinal dis-
tention be on a paralytic basis  In any event, long conttnued pamn
results 1n a detenoration of the physical condition of 2 patient
already dehydrated and taxed with the pnimary lesion produang
the obstruction  Physical exhaustion or shock resultng in death
may be the result The pain sumul from a strangulated bowel
mav be 30 severe as to produce a shockh phenomena to some
degree

Role of Distention Upon J omiting  The vomiting associated
with any interruption of the intestinal stream 1s directly related
to the distention  This vomiting may be produced as a result of
two distinct factors On the one hand there may be vomiting of
reflex ongin and on the other the vomiting due to the mechanical
obstruction to the normal passage of intestinzl contents.

Best and Taylor!™ describe the reflex vomiting as being the
result of the stimulation of afferent receptors in the bowel wall
as a result of the intestinal distentton ‘The impulses from thesc
receptors mn the bowel wall are relayed centrzlly by splanchmc
afferent fibers to the vomiting center 1n the medulla. Stmulation
of this center results in efferent impulses being sent out from the
center over autonomic and by means of rami communicantes to
cerebro-spmal nerves producing the vomting  As long as the
impulscs continue to be carried to the medalla from the bowel
wall the vomiting continues and 15 only relieved by a release n
intestinal distention

In addition to the reflex ongin of the vomiting with 1ntestnal
distention there 1s a defimte mechamical factor Tt s quite obvious
that any mterference with the normal downward moyement of
the intestinal strexm must result m intestinal stasis This stasis
occurs regardless of the cause of the bowel obstruction or regard
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les« of the etiology of the interferunce with the mtestinal stream
Stasis of the mtestnal stream results in intestinal distention vary
ing n degree with the pamt at which the interference occurs The
lugher the obstruction the less the distention whereas the lower
the obstruction the greater the distntion Regardless of the de
gree of distention the mtestinal stasis alsavs occurs With n
testinal stasts, Yomuung may oceur 1n one of two difierent nays
We have alwavs been under the impression that a reversal of
peristaltic waves was possible and was responsible for the vomit
ing of the higwd intestinal contents created by the ntestinal stasts
Johnston'® has advanced the hvpothesis that roverse penstalsis
never occurs but that the yonnting s in reality duce to a reversal
w the direction of flow of the intestinal contents by a sort of reflux
mechanmsm  This would be brought about by the contractions of
the bowel upon the intestinal contents foraing this hquid matenal
against the point of blochage Since the intestinal content cannot
get through, 1t rebounds and creates a reversal of the current
resulting in vomiting W hatever the exact mechamism one cares
to subscribe to the fact remamns that anyv nterference with the
normal downward movement of the mtestinal stream results n
a reversal of this intestinal stream causing vormiting

The vomiting 1n high obstructions 1s generally a very early
symptom and one nhich in a short perniod of time results in the
development of dehydration from fuid loss and alkalosis from
chloride loss  This eventually results in renal failure mitrogen
retention a2nd death  The vomiting 1n low intestinal obstructions
does not come on so early in the disease and s usually not so
scvere until quite late i the obstructive process  Aklalosis does
not accur because there 13 no loss of chlondes immediately  In-
stead acidosis 1s the usual accompamment  With all tvpes of
vomiting both water and electrolytes are lost to the body De
hydration and the dangerous sequelt resulting from 1t may result

Crowley '™ has described another reflex cffect of intestinal dis-
tention. This 1s the effect of distention upon respiration and blood
pressure exclusn e of the interference with diaphragmatic excur
sion. It has been shown that excessive intestinal distention sud
denly induced 15 capable of producing in experimental animals,
¢ven when anaesthetized marked vanations i blood pressure
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and respirations  These changes persisted for as long a time as
the intestinal distention which imtiated them continues  Crowley
13 of the opinton that these respiratory and blood pressure changes
are the result of some obscure reflexes from the bowel wall. The
stumuli to afferent endings 1n the bowel wall relay impulses via
the splanchnic nerves to the respiratory and blood pressure centers
n the medulla  From these efferent impulses sent out by way of
the autonomic nervous system which sends communicating rami
through the cerebro-spinal nerves produces both resprratory and
blood pressure changes These changes are of & characternstic
pattern and are accompanied by synchronous fluctuations in the
blood pressure Crowley suggests that some of the shock Like
syndromes that occur with bowel obstruction may be caused in
this way Clinucally, the rapid advent of shoch phenomenon m
any patient with a strangulating obstruction or one in whom the
mesentery 1s twisted tends to lend corroborative support to this
wdea There 1s msufficent experimental corroboration to mahe
it more than a theorv as vet

EFFECTS OF DISTENTION UPON THE BODY AS A WHOLE

The effect of intestinal distention upon the circulatory system
13 to produce some degree of venous stasis and as a result tissue
anoxia  This 15 inevitable when one considers the fact that the
entire portal venous arculation becomes stagnant as 2 result of
the pressure of the distended bowel upon the veins the bowel
wall Sperling *** has shown that a sustained intra luminal pressure
of fifteen centimeters of water 13 capable of injuring the bowel
wall through venous stasis  With venous stasis, not only 13 there
an 1mpaired nutniton because there 1s impaired sbsorption but
in addition the bowel wall becomes permeable to bacterim
Mahoney ct al ™ have shown that placing sucenyl sulfathiazole
in closed loops of bowel prolongs survival rate greatly This
strongly suggests that bacterial products may be a factor i cascs
of intestinal distention  If the arterial supply 1s interfered with
by the increased intra intestinal pressure, necrosis of the boyvel
occurs, resulting n perforation and peritonitis

In additton to the immediate effect upon the vessels i the
bowel wall the intestinal distention by producing an increasc in
wntra abdominal pressure causes pressure upon the infenor vena
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cava and thac veins  Tlus results i a further tendency to venous
sasis Inaddition the lmutation of the free downward moyvement
of the diaphragm decreases the negative pressure in the thorax
by means of which the venous return to the superior vena cava
1s suched into the npht auricle  Here again, we have an erease
in venous stasis Wiath venous stasis we have tissuc anoua
throughout the bodv and as a result of tissuc anoxia a general
detenoration of all body phyvsiological processes occurs

That the intcstinal toxaemia produced as a result of the bowel
obstruction mav plav a role n this general detenoration of the
phvsiological processes of the body 1s strongly supgested by the
work of Blain and Ius co-workers ' This work done upon ex
perimental ammals shows that by heeping the bactenal flora at a
low level the life of the ammal was markedly prolonged This
work and that of Poth*?* suggcsts that our old 1dea of intestinal
toxaemia, which was discarded may have some basis in fact and
although not the main factor in producing death of the individual
may nonctheless be a contributing factor It further gives us a
new aid in our treatment of bowel obstruction

Dawvis Gaster Marsh and Pritel ®* studied the effect of
streptomyain 1n experimental strangulation of the bowel in rabbuts
They were able to demonstrate that the mortality rate was lowered
by injecting the rabbits with 40 mmg per kilogram body weight
and that by the use of 100 mmg per hilogram body weight that
there was a definite prevention of mortality in the rabbits sub-
Jected to experimental strangulation of the bowel by devasculan
zation In their studies 1t was found that bactenal growth in the
devascularized bowel wall was the major factor leading to per
foration and gangrene of the bowel Prevention of the growth of
bactena by streptomyan was the mechamsm underlying the pro-
longation of life in the treated rabbits in these expenments

On the basis of the results obtained by Dawis et al as well
13 those obtained by Blain and Poth and Knotts and numecrous
other workers 1t would appear that in human bemngs that the
admunstration of streptomyein perscillin, or the vanous imtestinal
sulfonamides might be a useful adjunct 1 the trcatment of stran-
tgulating types of intestinal obstruction These antibiotics (strep-
tomyan and pemallin) can be given 1n intestinal distention when
strangulation 13 suspected while the patient 1s being prepared for



96 INTESTINAL INTUBATIC

operavon. Under no arcumstances should these newer antb
tenials ever be used to avord operanon.

The cfecr of mtestmal distention i the producaon of
hyvdranion has been touched upon in a previous secion. The eff
ot this dehidranon and plasma loss created by the intestmal ¢
tention 15 to produce hemoroncentration. s a reyult, there 15
alteranon 1 the hematocnt bleod comnt and a change m 1
enpire phvsioloieal chemustn of the blood Hempconcentran
means 2 decrease 1n the amount of water available for excren
br the kidnevs  \When this 15 permitted to reach 2 pomt at wh
less than hre umdred cubic centmeters of unne 15 excreted dai
nitrogen retennon b the kidnes occurs  If unchecdhed uracen
and death result.

Kautman and Vom 81a1* * bave reported upon the wh
blood counts or panent« with vanous wnma abdonunal diseas
Ther found that a marked nevtrophilic shuft to the left mar o
in all tvpes of aaute pentoneal imtanon even without mnfectic
This depends upon a sudden pentoncal shodh or wmtauc
V20 Duvn ™™ bas alsa noted 2 degencrauve blood picture to occ
with distention of the small bowel as well as i obstruction
the colon. The same picture octurred regardless of whether t
distennon was paralvtic or mechameal and 1o the absence of a
cvidence ot mfecton. These hndings help to confirm the f3
that mtesnnal distention m itself mav be the cause of the degener
me blood prcture  The actual mechamen 1s thought to be
mhibinon of the hemoporetc tuncion of the bone marrow !
wme toue suhetance apparenth non-bactenal m orgm and pe
sibh absorbed trom the distended intestme  The effect of
Ivpothenical roaic substance upon the leukoporenc system 1s pure
mhibitort and 1< not due to overstrmulanon such as occurs at tm
from overwhelmun,, intecnon W hatever masy ulamatehy pro’
to be the cause ot the marhed neuwophilic shuft to the lel
whether i1 be intesunal distention. pentoneal srmtation or son
other tactor it< mmportance lics 1n the fact that it can occur ar
must not be conudered as bewng due to the development of mfe
npon. This pure degeneranive blood prcrure described by Van D
28 1t occurs m mte<stma) distennion s charactenzed by Jow
Jeukopeme nhute bload cell counts. normal to neutropensc neutn
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phil percentages absence of middocyvtes normal to increased per
centages of lvmphoaites and monocstes and the presence of
cosmophiles
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CHAPTER VI

INTESTINAL DECOMPRESSION TUBES
IN USE TODAY

HL only intestinal decompression tubes used today mn the
treatment of mtestinal distention are the Levin tube or
modifications of it, the Miller Abbott tube, the Johnston tube,
the Harms tube the Aguiar and the Cantor tube Each of these
tubes was designed and developed to satisfy certain criteria that
the surgeon thought necessary in order to imsure mntestinal -
tubation and induce adequate decompression. Just as 1t was noted
in the section on the history of intubation that the development
of the tubes went hand-in hand with the need for such tubes so0
also did the development of these difierent types of long tubes
ansc to satisfy the needs of the surgreal world to treat intestinal
distention better than heretofore
Although the Levin tube 1s mcluded 1n this section, it 1s 1n
reality not an intestinal decompression tube but rather 2 gastro-
duodenal tube In 1921, when Levin!™ introduced his tube 1t
was designed specifically for gastric and dvodenal intubation
studies and treatment It was utilized by Ward Rapavel and
Wangensteen as a means of securing intestinal decomptession
either by siphonage or suction. The early studies by Wangensteen
and Pame '™ did much to popularize and emphasize the value of
such intestinal decompression i the treatment of intestinal dis-
tention In the treatment of the intestinal distention charactenzed
chiefly by the accumulation of gas in the bowel such as 1s seen
in post-operative distention the results of this form of treatment
were excellent. The reason for this was obvious since 1t was un-
necessary for the tube to pass down the gastro-intestinal tract
because the gascous distention was readily remoyable by decreas
wng the gascous pressure proxumally It was soon noted however
that 1n a large percentage of cases quoted (from thirty to forty
[100]
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per cent), ¢ that the tube did not pass through the pylorus The
result of thus was that iquid clements beyond the upper jejunum
could not be removed readily To overcome this shortcoming,
the end of the tube was impregnated with lead to weight it and
s0 nsure its passage through the pylorus ** Although this was
accomphished 1n some cases still the percentage of failures was
the neighborhood of thirty per cent  Agamn, ne find the clement
of weight being used to pass this tube
through the pylorus and agam we find
the results not too good This may be
connected with the carlier observations
of Cannon that the pylorus will not relax
when pressed upon by 2 solid object such
as a2 tube Paine, 1™ 1n a paper entitled
The Hvdro-Dynamics of the Relief of
Distention in the Gastro-Intestinal Tract
by Suction Apphied 10 Inlying Catheters
was able, by clinical obser attons in over
two thousand patients, as well as by am

mal expenmentation, to reach certan
conclusions He noted that siphonage as
used at that ime was far less efiaent
when used with the Levin tubes than was
constant suction The fact that bubbles

INTESTINAL DI COMPRESSION TUBLS

Figure 39 The Lenn tube

or modifications of 1t have
been used for gastro-duo
denal suetion drunage As
can be noted, 1t 13 & simple
tube of rubber and the 16
Fr smze u genenally em
ployed. There 1 no pro-
puluve mechanism n this
type of tube. Impregnation
of the end of the tube with
lead (Wangensteen) serves
to werght 1t and to facil
tate its passage through the
prlorus.

of gas would break the siphonage stream
necessitating a repriming was the answer
It was further found that suction applied
to a gastro-duodenal tube would not
bring the pressure in the terminal ileum
to zero in experimental ammals although
there was some reduction 1n intraluminal
pressure along the ileum He concluded
that while suction, when applied and
mamtained through a gastro-duodenat
tube (Levin) was highly efficient in de

compresning the stomach alone, 1t was necessary to nsert the tube

through the pylorus into the duodenum to obta

n satisfactory

decompression of the emall bowel The eBhmmnan which i
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advanced to explain the decompression obtamed when the duo-
denal tube remans in the stomach 1s to be found in the rhythmic
contraction and relaxation of the pylorus During the penod of
relaxation, gas can be drawn up into the stomach by suction
Paine notes that numbers of cases have been seen cimeally m
which 1t required twelve to thirty six hours to pass the duodenal
tube through the pylorus with little or no decompression duning
this period of time

In the use of this gastro-duodenal tube for the treatment of
mtestinal distention the mechanism (s essentially as follows
The negative pressure at the end of the tube created by suction
causes the bowel wall about 1t to collapse. Then if penstalsis
forces gas up into the collapsed segment of bowel decompression
occurs  Consequently the best results were obtamned where there
was penistaltic activity and the poorest results were obtamed in
attempts to decompress an established distention due to paralytic
ileus  Pane used 2 wide range of negative pressures and found
that the only contra indication to fugh suction pressurcs was the
collapse of his rubber tubing and not injury to the bowel. In no
case was necrosis of the bowel wall a5 a result of sucking of the
mucosz 1nto the openings of the tube noted either in expenmental
animals or at autopsy

When the gastro-duodenal tube was used wn the treatment of
intestinal distention due to gas as well as Liquid, 1t was found that
a defiite decrease 1n the efficiency of the tube resulted Since
most cases of intestinal stams that we are called upon to treat,
the gastro-intestinal tract 13 filled with varying proportions of gas
and liquid the mechamism of deflation by the tube 1s somewnhat
changed With the flnd 1n the bowel the loops of intestine come
to lie 1n every conceivable plane giving rise to different hydrostatic
pressures. The presence of water hose lrths in these loops of
bowel tends to create multitple short loop obstructions instead of
one continuous passagewsy Such kinks once formed are mau-
taned by the weight of overlying loops of bowel and constitute
a real block to the equalization of hydrostatic pressure by suction
proaimal to it. With suction the clastiaity of the bowel causes 1t
to contract adjacent to the pomnt of suction as soon as the gas
and flud in the loop are removed VWhen this happens, decom
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presuon ceases, until penstalsis or mamipulation partly redistends
the collapsed portion of bowel In this way the tube can only act
by a reflux of the intestinal stream Wlile the duodenal tube 15
in the stamach 1t causes the walls of the stomach to collapse as
a result of the nugatne pressure within and compression by the
abdominal pressure from without  With the walls of the stomach
collapsed the only decomprussion obtamed occurs when regurg
tation of duodenal contents tahes place through a relaxed or atonic
mlorc sphincter Since 1n carly post-operatine distention the
greatest source of the distention 1s swallowed aur, the gastro-
duodenal tube by preventing this component adequately pres ents
any aggravation of the condiion The mode of action of this
tube then depends upon a rcfun of intestinal contents and 15
directly opposite from the normal we wish to attain  Our expen
ences with gastro-duodinal suction has been much like that of
Paine that many cases arc greatly benefited but that in those
cases 1n which there 15 the greatest need as in paralytic ileus the
results were poor  For this reason we use the gastro-duodenal
tube (Levin) 1n all cases of carly postoperatne distention 1in
which the distention 1s chiefly gascous We belies e that its greatest
field of usefulness lies 1n such conditions and reserve the long
ntestinal decompression tubes to treat all other types of intestinal
distention or bow el obstruction
Because of the imitations of the Levin tube 1n the treatment
of intestinal distention as found in bowel obstruction longer in-
testinal decompression tubes were devised  The 1dea being to get
our negatine suction pressure down to the point of obstruction
and producing our suction at the bottom of our column and not
by shimmung 1t off the top as with the gastro-duodenal tube In
addition, by the use of the long tube 1t 15 possible to localize the
point of obstruction which could not be done by the Levin tube
and last but not least since the obser ations of Sperling ™ upon
competence of the ileocacecal valve 1t was obvious that the gastro-
duodenal tube was of no value whatever in the treatment of dis-
tention of the colon except by preventing further swalloning of
ar Our long intestinal decompression tubes invanably pass down
to and often through, the ilcocaccal valve Many disorders of
the colon can now be well handled by intestinal intubation using
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these long tubes as well =3 aiding in facilitating colonic surgery

Four different propulsne prinaples are utiized by different
worhers who designed long ntestinal decompression tubes Each
man designed 2 tube to satsfy the physiological prinaiple by
which he thought the tube was carried downward nto the small
mtestine These principles are  the principle of “jet-propulsion
the prinerple of penstalac activity as activated by an nflated air
filled bslloon the prinaple of
weight and the effect of gravity
upon 1t, and the princple of a
“free flow ' of a highly labile co-
hestve heavy metal to drag the
tube downward when combined
with motion of the patient

The 'jet-propulsion pnn-
ciple was advocated by Pava
Agumar 7™ of Brazil This was
based upon the prinaple that if
water or any flurd was mjected
into the end of the tube 1t would
shoot out through the holes at
the head end of the tube obliquely
to the well of the bowel The
force of this obliquely shooting
water was supposed to propel the
tube down the gastro-intestinal
tract The speed of descent was
controlled by increasing the ob-
Iiquity of the channels through

RS
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Figure 40. Agunar Tube Head No-
tice two types of head for thes tube.
‘Thbe difference 1n the tube heads con
suts m the obliquity of the emission

ls. The morc oblique the
enussion channel, the faster the tube
15 supposed to move down the gastro-

intestinal tract.

which the water emerges The
idea being that with an mcreasc
in the obliquity of the emerging
stream of water which strikes the
bowel wall there would be an in-
crease in the downward propell

mg force After the tube head was down the gastro-mtestinal
tract then the suction would be appled to decompress the patient
This type ot tube 13 not being used by American surgeons because
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of our reluctance to add any futd to a bowel that 1s already
barrassed by bemg distended with gas and hquid

The Miller \bbott and Johnston tubes '™ are both based t
the same propulsis ¢ principle and will be presented together
tube utihzes the nonmal penstaltic activity of the intestinal ¢
to propel the tube downward It utilizes the obserations of
that the bowel will contract down upon a balloon inflated w:
it and the observations of Jancs who studied pain by passu
long tube uppcd with an air filled balloon down the gastro-u
tinal tract From these observations 1t was apparent that
tube were passed through the pylorus and the balloon at the
of the tube were wnflated, that penstaltic war es would be wmtr
which would propel the balloon upped tube down the g
intestmal tract ke a bolus Utihzing this prinaiple the NI
Abbott tube a double lumen tube was designed to study intes
physiology ** Double and triple lumen tubes were devise
Miller Abbott * in order to ttudy the secretions at different I
n the gastro-intestinal tract. When the need for a long
was apparent in the treatment of intestinal distention bec
of the failures with the Levin tube the Miller Abbott tube
utilized 1

It was soon found that using a tube of this type which w
pass down the gastro-ntestinal tract to the pont of obstru
gave far better results than did the onginal method of War
steen using the Levm tube. Surgeons everywhere were quic
see the ments of getting the tube head down to the seat of
trouble and a voluminous literature resulted Because of -
concept of the physiological method of passage the Maller At
and Johnston tubes were constructed with a piece of tube
jecting beyond the balloon along the distal end of the shaft
the up of the tube was capped by a metal fenestrated h
Johnston states that 1t 1s necessary to decompress the g
front of the balloon in order that the gut may contract upor
nflated balloon which would then propel the tube down the ga
mtestinal tract

We very soon found that when the Miller Abbott tube
used much nursing care was needed to presvent plugging of
small fumen of the decompressing diameter and the small siz



106

the aspirating holes In addition, although the ezrlier reports
were very enthumastic about the use of the long tube, many re
ports began to appear descnibing the great difficulty 1n pasuing the
atr filled balloon tubes through the pvlorus 118186 ns 25
many centers a failure rate of over twenty per cent was re
ported '™ Johnston also used an air filled batloon as hus propulsive
mechamsm, but to avoid the
dangers of tube plugging and to
provide a larger lumenal diam
cter for decompression he mod:
fied the Miller Abbott double
lumen tube by using two tubes
side-by-stde  and fastened to-
gether  The smaller tube was
utilized to inflate the balloon and
the larger lumen for decompres
sion The arrangement of the
balloon along the shaft of the
tube and the projechon of 2
metal tipped piece of tubing was
the same as the Muller Abbott
tube because 1t utilized the same
propulsine prncple Both the

INTESTINAL INTUBATION

Figure 41 Nonce the difference 1n

nxe of the boles for decompression
a3 found 10 the Cantor tube (nght)
and the Aliller Abbott tube (left)
Nonce the elliptcal shape of the
holes i the Cantor tube Thus shape
and sxe makes plugging more diffi
cult by particulate mtestinal material,

Miller Abbott and Johnston
tubes arc calibrated m cent
meters so that the intubator can
chech upon the amount of tubing
down at any time

Because great difficulty in suc

cessfully passing the pylorus was noted with both of these tubes
various methods sere sought for to help pass the tube Some of
these were verv ingemous and covered a wide range of activity
Most of the methods necessitated taking the patient to fluoroscopy
and attempting to manew er the tube through the pylorus under
cirect vision Some of the every 1l patients expenienced great
difficulty 1n undergoing this ordeal

One of the mcthods proposed to expedite the passage of the
Mller Abbott tube through the pylorus was to place 2 small
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amount of mereun mnto the balloon in order to weight the head
of the tube and then when the tube had passed through the
pvlorus to inflate the balloon as ongmally described and permut
it to pass downward by the propulsine mechanism used by Mller
Abbott and Tohston  Silvcrtsen '™ and Harns™ and Wild**
simultancously adsocated this method of weighting the balloon
head It was sgon taund that this method really did expedite the
passage of morc tubes through the pylorus than herctofore But
it represented a shotgun prescription of using a tube designed for
air to carm mercury

The principle of waght and the cffect of gravity upon a
weighted tube head was utiized by Ilarris'* to devise a single
lumen tube  1his work snath the use of mercury in the balloon of
a Miller \bbott tube soon Ied lum to the obvious conclusion that
if mercuny would weight the head end ot a Miller Abbott tube
and would carn 1t down the gastro-intestinal tract, possibly n
flation of the balloon with air was not nceessary This was found to
be the case  He <oon found that mercury alone 1n the balloon of
2 Miller Abbott tube would carny the tube downward as well or
better than inflating 1t with arr - Since air was no longer required
2 double lumen tube was no longer necessary  The outcome of
these observations was a single lumen tube  The Harris tube 1s
a single lumen 16 Fr tube with a balloon alang the shaft at the
distal end of the tube and the end of the tube open Two metal
slecves arc inserted at the ends ot the balloon within the lumen
of the tube The prnciple ualized by Harris 15 the effect of
gravity upon a mercury weighted head  as well as the effectine
penstaltic propulsion of this head Being a single lumen tube
the dangers of plugging were much less than the Miller Abbott
tube  Many surgeons expenenced much the same dificuly 1n
passing the Harns tube as they did with the Miller Abbott tube
This 1s quite understandable when 1t 1s noted that the construc
tion of the tube head of the Harns tube 1s cxactly the same as
that of the Muller Abbott or Johnston tubes

It should be quite evident that only the head end of the
tube constitutes the propulsive mechanism since all tubes beyond
the head are merely a piece of rubber tubing  Since the head end
of the tube 13 its propulsi ¢ mechanism 1t should be noted that
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vanations 1n intestinal tubes are merely due to vamations in the
construction of the head By placing the balloon along the shaft
of the tube exactly the same construction 1s utilized in the Harris
tube as found with the double lumen tubes The result of this 1s
that weight of mercury 1s used as a propulsne mechanism 1 a
design of tube made for air propulsion It must be noted that

kY b c d

Figure 42. Tube heads of the most ¢ ly used 1 dec

tubes. (a) Harrs tube. (b) Johnston tube (c) Miller Abbott tube, (d) Cen-
tor tube. The Johnston tube and Aliller Abbott tube are double lumen tubes.
Note pontion of balloon along the shaft of the tubc These tubes were de-
ugned for inflaton of the balloon with air to propel the tube. Note the con-
struction of the Harrs tube head. It 1s exactly the same as the liller Abbatt
and Johnston tubes. It a e Tumen tube and uses mercary a3 a w
Note that in the Cantor tube the loose balloon at the tip of the tube permts

an unrestricted free flow of the mercury

although reports throughout the country stress the great dff
cultics 80 often encountered in passing tubes of these designs, yet
the originators of the tubes have been very successful mn ther
passage It 18 quite understandable that surgeons tramed wn the
technic of mtubation would enjoy greater success than the average
surgeon  Johnston ™™ has reported almost one hundred per cent
success in the passage of his tube and one of Miller s associates
has informed me that at Miller s clinic that almost one hundred
per cent of the tubes introduced were successfully passed through
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the pylorus  Our cwperience and that of a great many men
throughout the countnv however, has heen less happy

The prmaple of  free flow ' of a mobile cohesiv e heavy metal
confined 1 a loose balloon tipped tube 1s responsible for the
development of the Cantor tube It was fclt that mercury n
iself, 1f mven a free range of motion, would cfiectincly carry the
tube head down the gastroantestinal tract cither with or without
the aid of penistalsis T or this reason, a tube was designed spe
afically to carnv the mereuny and depending upon the utilization
of all the physical propertics of the mercury for successful intuba
tion  This tube was deagned solely as an intestinal decompression
tube and not to studv mntestinal physiology  Tor this reason a
larger lumenal diameter than ever before was used  In addition
an cflort was made 1n designing this tube to satisfy four critera
for successful decompression These are  (a) the ability of the
surgeon to introduce a tube of soft radio-opaque rubber far down
the gastro-intestinal tract (&) to decompress the bowel ade
quately this tube must have a lumen sufficiently large that the
gases and small particulate matter found in the gastro-intestinal
tract could casily be suctioned out and yet the tube not become
plugged (c) there should be a sufficient number of holes along
the tube so that the gastro-ntestinal tract could be decompressed
all along the course of the tube (d) the holes should be suff
aently Jarge that the danger of it becoming plugged would be
reduced to a mmimum

By the use of such a tube 1t was felt that we could readily
decompress the gastro-intestinal tract when an adequate source
of negatne pressure was used at the proximal end of the tube
With these facts 1n mind we constructed a single lumen tube of
eighteen-french lumenal diameter and tipped with a very loose
balloon The tube 1 strongly radio-opaque so that the roentgen
ologist can tell us exactly where the tube 15 at all times and whether
there 1s any Kinking or knots or coiling of the tubes The tube
was calibrated in such a fashion as to mahe it almost  fool proof *
The first marking 1s S5 This marking placed 17 inches from
the balloon end of the tube When this marhing appears at the
nosc the tube head will alnays be mn the stomach There will be
no colling of the tube however because the average distance
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from the external nares to the fundus of the stomach s a
seventeen inches  In order to pass the tube through the pyl
a second marking ' P was made six inches beyond the *S' i
ing With the ‘P’ at the nose there 1s now sufficient tubin
pass through the pylorus but not enough to coil m the ston
The third marking 1s D which 1s made six inches beyonc

Figure 43 Cantor tube Note the series
of holea along the shaft of the tube
Note the large lumnal dumeter~—I18 Fr
Plugging of a tube of this type is very
unusual. We no longer place the ne
Just below the end of the tube ay shown
in this dingram instead we te our tube
off on the shaft of the tube over the
powrt of attachment of the ballooa.
Before tymg off the end of the tube
nghtly msert the stylet of a 21 or 22
gauge needle through the last hole mto
the balloon. Then te as tightly as pos-
sible wung a twenty five pound pull
fishline over the stylet withun the end
of the tube. Upon remoning the stylet
& munute “safety valve™ opemung 15 left
n the tube for the escape of gases but
the hole is so small that the mercury
cannot escape

P When the marhing
appears at the nose the
sufficient tubing to carny
balloon head through the
denum  From that pomn
the tube 1s calibrated 1n

After much experime
tton it was found that 2
loon two and one half n
long and one and onc
inches n diameter was the
ttmum size to hold the 1
cury A smaller balloon w
notpermita free flow of
mercury and @ larger ball
would permut hnotting of
loose balloon about the |
because 1t would swing aro
a loop of tube This we
occur when too much tut
was passed mto the stom
and 1f the balloon was
long

In order to successfully
tubate with this type of t
onec must remember that
are utihzing the physical pr
crties of a mobile cohes
heavy metal which runs fre
with any moyement of the
tient and always tends to s

a most dependent level By combining motion of the patient anc
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knowledge of anatomy which permits us to maneusre the patient
in such fachion that the spot to wlich we want the tube head to go
will alwavs be downhtll successful intubation 1< assured  If the
patient has good puristalas rapid and successtul intubation always
occurs  In the absence of peristalisis as in paralytic sleus the
techmie ot intubation becomes important tor successful passage
Since the abaence of penstaltic activity constitutes one of the
preatest needs tor intestinal intubation somd time spunt 1n being
thoroughlv tamiliar wath the vanous
\% A techmies ot intubation may mean the
) R diffcrence butmeen hife or death for
. the patient

In the past two years with the
trend of the times populanzing the
@" usc of plastics, 1t was inevitable that
ultimately this maternial would be
uscd 1n tubes ot vanous types Two
intestinal tubes have been introduced
which arc made ot plastic which has
/*c httle or no ussue irntation The
question of spectfic allergy to the
plastic has not been studied as yet
It may consttute a problem Al
though quite popular for many pur
poses at the present time we do not
believ e the plastic lends itself for use
in intestinal decompression tubes Its
I:;r%-:eH Abbott Rawson tube  lack of resihency and its mability to
e afrer ‘::‘:rrl;_ln""z':;"[‘;‘:yf‘:; rebound as s found in rubber tends
permt immediate jejunal feed  to produce hinks far easter than in
g the rubber tubing Rubber tubing
which has stood the test of time 18 much better adapted for use

n the gastromtesnnal tract
Of the two tubes one 2* 15 a single lumen tube constructed
much like the Harns tube and utilizing the same propulsis e prn-
aple  The second plastic tube 15 a double lumen tube = like
the Miller Abbotr tube and utiizing the same propulsne prin-
eple (air<onduction) but with the balloon attached to the very

B

2 D
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tip as n the Cantor tube which 1s based upon a completely differ
ent propulsive principle  We have then a tube based upon two
completely different propulsne principles n its construction

During the same period of time that long intestinal decom-
pression tubes have been developed, special types of double lumen
tubes for use after gastro-enterostomy came into being  These
tubes were developed in order that the stomach and duodenum
might be sucttoned out independently and tn order that the stom-
ach may be decompressed but the patient fed via the tube i the
doudenum Abbott and Rawson were among the earlhest worhers
m thus special field. The first tube ®* they devised for use in the
post-operative care of gastro-enterostomy cases was a single lu-
men tube with two valves One an inlet valve of silver so arranged
on the tube that 1t would fall in the stomach and permut the mflow
of gastric contents into the tube and & second valve at the end of
the tube thirty am beyond the stomach permutting flurds to leave
the tube but not enter it These valves were mounted mn 12 Fr
and 16 Fr tubes This tube was abandoned m favor of a double
lumen tube which was wtroduced n 1939 This double lumen
Abbott Rawson tube ¥ 13 a double lumened tube for one hundred
em and then 2 single lumen tube for the distal thirty em. The
double lumen portion 1s 16 Fr and the single lumen portion 15 12
Fr Ths tube was mtroduced to replace the valves in the single
Iumen tube because the valve arrangement was unsuccessful This
tube 15 introduced into the nose and pulled out throngh the mouth.
Now a Lyon buchet 1s attached and the tube swalloned After
performing a gastro-enterostomy the surgeon then shps the tip of
the tube through the stoma and for thiry centimeters down the
jejunum  Now nutrient material can be injected 1nto the jejupum
while the stomach 1s being aspirated. This type of tube gives one
the ability of feeding the patient on the day of operation by 2
more physiological means than intray enous infusion

Berk Rehfuss and Thomas ™ have proposed a double lumen
tube for the simultaneous sspiration of gastric and duodenal con
tents Their tube differs from the Abbott Rawson tube 1n that a
stainless steel head 15 used on the smgle lumen porton and radio-
opaque bands of staless steel as markers at the points at which
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the holes were found  Thus by fAuoroscapy the ntubator could
tell exactly where hus duodenal and gastric holes were

Linhorn*® has also introduced a double lumen tube for the
simultancous aspiration of gastric and duodenal contents  His
tube diffiers from the preceding tubes in that the tube s fifty
inches in length It 1s made of radio-opaque rubber of 14 Fr , and
16 I'r caliber The tube terminates m a catheter like ap which
consists of sohd lcad impregnated rubber one and three fourths
inches 1n length and of the same diameter as the rest of the tube
Two slotted openings arc placed just above the tip of the tube
for the duodenal drainage The openings for the gastric dram
age arc placed as to fall i the stomach when the distal end of
the tube 15 m the duodenum

At our hospital we have never found 1t necessary to usc any
of these gastro-duodenal tubes We use a Levin tube for the
first three to five days post-operative to heep the stomach empty
Dunng this period of time most of the alimentation 1s given
parenterally  Where 1t 1s desired to give trans tubal feeding we
employ a single lumen (Cantor) intestinal tube passed far down
the gastro-intestinal tract  There has never been any difficulty in
successfully intubating these patients  Atony of the distal jejunal
loop following partial gastrectomy 1s the type of case 1in which
such ntubation has been necessary In such cases, trans-tubal
alimentation may be necessary for several weeks

REFLRENCES

172. Lenin, A. L. Observations i1 Tramsduodens! Lavege and the Use
fulness of the Jutte Tube. South. M J 13490496 (July) 1920

173 Wangensteen H O The Management of Acute Intestinal Ob-
struction  \Wrth Special Aention of the Character of the Vonut
l1n9234md Dautention. The Journal Lancet, 54 640-647 (Oct. 15)

174 Dennus, C and Brown § P The Treatment of Small Bowel Ob-
struction. Surgery 7394-106 (Jan.) 1943

175 Ewmhorn, M Nasal Simultaneous Gastro-Duodenal Aspirator
Surg., Gynec. & Obst. 724857 (Jan ) 1941

176. Pane, ] R. The Hydro-Dynamues of the Relref of Dutention
the Gastro-Intestinal Tract by Suction Appled to Inlaying Cath-
eter Arch Surg 3,995-1020 (Dec.) 1936



114 INTESTINAL INTUBATION

177 Sperbng L Role of Ileocecal Sphincter 1n Cases of Obstruction of
Large Bowel Arch. Surg,, 32 22-48 (Jan.) 1936

178 Aguiar C.de P Unired States Patent Office No. 2,356,659 Wash
ngton, D C. Aug 22 194

179 Johmston C. G Decompression 1o Treatment of Intestinal Ob-
structior. Surg., Gynee. & Obst., 70.365-369 (Feb.) 1940,

180 Mudler T G and Abbott, W O  Small Intestinal Intubation.
Ann. Int. M 8 85-92 (July) 1934

181  Abbott, W O Indrcations for the Use of the VMiller Abbott Tube
Nen England J of VMled 225641648 (Oct) 1941

182 Wangensteen, O H  New Operative Techmques 1n the Manage-
ment of Bowel Obstructton  Surg,, Gynee. & Obst., 75 675692
{Dec.) 1942

183 Klen S H Peroral Intubation and Drainage of the Small Intes-
tine Surgery ¢ 827-836 (Dec.) 1938

184 Whipple A. O The Use of the \iller Abbott Tube tn the Sur
geny of the Large Bowel Surgery 8 289293 (Aug ) 10

185 Personal commumcation of autbor with surgeons throughout the
country at authors exhibit booth at A. \ A, Convention. Atlantic
Cry 1947

186 Smuth E. B \Iiller Abbott Tube Statstical Study of 100 Cases
Ann. Surg 122 253-259 (Aug) 1945

187 Swertsen L Quoted by Harry, F I JLAMLA. 126 718 19+
Personal communcation with author at American College of Sur
geons Convention at Cleveland in Dec. 1946,

188 Harns, F I New Rapid Method of Intubation with Miller
Abbott Tube J.AMLA. 125 784785 (July 15) 19H

189 Harms, F 1  Intestinal Intubatien 1n Boswel Obstruction. Surg.
Gynee. & Obst. 81671678 (Dec.) 1945

190 Crowley R. T., and Johnston, C G  Phymological Principles m
Intestinal Obstruction. Surgical Chimes of North Amenca, 26
1427 1439 (Dec.) 1946.

214 Chesterman, ] T The Treatment of Acute Intestinal Obstructron.
J and A. Churchill Ltd Leondon, pp. 26-34 1945

215 Hinson A. Failures in Use of Aliller Abbott Tube 1n Intesnnal
Obstrucnion. J South Carglina M1 A. 38 284287 (Nov) 19542

225 Abbott, W O and Rewson, A. J A Tube for Use 1 the Post
Operative Care of Gastro-Enterostomy Caset.  JLAMA. 43
1873-1874 (\lay 29) 1937

226. Abbotr, W O. and Rawson, A. J A Tube for Use in the Post
Operative Care of Gastro-Enterostamy Patents. JAM.A., 112
2414 (June 10) 1939



INTISTINAI DECOMERISSION TUBES s

23; Berk ) 1. Rehfuse NI T and Thomas J T A \lethed for the
Simultanecous \ mration of the Contents of the Stomach and the
Fint Part of the Duodennm JAN A 110 259261 (May
16) 1942

228 Iinhomn VMo VWeghted Nadal Gasteduodenal Tube Am
Surg 5§ 51%-S19 (June) 1941

229 Path L. J Sucamlwltathiazole and Phthalsieulfathiazole 1n Sur
gen of Colon Surgery 17 773 780 (Junc) 1945

229¢ Roslow A I\ new matenal and tube design in gastrointestinal
intubation  Swrgery .y 293 297 (Feb ) 1948

2294, Honor \W H., and Smathers N\ M A double lumened plastic
tube for intestinal intubation  frek Swrg 55 -498-504 (Oct)
1947



CHAPTER VII

TECHNIC OF INTESTINAL INTUBATION

HE TECHNIC of intestinal intubation 13 vanable. [t de
pends upon the type of tube used and upon the physiological
mechantsm by which the designer of the tube thought 1t passed
The techme of intubation can be described by dividing the ntes-
tinal decompression tubes into three groups (1) Aur filled bal-

Figure 45 Frem Johoston, C. G Neltogs Loose
Leaf Surgery
loon tubes (2) Air and mercury balloon tubes or mercury
balloon tubes using mercury as weight (3) Free flow” of mer
cury 1n loose balloon tipped tubes.

In utihzing the air filled balloon tubes such as the Miller
Abbott or Johnston tubes 1t must be remembered that the progress
downward of the tube 1s based upon the concept, that the tube
will not progress down the small intestine 1f the bowel 13 not de
compressed (&) a3 1t 1s necessary for the gut wall to approximate
balloon (b) to propel tube It must also be remembered that
in using this tube, purely as designed that the arr filled balloon
1s light and floats readily i bquid The ongmal techme of 1n

[16]
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tubation with these tubes as descnbed by Johnston™ s as fol
lows The tip of the tube 13 lubricated and passed into the nosc
until 1t can be felt in the naso-pharynx by the patient At this
time the patient 1s g en water to swallow to facilitate the passage
of the tube nto the stomach I the nasal passage of the patient

D

Figure 46, Frem Johnston C. G Nelsons Loose Leaf Surgery

13 too small to accommaodate the tip of the tube, 1t 18 necessary to
remove the tp of the Johnston tube due to its size  Then attach
the lower end of the tube inside the lumen of 2 12 Fr catheter
of soft rubber which 1s passed into the nose. The catheter and
tube are then brought out the mouth and the tip replaced Gagging
duning this maneus er may be mimmized by making sure that the
tube lies away from the center of the pharynx behind the third
molar with the patient s mouth closed. After the tip s replaced
upon the end of the tube, the patient 1s permutted to swallow the
balloon i the usual fashion In using the Miller Abbott 1t 18
not necessary to remove the tp as 1s required at times with
Jobnston tube, but the tube 1s passed 1n through the nose and
snallowed With thesc tubes now in the stomach the content of
the stomach 13 suched out By permutting the patient to drink
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freely during the process of passing the tube 1nto the stomach, the
stomach 1s also washed In this way, particulate matter mn the
stomach 1s removed  Now the tube 1s withdrawn until the tip lies
well withi the cardta  This position 1s best determined by fAwor
oscopy  If fluoroscopy 1s not available, Abbott has suggested n-

D"
e

Figure 47 Frem Johmton, C. G Nelsons Loose
Leaf Surgery In the sbove two figures x and b, note
that with the ballooa 1n the duodenum that it is pos
sible to aspirate hile through the tube. This 13 evidence
that the tube head 15 10 the duodenum. In the two
figures a and b (below) note that 1f the balloon 1
wflated with air before 1t has passed well mto the douo-

denum 1t mey soep back into the stomach 2nd reman
re.

flating the balloon with air and withdrawing the tube until the ar
flled balloon meets with resistance offered by the cardia This
1s ample evidence to the intubator that the tip of the tube 15 1
the cardiac portion of the stomach The balloon 15 now emptied-
The patient 13 now placed on his right side and the tube advanced
slowly for 1 distance of approximately six inches  The tube tp
should now be at the pylorus This posttion 13 now cheched by
fluoroscopy because the tube may be curled m the stomach If the
tube 13 curled or twisted upon 1tself it should be withdrawn until



TLCHNIUC O INTESTINAL INTUBATION 119

the balloon 1s just distal to the cardia of the stomach and then
passed again Wth the tube at the pylorus Tohnston states, “that
it 11 frequently possible to pass the tube directly nto the duo-
denum ' The patient 15 put in the supine position and the tube
15 advanced until it appears to turn in the stomach  When this
13 suen under fluoroscopy withdraw the tube one inch and gently
insert and withdraw at this time using only the one inch of tube
This mancus er will usually pass the tube into the duodenum, then
slow nsertion alloning a tew minutes to clapse betw een the mtro-
duction of cach inch of tubing will advance the tip into the third
portion of the duodenum  With the balloon at this polnt 1t s
flated with 10 cc of air VWhen the balloon has passed the
duodeno-jejunal fold the balloon 1s further inflated to contan
30 cc of air In the (vunt that the tube has not passed through
the pylorus at this first atterapt the patient 1s returned to bed
He 1s turned on his night side and permitted to remain in that
position for one hour with constant suction applied to the end of
the tube  \t the cnd of one hour the balloon 15 inflated with
S cc of air 1f the balloon fills castly and without tension, 1t
indicates that the balloon 1s still in the stomach, but if the balloon
hils under tenston so that the plunger on the syringe moves with
difficults and 15 readily pushed out 1t 1s supposed to indicate that
the balloon 13 m the duodenum  The aspiration of golden bile
also indicates that the balloon 1s 1n the duodenura  The balloon
should not be inflated until 1t 13 well past the pylorus or 1t will
snap back into the stomach
When this standardized maneuver 1s unsuccessful m passing
the tube through the pylorus the mtubator may use some of the
other methods advocated to nsure the passage of these air filled
tbes The most commonly employed of these methods are
(A) Morgenstern s method ™ This method consists i sit
ting the patient up behind the fluoroscopic screen The
mtubator then with his left hand pushes up on the
greater cunvature of the stomach in an effort to bring
1t to the same level as the pylorus, while with his mght
hand he passes or threads the tube head through the
pylorus
(B) The stomach 13 inflated * with air through the tube and
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the patient turned on

his nght side. Duisten

tion of the stomach now

permits the tube head
to be advanced to the
pylorus. Johnstonclaims
that the larger and
heavier tip used i his
tube permits this maneu
ver to be more success
full because of the in
crease 1n weight.

(C) Abbottsuggests,®1n
some cases that the 4 ¢
stomach be distended Figure 48 From Johmston, C.G Nel
with water The patient so s Loose Leat Surgery
1s now turned on his left side, the balloon mflated with
ar, and the air filled balloon floated to the pylorus at
the top of the water at the cardia of the stomach
After the tip of the tube has passed toward the pylorus
the water 15 aspirated and the balloon deflated

(D) If the transverse colon 15 distended prelminary pass-
age of a rectal tube by sigmoidoscope to decompress
the colon 1s done first and then the mancuvers as noted

(E) Abbott™ has suggested the usc of a1 wire stylet -
serted into the lomen of the aspirating portion of the
tube and passed to within six inches of the balloon
Under fluoroscopic control, the stylet stiffened tube 15
passed through the pylorus and into the duodenum
The stylet 15 now removed.

(F) Mayer™ has suggested using a magnetized head made
of alnico on the end of the tube The tube head 15 now
pulled through the pylorus under fluoroscoptc control
using 2 magnet at the nght flank

(G) Willson ™™ uses a heavier tube of larger caliber than
the Muller Abbott design. This tube 1s introduced with
the patient exther on his nght side or back in the Sem:
Fowler s posiion  After the tube head has left the
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(H)

Figure 49 Alorton modification of the Mliller Abbott tube.

Weigh a catheter with lead shot to facilitate passage

through the pylorus. (Frem Morton, H B Amn. Surg,
1943)

stomach the balloon s filled with thirty cc of flmd
instead of air  Willson believes that the heavier tube
by decreasing 1ts flexibility 1s an aid to intubation

Morton ™ proposes the addition of a weighted tip to
the Muller Abbott tube for more successful mtubation.
His method 15 to weight five inches of the tip of a
Levin tube with lead shot and then connecting this
weighted tip by a short metal tube of proper caliber

121
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to the end of the Miller Abbott tube Weight and the
effect of gravity upon 1t 1s thus utilized to aid intuba
tion with Miller Abbott tube
(I) Harns and Sivertsen ¥ suggested the use of four to six
c.c of mercury in the balloon of the Miller Abbott
tube to weight the head Gravity, agam, 1s utilized to
secure intubation of the weighted head Balloon may
be filled with air in some centers
The multiplicity of methods and devices utilized 1 order to
successfully intubate with the Muler Abbott and Johnston tubes
suggests that there has been much difficulty throughout the coun
try m successfully passing these tubes through the pylorus
Following the observation that liquid mercury will carry the
Muller Abbott tube down the gastro-intestinal tract even if the
balloon 1s not mnflated with air Harns devised a single lumen
tube the balloon of which contains four to six c.c. of mercury
The principle upon which Harris bases his tube 1s, “that of a
weighted bag carrying the tube down into the small bowel by
force of gravity, in contrast to the pninciple of peristalnc activity
grasping the inflated bag of the Miller Abbott tube * The con-
struction of this tube head 1s almost dentical with those of the
Miller Abbott and Johnston tubes in the sense that in all these
tubes the balloon 1s placed along the shaft of the tube The
result of this 18 that only the weight of mercury 1s utihized because
of the restraining mnfluence of the tube shaft through the balloon
Here 1s a tube whose onginal design was created for air filled
balloon being used to carry mercury In the techme of use of
this tube, after the tube has entered the stomach and the stomach
has been completely emptied the patient 1s propped upon on his
right side in the semi Fowler position in the exact manner as
deseribed 1n the onginal technic of Miuller and Abbott. If the
patient 15 not too sick he 1s permitted to stand up and even walk
1round for from five to ten minutes  The tube 15 then passed one
inch every ten minutes
The Cantor™ tube was constructed speaifically to unilize all
the physical properties of mercury 1e weight, mobility cohenve
power and extreme lability To utihze all these properties to
the utmost the balloon was made loose and attached to the very
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tip of the tube so that there would be no himitation to the ‘free
flow * of the mercury

Since this tube was desipned spectfically for the treatment of
intestinal distention 1t was simphificd to the greatest possble
degree  The techme of use of this tube i addition, has beun
simplificd aa to make 1t ahnost fool proof and it does not require
the usc of Auoroscopy to insure successful passage  The prinaiple
that must be borne in mund to sceure successful intubation s To
utilize the free flon of mercury 1 a loose sac at the tip of the
balloon alwayvs move the patient <o that the anatomical part to
which we desire the tube to go will be down-hill This can be
donc in the stomach and duodenum but in the small bowel where
twenty four feet of bowdl is suspended by a sivinch mesentery and
where the loops of bowel hic in cven concennable plane motion
of the patient 1s utilized for successful mtubation The use of
this tube has been simplificd down to the following directions

A Preparation of the tnbe

1 Usngatencc svringe and an eighteen gauge needle inject
five c ¢ of mercury into the balloon through the last hole

2 Aspirate all the awr left in the balloon with the ten c.c
syringe immediately after injecting the mereury

3 Insert the stylct ot a 21 or 22 gauge needle through the
last hole and pass it into the balloon Tie off the end of
the tube as follows and then remove the stylet Place a
strong tie of tnenty by pound pull fishhine or braided silk
over the point at which the bag it comented to the end of
the tube as notéd in Fig 50 The tic should be wound
around the tubc twice and should be tied with = square
knot If this tic 13 applicd very tightly 1t will be found
that when the stylct 15 removed that a minute opening or

safety valve 15 left in the tube for gases to escape The

nuze of the hole 1s so small however that the mercury
cannot escape  To accomplish this, only the stylet of a
21 or 22 gauge ncedle can be used and the tie must be
tied over this stylet as tightly as possible

4 Dup the end of the tubc 1n mineral oil

5 The tube 13 now ready to be nserted nto the patient’s
nose
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B Preparation of the patient and passage of the tube

1 Gne the patient a hypodermic of morphine sulphate gr
% and atrope sulphate gr oo to allay nervousness and

Figure 50. Place tie on the end of the

at the pownt at which the balloon
13 attached Use tro loops and de very
tightly over 21 or 22 gasuge stylet to
trap mercury in the balloon. By so
downg balloon cannot tear off with mer
cury in 1t and balloon s not weakened

at 1te oeck permitting air to enter

neutralize to some ex
tent vagal effect upon
stomach sphincters.
Lxamine the nose to
determine 1f there 1s
any local pathology
Spray or swab the side
of the nose through
which the tube 15 to
pass with ephedrine in
ol 2% and ponto-
caine 2%

Now, with the patent
sitting up or lying on
hus back, and with the
head  hyper-extended
so that the nasal pas-
sage now runs down-
hill the balloon 15 1n-
serted into the nasal
passage To do this
any one of three meth-
ods may be success
fully employed. The
simplest 1s to gresp

the balloon between the thumb and index finger thus per
mitting the mercury to run to the neck of the balloon The
balloon between the thumb and index finger being empty
13 now folded up to form an empty spur of balloon, this
empty spur is mserted 1n the downhill passage of the nose
as far a3 1t widl go  Now releasing the thumb and index
finger permuts the mercury to run wnto the empty spur
dragging the tube into the naso-pharym A second method
13 to grasp the balloon between the thumb and index finger
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Figure §1 Simplest method of mtrodoang the Cantor tube into the nose

B to mtreduce an empty spur of balloon into nose with the head hyper

extended. The mercury in the balloon 1s kept from rumming into the spur
by holdmg the balloon between thumb and index finger as shown,

S‘r:ﬂr: 52 An alternate method 15 to introduce the spur of balloon nto
nose by pushing 1t backward using a cotton tipped epplicator Note
the head of the patent being hyper—extended



Figure 53 A third method which 1s very useful when the patient has #

perforation of the nasal septum 13 to introduce the spur of ballooa

by using a bayonet forcep. Note the downward direction of the externel

nares. Mercury may enter the spur by this method but 1t does not create
any difficulty 1n 1ntubation

Figure 54 Figure 55

Eixurc 54 Lateral rocntgenogram after the tube head has entered the nose.
Note how the mercury has sadapted 1tself to the nasal passage.

Figure 55 Tube-head 1o the naso-pharynx and begunamg the descent into the
oro-pharynx and esophagus as seen by x ray
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as noted aboyve nsert the empty spurin the nose, and then
push it back into the nasopharvax with a cotton tipped
apphicator  \ thard method 1 of valuc when there 15 a
perforated septum  In this mcthod the empty spur s 1n
serted into the nose using » bayonct forcep  Once the
balloon 1 well into the nose the mercury will drag the
balloon into the nasopharvas if the head 1s hyperestended
Remember that the mercury has been scaled into the
balloon hefore it 1s inscrted into the nose No mercury
15 added and notlung 1s donc to tube after mserting
4 When the halloon contammmng, the mercury has dropped
mto the nasopharvny the patient 15 permntted to it up

XY

.
- ¢
o

Figure 56 Figure 57

Figure 6 Note the downward pull of the tube head containing the mercury
?damm threugh the oro-pharynx and entering the esophagus. Aguin notice the
ml"‘bﬂlf! of the soft compressible balloon of the Cantor tube contaimng the
uxm"'y to the space in the cvophagus. The fact that the balloon lies free at
very tip of the tube permits it to adapt itself to any space of even the
R the smallest caliber
t.h'f“.:e 57 ‘The tube head has passed through the esophay ard dropped into
a LbemdL Here we see the tube 1o the etophagus and the holes can be noted
5 cxternal nares The tube (Cantor) must be passed until the marking
TPpears at the nose  When thus occurs, the holes scen in this figure at the
external nares will now fall i the lower esophagus and stomach.
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Figure 58 Figure 59

Figure 58. The panent as in Figure 59 when turned on s back flat on the
table. Note that the tube head comes to Le 1n the left para vertebral gutter
Figore 0. The patient as 1n Figure 59 when permitted to stand up. Note the
marked change in ponition of the tube head when compared with Fi 58
and 59 Notc how tube head changes with every change m posibon of patent
due to the free flow of the mercury Figure 61 Stomach five years following
Polya type of partia] gastrectomy Notice pontion of gastnc stoma in the floor
of the stomach (along the reater curvature) Turming this patint on hn fece
nd rainng the foot of lus bed would result 1n the tube head pasnng upward
into the prommal loop. Tlus would carry tube head wmnto a cul-de-sac.

Figure 59 With the letter P at the nose and the patient turped on hu nght

nude face downward and the foot of the bed elevated twelre to fifteen mcbes,

the tube head immeduately comes to Lie at the pylorus as noted in thw roent
genogram,

and tahe one drink of water The pharyngeal constrictors
grasp the bolus of balloon and the water with the result
that the highly moule balloon literally shoots down the
csophagus and into the stomach. The gastric contents
begins to run frecly from the end of the tube. At this
pomnt the letter S’ will be noted on the tube presenting
at the external nares  Thus 1s suffictent tubing to carry to
the fundus of the stomach but not enough to pass through
the pylorus  An additional prece of tubing 13 passed untif
the letter P presents at the nose Duning this ime suc
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Figure 60 Frgure 61

tion has been connected so that decompression 1s going on
Now the patient 1s mancuscred so the tube head will pass
through the pylorus
5 Turn the patient on lus right side and inchined face down
and also raise the foot of the bed twelve inches  With the
letter ‘P at the nose there will be sufficient tubing to
carry the tube head to the apex of the stomach funnel
(the pylorus) when the patient assumes this position  Re
member that the fundus of the stomach lies on 2 plane
posterior to the antrum and pylorus when the patient hies
flat on his back If the patient 1s left on his bach then
invanably the free flowing mercury would drop into
this pouch of stomach in the left para vertebral gutter
and remain there Turming the patient on his nght side
13 not enough to secure successful passage because 1n the
fish hook type of stomach or ptotic stomach with a low
greater curvaturc there 13 often a sharp angle between
the fundus and antrum and pylorus In addition the first
limb of the duodenum runs upnard To utilize thesc facts
n order that the first mb of the duodenum may pass
downhill we turn the patient on his nght side nclined
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Figure 65 Figure 66

Figure 65 Same patient at 1-00 pm. Note that the tobe head 15 now at the

duodeno-jejunal flexure. The Cantor tube 1o this case passed through the

prlorus rapudly Ve generally allow two hours for each change of pontioa

and take our first roentgenogram at the end of sx

Figure 66 Tube (Cantor) passed into the atomach at 11 15 Patient flat oa
s back  Note potition of tube head toward left pars vertebral gutter

There will now be sufficient tubing to carry the tube head
to the duodeno-jejumal junction The reason for this s
the downhill direction of the second part of the duo-
denum when the patient mits up  Thus always permittiog
the looscly confined mercury to run downhull

At the end of two hours 1n the above position, the bach
rest 13 lowered and the patient 1s turned on his left side
He 13 Kept in this posttion for two hours. At this pont
an additiona! four inches of tubing 1s passed. There wmill
now be sufficient tubing to carry the tube head into the
jejunum  The reason the patient 1s turned on his left side
13 the anatormieal fact that the third portion of the duo-
denum nuns from nght to left  With the patient on his
lett side the duodeno-jejunal junction 15 now downhill per
mutting the tube head to run toward 1t

Atter two hours in the above position, a chech up x ray
15 tahen in the pauent s bed to note the postion of the
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whe When a tubt 15 mscrted preparatory to an clective
operation such as a resection of the nght colon the first
< ray 18 tahen at twenty four hours

9 lrom this point on the patient 1s encouraged to move
about freely and vven to ambulate or sit 1n 2 chair if at all
possible  With motion of the patient there 15 mosement
of the loosdly confined mercury n the tube head and as
a result descent of the tube  All the above mancuvers arc
predicated upon the prenuse that there 1s httle or no
penstaitie actty and that the stomach 1s n a poor state
of tonus We cxpect no help from the patient in such
cases and rely solely upon the free flow  of the mercury
in the loose balloon to successfully intubate the patient
If the stomach 1s 1 tone and there 1s penstaluc activity,
such as in intubating for an elective operation, 1n a patient
that 1s not distended the tube head will rapidly pass
through the pylorus and down the gastro-mtestinal tract
without doing any special maneuvers  In such cases, un
Yess watched, the tube head may present itself at the anus
n forty-eight hours or less The intervals of two hours
n each posttion as noted above, 18 an arburary period of
time that we set for the sahe of umformity and because
we do not use the fluoroscope  One x ray at sw or twenty
four hours 1s all that 15 required by using this simplified
procedure and the sich patients are spared the necessity
of repeated tnps to fluoroscopy  Actually, we have found
in a great number of cases that were observed that at the
end of two hours, the tube head came to lie at the duodeno-
jeyunal junction and many showed at the end of six hours
that the tube head was well along the jejunum  Regard-
less of this, we uthize two hours in each position for the
sahe of uniformity and to make the procedure as simple
as possible

It may rarely be found that the patient will be obese

with a tremendously distended abdomen and 2 poor myo-
cardivm who may become cyanotic when he 1s put 1n the
posntion on his right side inclined toward s face and the
foot of the bed elevated In such cascs, putting the patient
n a chair will usually result in a suceessful passage We
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Figure 67 Figure 68

Figure 67 Same patient as Figure 66. Panent 1n stacdimng ponion film taken
three nuautes Iater at 11 18 Note the marked change 1n the position of tube

head due to change of pontica of patient.

Figure 68 Same patient as Figures 66 and 67 Note powutroa of tube head two
hours after intubation. Film taken at 1200 p.m. Tube head is now at duodenc-

jejunal flexure.

had one such case and were able to successfully intubate
him

The tube must not be fastened to the side of the px
tients face Permitting 1t to lLie free, mnsures its passage
downward unaided when penstalnc activity 15 re-estab-
lished and the thrashing about 1n bed of the patnent and
the involuntary swallowing of saliva often results in a
foot or more of tube being passed unaided dunng sleep

In feeding the tube into the patient we do not push
the tube in. We rely upon the downward pull of the
pharyngea! contrictors acting upon the bolus of water and
tube to pass the tube This 13 a physiological method of
passing a tube and not forcibly pushing it against muscle
contraction. The tube 1s held loosely and everytime the
patient swallows 2 bolus of water the hand holding the
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tube 13 brought gently toward the face of the patient It
will be noted that the tube moves down readily with each

e

Figure 69 Result of passing too
much tubing mto the stomach and
attempung to rush the passage of the
double Jumen tube. Coilmg i the
stomach hmders downward moave
ment of the tube and favors koot
formatron. (Frem Johnston, C. G
Nelsons Loose Leaf Surgery)

Figure 70 Effect of pasning too much
tubing of the Cantor m;i wnto the
stomach. If left alone for several hours
and no more tubing passed this tube
will strasghten itself oat. This, however
u an error i technic of intubation.

act of deglutition

No more than four
inches of tubing must be
passed at one time. To do
50 mnvites cotling We ad
vise passing two inches of
tubing every two hours If
this 1s done two feet of
tubing can be passed 1n
twenty four hours This
does not mean tno feet of
bowel for 1t can easily be
demonstrated that tnenty
four feet of small bowel
will string along three to
four feet of tubing \When
the five foot marking on
the tube presents at the
nose, the tube will gener
ally be found 1n the lower
tleum, When the six foot
mark presents at the nose,
the tube head will often be
mn the colon.

We permt the tube to
pass down as far as 1t will
go m amy case of intestinal
distenion In  pamlync
tleus, 1t will be found that
more time 15 required to
get the tube head down
mto the deum  The upper
Jejunum, stomach and du
odenum are decompressed
m such cases within the
first twenty four hours
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When the hcad of the mtestinal decompresston tube has
passed into the ileum or even into the colon and the spectfic dis-
case of the patient requires the use of the tube for more than
five days, special attention must be given to the stomach In cases
of this type sccondary dilatation of the stomach duc to the
presence of the foreign body (tube) within it for this period of
time 15 not unusual As a result of this, gastric dilatarion, ept
gastric distress and vomiting are the usual findings despite the
presence ot a long tube far down the gastro-intestinal tract. In
extreme cases the gastnie dilatation may be so marked as to
produce respiratory embarrassment. In controlling this com-
plication the procedure employed vanies with the type of long
tube bemng used. 1f the Miller Abbott tube 1s being used, then
to decompress the stomach a Levin tube must be passed through
the other nostnl into the stomach and suction applied This
necessitates the use of two suction units runmng at the same time.
Using two tubes eflectively precludes nasal breathing with the
cesult that oral breathing must be used This 15 not only vn-
physiological but uncomfortable for the patient In using a single
lumen intestinal decompression tube such as the Cantor tube, 2l
that 13 required to prevent gastne dilatanion 1s to cut four more
holes 1n the tube and permit the tube to be passed twelve more
inches This will carry the holes to the stomach Now with
the holes in the stomach gastric and ntestinal decompression 15
carnied on sumultaneously There 15 no loss of suction by putting
these holes proumal to those in the smail bowel The great
increase in Intra-gastnic pressure forces the gastric contents mnto
the tube so that very bttle negatn e pressure 13 lost. In the small
bowel also in addition to the negatve pressure sucking the mntes-
tinal contents mto the tube we have & positive mtra intestinal
pressure farcing the intestinal contents into the holes in the tube
The tube 15 s0 strongly radio-opaque that the holes visuahize well
A flat plate of the abdomen will permt the roentgenologist to
telf the surgeon exactly where the holes m the tube lie along the
gastro-intesunal tract

In the event that the tube head presents msclf at the anps
then the tube 1s removed by pulling 1t out through the anus since
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Figure 71 Figure 72

Figure 71 Patient C. P., Male White Age 60 Disgnoss  Caranoma of

caecum. Cantor tube passed two days before operation. \ote ponton of

tube At operation, head of tube found at the ileo-caccal valve. After resecting

this bowel be sure to pull tube head back to jejunum te prevent it from goinp,
through the anastomotic stoma.

Figure 72. Patient G E-, VMale White Age 52 Dugnous Drverticuling
of the ngmad with bowel obstruction. Note position of the tube head 1n the
sigmoid colon down to the point of obstruction.

the need for an intestinal decompression tube would no longer
cxist

In any case in which the intestinal decompression tube 13 used
preliminary to doing a resection of the nght colon the patients
are permitted to be ambulatory They arc given a regular diet
if not obstructed The first film 1n a casc of this type 15 tahen
twenty four hours after intubation \When the film shows the tube
head in the terminal ileum then the tube 13 fastened to the face
of the patient to prevent it going any further In cases of this

type we want our tube to remain in the terminal tleum and go
no further
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CHAPTER 1111

ROLE OF MERCURY IN INTESTINAL
DECOMPRESSION TUBES

HE use of mercury in intestinal obstruction 1s not new  Over

one hundred and fifty years ago mercury was used by mouth
n its free form mn the treatment of bowel obstruction. In the
Index of the Surgeon General trom the years 1780 to 1850 no
less than fifty articles ™! 2.2 can he found describing the
action and use of metallic mercury by mouth 1n the treatment of
bowel obstruction Although this method of treatment fell mto
disrepute for obvtous reasons, certain fundamental pomnts were
learned by these surgeons and 1t called attention to mercury 1o
cascs of bowel obstruction  The early work with mercury prosed
that hquid mercury was innocuous in the gastro-mtestinal tract
and it was further emphasized that 1t was not the weight of the
mercury that was the desirable property but rather its fludity, its
lability and the quich silver qualities of the mercury that were
the most desirable properties  Dujardin-Beaumetz (1886)™ dis-
carded the use of mercury because their experments had shown
that it did not descend in bulk but rather penetrated slowly
globule after globule.

The first use of mercury 1n a gastro-duodenal tube appeared
in 1928 with the publication by Wilkins * describing a mercury
weighted gastro-duodenal tube This tube was three sixteenths
of an inch in diameter and the mercury was pached solidly mto
the head end of the tube An exammnation of this tube readily
discloses the obvious fact that the only physical propert of mer
cury utilized here was its weight Because the mercury was
closely confined 1n 30 small a space there was no opportumity for
the lability and cohcenne power of the mercury to be utilized.
The very title of the paper indicates quite dearly that the weight
of the mercury was the prime object.

[140]
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Figure 73 Wilkins Tube. This 1s a four foot long gastro-

duodenal tube. It is three sixteenths inch in luminal

diemeter  Note that the mercury is packed tightly into

the end of the tube This means utilization of mercury
a3 weight only
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The role of mercury n the balloon of the long intestina
compression tube appears to be misunderstood Most surg
are under the erroncous belief that it 1s the weight of the me:
that carnies the intestinal decompression tube down the ga
intestinal tract. The effect of gravity upon the weighted hea
the tube 1s thought to constitute the propulsive mechanism
effect 15 utlized by Harns in his single lumen tube and 1
work of Harns and Snertsen in placing mercury in the bal
of the Muller Abbott or Johnston tubes

If 1t were merely weight that was desired 1n the head
of an intestinal decompression tube, there are other clements
are heavier than mercury and hence more desirable from
pont of view An examumnation of the table of elements and ¢
atomue weights discloses the fact that there are eight elem
whose atomic weightt exceeds that of mercury with an at
werght of 200 61 Some of these elements such as radium (atc
weight 225 95) radon (atomic weight 222) and thonum (at
weight 232 15) cannot be used because of thewr physical prop
of radio-actimty This property mahes their use to weight
head of an intestinal decompression tube mpossible  Thall
(atomic weight 204 39) cannot be used because of its touat
the event the balloon would break freeing the thalllum mnto
gastro-intestinal tract. Bismuth (atomic weight 209) 18 m
too brittle as 2 metal and not readily available. It has no flw
or cohesive power that would make 1ts usc 1 the head of a t
desirable  The only remamng clement heavier than mercur
lead (atomic weight 207 20)  If it 18 weight alone that s desu
why not use lead which 15 heavier than mercury 2 In additior
being heavy 1t 13 relatively non-toxic i the gastro-intestnal t
because 1t srould be excreted before much absorption could o
It should be quite apparent that although lead is heavier t
mercary 1ts other physical properties of bewng a solid mass
inert would not fit 1t well for use in an intestinal decompress
tube which 1s expected to pass through  sinuous passagesvays w
sphincters  as 1s found i the pastro-intestinal tract. Mercy
on the other hand because of its flurdity and cohesne powes
eminentls switable for use m the balloon of an mtestinal decc
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pression tube beeause 1t literally fows downward through nar
rowed portions of the bowdd and passcs sphincters casily

Since mercury 18 to be used m the hiead end of the intestinal
decompression tube such tubes must be constructed to utihre the
physical properties of mercury to the utmost and not merely 1ts
woght  Metalhic mercury s Jigmd cven at the lowest tompera
tures Tt s a coherent mobile Tqmd, winch docs not wet glass
or objects placed n it Tt remains hiqud under a wide range of
temperatures from — 39 to 4 360 Tt remawns unchanged n
dry air, oxygen, mtrous oxide and carbon dioxide but n damp
air 1t slowly becomes coated with 3 film of mercurous oxide which
13 not particularly important when used n a tube head  Mercun
remains unattacked by difute sulfuric acid and hydrochlorie acid
when concentrated has only shight action upon the mercury  Thus
property, its complete nsolubility n acids, makes mercury an
excellent element for usc in the head end of the tube because
1t 18 completely non toxic 1n 1ts metallic form 1n the gastro-intes
tinal tract. Reviewing the physical properties of mercury, we find
1ts lability, marhed motihity and cohesive power as being the most
destrable features for its use i the head of an intestinal decom-
pression tube, and its non toxiaaty and weight as being of lesser
mportance

To utilize all these phymical properties of mercury to their
best advantage, it 1s necessary that the mercury be placed 1n a
bag that will gave 1t (mercury) a free range of motion  We must
not limit the free play of the mercury 1n the balloon if we are
to utilize these most desirable properties For this reason we
have dewigned this simplified intestinal tube which permits the
maximum utthzation of all the physical prapertnies of metallic
mercury and not merely the effect ot gravity upon its weighted
mass. It should be noted that the ample balloon at the tip of the
tube permuts a ‘free flow  of the metallic mercury With this
mercury trapped in the balloon, which permuts it to flow freely,
1t 15 only necessary to place the patient mto position so that the
mereury will always bave an opportumity to flow downhill or
from side to-ude i order to secure rapid passage of the tube
down the gastrontestinal tract. It must be remembered that
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mercury will not run uphill, unless forced upward by penstalte
activity

The amount of mercury to be placed in the balloon of the
simplified intestinal decompression tube (Cantor) varies with the
size and age of the patient being mtubated as well as the phy
sical condition of the patient. In children we have found that
two to four cubtc centimeters of mercury 1s suficient. In younger
children, we generally use only two cubic centimeters of mercury
The larger amount being used in older children or those that are
apprehensive  In this latter type of case the larger amount of
mercury will tend to overcome sphincteric spasm

In adults the amount of mercury ranges from five to ten cubke
centimeters In the vast majonty of cases, five c.c of mereury
18 adequate In patients sufferng from stomc or paralytic deus
we have noted on numerous accasions that five cc. was not suff-
cent to insure successful intubation, but that nine ce. would i
vanably result i a successful intubation  Fig 73a and 73b furmish
an excellent example of this. This patient was a sevent) six year
old woman with marhed atony of the bowel and carcinoma of the
sigmotd colon In intubating this patient, 5 c.c. of mercury was
used in the balloon of the Cantor tube We werc unzble to success-
fully intubate her wath this amount of mercury  The tube was then
remos ed and oine c.c. of mercury placed in the balloon  In twenty
four hours the tube was found to be well down the lleum as seen
by roentgen ray (See Fig 732) Two days later the tube head
was found m the ascending colon (sec Fig 73b) Dunng the
period of intubation with the mereased amount of mercury the
patient was ambulated at frequent ntervals We harc had similar
expenences on many occasions  Peritonitis, which 15 one of the
most common etiological factors in the production of ieus de
manding intubstion 13 no contre indicatton to ambulation By
ambulation and increasing the amount of mercury used to seven
ornine cc avery great merease i successful intubations will be
obtamed in this type of case

Nervous and apprehensiy e patients in whom the intubator can
expect sphincteric spasm may be more readily intubated using 2
larger amount of mercury—7 to 9 cc.

Figures 73a and 73b demonstrate rather well that with am



MLRCURY IN DI COMTPREFSSION TUBES 145

bulation cven mine c ¢ of mereury m the balloon of an intestinal
tube will permnt that decompression tube to pragress rapidly down
the gastro-mtestinal tract  In using, an amount of mercury so
large the patient must be ambulated because the weight of the
mercury 1¢ such that lying quictly n bed the depressed intestinal
monlity may not be strong enough to carry the tube downwnard

Figure 73a Figure 73b

Figure 732, Note the presence of the strongly radioopaque intestinal tube far
down the mtestinal tract. Thus was & twenty four hour flm.
Figure 73b. Note that on the third day after intubation that the tube head 1s
found 1o the mscending colon,
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DISORDI RS O 1HL SMAIT BOWLI
RLQUIRING INTUBAITION

R purposes of intubation disorders of the small bownel nay

be divided up inta four mam groups These groups are
(1) Al cases of ileus duc to atony of the bowel, or adynamic
and dynamic Al cases in which the distention 1s not 1n any way
due to mechameal obstruction  (2) \ll cases of intestinal dis-
tention as a result of ilcus caused by nflammatory lesions  In
this group would fall all cases of tleus due to general pernitonitis
local pertomis, plastic evudate inflammatory masses and any
mflammatory process capable of causing tleus  (3) All cases of
leus due to mechanical lesions  These may vary from mesenteric
thrombosis to carcinoma of the recto-sigmoid  (4) Patients sub-
Jected to electne operations or who would ordmarily hase an
enterostomy preparatory to anastomosis of the bowel or resection

ATONIC ILCUS GROUP

This group of cases constitutes onc of the largest that the
sargeon 1s called upon to intubate and a group in which intuba
ton alone may be used It 13 1n this group of cases that ntuba
Benmay be a life saving measure without the necessity for surgical
intervention In the early part of this century the treatment of
this group of cases was cnterostomy or jejunostomy Victor Bon
Aey ™ of England 1n hus wntings upon  Paralytic Obstruction of
the Intestine, with Special Reference to 1its Treatment by Jejun
ostomy  noted that in many of the cases m this group that had
been subjected to enterostomy that there was little escape of gus
and that vomiting continued and distention remamned. He there
fore concluded that m atomc tleus 1t was useless to open the
bowel and that jejunostomy was the treatment of choice By in
tubation what we get 1 fact 15 nonsurgical jejunostomy or

[147]
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enterostomy without the dangers associated with the surgical ap-
proach It 1v 2 well cstablished fact at present and known to
all surgeons that one cannot decompress the gastro-intestinal tract
in paralytic tlcus by enterostomy The only result of such pro-
cedures 15 that one or two loops of bowel are drained and the
remamnder of the intestinal tract remains atonic and dutended
with gas and flud

It was 1n this type of case that the earlier workers on mntes-
tinal decompression as Ward Westerman, Ochsner and Wan-
gensteen began the pioneer work of the suction treatment as
applied to an indwelling gastro-duodenal tube. The results in the
carly type of post-operatine distention in which the distending
clement was chiefly gas and the atony was due to 2 motor dis-
turbance of the gastro-intestinal tract as a result of the operative
procedure were truly brilliant The results 1n the treatment of
paralytic ileus associated with pertonitis swere also excellent.
The reports of these early workers called attention of the sworld
at large that here at last we had a method of treating these com
plications with no risk and much assurance of successful culmina
tion as far as the distention was concerned. Long before the
advent of the sulphonarmides and pemallin many Ines were saved
in just this group of cases by intestinal decompression via suction
applied to a gastro-duodenal tube and relying upon the protective
forces of the patient to wall off the infection or absorb it. Here
then was the first step in the nght direction away from the surgical
approach (enterostomy) with a high mortehty due to fatlure to
decompress toward gastro-duodenal suction dramage with =
much lower mortality duc to grestly improved decompression

There 15 a wide latitude 1n the degree and extent of the atomc
process involving the gastro-intestinal tract from the mld post
operatne distention to the severe types of paralytic ileus found
with retro-peritoncal lesions In additon, the type of panent
suffering from the atonic bowel 1s an important consideration n
the proper selection of the type of tube to be used It should
be quite obytous that a young and otherwise healthy, adult suffer
ing from post-operatine intestinal distention due to & temporary
atony of the bowel consututes a far different problem from the
clderly malnourshed man suffering from a pennephntic abscess
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with & resultant paralytic deus Tor this reason an attempt will
be made to deserihe some of the conditions that the intubator
may mect 1n order that he may be able to rationalize for himself
just when a speahc tube should be used and just how much will
be accomplished with the tube 10 question

Post-operati ¢ intestinal distention constitutes a large group
of cases that the intubator may be called upon to see It 1s essen-
tial that he hnow before inserting a tube just what the ctiology
of this distention may be because the proper sclection of hus tube
depends upon it In those cases of postoperative distention duc
to an atony of the bowel from the surmeal trauma and unaccom
pamed by wfection within the pentoneal cavity, one can be fairly
certain that the distending clement 13 gas  Most of it being
swallowed air and that the amount ot gas in the gastro-intestinal
tract 1s being augmented by the continued post-operatn ¢ swallow
ing by the patient  Thus type of patient does not require the use
of a long intestinal decompression tube A Lewvin tube mserted
nto the stomach with some type of continuous suction apphed
will quichly result in intestinal decompression  In some hospitals
this type of case 15 treated by drugs as prostigmine and with
holding everything by mouth for severnl days Equally good
results may be obtained by either method The recent work of
Leithauter ®® on early ambulation has shown that the post-opera
e distention of this type formerly so troublesome 13 found
much less often n patients treated by early ambulation than
those at bed-rest. In addinon, 1t has been shown that these milder
types of intestinal distention rapidly clear up with the patient
ambulatory due to the improy ement in the physiological processes
of the body which were temporarily altered by operation

On the other hand 1f the post-operative distention 1s not due
to the atony resulting from the surgical trauma but rather to a
beginning peritomitis either local or diffuse, then the surgeon had
better be prepared to decompress a paralyzed bowel filled not
only with gas but also with Aluid. In this type of case, a long tube
13 the mstrument of choice for only by using a tube of this type
which passes far down the gastro-ntestinal tract can one ade
quately drain the lower reaches of the sleun  We must note at
this point and repeat throughout this book that the intestinal
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decompression tube 1s merely an mstrument and must be used as
such  The thimhing must be done by the surgeon i charge He
must select his tube on the basis of a proper diagnosts and not
expect more from any tube than 1t 1s capable of delivenng  Pamne
has demonstrated that while suction applied to a duodenal tnbe
in the stomach was highly efficent in decompressing the stomach
alone, 1t was necessary to mnsert the tube through the pylorus mto
the duodenum to obtamn satisfactory decompression of the upper
small intestine  The explanation for the decompression obtained
by many patients intubated with a Levin tube, which so often
remans n the stomach, 1s to be found in the rhythmic contrac
tion and relaxation of the pylorus  Durning the period of relaxa
tion gas can be drawn up into the stomach and hence suched out.
In order to suck out intestinal hquid matter, 1t would necessarily
have to be forced upward mnto the stomach by a reversal of the
intestinal stream or by an atonv of the pyloric sphincter

One must select a tube then on the basis of whether he 15
content to decompress the stomach and duodenum or whether
he wishes to decompress the entire small bowel In the latter
event or in the event that the surgeon wishes to be prepared for
all exentualities 1t 15 far better to insert a long intestinal decom-
pression tube By using 2 long tube, if gastnic decompression
alone 15 desired 1t may be obtained by keeping the tube m the
stomach This can easily be done by fasteung the tube to the
nose after it has entered the stomach If 1t should become appar
ent that the case 15 not one of post-operative atomic distention
but rather a case of local or diffuse pentomtis with distention onc
can readily permt the tube to pass on downward into the small
bowel giving adequate decompression

Retro-pentoneal lesions notoriously are capable of producing
paralytic ileus  In many of these cases the intestinal distention 1s
severe and must be adequately treated 1f one 15 to avord the dele
terious effects associated with 1. The treatment of the primary
disease, however must go on quite independently  All these cases
of paralytic leus can be adequately treated by intestinal intuba
tion alone, and often will make all the difierence between the life
or death of the patient. Some of the most common lesions asso-



DISORDERS OF 1 HE SMALI BOWEL 151

cated with paralytic leus found in this group are  Ancurysm of
the abdomtnal aorta with leak of blood into retro-peritoneal tis-
sucs  These cases are occasionally scen and the usual complaint
15 pain n the abdomen with tremendous distention  One of our
carliest cases was admutted with 2 tremendous distention and patn
n the abdomen A diagnosis of abdonunal aortic ancurysm was
not difficult but the intestinal distention was very troublesome
Continuous 1 onuting was rapidly detenorating the patient  Intes-
tinal intubation with the simplificd long tube resulted n a rapid
resolution of the mtestinal distention  Large amounts of hiquid
matenal was aspirated from the gastro-intestinal tract  On some
days as much as four thousand c c. berng obtained Intestinal in
tubation n this type of case 15 merely palhatie as the primary
lesion was one which would not lend 1tself to surgical correction

Pyelo-nephntis pert nephnitis, ureteral caleuli and many other

Figure 74 Figure 75

Figure 74 Panent 1 A, Male, Wit
¢, Age 70 Diagnons P it
with pyelo-nephnns. Note ditention of the zuu‘i‘mtuﬁn:‘lrm i
I‘:lcure 75 Patent I A, “Male White, Age 70 Same patient 231 Figure 74
ote the powition of tube head after intubation. A small amount of dilute
banium grven to rule out an obstructive leslon on a mechanical bans.
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KU B tract lesions are quite apt to result 1n mtestinal distention
due to paralytic tleus On occaston follow ing cystoscopy for diag-
nosis a severe type of intestinal distention may supeniene. The
distention which mn this type of case 13 purely the result of paralytic
tleus from reflex imtaton will completely resolve when the
causative factor 1 adequately controlled Intestinal intubation

Figure 76 Figure 77

Figure 76. Panent M P Female White, Age 50. Dugross Panalync
ﬁxm—-pon-opendvr Note marked dustention of gastro-mtestmal tract.

Figure 77 Patent M P, Female, White, Age 50. Same patient as m Fig
ure 76, Intestina] tube two honrs after intubation. Note decrease m mtestiml
distention.

with the long tube by controlling the distention guves the urologst
or surgeon time to take care of the prmary disease by heeping
that patient deflated. In so doing many Ines have been saved,
particularly in the older age group thet mught otherwise have
been lost as 2 result of the uncontrofled paralytic ileus
Retro-peritoneal tumors not infrequently cause the develop-
ment of a paralytic leus both pre-operatively and espeaially post
operatnnely In this type of case, the use of a long intestinal de
compression tube pre-operatively will seme a dual function Tt
will not only deco the gastro-intestinal tract so that the
-
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patient will be i much better condition for operation but also
by the phcating effect of the small bowel on the tube it will be
found that the entirc small bowel will be strung along four fect
of tube In this way the operame fickd 1s made much better par
tcularly 3f the surmeal approach 15 trans ahdonual  Then lean
ing the tube n situ 1t prevents the post-operatne distention so
often found in surgery of this tvpe

The gastroantestinal atony so often found tn the aged pre
apitated by intercurrent infection or trauma not infrequently re
sults 1n a distention so scycre as to be of great coneern In these
elderly paticnts n whom both the gastro-ntestinal as well as the
sheletal musculature 1s atonie the passage of a long tube far down
the gastro-intestinal tract requires considirable tact, patnience and
judgment on the part of the mtubator  Since there 1s little or no
penstaltic activity and the stomach 1s usually atonic, we must
depend for successful ntubation upon the techme of intubation
wself and must select 2 tube that does not require peristalue
activity to carry it downward Since the Miller Abbott and John-
ston tubes depend upon the action of penstalsis upon an mflated
balloon for ite downward passage, it should be quite cuident that
they are not well smted for this type of case The only tube that
we have found that will imvanably pass through the pylorus in
these cases and does not depend solely upon penstaltic activity
1s the simplificd intestinal decompression tube (Cantor) This
tube 15 particularly well suited to this type of case because mo-
tion of these clderly patients and even ambulation 1s very desir
able. Strict bed rest for such patients invites hypostatic pneu
monia Since the simplified intestinal decompression tube depends
solely upon a free flow of mercury 1n 2 loose sac at the end of
the tube quick changes 1n position results 1n a moyement of the
tube head  In some of the larger patients of this type an mcrease
n the amount of mercury 1n the sac to seven c.c very often will
result n a specdy passage through the pylorus and duodenum

It should be emphasized that paralytic ileus 1n an individual
may be complicated by some degree of mflammatory bowel ob-
struction or by an abscess somuwhere in the sbdomen  While
the treatment of the paralytic shous 1s by mtubation alone the
treatment of the complicating factor may require surgical mtor
vention  Because the intestinal distention has been brought com
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pletely under control should not lull the surgeon into a false sense
of security  Before the long intestinal decompression tube 1s re
moyed i such cases it should be established beyond any reason
able question of doubt that the case was really one of paralytie
ileus and that the interference with the intestinal stream has been
completely removed This can be done in one of two ways A
small amount of bartum may be ginen through the tube or by
mouth and its downward course cheched by x ray  If the banum
18 readily evacuated and if the patient passes gas and feces per
rectumn, 1t 15 safe to remove the tube. In the event that the banum
does not pass through or stops at a pont of partial blochage, 1t
can be readily aspirated without any danger to the patient. The
simplified intestinal decompression tube 15 admirably suitable for
this type of work because 1t 1s 18 Fr and the holes for aspiration
are of such size that they will not become plugged The Mller
Abhott tube, although often used in this way may become plugged
by the barum particularly 1f not made very dilute A second
method of determining when to remove the tube 1 such cases 15
the clinteal method By this method the tube 1s clamped off for
two hours three times a day for one day then the next day for
three hours three times a day and on the third day for twenty

four hours. If the patient does not become distended and passes
gas and stool per rectum 1t 1s considered safe to remove the in

testinal decompression tube

INFLAMMATORY DISTENTION GROUP

This group of cases constitutes by far the largest group of
cases to be mtubated as well as the group m which the use of
the long mtestinal tube may be said to gne truly bralliant results
1n this group of cases, however there are some that require
surgcal inter ention in addition to the use of the tube as well as
strict attention to the water balance and electrolvte equilibrum
of the patient The recent wtroduction of the sulphonamide
drugs and the use of pemalhin has resulted in a remarhable reduc
tion 1 mortahity for this tvpe of case from twenty per cent to less
than five per cent

We include in this group any case of ileus in which the causa
¢ factor ts an nflammatory process within the abdominal cavity
This may be the result of o generalized pentomtis, local perr-
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tomitis, abscess amwhere within the pentoneal cavity as  pelvic
abscess, retro-caccal abscess, inlammatory adhesions, or plastic
exudate  In this group of cascs, intestinal intubation for the treat
ment of iluus 1s the greatest single measure we have Long before
the mtroduction of sulphonamides and penicillin numerous lives
nere saved by intestinal decompression and intrayvenous fluds

Figure 78 Figure 79

Figure 78_Patient R. S., White Female Age 54
- ge Dugnosls Pentomtns with
Patalytic jleus. Cantor tube well down the gastro-lntestmal tract !:11
erzht hours,

Figure 79 Patient G R, White Male Age 49 Diagnons Peritomtis with
paralytic fleus. Note tremend 1d

Since the ntroduction o sulphonamides and peniallin the mor
tality rate m such cases has dropped to a very low figure. In
Qases of diffuse pertomitis intestinal intubation alone 15 sufficient
to combat intestinal distention WS hether such intubation s used
Pre-operative as in the trcatment of diffuse pentonitis due to
late ruptured appondiatis by the Ochsner technic or post-opera
tively after appendcctomy the intestinal decompression obtained
8 one of the greatcst single factors in our therapeunc armamen-
tanum  Intestinal distention was formerly a serious problem mn
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Figure 80 Figure 81

Figure 80. Panent G R. White, Vale Age 49 Same patient as m Figure
79 Film taken appronimately ten hours afrer mntubaton, Note wisuslmstion
of holes 1n the Cantor tube

Figure 81 Patient 1 2L, White Vale 55 Dusgpons Pentomts with
paralytic fleus, Cantor tube six rs after mtubation,

the treatment of pentomtis By mtroducing a long tube far down
the intestinal tract, we no longer have to contend with this factor
and can direct our attention to restoring the normal phystology
of the blood

Local peritorutis such 25 15 found m pelwe pentomtis with
tubo-ovanan abscess constitutes an wndividual problem in mtuba
tion In cases of this type the ileus may be of two types  First
as a result of the paralytic ileus resulang from the pertomtis with
reflex nervous mvolvement and secondly there 1s often 2 hnuchle
of bowel adherent to the inflammatory pelvic mass producing
edema of the bowel wall and obstruction Intestinal intubation in
this type of case may be the sole method of treatment of the intes-
tinal distention or patients may require later surgreal inten ention
When the long mtestinal decompression tube 1s passed well down
the 1leum and the abdomen 1s decompressed an opportunity 1§
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Figure 82 Figure 83
Figure 82, Pavent H G, White Female Age 36, Diusgooss  Intestmal
obstruction—pelnic abscess. \ote the degree of ntestinal distention.

Figure 83 Patent H G, White, Female Age 36 Diagnosn Tubo-ovanan
abscess. Bowel obstruction. Position of tube head six hours after intubation.

offered for the bowel wall edema to subside and release the ob-
structed bowel If the tleus is solely due to paralytic ileus from
pelvic peritorutis generally by the fifth day gas 15 passing freely
per rectum and the patient may have a bowel movement. In
such an event, the tube 1s clamped for two hours three times a
day If by so doing the distention returns then the suction 1s
re applied to the long intestinal tube and the surgeon can be rea
sonably certam that a knuchle of bowel 1s adherent to the pelvic
inflammatory mass and may require surgery An effort should
be made honever to permit the inflammatory mass to subside n
order to sce whether the obstruction will thereby be released A
period of waiting of two weeks 1s not too long prowvided the
temperature 18 conuing down and the w b ¢ 18 returning to normal
and 1f the intestinal decompression tube adequately heeps the
gastro-intestinal tract empty  Durning this period of time ntra
venous alimentation and high calonc hiquid diet may be given
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orally With the head of the tube down in the ileum, some of
the orally ingested matenal will be absorbed before 1t 13 suctioned
out. When the mflammatory mass has subsided as shown by
pelvic exammnation or after surgical drainage, then one can readily
determine when the tube 15 to be removed. If the patient is pass-
ing gas per rectum and has
had one or more bowel move
ments we can consider re
moval of the tube. Clamping
the tube for two hours three
times a day should not result
in a return of the distention.
If 1t does not the tube 13
clamped all day If the dis-
tentton does not return and
the patient 15 passing gas per
rectum the tube 13 remoyved
In the event that clamping the
tube results in a return of the
distention, then the abdomen
1s decompressed and surgery
1s defimitely indicated to free
Figure 84 Pavent H G. White, Fe  the bowel from the subsided
mnmm Intestnal ob-  fammatory area  Generally
decrense m intestnal distenton apd  1n such cases no defimte ad-
ponitioa of tube head fortr-eight hours  hestve bands arc found s the
sfter mubstion. bowel 1s adherent by frm
granulation tissue to the mnflammatory mass. Separation of the
bowel usually results in a loss of serosa which requires pentone
alizetion. Rarely 1s resection required n such cases and stranguls
tion 15 most unusuzl The anumesenterc surface of the bowel 19
the usual site of adherence so that arculatory impairment of the
boswel wall 1s the exception
Not infrequentl followng a hysterectomy or oophorectomy
patients will become distended and present all the signs of bownel
obstruction  In this tvpe of case agam two ctiological factors
have often been tound A paralync ileus due to localized abscess
in the cervical stump or in the retrocaecal area or an aton) of
the intestinal tract due to surgical trauma  Long tube intubabon
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15 the treatment of choice in such cases  Although antestinal
decompression s usually obtuncd i twenty tour to forty-eight
hours, onc must remunhber the possibility of localized abscess
which may later have to be dramnad before the problem wall
have been solved  Intubation 1s merely one phase in the treat
ment in such cases and an assiduous attempt made to find the
ctiologeal factor

Plastic exudate as a cause of ileus 1+ quite commonly found,
particularly following uterine suspenston operations or pelvic sur
genn Tuberculous puntonitis of exudatine type would also fall
mto this group  In these cases a loop of bowcl becomes adherent
to second loop or to the operative site as a result of a plastic
esude  The interference with the intestinal stream results in the
loops of bowel beconung filled with flnd and hence becoming
heavy The drag of the wughtcd bowel produces an angulation
or kinking which causes the partial bowel obstruction produced
by the exudate to become a complete obstruction  In such cases
gastro-duodenal intubation by the Levin tube 1s of very lttle
value. To be successful one must pass a long tube far down the
mtestinal tract preferably the ilcum since ninety per cent or more
of such cases involve ileal loops of bowel With the long tube
mn place, intestinal decompression 15 rapid so releasing the an
gulation and hinks 1n the bowel The continmty of the intestinal
stream being re-established passage of flatus or stool 1s not un-
common Such cases may be completely cured by intubation alone.
A certain percentage of these cases later develop adhesive bands
which produce bowel obstruction and requires re admission and
surgical intervention  Generally sy eral months 1s required before
such bands develop 1f they are going to  Every patient subjected
to operation 1s a potential candidate for bowel obstruction due
to the development of adhesn e bands

ILEUS DUE TO MLCHANICAL LESIONS

In this group we classify all cases of tleus or bowel obstruc
tion due to any mechanical lesion whether 1t be compressing the
bowel from within or from without or by interference with the
areulation of the bowel In this group, the lesions range from
adhesnne bands producing mtestinal obstruction to mesenteric
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Figure 8% Figure 86

Figure 85 Patent T J~ Female, White Age 34 Dugnosu Intestinal
obstruction—=dhesions. Note the degree of intestmal distention of flat Alm.

Figure 86. Patient T ], Female White, Age 34 Same patient as Figure 85
after intubanon. Note the decompreasion obtmned.

thrombosis  This group of lesions has been classified m many
texts under the heading of simple obstructions and strangulating
obstructions  The 1dea being that in strangulating obstructions,
prompt surgical interiention 13 indicated whereas m the simple
type of bowel obstruction such as 1s found n adhesive band ob-
struction, intubation alone may be all that 1s required. From an
analysis of hundreds of cases we are unable to subscribe to such a
classification.® W e feel that all these cases require surgical mter
vention to remove the mechamcal factor responsible whether 1t
be an adhesne band or a carcnoma of the rectum We shall
demonstrate that the only function of the long intestinal decom-
pression tube tn such cases 13 to gne the surgeon time to ade
quately prepare the patient for surgery or make the operatne
field much casier and the operation sumpler The only exception
to this 13 found i those cases subjected to multiple operations
in the past with the devclopment of extensrve gastroantestinal
adhesions. In such cases so mamy loops of bowel are adherent
to cach other and the abdomunal wall as well s the liver and
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other abdomimal visecra that aperation would be of hittle value
1n such cases, mntestinal mtubation to carry the patient over the
penod of blockage of the intestinal stream usually controls the
problem for the time bung Such patients arc subject to repeated
attacks ot bowel obstruction from adhesions regardless of the
surmcal procedure anployed so that they may be better treated
by intubation alone Wt have successfully employed this pro-
cedure 1 several such cascs in whom rdease of the adhesions
would have heen mpossible  Only a long intestinal tube would
be of value here as the obstructions are of the multiple short
loop varicty and would not respond to gastro-duodenal suction
drainage

The most common ctiological causc for bowel obstruction 18
the post-operative adhesine band  In this type of case intestinal
ntubation with the long tube will rapdly result in decompression
Gas will be passed per rectum and even bowel movements will

Figure 87 Figure 88

Figurc 87 Patient H G Female White Age 32 Dusgness  Intestinal
truction—adh Note d

:;'l“" 8. Panent H ( Female White Age 32 Decrease 1 intestinal
tenton after intestinal mtubation  All these patients must be operated upon
and adhesions cut 1f patient 13 to avold a recurrence
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Figure 89 Figure 90

Figure 89 Patient M M., Female, White Age 42. Diagnoss  Intestmal
obstruction—adhesions. Note posttion of Cantor tubc head exght ours after
intebation

Figure 90. Pagent L. C., Male, White, Age 35 Disgrosss Iatestiml ob-
struction—adhenons, Posinon of tube twenty four hours after intubation.

occur Many surgeons then discharge such patients as cured by -
tubation alone. Reports from many centers ®° as well as our &x
penence at Grace Hosputal rey cals the startling fact that at least
thirty per cent of these return with a second bowel obstruction
That this should occur becomes reasonable when we remember
that by intubation we have merely released the distention and re
lieved the angulation of the bowel interfenng with the intestinal
stream, but we have not mterfered with the adhesve band. The
band remains as before to agamn produce obstruction when cond:
tions are favorable For this reason we feel that in any case 1n
which a diagnosis of obstruction due to adhesne band has been
made that surgery 18 indicated after decompression has been ob-
tained The head of the tube will often be found to lic just 2t
the poit of adhesion with the result that the operation 1s greatly
smphified Adequate pentonealization of all raw arcas will ard
immeasurably in preventing 1 recurrence.
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Fizure 91 Figure 92

Figure 91 Pauemt J J, White Female Age 34 Dugnosis  Intestinal
obstruction—adhesrons. \ote the degrec of intestinal distention.

Fizure 92. Pauent J J, Female White Age 3 Position of tube head two
hours after intubanon

Internal and extemal hermia as a cause of bowel obstruction
are quite common Immediate operation 13 unquestionably the
procedure of choice n such cases Intubation has its place how
ever in the pre-operatine and post-operatine period  As soon as
the patient 1s admutted, 1f a long mtestinal decompression tube
1s passed 1t will be found not uncommonly that by the time the
Patient 15 prepared for surgery that the tube will be well down
the gastro-intestinal tract deflating the bowel. This 1s the usual
result in such cases because penstaltic activity i these cases s
usually unimpaired or may in fact be increased m an effort to
Overcome the obstruction A long tube in the bowel s espeaally
'mportant in strangulating types of bowel obstruction from herma
Not only 15 the bowel often deflated so making operatine pro-
cedure easier but 1f resection of the bowel 13 required because of
strangulating hernia with bowel necross the presence of a long
tube well down the gastro-intestinal tract will furnish an adequate
safetyvalve to protect the suture line  In such cases, there 1s Iittle
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Figure 93 Figure 24

Figure 93 Panent J J,, Female White Age 34 Same pauent as n Figures
91 and 92. \ote pontion of tube head forty-eght bours after mtubation.

Figare 94 Patent J., Female, White, Age 34 Same patient 23 Figores
91 92, and 93 Note the excellent visuakizatian of the holes i the Cantor tabe.
Note pontion of the tube head.

or no post-operatn ¢ distention with the result that leakage at the
anastomosts s redeced to a mmmum with the proper surgical
techme

In lesions within the bowel such as toreign body obstructions
(gall-stones, enterohiths) the questton of strangulation 1s not
usual. Long mtestinal tube mtubation deflates the intestinal tract
often to the pont of obstructon. Operative ramoval of the
foreign body and leaving the tube i~ #n decormpress the bowel

postoperatiely makes the operatl entton a relatively

sumple matter  To jnflammatory le bowel such as ter

mnal dans 1 intubation ¢ will often carry

the pnnc‘nt‘l «l pertod ult that af & the
su 18

subsidence aw v P
necessary 1 with xra the u
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wuch cises has shown promise 2 Certamnat s that bowd resection
has been disappomnting since
cecurrence 1n another loop of
bowel 15 not uncommon Here
then intubation relicves the
abstruction by controlhing the
distention until the inflamma
tory process subsides
Mescntenc thrombosis re
sults 1n the immediate produc
tion of signs and symptams of
a strangulating type of bowel
obstruction. Such patients are
often 1n shock and measures
to overcome the shoch status
must be employed before sur
_ gery 15 undertahen  This 1s
Figure 95 Panemt H AL, Male often 2 matter of a few hours
Winte, Age 60. Disgnosis Mesentenc  Dunng this penod of waiting
thrombos. mIBOWﬂH mm‘ﬁdm-ldg;:‘ ntestnal intabation can be
mmoﬁ rgnons proven VIE[ very profitably employed to
successful operanion) Tube forty-ight  decrease the distention result
Bours after Intubation. Ing mn an easier operation with
less handling of the distended loops of bowel. The presence of a
long tube in the bowel 15 hughly desirable in all such cases post
operatively tince resection generally 1s required. An occasional
case can be successfully treated by embolectomy before necross
has occurred 1n bowel wall. Even in such cases distention post
operatively 1s the rule By the pre-operative use of a long tube
much time can be saved i preventing intestinal distention by re
moving all swallowed air as well as decompressing the bowel
paralyzed by anoxia The tube, agan, furmshes adequate pro-
tection for the suture line of the anastomosis This becomes then
aseptic non surgical enterostomy
Intussusception so commonly found in children requires 1m
mediate operation once the diagnosis has been made. During the
time the patient 13 being studied intestinal intubation 13 of value
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Figure 96 Figure 97

Figure 9%6. Panent H AL, VMale White Age 60. Same patent as m Fig
ure 95 Film taken on fifth day after intubstion. Small amount of dilate
barium given to venfy diagnosis of band obstruction

Figure 97 Patient H AL, \lale White, 60. Same patient as m Fig

ures 95 and 96, Marked decrease in intestinal dutention. Pooling of banmm

m small bowel At operation two pomnts of bowel obstruction camsed by firm

wnflammatory process were found In the fleum. Uneventful recovery after
dissecting bowel free and peritonealmung.

and leaving the tube 1n post-operatively prevents post-operztive
distention  The penstaltic waves are vigorous 1n all these cases
with the result that the intestinal tube 1s carred down to the
pouwnt of obstruction often 1n twenty four hours It stops at that
point furmshing adequate proof of the mechanical nature of the
obstruction. Where the dragnoss is in doubt with 2 tube wn place
2 small amount of liquid barium may be injected through the tube,
roentgen films taken to verify the diagnosis and the dilute barum
sucked out The tube may here be used diagnostically as well as
therapeutically Wherever the diagnosis has been made, opera
tion as soon as possible 1s obviously the procedure of choice.

In summan it may be said that all cases of mechameal ob-
struction of the bowel with the one exception of those cases pre
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senting multiple and extensne adhesions from many presious
operations, must be operated upon regardless of the ctiological
factor mvolyed Intubation alonc will not cure any of these cases
It will oftun re-establish the continuity of the intestinal stream
for the nme being, but 1t only lulls us into a false sense of secunty
since 2 high percentage of these patients so treated become ob-
structed at a later date In the event that the patient happens
to be 1n an 1solated part of the country where facilities are meagre
or in the event that some other pathological process appears at
the same time as the recurrence of the obstructive process, the
Life of such a patient may be needlessly lost.

PATICNTS SUBJECTED TO ELECTIVE OPLRATIONS
—NON SURGICAL ENTEROSTOMY

There are many cases m which electine operations are per
formed for known lesions of the small bowel 1n which formerly
prelminary enterostomy was done prior or at the time of resec
tion of the small bowel In any such case, long intestinal tube
intubation particularly with a simphfied intestinal decompression
tube of 18 Fr lumenal diameter obviates the necessity for enter
ostomy The rish to the patient 1s thereby decreased both because
of the fact that the operative rish associated with enterostomy
1s remor ed but also because the long tube being strung along the
small bowel to the point of rescction greatly simplified the opera
e procedure by creating a perfect operative field requining no
pachs
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CHAPTER X

INTESTINAL INTUBATION IN LESIONS
OF THE COLON

HE use of a Levin tube m the treatment of lesions of

colon ts universally recogmzed as being of hittle or no va
Although the use of the long tube in the treatment of thesc les
appears to be controversial because of Sperlings observations u
the competency of the ileocaecal valve, nevertheless there are
finite indteations for the use of the long intestinal decompres:
tube 1n colonuc lesions  In fact, 1n some of these the long tube al
1s all that 13 required to correct the problem. Just as lestons
the nght colon and lesions of the left colon require a differ
surgical approach 8o too must the right colon be considered ap
from the left colon for purposes of mtubation.

LESIONS OF THE RIGHT COLON

Lesions of the right colon lend themselves admirably to
treatment by long intestinal tube intubation  Stnce the vast r
jority of lestons of the nght colon occur mn the caccum, Sperlu
observations upon the patency of the ileo-caccal valve matt
little The passage of a long tube down to the tleo<caecal va
will adequately decompress the entire small bowel which has
come distended by the lesion at the caccun  Fortunately m
lesions of the mght colon are not complete obstructions so tl
penstaltic activity 15 usually good. In many cases the mtestu
tube passes through the ileo-caecal valve and into the caccum 2
ascending colon In such an event not only the small bowel t
also the nght colon wonld be decompressed of gaseous and hq
materal

In considering the Iesions of the mght colon, we find fi
malignancies  Here the obstruction 18 usually partial with t
result that a long tube can readily be passed to or through t

C1ex]
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Figure 98 Panent C. B, Male, White
Age 58. Dugnoss Caranoma of the
cecum. Note dutention

Frzure 9 Padentt C. B Male, White
Age Same panent as Figure 98.

Film taken forty-cight bours after in-
testinal mtubation,
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ileocaccal valye While intes
tinal decompression 15 being
obtmined the patient can be
made ready for operation
Plasma protein 1s brought to
normal by plasma and blood
transfusions  Llectrolyte bal
ance returned to normal  De
hydration corrected At opera
tion resection of the nght
colon 1s greatly simplified by
the fact that all the small
bowel 15 strung along the tube
requintng a mimmum of pach
ing and a simplified surgical
approach After resection of
the nght colon, leaving the
tube n situ, a non surgical
enterostomy 1s obtamed 1n
protecting the suture hine. In
any case when domng an ileo-
transy erse-colostomy the head
of the tube must be pulled
back to the lower jejunum If
this s not done the tube 1s
very apt to pass through the
anastomotic stoma and nto
the left colon. The danger
here resides in the fact that
when the tube 15 removed the
suture line may be tom re
sulting m leakage. This 1s par
ticularly apt to oceur 1f a side
to-side anastomosis 15 done
Stomal edema at the site of
the tleo-transverse-colostomy
Is not uncommon post-opera
tively This would result in



INTESTINAL INTUBATION

Figure 100 Figure 101
Figure 100 Patient A K. Female, White Age 70. Dugnosis Carcinoma
of the caecum. Note dutention.

Figure 101 Patent M K., Femtle White Age 70. Same patient as Figure
100 Film taken two bours after futubation. Tube head 1 the second lumb
of the duodenum,
bowel abstruction producing small bowel distention ‘The danger
to the suture line would be present The presence of a long tube
n the upper 1tleum keeps the bowel decompressed until the stomal
edema submides with a resultant release in the obstructy e process

Inflammatory lesions of the caccum frequently accompany ter
mmal latis Partial or complete obstruction as 2 result of the
nflammatory process 15 common  The results of resection have
been disappointing Long intestinal tube intubation wall ade-
quately decompress the entire small bowel. Such decompression
may be maintained for three weeks or longer  In many such cases
the nflammatory process will subside with a resulting release in
the obstruction Roentgen therapy may be combined with in
tubation in the treatment of lesions ot this type  The results arc
very promusing  Resection can always be resorted to if other

measures fall A long tube may be used as in malignancies
of the nght colon Tuberculous lesions, ccum producing
obstruction may be tre 1y intubatior ction
Mechanical lesi nght colc ue to bands or
foreign bodies arc ted by lo ubation to o
through the ileocaec he surm h whether
remo gn body

be to cut the constn



INTUBATION IN LESIONS OF THE COLON 171

colotomy 1s greatly smplificd  Colocolic intussusception can be
handled much more eamly because of the free access the surgeon
has to the lesion with the small bowel collapsed and out of the
way If rescction 15 required, an entcrostomy is no longer neces-
sary 50 that the rsk to the patient 13 reduced

Paralytic fleus mvoluing the tight colon 1s part of the gen
eralized paralytic ileus  In numerous cases we have been able to
demonstrate that the long intestinal decompression tube passcs
through the ileocaccal valve and into the transyerse colon or even
sgmoid  In this event decompression of the liqwd contents of
the nght colon may be obtained by means of the 18 Fr tube If
the 1leocaccal valve loses 1ts competency n paralytic tleus a tube
down to the valie would adequately decompress the caccum  As
onc moves toward the left colon the intestinal contents becomes
more solid and 1s less likely to lend 1self to decompression

In lesions of the nght colon with the intestinal tube head n
the ascending, colon or at the leocaecal valve concentrated aral
feedings are possible Much of the nutrient materal in such
feedings would be absorbed and available to the patient before
the intestinal stream reached the holes wed for suction The
nmplificd intestinal decompression tube 15 well adapted for in
tubation of lesions of the colon because of 1ts large lumenal
diameter as well as the larger size of the holes

Some recent work has been done upon the treatment of colitis
by excluding the colon using a long tube Using an air filled
balloon tipped tube, the tube head 13 permutted to pass down to
the 1leo caecal valve and then the balloon inflated  The nflation
of the balloon plugs the ileocaecal valve and as 2 result scals off
the colon  The fecal strcam 13 aspirated through the wbe By
so excluding the colon from the fecal stream good results are
claimed for this method in selected cases

INTUBATION IN LESIONS OF THE LEFT COLON

Juee e the left colon 15 physiclopeally difierent from the
right colon and requires a different surgical attack, so also 1s
the problem of intestinal ntubation different in lesions of the
lett colon from those of the nght The normal content of the
left colon conwsts ot solid fecal material which does not lend
itself to decompression from above As early as 1835, O Bierne
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by the use of the O'Bierne tube ** reported many cases of ob-
structive lestons of the left colon treated by intubation using this
large caliber four foot tube mnserted from the anus up into the
sigmoid The colon was then inflated with water under pressure
mn an effort to overcome the obstructive process Since m the
mneteenth century fecal mmpaction was & not uncommon source
of bowel blochage the treatment of the obstruction to the fecal
stream by intabation with the O Bierne tube attained some meas-
ure of success. By the same mechanism at times volvulus of the
sigmoid was able to be corrected. However, with improvements
in our diagnostic tacilities and the advent of the roentgen ray
2 high degree of accuracy in the dizgnosis of obstructive lesions
of the left colon 15 now possible As a result of this and the
improvements 1n surgical technic resections of the colon are rela
tively common procedures  With the increased knowledge of the
obstructive lesions of the left colon 1t has been realized that a
decompressed bowel can be resected and anastomosed much safer
than a distended one. Since lesions of the left colon generally
are of slow growth the obstruction 13 often partial for some
time before becoming complete and the mtestinal distention ¢
rather late feature In neglected cases patients may be admitted
to the hospital greatly distended and dehydrated with a poor
electrolyte balance, and low plasma protein and blood count  Such
cases require immediate attention w order to prepare the patient
for the extensve bowel surgery required Defunctionizing trans-
verse colostomy has been advocated wn some surgreal arcles as
the only method to be used to decompress the intestinal tract m
preparation for the surgiesl nterveation  Although this pro-
cedure 15 excellent preparatory to resection of the left colon and
primary anastomosis there are types of lestons that can better
be handled by intestinal intubation using the long intestinal de-
compression tube of large caliber e therefore have two
methods of sccuring intestinel decompression m lesions of the
left colon the surgical approach by defunctiomzing transscrse
colostomy and the use of long tube 1atestinal 1ntubation
Inflammatory lesions of the left colon can usually be treated
by mtubstion alone The obstructive process in such lestons 19
generally not complete although m severe cases it may become
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complete  Dnverticulitis 18 the most common inflammatory lesion
of the left colon  We have been quite successful in passing 2 long
intestinal decompression tube (Cantor) into the colon 1n this type
of case 1In these flammatory processes there 1s often 2 con
siderable amount of mucous thrown into the feft colon with the
result that the normal sohd stool 1s not present, but mstead a
liqud stool 15 found The edematous bowel wall which 13 the
nite of the obstructine lesion becomes increasingly edematous
because of the hqud fecal matenal m contact with 1t By the
use of a long mtestinal decompression tube tiis bowel can be
kept empty By heeping the colon decompressed the surgeon
s mien tume to treat the iflammatory process with sulfona
mides, pemallin or other antbioies  Most of these inflam
matory processes subside With such medical therapy with a
resultant release of the intestinal stream A certain percentage
of these patients will remain well for years, but many will return
with a recurrence of the inflammatory process Such cases will
require resection of the bowel The long intestinal decompression
tube can be used well in such cases to keep the intestinal tract
deflated until the inflammatory process has subsided and the
patient put in condition for operative nteryentton  The presence
of the entire small intestine strung along four to five feet of
intestinal tube keeps the small bowel well away from the opera
twve field. The resection itself can therefare be dane with a mint
mum of effort. Leaving the tube 1 place post-operative keeps
the postoperative distention down as well as acting s a non
surgical safety valve enterostomy to protect the suture hne On
occasion 1n the repair of a shiding hermia on the left mde, the
stgmoid colon may be traumatized sufficiently to produce consider
able mflammatory reacion A partnial obstruction resultmg in
tremendous distention 1s the usual sequal The use of a long
intestinal decompression tube down to the ileo-caccal valve or
more commonly to the colon itself keeps the distention down
until the traumatic inflammatory process subsides with a com
plete resolution of the obstructiy ¢ process

Foreign bodies as well as unpacted feces are not uncommonly
found 1n the rectum and sigmoid colon producing obstruction of
the bowel Dustention 13 a prominent feature particularly m the
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Figure 102 Figure 103
Figure 102. Pattent A. § MAlale, White Age 58. Dugnosls Carcnoms
of sigmord colon Note distention

Figure 103 Paoent A.S§ MAale White Age 58. Same panent as fn Figure
102. Intestinal tube resulted in adequate deflation of small bowel Small
amount of barium in colon

older age group of patient in which the mechamcal obstruction
1s complicated by an atonic bowel In some cases the feral im-
paction has become calaified to form enterogenous stones  Some
of these as well as some of the foreign bodies cannot be remored
from below and requre operatne intervention At times the
diagnosis 15 m doubt untl the abdomen 13 opened smee barum
encma studies reveal merely obstruction of the left colon Sig
moidoscopy 18 of great value in diagnoms 1f the lesion 13 within
the distance scope of this instrument  The use of a long tube to
control the intestinal distention while these studies are going on
1s of great value  Since most of these cases hayc actise pertalsis
the tube 15 usually carried rapidly nto the colon In the presence
of formed fecal material proximal to the point of obstruction,
the long tube 15 valuelcss insofar as decompression of the colon
13 concerned but 1t will keep the small bowel decompressed and
so render the operatne procedure much casier In cases com
plicated by atony of the bowel roentgen studies may safcly be
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Figure 104 Figure 105

Figure 104 Padent A I Female White, Age 60 Driagnoss Carcisoms
of the ngmod colon. Note tr d 1d

Figure 105 Patient A. I, Female, White Age 60. Same patient as in Fig
ure 104 Lateral film taken to show the tremendous degree of intestinal
distention.

carried out from aboive with a Jong tube 1n place because in the
cvent of the barum making the obstruction complete 1t can readily
be suched out of the patient

Volvulus constitutes 2 not uncommon lesion of the sigmoid
colon Here certainly a defunctionizing colostomy would not be
indicated A long tube 1 the lower sleum or colon will keep the
bowel adequately decampressed following operative inters ention
as well as creating a more favorable operatine field This tvpe
of lesion always requires surgcal correction

Malignancies of the left colon constitute by far the greatest
source of obstructive lesions of this area  The obstructuy e process
1s generally not complete from the beginming although at times
it begans as a complete obstruction  In this type of case defunc
tiomizing transy erse colostomy 1s probably the procedure of choice
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n preparation for rusection once the diagnosts has been made
Too often howurver, panents arc admitted with 2 complete ob-
struction of the bowel and tremendous distention without a
diagnosis of the obstructine
leston having been made. Very
often such patients are in very
poor condition being dehy
drated anemic, and having
low plasma protein values In
cases of this type, the long
tube may be very advanta
geously used dunng the tme
the patient 1s being studied
and prepared for surgery By
using a long tube in such cases
the intestinal distention can
generally be adequately con-
trolled thus grving the surgeon

tune to make a diagnosts and
e Ag"fmf"g:;_tﬁ;};ﬁ; prepare the patient Once a

Same panent 2s n Figures 104 and 105 diagnosis of malignancy of the
Note position of tube head 1n ascending sigmoid or rectum has been

colon and mr:ft:r?;mh mtestinal made then a defunctiomzing
transverse colostomy may be
done prior to resection  There are many surgeons, however, who
leave the long tube in the colon and perform s primary anasto-
mosis without colostomy depending upon the large lumen of the
intestinal tube to keep the colon decompressed. In some of these
cases the tube head passes through the anastomosis about the
third day post-operative and presents itself at the anus When
this occurs there 1s generally no longer the need for a long tube
g0 that the tubc can be removed from below
In ntubation of lesions of the left colon there 1s very little
difficulty 1n passing the long tube into the termunal tleum or very
often mto the various divisions of the colon The reason this
can be done 10 readily 1s the fact that 1n a majonty of the cases
of obstruction of the left colon there 13 active peristalsis along
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the gastro-mtestinal tract  As a result of this the downward
coursc of the long tube 15 very rapd  Generally in twenty four
hours the tube will be found 1n the terminal sleum m such cases
and m forty-cight hours or by the third day it 18 found i the
colon. We have seen no cases of perforation of the caccum as
a result of the distention of the colon since using the long intes-
tinal decompreswon tube The hiqud contents of the nght colon
lends 1tself well to aspiration by a tube of the caliber of 18 Fr
It must be emphasized that in any case in which a resection
of the left colon 15 to be done in a panent beyond the age of
siaty the prelimmary use of the long intestinal dccompression
tube 13 of value. In this age group, atony of the small bowel 1s
quite common When this occurs post-operative, 1t will be found
that the defunctiomzing transverse colostomy 1s of very little
value In such cases who are generally debilitated and weak to
start with arfd whose condition 1s further detemorated by the
operatine procedure, 1t may be very difficult or impossible to pass
a long tube post-operative because the patient cannot be mancu-
vered freely Tt s far better to pass the long tube several days
pre-operati ely and have it in the ileum before resecting the colon
There 13 2 defimite trend 1n recent years toward doiwng a re
section of the left colon without prelminary transverse defunc
tiomzing colostomy It 1s felt, 1n many centers, that with the
use of the sulfonamide drugs and streptomycin pre and post
operatively that the left colon can be removed without danger
of pentonitis It 1s universally agreed upon that 1t 1s not the
spillage at the tme of operation that produces the fatal pentonutis
but the persistent leak at the suture line Mever and Kozoll 3
generally do not use the long tube, cecostomy or colostomy for
decompression 1n such cases They feel that the use of succinyl
sulfathiazole and the pre-operative cleansing of the colon have
all aded in preventing postoperative distention  For this
reason, they state that they do not fear 2 “blow-out” at the suture
line  They advocate the use of a simple Levin tube with gastro-
duodenal suction to prevent the swallowing ot atmosphernic air

which 13 considered to be the greatest source of post-operative
distention
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Figure 107 Figure 108

Fxﬂne 107 Note that the mercury has leaked out of the ballocn of tf
tube due to the error on the part of the interne. This was bu fallare
the ballooa after wserting the mercury and before pasmag the ¢
Figure 108, Panent H. G Female, Winte Age 38 Note crror
of mercury due to failure of mterne to tie off ballooa at the neck of
bas passed through the pylorus however Mercury wnocnods

whether the patient 1s to be intubated and then followed
gical intervention

If the intubator 1s acquainted with the potentialitics &t
acteristics of each type of tube, he can avoid many of th
that have occurred trom time to time wn the use of i
decompression tubes  Most of these errors are the 5t
thoughtiessness on the part of the intubator

When the attending surgeon orders a long mtestnal
pression tube, he must specify the type of tube he wants
the different tubes on the market today, beng based
different propulsne prinaiple require & different technre
cessful mtubation. When he speatfies on the chart that b
2 Muller Abbott tube he must know that tube when he
and not accept @ Harns tube or lately when the Cantor
ashed for he must not permit 2 Mller Abbott tube to be 1t
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Llavag selected the proper tube for the case i question the
attending surcon must examine the tube to be certain that it
not defectne and that its varous parts are properly attached
Fadure ta do this may lead to errors of tins type

On occasion, n umng the
Miller Abbott tube, the metal
wdicators at the proximal end
of the tube are reversed In
other words, in the division of
the tube where the indicator
shows suction the lumen 1s
really for inflation of the bal
loon and where 1t says infla
tion the opening 18 really for
suction Falure to check this
before insernon of the tube
has led to several types of
error  In several cases, the
interne 1njected the mercury
mto the side labelled ‘infla
ton’ with the tube in the
stomach Since the indicators

H G. Female

Figuee 109 Pauent
White Age 38. Sgme patient as 10 Fig

ure 108, Thu 1o & double error Not
only has faterne failed to nie off the
talloon permuthng the mercury to run

out, but too muoch tubing 1 being
l?wdmulungmcoilmzuf the tube,

o correct ths, withdraw suffaent
tubing to bring the letter “I  at the
rose or past no mare tubmg for terelve

were reversed, the mercury
promptly ran mto the stom
ach No harm occurred from
this error because of the i
nocuousness of the mercury
On many occasions 1 which

hours, mercury was not used when

2 reversal of the ndicators
was not recognized a considerable amount of atr was injected 1n an
cflort to inflate the balloon which would not inflate because it was
i the wrong channel. These errors are more annoymg than harm
ful  On the other hand on occasion the nurse charge of the
patient, when instructed to irnigate the Miller Abbott tube ev eny
threc hours, forced the saline solution mto the wrong side. The
result of this was a tremendous nflation af the balloon with saline
M not recogrized bowel obstrucnon from this source will result

In using the Cantor tube m which the mercury 15 mserted into
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the balloon before the tube 1s inserted nto the patient the in-
tubator must be certain to express all the air from the tube and
tic the balloon off at its nech just aboyc the end of the tube Fail
ure to do this wil result in the mercuny running out as the tube
1s being inserted mto the stomach Since this tube depends for
tts propulsne mechamism upon a small amount of mercury
trapped in a loose balloon failure to seal the balloon by tying off
the nech of the sac can only result in failure

In mserung the long intestinal de
compression tube errors at imes are
noted. Do not try to push a large
metal end such as s found in a Johns-
ton tube through a narrow nose Ifa
Johnston tube1s desired, use a catheter
through the nose first and then fasten
the catheter to the end of the tube and
pull 1t through backward. In using 2
Cantor tube remember that you are
relying upon a frec Row of a highly

g’;“;“,l},’j‘,ﬂm r('?l:"f labile heavy metal Hyperextend the
Jobnston C. G Aelsons nech of the patient in mserting the

Loose Leaf Surgery) tube 1n order that the nasal passage
will nm downhill Do not push the tube head uphill into the nose.
Let 1t alwavs run naturally downhll Do not attempt to ntubate
a comatosc patient.

With the tube in the stomach be sure that therc 1s not t0o
much tubing passed at this tme  To do so means coiling 1n the
stomach and often hnot formation m the tube regardiess of the
type of tube used The Miller Abbott Johnston and Harrs tubes
are calibrated 1n centimeters Remember that there 15 approxt
mately sixty centimeters to carry these tubes well into the stomach
In using the Cantor tube ne have attempted to mahe the tube

fool proof by making S for stomach P for pylorus, and

D for duodenum When the directions call for S to be at
the nosc (n the enthusiasm of passing the tube do not insert the
tube to the mark D Proper msertion of the tubes will result
in better mtubation because cothing will not occur

Failure to keep the tubes well lubricated and the mucosa of
the nasopharynx moust in the mtubated patient may result i the
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lopment of an otitis media as vesult of irntation m the
n of ostium of Lustachian tube Watch for this develop-
t and keep tube awas from the openngs of Lustachian tube
do thus heep patient off of the side as much as possible, have
1 straight in bed with the neck ante flexed as much as possible
uma to the arjtenotd cartilages at the time of inscrtion or
esult of continued use of the tube may lead to chondntis
=5 of ulceration of farynx with the development of stenoms
z been reported with the use of the Miller Abbott tube  To
: we have not had this accur with the use of the Cantor tube
umatic edema of the larynx praduced by the use of the Miller
ot tube has been reported by haufman, Serpico, and Mer
mer?2 Rupture of an esophapeal vanx was also reported by
same authors [t would seem desirable 1n intubating patients
‘hom there 1s a suspicion of esophageal vances to use a tube
wout any metal parts Morrison®'* has described a case of
o01d chondnitis where the tube was left in place too long Wan
steen bas reported two cases with injury to the arytenoid
nlages due to prolonged intubation  Iglauer and Molt 37 have
orted ten cases of njury to the larynx as a result of the pres-
¢ of the tube. Light of these cases developed laryngeal sten-
 Because of this the intestinal tube
st be left in place only as lang as
:ded and remoyed a3 soon as possible
The formation of hnots 1n the tube
2 result of too rapid passage requires
removal of the Miller Abbott tube
ause the holes for suction are distal
the powt of knotting  In the Cantor
e the dev clopment of such knots does
t require the removal of the tube 1f 1t Figure 111 Koot formation
¢ passed through the pylorus Since 1 gustro-duodenal tube
: tube 15 single lumen additional holes  nally pasnng 100 much tub-
1 readily be made in the tube and per ing 1nto the stomach.
tted to pass downward into the stomach Decompression can
udily be abtained 1n this fashion  In the removal of a tube with
hnot when the knot har reached the naso-pharynx 1t should
drawn out through the mouth and cut off Knotting n the
igle fumen tube does not mmpair the eficiency of the tube 1n any
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resection of the howel has been done and the balloon 15 proximal
to the anastomotic site, then removal of the tube can be accom
plished by gently but steadily pulling upon it When the distended
balloon reaches the duodeno-jejunal flexure or the pylorus, pulling
upon the tube generally ruptures the balloon permitting an cass
removal If the distended balloon 1s found to be distal to the
anastomotic site, pulling upon the tube will tear open the anasto-
mosis and result in peritomtis  In a casc of this type the surgeon
has two alternatives  Ie can cut off the tube and permut tt to be
excreted from below or he can open the abdomen and compress
the gut contaming the inflated balloon betneen his hands  The
rupture of the balloon then
permits an casy removal from
above If the surgeon should
clect to permut the balloon to
pass out through the anus he
must watch the panent care
fully to be certan that the
inflated balloon 1s not obstruct
ing the bowel If the patient
becomes distended again 2
second tube 1s passed to de
compress the distended bowel
With the decrease m the -
testinal distention 1n the bowel
at the site of the inflated bal
loon there would be a definite
alteration of gas pressures be  Figare 113 Note gas dutention In bal
tween the inflated balloon and  loon of Cantor tube. The pressure of the
the bowel Tn other words £, the belloon cames the mercury
now the pressurc of the gas  recognized by fat plate. At operation
in the balloon would be to release obatruction, bag compremed
greater than that in the lymen ﬂﬁ"%mgﬁﬁdﬁwﬂ'f: 25
of the bowel. The law of dif panent.

fusion of gases 15 such that the gas would now tend to leave the
balloon and pass mto the lumen of the bowel. Re establishment
of penstaltic activity or 2 small enema would then result in the

passage of the balloon The second tube would then be remos ed
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way, but 1t complctely obstructs the Miller Abbott type of tube
There have been many reports 1n the hiterature of knot for
mation i gastroduodenal tubes as well as long mtestinal decom
pression tubes  Among these are the reports of Bulings ™™
Paviot, J, and Levrot, M 1%
Molfino,*™ and Uriburu %
describing knotting 1 gastro-
duodenal tubes, Mchittnch
and Sarris,®® Hinson, ™ and
Brenizer % have reported
knot formation 1n the Miller
Abbott tube. This same aca
dent can occur however with
any type of tube so that the
. intubator must be able to rec
ogmze 1t and insttute the
proper treatment
In a very small percentage
of cases in which the intestinal
tube 18 permutted to remain in
the gastro-intestinal tract for

Fugure 112, Knot formaton m Miller longer than five days, it may

tt tube. Note knot just provimal
to the end of the tube. Note the tre
mendous distention of the balloon wnth
intesttnal gases pushing the mercury
toward the base of the balloon. Ven

completely obstruchng the tnbe so that
the gus could not be cvacuated.

be found that the balloon
tipped intestinal tubes take up
gas mto the balloon from the
bowel. Because of this, chech
up roentgen studies may show
that the balloon 15 more n-
flated than the amount of air

inserted or the presence of air may be noted m the balloon of
the Cantor tube where no air was supposed to be  The presence
of this a1r 1n the Miller Abbott or Johnston tubes usually creates
no problem as 1t can readily be aspirated through the mflation
channel. On occasion however the Miller Abbott tube may de
velop = knot proximal to the balloon.®™ Tn that event, the dis-
tention of the balloon with mtestinal gas cannot be evacuated
When this complication occars the treatment depends upon the
type of casc mnvolved and the exact position of the balloon If s
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resection of the bowel has been done and the balloon 13 provimal
to the anastomotic site, then removal of the tube can be accom
plished by gently but steadily pulling upon it When the distended
balloon reaches the duodeno-jejunal flexurc or the pylorus, pulling
upon the tube generally ruptures the balloon permitting an casy
removal If the distended balloon 1s found to be distal to the
anastomotic site, pulling upon the tube will tear open the anasto-
mosts and result in peritomitis  In 2 case of this type the surgeon
has two alternatnes. He can cut off the tube and permut 1t to be
excreted from below or he can open the abdomen and compress
the gut contarming the inflated balloon between his hands  The
rupture of the balloon then
permuts an easy remosal from
above If the surgeon should
elect to permut the balloon to
pass out through the anus he
must watch the patient care
fully to be certain that the
nfiated balloon 1s not obstruct
ing the bowel If the panent
becomes distended again 2
second tube 1s passed to de
compress the distended bowel
With the decrease in the in
testinal distention 1n the bow el
at the site of the inflated bal
le there would be a defimte
alteration of gas pressures be
tween the mﬂatcdpballoon and ﬁ?gmfﬁfﬁemrfﬁﬁﬁﬂfﬁ
23 1N
s o et o e, e 2 g o
gas  recogmzed by flat plate. At operation

in the balloon would be t° release obstrucnon compretsed
manually and broken. Withdrawal of
greater than that n the lumen  tube casy Uneventful recorery of
of the bowel The law of dif patient.
fusion of gases 15 such that the gas would now tend to leave the
balloon and pass into the lumen of the bowel Re-establishment
of penstaltic activity or 2 small cnema would then result 1n the
passage of the balloon. The second tube would then be remon ed
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If the gas filled balloon 1s not obstructing the bowel de
would eventually result by the same process When the
accident oceurs in the Cantor or Harrs tube, the air can
removed except by breahing the balloon
The intestinal decompression tube may become plugge
intestinal contents as noted by
ton ™™ who reported a plugg
the tube by orange pulp given
patient. Hinson has reported a
type of aobstruction to an it
tube by a blood clot. This woul
mut flud to be injected mto the
from above but would not pern
piration of the intestinal cor
Such acadents are parvculary
occur n tubes with a small Ju
diameter for decompression
In intubating a2 patient wh

Figure 114 Sketch of cond:
tons followmg Polyr type of
partisl gustrectomy Note po-
nton of troe gestric stoma.
To intubate 2 patrent of this
type ambulanion 18 imperatrre
Raismg the foot of bed and
turnmg the patient on nght
side would result in the tube

had 2 gastric resection or gast
terostomy remember that the g
stoma 18 now along the greater ¢
ture In using the Cantor tube d
turn the patient on s nght side
raise the foot of the bed as n

normal stomach To do so v
teault 1 the head of the wbe |
trapped 1n the proimal loop All these panents must sit v
ambulate to insure successful intubation with a tube head
tamning mercury

Int using an arr filled balloon-tipped tube remember the p
bility of an excessively inflated balloon causing obstructio
wself The reports describimg this occurrence are of inte
Once the distention has subsided following successful mtuba
a re appearance of the distention with the suction active sh
create a suspicion that balloon blockage has occurred  Deflate
ballaon to note whether the obstructive signs disappear  If:
do the diagnosis 15 obvious if the obstructive signs do not
appear the patient must be operated upon

head bemng trapped in blnd
proxmxl loop
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The only time that the long tube 1s fastened to the nose of
the patient with adhesiv e 13 1n those cases n which further down-
ward progress 1s not desired  Where an anastomosts has been
done and the surgion does not want the balloon to pass through
the anastomons the tube must be drann well back from the site
of operation and fastencd to the nose of the patient  Folley
reports that wath pleating of the mtestine upon the tube, leaving
the balloon of an air filled tube inflated with air may result n
perforation of the bonel duc to pressure In such cases, remem
ber to deflate the balloon when using a Miller Abbott or Johnston
tube In using a Cantor tube no such precaution need be taken
as there 13 no air in the balloon

Bimbaum*'* has reported a case of mflammation of the
vermiform appendix by the metallic mercury which ran out of a
Miller Abbott tube The patient was admutted to the hospital
with an obstructing mahgnancy of the recto-sigmord A Miller
Abbott tube was introduced a few days before surgery and mer
cury then injected into the balloon The balloon ruptured and
permutted the mercury to cscape into the intestinal tract In
twenty four hours mercury was found 1n the appendix in a fairly
large amount. When colostomy was performed the appendix was
found to be acutely inflammed It was removed. Gross exam
tnation of transversely cut appendix showed globules of mercury
m the appendix Microscopic examination venfied the diagnoss
of acute appendiaitis

Warren and Cattell ¥ have reported a rather unusual acer
dent duning intestinal intubation with the report of a case of intuss-
usception of the small intestine over an indwelling Miller Abbott
tube which resulted 1n complete intestinal obstruction

BAI LOONS OF INTESTINAL DFCOMPRESSION
TUBLS TRAPPED IN THL GASTRO-
INTESTINAL TRACT

With the ntroduction and widespread acceptance of the long
mntestinal decompression tube in the treatment of ntestinal dys-
tention, st was inevitable that unforseen complications would
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anse. One of the uncommon complications, but a highly mport
ant one, 1s the mabiity of the intubator to remove the intestmal
tube after 1ts use 18 no longer required  With one type of tube, %=
an incidence of three percent for this unforseen complication has
been reported, although elsewhere in this chapter we have noted
that all tubes charactenzed by the presence of a balloon along
the shaft have at one time or another had this acadent. Although
this accident has not occurred with the sumplified intestinal de
compression tube (Cantor) another acadent of similar nature
has occurred. This 1s the loss of the balloon containing the mer
cury which had been tied off improperly

The studies of Cantor Phelps, and Esling upon the effects of
the vanous gases found in the gastro-intestinal tract of patients
with intestinal obstruction has led to a clear understanding of the
cause of this acudent. These studies have demonstrated concle-
sively that all balloons are permeable to all the intestinal gases.
Some types of mtestinal tube balloons, such as those made of
latex are five times as permeable to vanous gases as are those
made of neoprene rubber

In an analysis of all cases in which the intubator was unable
to remove the intestinal decompression tube, one feature was com-
mon to all That 1s, the presence of air or gas withm the halloons
of these tubes in an amount far greater than should be present.
The only exception to this occurred n those cases in which the
balloon was accrdentally filled with flnd which could not be with
drawn In the Miller Abbott tube or other double lumen tubes,
in which air 13 injected nto the balloon for the purpose of stretch-
ing the bowel wall the mir-propulsion mechanum is depended
upon for successful mtubation. It 15 normally possible to with-
draw the air from the balloon thus collapsing 1t and rendenng
withdrawal of the tube simple  Unfortunately at ttmes knotting
of these double [umen tubes occurs with the result that the air
that was mnjected into the balloon remams trapped. In Fig 112,
note the knot 1n a Miller Abbott tube proximal to the balloon and
note also the tremendous distention of the balloon containing
mercury Rupture of the bowel resulted 1n this case 2s a result
of the marhedly diste d Since mitrogen constitutes
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aighty percent of this air trapped within the balloon of these
double lumen tubes, and since nitrogen 15 exceedingly slowly dif
fusible through the wall of the balloon the consequences to the
patient may be serious  Tlus 1s espeaally so because of the high
degree of permeability of such latex balloons to carbon dioxide
and hydrogen sulplude gases Because of this permeability, there
1s a marhed increase n the size of the balloon as the percentage
of carbon dioxide and hydrogen sulphide gases within the bowel
of a patient with mtestinal obstruction 1s usually far greater than
that within the balloon  Since the balloon contains only the air
that was ongmally injected and since the percentage of carbon
dioxide 1n the air 1s only 0 03% whereas the percentage of carbon
dioxide in the bowel ranges from four to fourteen percent in
bowel obstruction the diffusion of this gas into the balloon of
the intestinal tube 1s only to be expected By the same mechanism
hydrogen sulphide pas diffuses from the bowel, which may con
tam one to ten percent of this gas, nto the balloon which, being
filled with air, contains none

Since the balloon of the Iarns tube 1s six inches long as much
23125 c.c of gas may difiuse into it. When this occurs the balloon
15 50 large that 1t cannot be removed from above

The simplificd intestinal decompression tube (Cantor) 15
made with 2 balloon two and one half mches long placed at the
tp of the tube Qur experience with this type of tube has been
that the inadence of the balloon becoming filled with gas was
wpproxsmately 0 3% when a latex balloon was used The reason
for the smaller inadence even when latex balloons were used 1
the thickness of the wall This thichness being 0 24 mm 15 four
times that of the Miller Abbott or Harns tubes and hence rend
ered thus balloon much less permeable  Since discontinuing the
use of Jatex and substituting a muxture of neoprene and latex we
rarely sce any such complication  Although we have never noted
any difficulty in withdrawing this type of tube, the only aca
dent that has occurred 15 of a difficrent ongn and casily cor
rected This acadent 1s the loss of the tied-off balloon filled with
mercury or mercury and gas  The causc of this acadent 1s the
application of the tie which seals the mercury within the balloon,
to the wrong spot  The application of this tic below the end of the
tube instead of over the point of apphcation of the balloons to the
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tube wwvites trouble By incorrectly tymg below the end of
tube, on oceasion when the tube 13 remosed, the balloon con
ing the mercury tears off and remams within the gastromntes
tract On three occasions this lost balloon was found to coi
gas when a flat plate of the abdomen was taken to localiz
In three cases personally followed the balloons were excretec
rectum

Errrcr

The effect of a distended gas filled balloon mithin the ga
ntestinal tract depends upon the type of case being ntubated
the patient has been intubated for any type of intestinal dister
not the result of mechanical obstruction, there may be no il ¢
whatever as 2 result of this gas filled balloon  The caliber of
bowel 13 such that in the vast majonty of cases such gas fi
balloons even when attached to the tube can be passed per rec
if released This 18 especrally prone to occur when the gas
ntestinal tract has been decompressed. In this event, there we
be an outward diffusion of gas from within the balloon into the
compressed bowel so that when the tube was ultmately pa:
per rectum the balloon would contamn very little of the gas
1142 llustrates this type of case  Note that the entire intest
tube has passed through the gastromtestinal tract and the t
head 1s 1n the transverse colon In thus patient the tube was
creted per rectum two days later

If the bowel 1s not decompressed then a much longer per
of time would be required before any of the gas from within
balloon would diffuse into the bowel In this latter crent a sca
tube can be passed n arder to secure the decompression of
bowel which would make it possible for the balloon to deflate
the mechanism of difiusion of gases

In any case n which there has been a mechanical type of
testinal obstruction 1t may be imposuble for the gass filled t
loons to pass the narrowed area  Once the obstruction has b
released the balloons readily pass through and are excreted |
rectum The distended balloons may cause a partially obstruc
bowel to become completely abstructed  This 1s espeaially apt
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occur 1t the halloon s larer than two and onc half inches long,
1f the balloon has been lost within the gastro-ntestinal tract of
a patient with a partial ob-
struchon on &  wechancal
basis, a ball valve tvpe of ob-
struction might occur Gas and
some liquid stoal {requently
pass around the distended bal
loon through the parnally ob-
structed area This may ghe
one a false scnse of secunty

The most scnious effuet of
such trapped or lost balloons
occur in patients who have had
borwel resections or bonel sur
gery of amy type In such
cases, 1f 1t 13 not recogmzed
that the intubators mabihty
ta remove the tube 1s due to
2 distended balloon and if the Figure 1142
balloon 1s distal to the anastomotic aite, the process of with
drawing this distended balloon through the operated area might
tear the bowel with the wnevitable leahage and peritorutis

Rupture of the bowel by a gas filled balloon 1s uncommon
Rupture of the bowel by a balloon filled with flud by error has
occurred as has complete obstruction of the bowel by the same
error  Injury to the bowel at the duodeno-jejunal flexure as well
a8 injury to the esophagus has been reported to the author by sur

geons using air filled double lumen tubes when attempting to fore
1bly remove them

TreEaATMENT

. The treatment for this complication must be individuahzed
No specific treatment 15 applicable to all cases  [he vast majority
of patients in whom there 13 no decrease in the caliber of the bowel
€an eanly be cured by cutting the tube off at the nose and permit
tng t to pass per rectum  This it will always do provided there
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13 1o obstruction to the bowel distal to the tube  In the ctent that
the balloon has been lost from the simplificd mtestinal decompres-
sion tube (Cantor), whether with mercury alone or with mercury
and ar, the treatment will depend upon whether the patient has
been previcusly decompressed. If the bowel has been decompres-
sed such balloons will always pass per rectum  In the three cases
observed at our hospttal the time required for these balloons to
pass were twenty four hours, three davs and fourteen days re-
spectively

If the bowel has not been decompressed a second tube may be
passed in order to obtain satisfactory decompression. The lost
balloon will then pass per rectum if the bowel has not had its
lumen narrowed as a result of a partial obstruction. In our ex
penence the failure of such balloons to pass per rectum in a
reasonable period of time 1s presumptive evidence of partial
bowel ebstruction, and must be treated accordingly

Under no circumstances should any attempt be made to re-
mo ¢ an intestinal decompression tube 1o any case in which bomel
surgery has been done unal a flat plate of the abdomen has been
tahen to determine the position of the tube. Pulling an mnfated
balloon through the site of bowel surgery 15 to mvite disaster
If the balloon 1s distal to the site of bowel surgery permut the
tube to be passed per rectum If the balloon contamns gas and
1s proximal to the site of bowel surgery decompression of the
arcumjacent bowel will invanably result in suficient gas beng
lost from the balloon to permut s removal from above. A rare
case may require operation. If operated upon compression of
the distended bowel contaiming the gas filled balloon will rupture
the balloon and render the removal of the tube from above simple.
To obtain this compression the surgeon need mierely grasp the
distended bowel between his palms and squeeze upon 1t

An absolute preventanve to the development of this complica
fon when using the Cantor tube consists sunply mn applymng the
tie of twenty five pound pull ailk or fishline to the end of the tube
aver the point of application of the balloon to the tube Before
tymg this te tghtly the stylet of a twenty-one or twenty hvo
gauge needle must be wnserted through the last holc and into the
balloon The tie 1s then tghtened over the stylet very nghtly
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Then when the stylet v ranoved, a safcety vahe vent ts left
through which any gas diffusing into the balloon can escape but the
mercury remams trapped
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NURSING CARE OI' PATIENT WITH
INTESTINAL INTUBATION

“7E Al L recognize the fact that the patient whose intestinal
tract 1s being intubated by the long tube 13 usually a veny
cl person  Generally one in whom there 15 a profound altera
on i the normal physiology of the gastro-intestinal tract as well
s an alteration in the chemustry of the blood The nursing care
f this type of patient resolves atsclf down to the problem of
anng for such an individual who 1n addition to his pomary
Iness 15 being taxed by problems nherent n intestinal intuba
on. The various tubes used today for intestinal decompression
ary in the amount of nursing care required to take care of them
ome of the tubes such as the Miller Abbott tube require con
wderable nursipg attention n order that its suctiomng lumen re
natn patent while others such as the Cantor tube requires hittle
T no nursing attention  The nurse must be informed as to the
ype of tube being used and just what to expect in the way of
\ttention to 1t

Up to the time that the patient 1s intubated the nursing care
of the patient will follow the usual routine for the speafic llness
n question  Sedation of the patient and the rehief of pain 13 one
of the smportant tashs of the nursing stafl  In the mntubated
patient however this tash takes on lesser importance and at times
necpmg the intubated patient sedated 15 undesirable  Some of the
problems that arise in the intubated patient begin with the moment
the tube 13 brought to the room of the patient

When the intestinal decompression tube 15 brought to the
room of the patient in the absence of the surgeon the nurse in
charge should check 1t to be certam that 1t 1s the tube ordered
for that patient Then the tube must be cheched to be certam
that it 1s clean and has been stemlized 1 think 1t 1s well for her
to run an applicator into the lunien of the tube to make sure that

[195]
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none of the stenizmg solution 1s still present. It might also be
well for her to ninse the lumen of the tube with tap water as an
added precaution  Although it would seem that such precautions
are carrying things too far, vet, recently farlure to do this re
sulted in the death of a patient In the case 1n question the fol
lowing data was obtamned

HS, pnmpara, age 35 a white female was ad-
mutted to the hospital because of pregnancy The condi
tions were such that Cesarcan section was decided
upon and this was done  Post-operatively there was an
unusual degree of intestinal distention A diagnosis of
atonic ileus was made and a long intestinal decompres
sion tube ordered to be inserted  This was done Within
twelve hours, the patient went wito shock and w1 forty
eight hours was dead Necropsy on this patient re
vealed a gangrenous type of gastnitis of an extreme
degree A fauwrly large amount of lysol solutton was
found in the gastric cavity  In checking back over the
potuthle rources for thus to get into the stomach, 1t was
found that the girl in charge of the intestinal tubes had
neglected to Aush out the lysol solution in which the tube
was stenlized  The result was that a large amount of
Iyvol solution was introduced in the stomach of the pa
ttent with the tube

The tube having been checked and found to be clean 1t ts now
ready to be used It was formerly current practice to ice the
tube hefore using When a long tube 1s ordered 1 most hos-
pteals the tube 1s sent up in 2 dish of 1ce. We discourage this
practice 1n the use of the Cantor tube as we have found much
better results without attempting to freeze the tube by inserting
it at room temperature The effect of a cold tube in the stomach
of a patient may result in decreascd gastric motility nith the re
sult that it will not pasa through A tube at room temperature 13
tolerated by the stomach much better

After the tube has been passed into the stomach of the patient
the nurse m charge must see to it that alf the following orders
relative to the change 1n position of the patient are carried out
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to the letter  She must not improvise  1f the instructions call
for the foot of the bed to be elevated twelse inches, she must
sce to 1t that the foot of the untire bed 13 clevated twelve inches
and not just the bedspning which may be cranked up The ability
of the nurse to follow orders to the letter in these mancusers and
to pass only sufficient tubing as indicated will v anably result
in successful mtubation. In those hospitals n which therc 15 an
\tubation team ’ all this 15 then done by the mnternes and ren
dents on the team The nurse can, n that event, devote her
entire attention to the patient

With the tube down into the gastro-mtestinal tract of the
patient the care of the remaming portion of the tube and ats
method of feeding downward into the patient 18 important It
must aliwass be remembered that the nasal mucosa and the pha
ryngeal mucosa are not accustomed to the presence of a foreign
body such as a tube — particularly a dry, rubber tube The pres-
ence of a foreign body of this tvpe always results n an irntation
of the nasal and pharyngeal mucosa with an outpounng of secre
tion The discharge 13 very prone to crust upon the tube so that
a further downward mosement of the tube becomes very pamful
and difficult as long as the crusts are present. This can be avoided
to a great extent by instilling two percent ephedrine 1n o1l with
one half percent pontocaine nto the side of the nostril in which
the tube lies. In additon the portion of the tube just beyond
the nose must be moistened for a distance of three to four inches
with uneral ol By keeping the tube maust there 1s much less
frctional srntation as it 1s being passed

The pharyngeal mucosa must be hept moist with Iiberal intake
of saline solution Gmving of water freely by mouth washes out
the stomach and the chloride with 1t. By using normal saline by
mouth there 15 less chlonde depletion in this way The past
tion of the tube in the pharynx should be cheched from time to
tme and an effort made to heep the tube from being over the
Tustachian ostia for too long a tme  This can be done by turning
the head from nide to side and ante flexing the nech. Too long
a contact with the ostia of the Eustachian tube 1s apt to create

su:c;liumt irritatis ¢ edema as to result n occlusion and often otitis
meda
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The nursing, care of patients who arc hnown to be smohers
requires more attention than in non smokers In the former group,
there 1s generally & pharyngeal irritation to a greater or lesser
degree even before the introduction of the tube, and such patients
usanably present overactive glands along the tracheo-bronchral
tree The presence of a foreign body such as a long tube for
any length of time further increases the irntation and hence there
13 an increase n the glandular secretory actinty  The accumula
tion of this secretion 1n the naso-pharymx and 1n the bronchual
tree may result in bronchiolar plugging unless the nurse sees to 1t
that all secretions are promptly evacuated The most effective
method of accomplishing this 15 motion of the patient. By mos
ing the patient and even ambulating him wherever possible the
bronchial secretions arc readily brought up Ths 1s particularly
unportant if the patient 1s 1n any way dehydrated for here the
stage would be set for mucous plug formation and atelectasis.
Although the same sequence of eyents may occur i non-smokers
yet 1t does so to a much lesser degree because there 13 less pha
ryngeal trntatson and bronchual secretion prior to mtubation To
avoid this complication of ntubation, then two things are re
quired  adequate hydration of the patient to prevent mucous
plugs, and motion of the patient either in bed, or preferably by
ambulaton to facilitate expectoration of the secretions

The after-carc of the long intestinal decompression tubes,
after intubation varies with the type of tube being used The
small lumenal diameter of the decompresston lumen of the
Muller Abbott tube requires it to be irngated with saline every
three to four hours to prevent plugging by the liquid particalate
matter found in the gastro-intestinal tract. Be sure before you
start that the imndicator suctiop 1s reslly connected with the
decompressing lumen otherwise the irmgating solution ts apt to
go mto the nfated ballaan The magle lumen simplified decom
pression tube being of an 18 Fr lumenal drameter does not re
quire any such nursing care  The fluids that the patient drinks
being readily aspirated by the tube heeps 1t flushed clean at all
tmes. The size of the holes also in this latter tube being so much
larger than in any of the other tubes and the clliptrcal shape of
the holes as well as the fact that holes are strung along a dis-
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tance of two fect of tubing renders them practically tmmune to
plugging

Constant attention must be given to the source of the negatine
pressure. Thisis particularly important in using the bottle method
as advocated by Wangensteen It 1s of little value to have an
intestinal tube down to the ilcocaccet valve, 1f the source of nega
& suction at the other endis not working  Leakage i the tubing
and the varous connections of the bottles must be watched for

Any patient that 15 bemng intubated 1s losing rather large
amounts of fluid by suction  In some cases as high as fix ¢ thousand
cubic centimeters of liqud particulate matter may be removed ina
twenty four hour period Failure to correct the constant loss of
flud would soon result in an increased dehydration with its re
sultant dangerous consequence  An accurately hept intake and
output chart 15 very important Remember that in charting the
output by suction that the oral fluid intake must be deducted be
cause most of the liquid intake 1s soon aspirated by the tube
The replacement of the flmd loss by intras enous alimentation 1
the procedure of choice  Frequent chechs on the blood chlondes
s essennial i any patient being mtubated  The dnnking of water
duning ntubation tends to wash out chiondes from the stomach
This must be restored by mtravenous chlorndes Giving saline
solution by mouth to these intubated patients 1s helpful in pre
venting some of this chloride loss from the stomach by washing
After the intestinal tube has passed well down the gastro-intestinal
tract and the intestinal distention 15 under control then oral
feeding of concentrated liqud diet 15 permussible clamping the
tube for two hours after each feeding Some of this intake will
be absorbed by the patieat with a result that less flwd ts requured
meravenously If clamping of the tube results in any return of
the distention, thus practice 1s stopped at once  Tce eream, jello
heef broth and liqufied foods of any tvpe may be men at the
proper time n this way It will be found much eanier to brong
the serum protein to normal by oral protem feeding in this way
than by ammo-andy £\ en ntray enously

The output of urine should be carefully scrutimzed daily A
unnan output of eipht hundred to one thousand c.c of a fairl
normal concentration 1 020 or less 1s pgood assurance that there
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15 good hydration  With 2 unnary output in this range there will
be no nurogenous retention because of fud loss. When the
unnary output falls below this level and the concentration of the
urne ncreases, intravenous fluds should immediately be m-
creased. The degree of mitrogenous retention can readily be ascer
tained by non protemn mitrogen determinations at times when
indicated

Avoid oversedation n the wtubated patient  Many panents
that are intubated arc apprehensive partially because of therr
primary iliness and partially because of the presence of the m
tubatton  The presence of the long tube in their nose turmshes
a constant reminder to the patient that he 1s very sid. The inds-
wvidual reaction to this thought vames greatly Some patents
accept this calmiy whereas others become quite upset emotionally
An occasional few become antagomstic and will not permut the
tube to remain i place If the patient refuses to have 2 tube
mn place and removes 1t whenever possible, such a person shonld
be conmidered a poor subject for mtubanon Here the tact and
understanding of the surgeon and particularly the nurse in charge
can do much tq make the patient co-operative. Many of these
people, if handled tactfully will permit intubation All patients
intubated must be treated at 2ll tmes to calm their apprehension
A small amount of sedation 15 permussible but keeping the patient
scdated results in a decrease in motion of the patient. This 13
highly undesirable The patient should be told that with the tube
in place that motion can be free and most cases can be ambulated.
If these patients are soothed during the early period of intubation
the great improvement 1 the intestinal distentton within twenty
four hours usually resules i such 2 feeling of well-being that most
patients become co-operatne There 15 an occanional case how
ever that does not lend itself to wtubation because of the marhed
aversion of the patient to an intestinal tube It 13 better to recog
rmize this early and plan some other form of intestinal decompres-
ston

The 1rrational patient may be quite a problem to the nurming
staff in keeping the tube in place  Many of these patients during
their period of unclear consciousncss pull out the tube For
tunately cases of this type are very uncommon. However when
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thev do occur a change n the normal procedure 1s required
Fasteing the tube to the nosc of the patient must be resorted to
n such cases and restramt of the patient 1 bed 1n the vanous
positions desired  Since these people often thrash around n bed
one need nat concern humself about the motion of the patient
With a patient Iving quietly 1n a comatose state however ade
quate nursing, weans frequent changes n position of the panent
B this we mean not onl from side to-side but also on hus face
and then hack  Tn any event these patients must not be permitted
to remain 0 am one position for too long a period of time

In the removal of the tube, remember that twenty four feet
of bowel 1s plicated along four or five fect of tubing A slow
but steads pull upon the tube will usually result in 1ts easy
removal Permit fifteen minutes or more for this process If
there 1s anv stoppage of the tube 1t 15 most lthely the result of
sphincteric spasm  Giving the patient a sedative and leaving him
alone for a time will generally result 1n a release of the spasm
and a simple removal of the tube If the long tube 1s found to
emerge through the anus, 1t 1s better to pull 1t out that way

CARE OF THE TUBES AT CENTRAL SUPPLY

When the intestinal tube 1s returned to the central supply i
will be found to be covered with mucous and sntestinal contents
The porous latex balloon contaming the mercury must be stripped
off 2nd discarded. The tube 1s then thoroughly flushed and ninsed
m water It 1s then put n disinfecung solution, lysol or some
ather solution and permitted to remain sufficiently long to sternlize
it Then the tube must again be thoroughly fAlushed out with
water and carefully washed unnl all traces of the disinfecting
solution has been removed. The tube 13 then hung wp to dnv
After drving new balloons are re applicd to the end of the tube
w the usual fashion Tn the Miller Abbott Johnston and Harns
tubes the balloons are fastened to the shaft of the tube with silh.
In the Cantor tube 2 spectal cement has been devised which
twedges the balloon ta the end of the tube withoyt_the necessitn
of ting To do this, one coat of the ¢ i3 3PP ed-ta the
end of the dn tube and permitted to dnv fol Img.\r' to siy hbns

N
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A second coat 18 then applied and the balloon neck pulled onto
the end of the tube This 1s permitted to stand for twelve hours.
The tube 1s now ready to be used It 18 essential, before applymng,
the cement that all powder has been removed from the end of
the tube

Do not permit organic solyents such as alcohol, benzine, etc.,
to come n contact with the tube, since the cement which holds
the bag to the tube 1s soluble 1n organic solvents and the attach-
ment of the bag to the tube will be weakened

The use of a Vienna pattern nasal speculum scrves very well
to dilate the end of the bag and tacilitates introduction of the tube
into the bag



CHAPTER \1lI
TYPES OF SUCTION AND METHODS OF USE

N ADLCQUATE source of negative pressure suction at the
A prouimal end of the tube 15 as important as getting the
tube down the gastro-intcstinal tract It 1s quite obvious that a
long tube far down the gastro-intesnnal tract that satisfies all
the necessary requiremients for successful intubation, will be of
little value 1f the source of negatine suction 1s poor or actually
not worhing In that event the suction device would be worse
than useless because 1t nould completidy block the tube and pre
vent the increased intraluminal pressure from forcing the mtes-
unal contents into the tube and so our

Four types of negative suction are being successful employed
today

SIPHONAGL SUCTION

The very simplest form of siphonage dramage of the gastro-
tntestinal tract merely consists in passing 2 long mtestinal de
compression tube nto the gastro-mtestinal tract and dropping
the proximal end over the side of the bed mto a bottle  When
a tube of large lununal caliber (18 Fr ) such as the simphified
mtestinal decompression tube reaches the stomach there 18 an
immedtate outpouning of gastnc contents The force with which
the gastric contents shoots out of the tube is often so great that
it literally spurts out The reason for this 1s the great increase
m intra-gastric and mtra abdominal pressure found n any case
of intestinal distention  The stomach rapidly empties merely by
virtue af the tube being present in that viscus and because of the
dastiaity of the gastric wall When the tube head leaves the
stomach and passes down the gastro-intestinal tract however
dfferent conditions obtamn  In the small bowel there 15 also a
marked increase in intraluminal as well as intra abdominal pres-
sure that forces the intestinal contents into the lumen of the tube

L2081
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and so out by siphonage Howeser, since the ntestinal contents
in any case of intestinal distention of moderate degree 13 3 mx
ture of gas and liquid and not hiquid alone, bubbles of gas enter
the lumen of the tube with the Iiquid intestinal contents When
this occurs the siphonage 1s broken and does not become re estab-
lished until the bubbles ot gas are evacusted To prevent this

4

Figure 115 Sunplified siphoaxge umt dby 1

prop (A) Loag
1atestinal decompression tube comnected to glass "I” tube (B) Opponte
end of “T™ tube connected to rubber tube of larger lumen whose opponte
end is immersed in & bottle oa floor End of tube below water level in
the bottle. (C) Byninge to prume umt. (From Leftheuser D J
5-&51.&)

occurrence Leithauser *® has devised 2 simphficd priming device
for use with the method of siphonage in the treapment of intes-
tinal distention

One great advantage of the simple siphon method using a
primung device, 13 its utter simplicity which necessitates a muni-
mum of nursing care  Cumbersome equipment requiring constant
artention 18 not required, and since Letthauser 13 an ardent advo-
cate of early ambulation, this procedure can readily be put into
action without disconnecting or removing any apparatus  The
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patient merely gets out of bed and walks carrying the tube with
tum Thus stmphificd siphonage umt as described by Lethauser
in 1945, consists of a plass “T™ tube connecting the long intes-
tinal decompression tube (A) to a rubber tube of a large lumen
(B,) whose opposite end 1s immersed in a bottle below water
level The bottle 1s placed on the floor beside the bed A short
rubber tube 13 attached to the vertical arm of the T" tube The
patency of the long intestinal decompression tube 1s determined
by applying a clamp on B’ and then mjecting and aspirating
water with a large syringe through ‘C”  The clamp on B 1s
then released and water 1s 1njected 1nto the bottle on the floor to
prme the umt A clamp 1s then placed on C and the umt 18
ready to function In the event that gas passing through the
ntestinal tube breaks the siphonage, priming the umit as described
readily re-estabhishus the siphonage  The umt should be flushed
through with water once a dayv to prevent pluggng by hqud
particulate matter aspirated from the gastro-intestinal tract. By
using a glass T tube of the same luminal diameter as that of the
rubber tubing leaks are prevented and equal suction pressures
are maintamned throughout

CONTINUOUS SUCTION Bl WATLR DISPLACEMENT
METHOD

This method of continuous suction drainage 1s one of the
simplest and oldest methods used today It was early used by
Matas and Bassler early i the twenticth century  Ward in 1925
agan called attention to this method of suction drainage and
modified the apparatus The greatest impetus to the use of
this methad of obtaiming negative pressure at the end of the
gastro-duodenal tube to suction out itestinal contents was the
work and writings of Wangensteen and his co-workers ™ They
further modified the apparatus 10 an effort to so simphify 1t that
the set up could be made casily avatlable 1n any hospital and set
UD onvery short notice  The prinaiple upon which this apparams
13 based 1s the fact that 1f a bottle 15 filled full of water and
connected to a sccond bottle by rubber tubing which 15 air tight
that the flow of water from the upper bottle to the lower one
leaver & vacrum 1 the upper bottle which acts then as a negative
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pressure cxerting o suctioning force to be apphied to the end of
a gastro-duodenal tube At the time this apparatus was intro-
duced 1ts chief function was gastro-duodenal suction to dran the
uppir gastro-intestinal tract At present this wmple methad 13
also used as a suctioning force to aspirate the cntirc gastro-
intestinal tract by being attached to 2 long intestinal decom
pression tube  When this method 1s properly used and super
vised by one who understands the mechanics nvolved, excellent
results are obtamable. Unfortunately many surgeons and nurses
do not quite understand the mechames imvolved and the necessity
for air tight equipment 50 that 1n many hospitals, as a result of
unfortunately poor results, the method has fallen into disrepute
My own experience with this method has been excellent  With
proper supervision of the nursing staff and frequent checks on
the equpment to be certain that it 1s properly hooked up and air
tight, as good results are possible with this equipment and at
lesser cost than with any other available today The apparatus
consists of the following .

1 Two lacge glass bottles holding 4,000 c.c.

2 A two-hole rubber stopper which fits one of the bottles

tightly
3 A camas shing to hold one of the bottles in an inyerted
position
4 Aé& standard to hold the upper bottle five feet above the
oor

5 About fourteen feet of rubber tubing of 34 lumen

6 Two glass tubes one four and one 16 inches long

7 Several screw clamps

To assemble the apparatus as sumply as possible the camyvas
shing 1s fitted over one of the bottles and this bottle 1s filled with
water  The glass tubes are 30 placed in the two-holed rubber
stopper that the longer glass tube extends almost to the bottom
of the bottle to be imverted The shorter glass tube 13 so placed
to extend just within the mouth of the bottle The rubber stapper
containing these two tubes 18 then fitted tightly into the mouth
of the bottle to be im erted and hung up side-down on the stand
ard at a distance of six feet from the floor The short plass
tube 15 connected by a s foot prece of rubber tubing to the
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Figure 116. Apparatus for contimrous suction as advocated by Wangen-
stee. This was later modified many times to Incorporate shght 1m-
provements. (Frem Wangensteen, O H  West, J Surg, 01 1932)



TYPES OF SUCTION AND METHODS OF USE 207

pressure exerting a sucttoning force to be applied to the end of
1 gastro-duodenal tube At the time this apparatus was mtro-
duced 1ts chief function was gastro-duodenal suction to drain the
upper gastro-mtestinal tract At present this simple method 15
also used as a suctioning force to aspirate the entire gastro
intestinal tract by being attached to a long testinal decom
pression tube When this method 1s properly used and super
vised by one who understands the mechames mvoly ed, excellent
results are obtamable Unfortunately many surgeons and nurses
do not quite understand the mechanics imvohved and the necessity
for air nght equipment so that in many hospitals, as a result of
unfortunately poor results, the method has fallen into disrepute
My own experience with this method has been excellent  With
proper supervision of the nursing staff and frequent chechs on
the equipment to be certain that 1t 1s properly hooked-up and air
tight, as good results are possible with this equipment and at
lesser cost than with any other available today The apparatus
consists of the following »

1 Two large glass bottles holding 4,000 c.c.

2 A two-hole rubber stopper which fits one of the bottles

tightly
3 A camvas shing to hold onc of the bottles m an imverted
pomtion
4 gx standard to hold the upper bottle five feet above the
oor

5 About fourtcen feet of rubber tubing of ¥4 lumen

6 Two lass tubes one four and one 16 inches long

7 Several screw clamps

Ta assemble the apparatus as simply as possible the canvas
sling 13 fitted over onc of the bottles and this bottle 1s filled with
water  The glass tubes are so placed n the two-holed rubber
stopper that the longer glass tube estends almast to the bottom
of the bottle to be imverted The shorter glass tube 1s so placed
to extend just within the mouth of the bottle  The rubber stopper
contaiming these two tubes 1s then fitted tighthh nto the mouth
o the battle to be imcrted and hung up-side-down on the stand-
ard at a distance of nix fect from the floor The short glass
tube 1« connected by 2 s foot prece of rubber tubing to the
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Figure 116  Appararus for continuous suction as sdvocated by Wangen-
steen. Tins wag later modified many tmes to wcorporate slight 1m
provemenn. (From Wangemsteen O H West. J Surg, 401 1932)
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pressure wierting a suctioning force to be applied to the wnd of
a gastro<tuodenal tube At the tme this apparatus was ntro-
duced 1ts chicf function was gastro<luodenal suction to drain the
upper gastro-ntestinal tract  \t present this simple method 15
also used as a suctioming force to aspirate the entire gastro
ntestinal tract by being attached to a long intestinal decom
pression tube  When this method 1s properly used and super
vised by one who understands the mechanies nvolved, excellent
results are obtamnable. Unfortunately many surgeons and nurses
do not quite understand the mechames 1m olved and the necessity
for air tight equipment so that in many hospitals, as a result of
unfortunately poor results the method has fallen into disrepute
My own experience with this method has been escellent  With
proper supervision of the nursing stafl and frequent checks on
the cqupiment to be certain that it 1s properly hooked-up and air
tight, as good results are possible with this equpment and at
lesser cost than with any other available today The apparatus
consists of the following R

1 Two large glass bottles holding 4,000 c c.

2 A two-hole rubber stopper which fits one of the bottles

tightly

3 A camas sling to hold one of the bottles n an invertcd
position

4 ;1\ standard to hold the upper bottle five feet above the
oor

5 \bout fourteen feet of rubber tubing of 14 lumen

6 Two glass tubes one four and one 16 inches long

7 Several scren damps

To assemble the apparatus as simply as possible the canvas
shng s fitted over one of the bottles and this bottle ts filled wuith
water  The glass tubes are so placed m the two-holed rubber
stopper that the longer plass tube extends almost to the bottom
of the bottle to be iverted The shorter glass tube 1s so placed
to extend just within the mouth of the bottle The rubber stopper
contamng these two tubes 1s then fitted nighthy into the mouth
of the battle to he verted and hung up-aide-down on the stand
ard at a dustance of six feet from the foor The short glass
tube 14 connected by 2 six foot piecce of rubher tubing 10 the
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second bottle which rests on the floor and contains two to three
hundred c.c of water The rubber tube must be below the water
level in the bottle on the loor This leaves a vacuum mn the upper
bottle thus creating a negative suction pressure which s trans-
mutted to the end of the intestinal decompression tube. This 13
basically the mechamusm utdized to produce a continuous negative
suction pressurc utilizable for decompressing the gastro-intestinal
tract From this sunple set up, as time went on, modifications
were introduced by Wangensteen and many other workers One
of the best modifications was the placing of a collecting bottle
between the long glass tube which transmuts the negative pressure
and the intestinal decompression tube By 3o downg and using 2
graduated bottle it 18 very casy to measure the amount of gas
and matenal withdrawn while at the same time inserting 1 pro-
tective mechanism in the cvent that the bottles are mproperhy
sct up to prevent the water from passing ito the patent by
mustahe In addition to this protection the stop-gap-bottle pre-
vents the mtcm.nal‘ mucosa from bemng exposed directly to too
great a suction from the upper bottle This latter constderation
1s purely theoretical however as Pamne has shown that a suction
pressure of 1000 cc. of nater had no wnjurious cfiect upon the
mucosa  In no case erther in expenmental ammals or at autopsy
was there any evidence that the mucosa of the bowel had been
suched into the holes and so become necrotic or injured in am
nay

One of the newest and commercally available apparatuses
utthzing this water displacement principle to create a vacuum 13
the equpment of Fritz  This 15 an automatc dranage and
aspirating spparatus capable of continuons suction Its safety
feature 1s the elmmation of all valves and cocks which might
wterfere with the proper operation of the equpment. There 13
a specihcally designed rotary valve mounted between the bottes,
which automatically controls the flow of water suction and pres-
sure and 1s closed encept when the bottles are in a vertical post
tion. An automatic spring lock engges and holds the movable
parts of the machme in proper posiion  The bottle connections
cannot be reversed which eluminates any possibility of injecting
air wstead of withdrawing it to reduce distentton  To insure
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positine results 1 the use of this equipment 1t should bu tested
This 1s accomphshed by clamping off the suction tube to the pa

Figure 117 Fritz sucnon unie. Thy u

an efiaent umit utilizing the water dis-

placement method to prodoce a negative
suction pressure

nent and cheching all the
couplings to nsure that they
are tight and that the rubber
stopper 1s firmly 1n place
the suction bottle Now, the
bottle containing the water 13
turned up and after a small
amount of water runs mnto the
bottom bottle the wmachine
should hold water in the upper
bottle for an indefinite period
This will prove that all the
couplings are tight. If after
waiting several minutes, bub-
bles rise 1n the top bottle, then
it signifies a leakage in the
valve Ths can be corrected
by turping the adjustment nut
a few turns to the right so
putting more pressure on the
valve spring After testing the
machine remove the clamp
from the decompression tube
and attach to the suction tube
on the machine with a plass
connector  The machme 1
now providing adequate suc

tion W hicn the apparatus 1s tight and the mntestinal decompression
tube 1o the proper location the condition of the patient governy
the ume clapsed hetween turning oscr the bottles  1f the machine
stops functioning the tube must be withdrawn a fen inches and
Passed 1n agam with rotation and the patient given some water
to dnnk By so doing function will begin agamm Never use a
damp on the suction tube from the machine when the apparatus
muse \ar must escape fredy from the end of the shaft oppo-

site the suction end of the shaft
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same rating as the pump It 1s cssentral 1 the use of this equip-
ment that a collecting bottle be interposed
between the pavent and the pump This
pump requires no attention ather than a
drop of oil on 1ts beanings sbout once 2
week 1f it 1s being operated continuously

In recapitulation 1t must be noted that
regardless of the negative suction pres-
sure employed 1t must be remembered
that constant vigitance 1s needed to insure
Figure 119 Stedman thet it s operating correctly at all ttimes
pump ‘This 1s a nolscless  and that the suction 1s correctly applied.
;’;Eiz";""{f;#gcmn:: A long intestinal decompression tube far

ated continuously down the gastro-intestinal tract 1s of no
value without an adequate source of negative suction pressure at
its proximal cnd
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CHAPTER AIT

RESPONSIBILITY OF THE SURGEON IN THE
USE OF INTESTINAL INTUBATION

T MUST be emphasized that the long ntestinal decompres-
I sion tube 15 an nstrument like a hemostat, and will only be of
such value m amy case as the ability of the surgeon behind 1t
With the advent of the “intubation era in the treatment of n
testinal obstruction many surgeons have last sight of this fact and
n many hospitals any patient admitted with a distended abdomen
was intubated first and then 2 period of watting adopted while
the tube nas supposed to cure the patient. Unfortunately many
patients died duning this waiting process with the result that un
warranted aspersions were cast upon this aid to our therapeutic
armamentanum I recent years, however, 1t 18 being increasingly
reahized by all thinking men that 1f properly used the long in
testinal decompression tube can be of mestimable value while
if incptly used 1t can be dangerous The brain of the surgeon
and that alone 1s the deaiding factor

Any patient with intestinal distention 18 a candidate for i
testinal intubatien as 15 also any patient who formerly would
require an enterostomy prelimimary to bowel resection On being
confronted with a case of intestinal distention the surgeon must
deade which tvpe of case 15 imvalved  In the event that 2 diag
foss of mechanical bowel obstruction 13 made then the surpeon
must deade whether there 15 any strangulation of the bowel or
not W fud that all cases of mechamcal obstruction must be
operated upon, but the prelminany use of the long tube for
several hours or davs preoperam el does much to improve the
condition of the patient as well as rendenng the operation much
wmpler by collapang the distended bowel Only a surgeon of
\perience can deade just when to operate n am speaific mstance
tn the event af 2 strangrulating tvpe of obstruchion, operation must
be performed as soon as possihle However a non-strangulating

£ )
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obstruction particularly in the mAammatory distention group may
safely be deferred for several days while the patient 15 bung
ndequately prepared. A mecty of judgment on the part of the
surgeon 13 required for best results YWhen the long tube 15 used
i this fashion as an aid to surgery, one may reasonably expect
excellent results When, however, the pattent 1s treated by -
tubation as a non strangulating obstruction and an interval of
scveral days 1s permutted to elapse while intubsting the patient
and 1t 13 found that the case i reality was one of strangulation
of the bowel, the results arc apt to be disastrous The tube
should not be blamed The surgeon alone 1s culpable for using
poor surgical judgment. With the usc of good surgical judgment
the long tube has 2 wide range of usefulness i the gastro-intes-
tinal tract Above all however 1t 1s an intestinal decompression
tube

A reagonably exact diagnosis having been made and mtuba
tion having been decided upon, it may not be possible at the
moment to dectde when surgical mtervention will be indicated
The progress of the case and the day to-day changes or at times
the hourly changes will dictate just when surgery 1s to be under
taken if the distention 1s amenable to surgical treatment. The
surgeon must see hus patient at frequent intervals during the first
few days. The progress of the case cannot be relegated to the
interne or restdent The enttre picture may change completely m
a six hour pertod Whosoever undertahes to intubate a patient
must be prepared to spend time with the pattent until the clinscal
course 13 clear  Unmillingness to do so or releganng this func
tion to one not well trained or surgically seasoned, can only lead
to poor results

It 13 the respoosibibity of the surgeon to examne every tube
before 1t 1s passed. Preferably the tube should be passed by the
aurgeon humself There are tmes in which the proper use of
the long tube 13 as important to the pattent as 15 the operation
iself An expertly performed operation may be valueless with-
out adequate mtestinal decompresston  The proper selection of
a tube that will hest satsfy the needs of the speafic patient must
be made by the surgeon. The tube must be examined to be cer
tain that the central supply of the hospital has sent up the speafic
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tube ordered by the surgeon It must also be examined to be
certain that the balloon 13 securely fastened, since all the long
intestinal decompression tubes 1 use today have a balloon fas-
tened somewhere along the distal end of the tube. Aloosely fitted
balloon will come off in the bowel causing valuable time to be lost
“The tube must be mspected to nsure 13 beng clean and properly
washed No trace of stenlizing solution must remamn within
the lumen of the tube.

Having cheched the patient and the tube, now the decision
must be made as to how much mercury 1s to be used in the
balloon. The illness of the patient and the size of the patent
are important considerations A small emaciated woman would
not require the same amount of mercury as would a tall robust
man A patient with a paralytic ileus requires a different amount
of mercury than a patient with actine penstalsis  Cardiospasm
creates a problem which may be solved by an increase i the
amount of mercury used Anywhere for four to ten cubic centt
meters of mercury mav be used n the balloon The smaller
amounts for small and cachetic patients and larger amounts for
larger and active patients  With cardiospasm and paralytic ilews,
a larger amount will usually result 1n an easier passage of
the tube because of our dependence upon the mercury m the
head of the tube to carm 1t downward In such cases little or
no perstalic activany s present  Here, agam, the judgment on
the part of the surgeon 1« required for best results

Once the tube has been passed the surpeon must select that
form of negatu ¢ pressure most suitable for the case i question
There 15 much individualits 1n the selection of the source of nega
tne suction pressure W hether siphonage or a mechanical source
of negative pressure 1s to be used the surpeon must chech 1t care
fully to snsure that 1t has been properly set up and s air tight

\ tube down to the ileocaccal valve will be of no value to the
patient 1f 2 poar source of negatn ¢ <uction pressure 1s apphied o
s proximal end  The tvpe of suction emploved may be deter
mined i some cases by the utilization of cardy ambulatton W hen
this i to be utihized in traatment simpliaity 1in our suction dev e
s deairable because the patient will be 1n and-out of bed many
timics a dan necesaitating connecting and disconnecung the suc
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tion device  Unless good nursing superviston 11 available, the
simplest possible source of negative suction pressure to mahe the
procedure of connecting and disconnecting fool proof 13 most
desirable

The removal of the long intestinal decompression tube should
be done by the surgeon himself In the vast majority of cases
the removal of the tube 13 @ very simple matter On occasion
however, due to sphincteric spasm or hnotting 1n the tube or
passage beyond the pownt of bowel anastomosis, the removal of
the tube may require care and judgment. Here 1s one problem
in which *speed 1s not the watchword® All tubes should be
withdrawn slowly  If arrest of withdrawal occurs, stop and wart
for one hour 1f needed then try again. Any patient who has had
a bowel resection should not have the tube withdrawn without
a check film to determine whether the tubc has passed through
the anastomosis  If 1t has, it may be better to permut the tube
to pass through and remove 1t per rectum This 1s partrcularly
true 1f a side to-side anastomosis was done

The passage of the long intestinal decompression tube 15
merely treatment for one phase of the medical or surmical prob-
lem Namely the problem of intestinal distention  Attention
must be gnven to the other problems incident to the specific dlness.
If the case 1s to be a surgical one the patient must be built up to
be in the best possible condition for surgery The correction of
ancmiz 80 often associated with intestmal distention as a result
of neoplastic disorders in the gastro-intestinal 1s important. Trans-
fustons may have to be resorted to i an effort to correct the
blood deficiency as rapidly as possible The surgeon must dectde
whether the patient 13 to have large nfrequent transfusions to
replace lost blood or small frequent one to stmulate hema
topoiesis  Plasma protein determinations are smportant in any
case to be resected We try wherever possible to bnng the
plasma protemn level above 5% before surgery A Jow plasma
proten level 18 too often responuble for poor results irrespective
of the skill of the operator Intravenous aminoacids aid in e
storing lost water and at the same time supply the baste proten
molecules. Practically, we have found ¢ very difficult to raise
the plasma protein by the use of intravenous protein therapy
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Protein hydrolysates given by mouth or via the tube are more
cffective 1n this regard, and the best of all 1s liquified proten
foods ginen by mouth In prepanng the patient for an electne
aperation where the obstruction 13 incomplete oral feeding of
protemn 1s the method of choice  Protein foods, even meat, may
be liquified and gen orally or via the tube m any case except
those patients markedly distended The tube betng in situ much
can be accomplished by such oral or tubal alimentation clamping
the tube for brief penods of time after giving the proten to
permit absorption.

Blood chloride determinations at frequent intervals are essen-
tial 1n any case being mtubated  Patients with imtestinal disten
tion have some degree of water and chlonde loss mto the bownel
and tissues This flud and chlonde loss 1s further increased by
the suction which not only removes all the flud from the gastro-
intestinal tract but also dnnking of water by the patient washes
out the gastne chlonde sull further  In order to maintain the
proper clectrolyte balance, intravenous fluids and chlondes must
be used in the proper amounts The normal daily supply of five
to nine grams of chloride mas have to be increased to eighteen
grams 1n order to compensate for the loss by suction

The level of the blood chlondes must be kept at a fairly nor
mal point f failure 1 intubation due to decreascd intestinal mo-
tiity 14 to be avoided There are many surgeons who advocate
the usc of injections of 59 sahine solution m order to treat mtes
tinal distention This has been successful in some cases by virtue
of the mercase in intestmal motthits which hvpertonie saline 1nyec
tiony are said to produce We have never found it necessary to
use Invpertonic saline in this way - On several occasions, howescr
we have been unable to successfully intubate patients with intes-
tnal distention whose blaod chlonde level was markedly de
creased  In all such cases, intubation was tmmediately successful
when the blood chlondes were revtored to the normal Ievel Tt s
our practice as a rusult of these experiences to checkh the blood
chlondes in all panients 1n whom intestinal ntubation 1s delayed
It w »urprang how often the chlonde level will be found to he

low and 1t 15 equally surprising how rapidlv a successful intuba
tion ensues when a normal chlonde level 1s reached



218 INTESTINAL INTUBATIOMN

Adequate hydration 1s essential with intestinal intubation
Under normal circumstances the human being 1s automatically
nept 1n water balance The normal chechs and balances set up
in the body keeps the normal person well hyvdrated. Under
normal circun stances any water loss unaccompanted by loss of
sodium or chloride results in 2 dryness of the mouth and pharynx.
This gives nse to a sensation of thirst In response to this
sensation water 1s con umed 1n sufficient quantity to restore the
loss of water This same mechamsm 1s called mnto play withont
any loss of water if thcre 1s an ncrease m sodium chlonde m
the body

In the patient sufferng from intestinal distenton or as a
result of bowel obstruction there 1s a loss of water and salt by
vormuting as well as a loss into the gastro-mtestinal tract itself
Thus even prior to intestinal mtubation these patients may be
dehvdrated or suffering from alkalosis or acidosis as a result of
the disease process from which the patient 1s suffering  There 15
also a decrease in available water tahen by mouth mn such cases
prior to intubation as a result of vomiting and distention and
after intubation all water dranh 13 suctioned out.

The average normal adult ts sard by Hoffman™" to have the
followmng intake and output

INTAKE OUTPUT

\Water and other beverages 1200 cc Lrdne 1500 escn

Water of wlid foods 1500 cc Feces 200 ce.

(about 70%%) Sweat 300 ce
Water of andation, 300 cc

Ineensible mater loss—

(about 12 cc. per 100 cal ) i 700 cc.

2000 c.c Loogy 300 cc.

300 cc-

Of the above items the water and beverage ntzhe 1s very
elastic depending upon the eating habits of the patient. On the
output side of the ledger the quanttv of water available for unne
formation 15 most clastc. The amount of water available for
anne to excrete nitrogenous wastes 1< the difference betreen the
total intake and that excreted from all other portals In other
words the more water that 1s used up as sweat or m the feces
the less 15 available for unman excretion Under normal crcum-
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stances the thirst mechamsm previously described heeps the pa
tent sufficiently hydrated to permit a urnary output of 1000 to
1500 cc. The speafic gravity of such urne 15 1015 When
thece 1s a deficient intake of water aither due to disease or suc
ton there 1s very prone to be msufficient water for urnary excre
tion A muntmum of >00 ¢ c. of water 1s required daily to excrete
the mtrogenous products formed dunng a twenty four hour
period A decrease in muailable water below this level results in
mitrogen retention ecn in the presence of a normal renal function

The main cation respanuble for the osmonc pressure of the
extracellular fluid 1s sodum  Thus 1s present n a concentration
of 330 mmg per 100 c.c. of plasma  The main amon 1s chlonde
and 1t 1s present when measured as sodium chionde in concentra
tion of 5§75 to 630 mmpg of sodwm chlonde per 100 cc of
hlood plasma  The measurement of whole bload chlonde has
been shown by Hoffman and Osgood *= to vary directly with the
depree of anemsa  The normal whole blood sodium chlonide
ranges between 450 and 509 mmp of sodium chlonde per 100 c.c
if the hemoglobin concentration and hematrocnt are normal
With severe anemia however, the normal range ncreases from
503 to 555 mmg of socdum chlonde per 100 c.c With such
anemia a whole blaod determination of 450 mmg nstead of
being normal would actually be low and indicatis e of dehydration.
Tor ths reason whole blood chloride determmnanions must be
correlated with the blond count or the plasma chlonde deter
mmation must be ueed alone

Generallh when <odium and chlonde are lost to the bods a
corresponding amount of water s also lost resulung 1 the mam
tenance of a normal concentration of sodium and chlonde n the
atracellular flmd  With high obstructions, however or with
tastroduodenal suction there 1s 3 considerable loss of gastnc
Juice containtng, sodium chlonde and hvdrochlonc aad  This loss
rewdtc in a few davs 1f not replaced 1in a marked dehvdraton
l;w an afready deplited patient and since the chlonde Toss exceeds
that af the odiwm more <adim 18 Teft n the body resulting in
a condition of alkalosic N
. "ni‘ﬂr:i‘l\m:n::;(tln;l obstruction ot with the lona intesnnal de

own 1n the termumal leum the flusd Joss 1 a
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mixture of water, sodtum chloride and sodium bicarbonate The
dehydratton mn this type of case 15 accompanied by a greater loss
of sodum resulting 1n a relatnely mereased amount of chlonde
mn the body The result of this shift 1s acidosis or the loss of
sodium and ehloride may be about equal with no change in carbon
dioxide combiming power resulting

For these reasons whenever 2 patient 15 intubated such pa
tients must be carefully studied to mamtain the proper state of
hydration and electrolyte balance, in addition to keeping up the
nutritton and vitamin requrements. In general it may be said,
that if the patient excretes 1000 to 1500 c.c of unine dady of 2
speaific gravity under 1 618 they are farly well hydrated. To
accomplish this all Autd removed from the patient by suction 13
measured and an equal amount of water plus 2000 to 3000 cc.
18 returned darly  In addition frequent checks ot the sodmum
chloride plasma level the non-protein mtrogen, and the carbon
doxide combining power must be made Any alteration in the
values obtamed may readily be compensated tor by an increase
or decrease 1 intravenous saline. To mamtain an adequate pro-
temn level protein hydrolysates can be gmyen orally and whole
blood and plasma intravenously In addition an attempt should
be made to keep up the vitamn requirements of the body m
order to avoid vitamun deficienctes  Our practice has always been
to give vitamins with our glucose and saline in the proper amounts

It 13 only by constant vigilance and attention to detals that
the best results of intestinal ntubstion can be obtamed The
close co-operation of an intermst and surgeon will help simmeas-
urably in controlling all the special detads required duning the
process of intestingl intubatton
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CHAPTER \]

THE ROLE OF THE ROENTGENOLOGIST IN
PATIENTS TO BE INTUBATED

HE roentgenolomst may play 2 very mpartant role m the
Tmanagcmcnt of the patient to be intubated The best -
terests of the patient demands that the radiologist be used as a
consultant and responsible for all phases of radiological manage
ment and not merely used as a techmaan to take and diagnose
xrays Ideally every case to be intubated should be conmdered
a problem of an ntubation team the members of nhich are a
surgeon, an mtermst and a radiolomst By so dong experts
in the solution of the vanous problems that anse in the intub-
ated patient would pool their resources n the soluton of every
problem

A large percentage of the panents that the radwlogist s
alled upon to cxamine radiographicaliv have already had the
benefit of a camplete radiolomeal study and the diagnosis has been
made In this group the patient 1s usually beng intubated as a
prophvlactic measurc prior to operation.  \s a general rule such
patients are not complitely obstructed so that penstaltic activity
1« pood For example a patient with 2 carainoma of the cacann
not producing complcte obstruction has had a radiological diag
nosis made and 1< now adnutted for intubation pror to opera
ton A bref revien of the previous radiolopncal report 1s often
ot valuc as at times the radiologst may call the attention of the
“Ureon to some Eastroantestnal abnormality that mav hinder
or complicate the process of intubation In addition the tomic
state of the stomach and the speed of emptving of the stomach
and small howel as noted on the five hour film 1s suggestine to
the intubator of what he might expeet 1 the speed of downward
passape of the tube  The actual rechnie of intubation 1 itself
n such cases 35w ually ven sunple  The vast majonnn of such
panent arc eaahy ntubated Often we do not manem re these

(1]
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patients at all, but merely pass the tube into the stomach and
permutting the patient to be ambulatory let the tube go on down-
ward with his ingested food In this type of case, the radiologist
can supervise the course of the downward passage and tell us
just when the tube head reaches its goal in such case, namely —
the terminal leurn  The surgeon now takes over and resects the
night colon and anastomoses the termmal ileum to the transverse
colon The radiologist agam comes into the picture when the sur
geon considers it time to remove the tube A survey of the ab-
domen at this time 13 of great value The radiologist cap tell us
now whether the tube, despite being pulled back at the ttme of
the operation has moved through the anastomotic stoma and
1s found i the colon If this has happened, 1t might be better
to permut the tube to emerge from the anus rather than drag the
tube head through the anastomosis Thus 1s particularly danger
ous 1n a side to-side anastomosis or if any air has gotten into
the balloon by diffusion of gases An mjury to the suture Iine at
this tme may result m a leak with its resultant consequences.
Not only do we expect the radiologist to tell us where the tube
head 1s prior to removal of the tube, but slso whether there 13
any wntestinl stasts as noted roentgenologteally If the radiologist
tells us that the tube 1s i the tleum and that there 15 no abnormal
distention of the small intestine as seen radiographically, we can
consider 1t sate to remove the intestinal decompression tube, but
not before

Many patients are sent to the hospital for the management
of wmtestinal obstruction and distention but the diagnosis of the
etological factor has been made prior to admssion. For ex
ample obstructton as the result of an incarcerated herme pre
sents no diagnostic radiological problem The function of the
radwlogst 1 cases of this type where the diagnosts 18 hnown
would be to tell the surgeon the degree of intestinal distention
as noted radiographically Often the radwologist can tell s
swhether the obstruction 15 high or low from the gas pattern alone.
The degree of intestmmal distention and the supervision of the
downnard course of the tube arc valuable aids to the surgeon
Many of these cases require special procedures in order to insure
successful intubation This 1s particularly the case 1f the Mlles
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Abbott or Johnston tubes are being used At times regardless
of the mancuvres emploved by the mtubator, the tube head per
sistently remains in the stomach At this juncture, the radiologst
may be called upon to try and ‘feed the tube through the pylorus !
under fluoroscopy At times this can be successfully done by the
radiologist A great mamy Miller Abbott and Johnston tubes have
been passed n this way  1f the Mayer techme or the Abbott stylet
are used to secure successful intubation, again the radiologist must
supervise the intubation which 1s done under fluoroscopy

In any case of intestinal distention to be intubated, even when
the diagnosis of the obstructing lesion 1s known the radiologst
fluoroscopically screens the chest Much valuable information s
forthcoming by so-domg Cardiac enlargment or arrythmias can
readily be noted "Thus 1s particularly important 1n cases of auric
ular fibrillation where emboli not uncommonly find their source
At times hermation of the stomach will be noted through the
diaphragm and into the thorax In this type of case the usual
manuews res of passing a simplified intestinal decompression tube
that utihi7es merouny would require a change in techme. Turming
this type of patient on his nght side and rasing the foot of the
bed would only result 1n the tube head passing into the thoraac
portion of the stomach and remaiming there High lving dia
phragm aortic ancurvsm sub-phremc abscess afl may be calfed
to the attention of the surgeon by the radiologist and may change
the technic of intubation

After intubation has been successfulls carried out the down
ward pragress of the tube and whether st 1s progressing down
ward as 1t should can be noted by the radiologist The presence
of hnots or Yanks in the tube can be catled to the attention of the
sutpcon by the radiologst  The degree of decompression ob-
tamed m the seral films taken 18 hnowledge of the preatest inw
portance to the surgeon  Onby a properly trained radiologst s
i1 2 position to distinguish the vanations n normal or the degree
of mtestinal distennion as noted radiographically A pernistent
closed foop of bonel which 15 distended despite adequate in-
::“hi:":: *:s::trm;jlnﬁcr of d‘:c gastro-intestinal tract 1s important
textinal dictmion Ir::\“:] \:,“ mprovement 1n the degree of in

th chinically and radiographically the
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radiologist can tell us whether 1t 15 safe to remove the intestinal
tube from the radiographic point of view, 1e whether hitle or
no gascous distention remains

A third type of case 1s one 1n which the patient 13 admitted
to the hospital with lus abdomen greatly distended and vorutmg
and the diagnosis of the type of intestinal distention or the etio-
logical factor responsible for it has not been made prior to ad
mussion  In this type of case the radiologist really comes mto
his awn It 15 he that can usually tell the surgeon just what the
trouble 18 and where it 1s. Good radiological consultation 1s almost
indispensable in this type of case The radiologtcal management
of a case of this type often requires a vanety of procedures A
careful chest sunvey and a scrutiny of the heart, lungs medd
asttinum and diaphragm 1s of course the first procedure. Often
the diagnosis can be made by thus alone. Metastatic Jesions n
the lungs readily betray the source of the obstruction Vascular
acaidents as result of cardiac pathology can ready be suggested
by the roentgen appearance of the heart Neoplastic processes
the mediastinum eall our attention at once to the type of diff
culty we are dealing with. Gas under the diaphragm or evidences
of sub-phrenic abscess readily permuts the surgeon to properl
classify the patient and institute proper treatment with the mtes-
tinal mtubation Changes in the intubating techric may also have
to be made because of pathology 1n the chest Evidences of
marhed cardiac enlargement may make 1t mpossible to put the
patient nto Trendclenberg postion for the first mancuvre of
ntubation  Such patients often become quite cyanotic and require
ambulation to secure successful intubztion

Following the survey of the chest @ survey of the abdomen
both fluoroscopically and radiographtcally may and usually does
reveal intestinal distention by gas 2nd liqmd indicative of -
testinal stasis radiographically It should be noted here that
the presence of gas in the gastro-intestinal tract m many early
cases af bowel obstruction need not occur  Bouslog m 1943
demonstrated rather well that 1t 1s possible to have bowel ob-
struction without there being any radiographic evidence of gas
1n the gastro-mntestinal tract The gas itself does not indicate in-
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tesunal stams  Appreaiable amounts of gas 15 frequently found
in the small bowel n patients under sedation even before oper
atine nteryention  Post-operatnvely, of course, there may be con-
siderable gas in the gastro-intestinal tract as the usual finding and
does not mean bowel obstrucion  From the above 1t should be
evident that the presiously held 1dea that the presence of gas in
the small bowel was abnormal and indicated intestinal stasis
whereas the presence of gas in the colon was normal, 1s not quite
true radiographically The charactenstic feature of the gas
pattern i the mtestinal tract 1s its shiftincss or changeability from
day to day or even from hour to hour There 13 usually, with
a persistent pathologmcal stans or retention of gas or flud
one or morc loops of bowel a changeability or the assuming of
a vanety of patterns  The radologist 1s aware of this and draws
his conclusions accordingly At one time, examsnation may reveal
onc single loop of intestine which 13 persistently filled whereas
the naxt day rows of bowel arc filled with gas and liqud Tt 1s
this fatter type of case that 1s known as “stepladder appearance’
of the small bowel which 15 supposed to be pathognomonic of a
smali bowcl obstruction  We should like to emphamize that this
‘stepladder appearance s 2 late stage in the process of intestinal
stasis and that the characteristic of early bowel stasis 1s the
marhed varability of the gas pattern Very often taking 2 roent
genogram with the patient in the erect position demonstrates a
defimte flud level in the loope of gas filled bowel A roentgeno-
gram ot conmderable Las in the small bowel and hittle or no gas
i the colon 1 lughly suggestis e of a small bowel obstruction The
presence of gas in the small bowcl and colon docs not necessanly
mdicate colomic obstruction as considerable gas may normally be
found in the colon
Following the survcy of the abdomen the radiologist may

mestigate the calon by barum enema  Barjum by mouth to
study the small bowel further 15 defimitely contra mdicated at this
::Sﬁ h‘:\:‘i’;"“}:nﬂ‘lhmcstlnl:\lll::tub:t|on and decompression of the
T e o e s b e

haracter of the | n order to localize the site and
¢ ot the lesion in the small bonel  With the tube 1n mitu
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radiologrst can tell us whether it 1s safe to remove the intestinal
tube from the radiographic point of view, 1¢  whether little or
no gaseous distention remans

A third type of case 1s one mn which the patient 1s admitted
to the hospital with his abdomen greatly distended and vomuting
and the diagnosis of the type of intestinal distention or the etio-
logical factor responsible for it has not been made prior to ad-
mussion  In this type of case the radiologist really comes mto
tus own It 13 he that can usually tell the surgeon just what the
trouble 1s and where 1t 15 Good radiologseal consultation 13 almost
indispensable m this type of case  The radiologmeal management
of a case of this type often requires a varicty of procedures. A
careful chest suriey and o scrutiny of the heart lungs, medr
astinum and diaphragm 13 of course the first procedure. Often
the diagnosis can be made by this alone Mectastatic lesions
the lungs readily betray the source of the obstruction Vascular
acaidents as result of cardiac pathology can readily be suggested
by the roentgen appearance of the heart Neoplastic processes in
the mediastinum call our attention at once to the type of diffi
culty we are dealing with Gas under the diaphragm or evidences
of sub-phrenic abscess readily permits the surgeon to properly
classify the patient and nstitute proper treatment with the mtes-
tinal ntubation Changes in the mtubating technic may also have
to be made because of pathology in the chest. Evidences of
marhed cardiac enlargement may make 1t impossible to put the
patient into Trendelenberg positon for the first mancuvre of
intubation  Such patients often become quite cyanotic and reguire
ambulation to secure successful intubation

Following the suriey of the chest a survey of the abdomen
both fluoroscopically and radiographically may and usually does
reveal intestingl distention by gas and liqud mdicatve of -
testinal stasis radiographically It should be noted here that
the presence of gas in the gastro-intestinal tract 1 many carhy
cases of bowel obstruction need not occur Bouslog m 1943™
demonstrated rather well that 1t 1 possible to have bowel ob-
struction without there being any radiographic emdence of gas
in the gastro-intestinal tract. The gas self does not indicate 1+
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testinal stasis  Appreciable amounts of gas 1 frequently fous
in the small bowel n patients under scdation cven before ope
atve intervention  Post-operam cly, of course, there may be co
siderable gas i the gastro-ntestinal tract as the usual finding ar
does not mean bowel obstruction  I'rom the abose it should !
cvident that the previously held 1dea that the presence of gas
the small bowel was abnormal and indicated ntestinal sta:
whereas the presence of gas in the colon was normal, 15 not qui
truc radiographeally The characteristic feature of the g
pattern in the mtestinal tract 18 1ts shuftiness or changeability fro
day to day or even from hour to hour There 1s usually, w1
a2 permstent pathological stams or retention of gas or flmd
one or more loops of bowel a changeabihity or the assunung
a variety of patterns  The radiologtst 1s aware of this and dray
his conclusions accordingly At one ime, examination may reve
one single loop of intestine which s persstently filled where
the next day rows of bonel are filled with gas and hqud 1t
this latter type of case that 1s hnown as * stepladder appearanc
of the small bowel which 1s supposed to be pathognomonic of
small bowel obstruction We should like to emphamze that tt
stepladder appearance is a late stage in the process of intestir
stasis and that the characteristic of early bowel stasts 15 €
marked variability of the gas pattern  Very often taking a roes
genogram with the patient i the erect positton demonstrates
definite flurd Tevel in the loops of gas filled bonel A roentgen
gram of considerable gas in the small bowel and little or no g
m the colon 18 nghly suggestne of a small bowel obstruction T
presence of gas in the small bowel and colon does not necessar
indicate colome obstruction as conniderable gas may normally
tound 1n the colon
Following the survey of the abdomen the radologist m

mestigate the colon by barum enema  Banam by mouth
study the small bowel further 15 definitely contra indicated at
stage  Tollowing intestinal mtubation and decompression of t
:’;ﬂ“ bowel then the small bawel may safely be studied by g

h”“m by mouth or via the tube 1n arder to localize the site o
chatacter of the lesion in the small bowel With the tube 1 syt
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any signs of stams of the bartum can readily be corrected by
aspirating the barium muxtare before a complete blockage 1s
created

Prior to such small bowel studtes with the tube m situ, 1t 4
often constdered wise to gne the patient a barium enems and
study the colon WWhen one remembers, that most of the malg
nancies of the bowel produaing obstruction occur n the colon
1t 1s only reasonable to assume that many of the obstructi ¢ lesions
will be found by so dowg A barum enema can safely be gnen
to any obstructed patient except where there 1s a suspicion of
perforation of the colon or impending perforation In the event
that the patient 15 suffering from diverticulitis or ulcerating malig
nancy of the colon with beginning circumjacent abscess formation
or 1n the case of colonic hstula the use of 2 banum enema 13
contra indicated Doing this diagnostic procedure at such a ttme
might complete the perforation resulung in general pentorutis,
The radiologist 1s often able to pont out the presence of thn
type of lesion by the presence of a pneumoperitoneum not other
wise explainable or the presence of a localized pneumoperitoneum
At times following a perforation ot an obstructing dis erticulinis 2
well localized abscess may present tself radiographically with
gas and a defiite flud level

In the event that the bartum enema if done, does not permut
the radiologist to mahe 2 diagnoss then the mvestiganve study
may have to wait until the patient has been decompressed so that
oral barium may be given safely

At ames the patient will present all the charactenstic physical
and radioclomcal signs ot bowel obstruction and yet the leston
producing 1t may be extrinsic to the gastro-ntestinal tract The
history if well tahen will often cast suspicion on the unnary tract
or retroperitoneal area as a source of a reflex paralytic deus. If
such 13 the case cther mtravenous or retro-grade pyelography
mey have to be done before a definite diagnosis of the ctiology
of the mtestinal stasis can be made

From the preceding it should be evident that n amy ease of
intestinal stauis that 13 to be intubated the cooperation and all
the resources of the radiologist must be used for the best interests
of the patient. No xray teg,, surgeon can possibly evalu
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ate all the varied mancus res that may be required of the radiolo-
@ist before a definite diagnosis can be made

REFLRENCLS

223 Bouslog J § Normal Stomach and Intestines 1n Infants. Radi
ology 70 253260 (Sept.) 1942



CHAPTER AFI

INTUBATION IN INFANCY AND CHILDHOOD

INTUBATION of infants and children presents many prob-
lems that differ from the adult. The range of lesions pro-
ducing intestinal distention 1n children 15 & very small one. The
tremendously vast majonty of cases to be intubated will be found
in the mflammatory distention group using the same classification
as for adults to be ntubated. Paralytic ileus as a resalt of a
ruptured appendicitis constitutes by far the most common lesion
of childhood requining intuba
tion In a recent report from
the Children s Hospital Pen-
berthy, Noer and Benson®™
have found that eghty five
percent of all chddren intab-
ated were il with appendicitis
or 1ts complications In effect
then the inflammatory disten-
tion group constitutes the larg
est group to be intubated n
childhood and the same prob-
lems anse 1n children as
the adults 1n the same group
As 1n adults, most of these
cases can be handled by intub-
ation alone but an occasional
case will early develop & me

Figure 120. Patient DD?ﬁ';_:th" chanical obstruction due to

Male, Age 4 Disgnons per-
tomutis—paralytc ileus. Note the dw-  plastic exadate or to the ad-

tention. herence of a knuckle of bowel

to the nflammatory mass A percentage of the cases in this

group become candidates for the development of a mechanical
obstruction due to adhesive bands.
[2#]
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The next most common type of case 1n childhood requining
intestinal intubation appears in the atomc tleus group  This group
13 a small one when compared with the inflammatory distention
group Retropentoneal lesions such as hematomas, fractures of
the spme and pelyis, remal lesions and occamonally preumontas
constitute the chief etiological factors. Extra peritoneal trauma
1s an occasional factor In this
group as mn adults, mtestinal
intubation with the long tube
1s all that 15 required to com
pletely cure the intestinal dis-
tenton  Such cases should
never be operated upon. As
mn adults, enterestomy 15 not
of much value as 1t drains only
one loop of bowel

In the mechamcal disten-
tion group Intussusception 18
generally diagnosed before in-
tesonal distention becomes a
problem with the result that
prompt surgical interiention
quickly cures the patient be
fore the need for intubation

Figure 121 Pattent D G Whte,
Make, Age & Mute decrease s, 271903 In 2 neglected case,

tinal distention. In this case, sn 18 Fr  however, where resection of

Cantor tube was passed wnthout diff
N o P the bowel 15 required ntuba
four hour Sm. The readily compremible 100 23 2 prophylactic measure
tube head and absence of all metal parts  to protect the suture line 1s an
made 1t possible to pass thds 18 Fr
tube on thu four year old. excellent precautionary meas-

ure. In congemital atresias of
the small bowel producing intestinal obstruction the size of the
patient 13 such that only the smallest catheter can possibly be
passed mto the stomach  Gastro-duodenal dranage in such cases
1s wsually all chat 13 required. Surgical correction 13 the only pro-
redure possible and should be done as soon as a diagnosis 1s
made. Adhesnve bands as a cause of mechanical obstruction 15
rather nfrequent in childhood The main source for such bands



230 INTESTINAL INTUBATION

n childhood would appear to be due to the late effects of the
milammatory distention process
Many of the problems in passing a long intestinal decom
pression tube in adults are not found w1 chiddren By using 2
12 Fr tube we have found it possible to pass the simplified -
testinal decompression tube through the nose of two to three
year old children. In osing a tobe of
this type a large lummal diameter 1
available for decompression. The small
size of the decompressing lumen of the
double lumen Muller Abbott tube comst-
tutes a real disadvantage 1n the use of
such double lumen tubes m childhood
This same difficulty was noted by Pen-
berthy, Noer and Benson. Most chil
dren tolerate intubation quite well if
properly handled An occasional young
child will have to be restramned
The anatomny of the upper gastro-
. 122 Tebe hesd of wtestinal tract 1s much simpler and g::
gure of yoi1d of many of the traps found in the
%num; T:ied;nrd t:xb:_ 1dult. As = result, there 15 much less
Note nze of holes for de  difficulty 1n mtubating the average chd.
compression. There 1s considerable vamatton mn
the length of the esophagus and the stomach depending upon the
age of the chud. This 1s of importance in calibrating the intes-
tinal decompression tube, particularly if a free use of chech films
or fluoroscopy 1 not uthized In examming a large number of
children and measuring the various portions of the upper gastro-
ntestinal tract the following measurements were arnved at
Average distance from external nares to the cricoid cartilage i
children 13 s1x inches  The esophagus is four inches long 1n infants
and eight inches long in young children The stomach was meas-
ured trom the esophageal opening to the pylorus along the lesser
curvature The following measurements were obtamned At 2g¢
five weeck—9 om (3 6 inches)  at age two years—10 5 an (42
inches)  at age three years—105 cm (4 2 inches) at age
eleven—12 5 am  {$ inches)
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Utilizang the above anatomical data, 1t 13 a relativcly su
matter to know just where the tube head is at all times Ca
puung the mmtial length of tubing will prevent coiling mn
stomach The Miller Abbott tube used for infants and chil
182 12 Fr dizmeter But when onc considers that only one
of this diameter 13 avatlable for decompression, we are left
less than a 6 Fr lumina
ameter for decompres
Our simplfied 1ntestinal
compression tube, being a
gle lumen tube, permits 2
utlize an entire 12 Fr It
for decompression  Usu
tube of this type, excellen
compression 15 obtained
Little danger of plugging o
lumen of the tube. The
used for children 13 four
long since 1t has been f
that this length 1s sufficie
carry the tube head well ¢
the gastro intestmal tract.
importance of this 1s rea
when it 18 noted that in
sixty-sin percent of casc
mtestinal distention in chy
was gastro-duodenal dra

H!mfr 1£ ;:,m‘?r llube. 'Ehmrm‘ cffective at Children s
size, Tube 1y four feet WD sl
of four boles each foru:‘c:cnmprcmu:\‘ pital In ﬂ"m three pe
Can rndﬂyUbe passed through almost of the cases 2 long 1nte:
any nose. Use 2 ce. to 4 cc. of mer  decompression tube wa
cary wn the ballocn depend th .
wre of thednd ® P B quired before the mte;
distention could be adequ
controlled. The Miller Abbott infant tube 15 calibrated 1 «
meters as in the adult The simplified intestinal decompre

tube (f?:nxor tube) ts calibrated according to the vanions

/
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18 at the external nares, the balloon will be 1n the stomach, The
letter P 1s placed nmeteen mches from the end of the tube
When the letter ' P appears at the nose the balloon will -
variably be found at the pylorus The letter ‘D 13 placed twenty
four inches from the end of the balloon WWhen the letter D

o~

( ':‘ ¢ Tk &
A= ¢ WL
e ——— e i ~ om L4 e -
Figure 124 Figure 125

Figure 124 Rocntgenograms of child five days old. Thirty-mwate

flm. Note the nmphaty of stomsch  Angulatron at pylorus absent.

3ancuvening of patient mith thus type of stomach not required
(Frem Bouslog, J] § Radiology J 252 1942)

Figure 125 Infants stomach. Note how readily tube could pass
through the funael outlet ‘zpylonn) of the stomach (Frem Bous
log J S Radwlegy 39 252, 1942)

appears at the external pares, the balloon should be five inches
along the duodenum By properly ublizing these markings, the
wtubator 13 1n 2 position to hnow just where the tube 13 at all
times. Much valuable clinteal data 15 made available to the
intubator by an examination of the materal aspirated  Wath the
marking D at the nose and pure bile being aspirated we can
be reasonably certain even without x ray that the tube head 18 m
the duodenum

When the tube has been passed nto the stomach 1t 13 not
usually necessary to mancuver these small patients as we would
adults to msure successful ntubation The small size of the
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stomach and the fact that usually the greater curvature and the
pylorus are about on the same horizontal planc creates more
favorable condinons for mtubation Most of thesc children, of
ot restratned, move zhout freely in bed The result of all these
factors 1 a definite smplhification 1n the ease of successfully in-
tubating children Once the tube has left the stomach, the tonus
and penstaltic activity found 1n the
gastro-intestinal tracts of chuldren,
when combined with the constant
motion, carnes the tube well down
mto the small bowel
Although 1t 1s true that over
half of all cases to be intubated 1n
childhood can effectively be con
trolled by gastro-duodenal intuba
tion using a Levin tube or 1n m
fancy even a small catheter, yet
there remains a large pgrcentage
{ of cases, usually very ill children,
in whom the tube must be passed
b o - far down the gastro-intestinal tract
Figure 126, Stomach of mfmt.  hefore good results are obtamable,
E‘m:m:{i' Semm Z}.-?\:; Since the sumplified intestinal tube
Bowlog, | § Radiwlegy 39 can be passed through the nose so
232, 1942) casly, 1t would seem most advan
tageows to routinely use 1t all cases requinng intubation  If
gastnic decompression alone 18 desired, fastening the tube to the
side of the face with adhesnve with the letter P* at the nose will
eflectively decompress the stomach  On the other hand, if -
testinal intubation 13 desired let the tube move on downward In
this way the surgeon has all the advantages of a smple gastric
tube wath none of 1ts disadvantages and »f desired can rezdily
pass the tube into the small bowel The sire of the nostol of the
2ierage two to three year old chuld will very readily admit a
12 Fr simplified intestinal decompression tube
Constant attention must be given to the operation of the
source of the negatn ¢ pressure suction to be certamn that the suc
tion 1 continwous  This s particularly important 1 children
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Figure 127 Figure 128
Figure 127 Autopey specmen of three month fetus. Note the outlet of the
stomach Weghted tubes pass readily through because of absence of aogulation
Figure 128. § h and ti d from body Note that m mftnes

that the pylorus {s almost the apex of the stomech funnel. (Fres Bouslon
7 S. Radiology ¥ 252, 1942)

whose constant movement and otten lach ot comprehension of
what 13 being accomplished may disrupt the hook up particularly
if the Wangensteen bottle methed 1s used

The intake and output must be carefully watched i children
and measures taken to replace all water and electrolyte lost. This
15 much more important in children than 1n adults because of the
rapidity with which these small patients show the il effects of
water and clectrolyte disturbances  Sufficient water and electro-
lytes must be given parenterally to insure an adequatc unnar}
output with a unne of normal specific gravity The amount given
mast vary with the age of the child and the amount of fluid with-
drawn by suction. Lach case must be judged on its own merits
In any casc give at least five hundred c.c. more fluids per day
than 13 suctioned out.

In discussing the shortcomings of suction as appled to the
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Figure 130 Figure 131
Frgure 130 Apparatus for testing the balloons. p” pressure chamber wto
the balloons are placed. “m” manometer mezsuring the gas pressure
withm the gas chamber

l-:lg:re 131 Note that the balloon contnmg the mercury also contams 2 well
defined amount of gas. Note pontion of balloon at the duodeno-pejunal flexure.

Frgure 132. Note that pow the balloon

is at the ileocaccal valve, Note aleo

that the amount of gas within the
balloon bas diminished.
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Figure 133 Figure 134

Figure 133 Note that the tic 15 applied to the shaft of
the tube over the point of attachment of the balloon The
tre 15 tied tight enough to trap the mercury but mr ean
gtl.umdout. ‘To sccomplish this msert a stylet from a

gauge needle through the last hole into the oon and
tie aver 1t. Aftef eymg off the tube remove the stylet.
This will leave a small opening through which gas can

come out, but no mercury
Figure 134 Ballooos of Harris tubes. “A” balloon con
taiumg mercury  “B” no mercury m this balloon. Note
that both balloons contain gas.

&f

Figure 135 Balloon of
Miller Abbott tube. Note
K23 m balloon
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Figure 136. Balloons of Cantor tube. A

empty balloon. “B” balloen contarmng mer

cury This took up httle gas. “C” halloon

contaiming glass beads. Thus ballooa took up
wcventeen et of gas,

Figure 137 Balloon of
Harris tube containing

glass beads. Note large

balloon
when subjected to (55 mm )
pressure of carbon dioxide
then took up an nl
amount of carbon dioxide.

v

Figure 138 Sketch of bal
looa attached to tabe Note
double loop tie being
plied to the pomt of ai

ment of ballooa to tube.
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Figure 139 Figure 140
Figure 141 Figure 142



Figure 144

Figure 139 Three month old boy

Oblique view Note the aawplicity of

mfant s stomach and the positon of

the first hmb of the duodenum A

weghted labde tube hesd could

readily pass through the pylorus
with child mthng wp

Figure 140. Three month old boy
Note that there 1 po d

of the greater curvature and that
the pylorus and the greater curva
ture lie oo apprommately the same
level. For tins reason, pomt
tioning to secare duodena! mtubation
1 not needed. The actvity of the
child alone would be ent to

{oduce = successful [ntubatron.

Figure 141 Four year old boy Note

Figure 143 that the pylorus and the greater
Figure 145 curvature of the stomsch Le at the
same transverse plane.

Figure 142. Five year old boy Note the level of the greater curvature and
the pylorus, Note also that the first Lmb of the duodenum Is relatively oa
about the same harzontal plane a3 tho stomach. This renders intubation faurly
umple.
Figure 143 Five year old boy Note that there is no apprecable down-
pouctung of the greater curveture and the position of the first Lmb of the
doodenum. With the child mtting up a freely motile tube head need not run
uphil! to fully intubste the duod The course of the tube bead from
the stomach to the sccond lumb of the dwodenum fs here scen to be slmost
directly downhill with child utting or erect.

Figure 144 Esght year old girl. Note thet the level of the pylorns and the

greater curvature of the stomach 15 almost the same.
Figure 145 Nine yeas old gisl. Note the rclatve simplaty of the child’s
stomach. There 15 0o of the greater curvature. The first hub
of the duodenum =znd the stom: generslly are of the “steer-horn e

rather than of the “J type™ when described 1n terms of the sdult sromach,
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gastro-imtestinal tract, Wangensteen has pointed out that duning
the nter al during which intubation 18 being carried out and one
waits for the obstructing mechanism to relent, that the bowel
above the obstruction cannot be used as a nutntne tube  This 13
cspeanally true i those mstances i which gastro-duodenal intuba
tion 15 carried on When the bowel 1s drained by the passage
of a long intestinal decompression tube with the head of the
tube down to the point of obstruction, the small bowel above the
pomt of obstruction may be utifized as a nutrniive tube  This
point 15 particularly important in children 1 whom impairment
of nutrition rapidly produces deleterious effects  Since by using o
long tube, most of the absorptive area lies above the pomt from
which suction 13 exerted, nutntion can be mawmtaned by oral
feeding

The following group of figures illustrate stomachs 1n infants
ranging from five days old to mine years. The simpliaty of the
infant stomach makes intubation comparatively easy without
special posinoning of the patient.

Figure 146 Figure 147

Figure 146, Five day old child. Death due to mesentene thrombosis.

Note the tremendously dustended storaach whnch does not pouch downward but

atsumes an e poutson so that the first hmb of the duodenum and the

T‘om become the apex of the stomach much like the oulet of a funnel. Note

that the first lmb of the duodenum and the stomach lie on approuimately the
same borzontal plane

Figure 147 Five weeks old child. Note
greatly distended stomach.
;he positlon of the first hmb of the duodenum. The dirccton of a tube p::’:;
rﬂg the stomach ta the duodeum would be almost directly downhill, Even
with thry markedly distended stomach there 15 no downpouching of the greater
Curvature a3 found 1n the adolt. Because of this there is no angulation between
stomich and duodenum. Hence no positioning 1 needed for Intubatron
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CHAPTER AVl

EFFECT OF INTESTINAL GASES UPON
BALLOONS OF INTESTINAL
DECOMPRESSION)TUBES

By
Everert R Puerrs, PhD
Professor of Physics, Wayne Unruersity
Meyer O Cantor, MD,MS, FACS
and
Ropckt H EsLing, M S
Instructor of Physics, 1T ayne Unwersity

HAT rubber membranes were permeable to gases has been

known to physicists for over one hundred years This fact
was first noted 1n 1831 when Mitchell published a paper™® dis-
cussing the permeability of rubber membranes to gases He
noted at that time that the rate of permeability varies with dif
ferent gases used  Concomitant with the tremendous strides made
n the development of synthetic rubbers 1t was noted that the
different rubbers behaved differently to each speafic gas That s
1t was soon noted that the permeability of each tvpe of synthetic
rubber differed for each kind of gas Extensive studies were car
ned on throughout the world with the final result that the per
meabiliy of each type of rubber has been charted for each
speatfic gas under many conditions of temperature and pressure

As a result of studies by numerous workers 2 37 2 ¢ hag
been demonstrated that the behavior of gases in rubber 1s stmilar
to that of gases in orgamic liquids  As a result of this observation
rubber may be considered as an orgame hiqud of high molecular
weight  Thus when 2 gas 15 brought into contact with a rubber
membrane 1t goes into solution in the rubber on the one side of

[2431]
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the membrane and then emerges on the other side by evaporation
This process 1s known as permeation of the gas through the rub-
ber membrane It 1s quite important to note that this process of
permeation conmsts of two separate and distinct factors On the
one hand 1s the solubihty of the gas into the rubber and on the
ather hand the diffusion of the gas through the rubber and s
evaporation on the other side of the membrane. In studying thrs
phenomenon 1t was soon noted that the permeability of any spe
cific gas through a rubber membranc 13 independent of the pres-
ence of any alien gas on the other side of the membranc In
addition, the law of diffusion of gases would apply to the passage
of the gas through the rubber membrane That 1s, that the spe
cfic gas tends to pass from an area of increased pressure into
one of decreased pressure for that specific gas until equal pres-
sures for that gas were obtained on both sides of the rubber
membrane In addition, the presence of other gases on the one
side of the rubber membrane has no cffect upon the permeability
of the rubber to any one specific gas

‘The results of thesc extensive researches were finally formu-
lated thto two laws Henry's Law which postulates that the gas
first dissohes in the rubber to a degree which 1s proportional to
the pressure, and Frick’s Low which postulates that the gas dis-
solved 1n the rubber diffuses in the rubber toward that part of
the rubber where the gas 15 present n a lower concentration
finally the gns evaporates out of the rubber

One of the striking facts which was noted dunng these studies
svas the fact, noted by some and disputed by others that the solu-
bility of hydrogen and mitrogen in rubber Iihe substances wncreases
as the temperature increases This suggests that heat 1s required
to dissolve the gas m the rubber This group believe that the
activation encrgy of the diffusion 15 required to separate the
loosely arranged rubber molecules for the displacement of the
gas molecules A Iincar relationship has been noted by most -
vestigztors between the logarithm of the solubilities of different
gases 1n natural rubber and their cntical temperatures so that
the hugher the crincal temperature of the gas, the better 1t dis-
solves Barrer ® on the other hand 1n hus expenments with
mtrogen and hydrogen has noted that the solubility of these guses
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deercased as the tumperature nereased Y an Amcrongen,™ how
cver m summarizing the rescarch ta date and lus own observ
tons was led to the movitable conclusion that the solubibity of a
gas does wncreasc with an inercase m the temperature Carbon
dioxide, however, being a highly soluble gas exhibits a decreasc
in solubility 1n rubber an orgamc hiquid as the temperature nses

The permeability of rubber substances to gas beng related
to the solubility and the ratc of diffusion of the gases in these
matenals 1t was incvitable that the speaific values tor each kind
of gas and each type of rubber was determined (see Figure 129)
The permeability of the rubber membranes was determined mano-
metrically and the diffusiity was determined from the time lag
of the permeation  The solubihity of the gas was computed from
the permeability and the diffusivity  In thus way the solubihity could
readily be determined The differences in the permeabiity of
difierent rubber membranes to a given gas are caused chiefly by
differences 1n the rate of diffusion and only n 2 minor extent
to differences in solubtlits  The differences in the permeabihity
of the same rubber membrane to different gases, however, 1s
caused not only by difierences n the rate of diffusion but also
by the differences in solubility

As a result of all these studies the quantity of a permeating
tas can readihy be found by the following equation

g=Dhd (pl —p2)1
d

In this equation the following values are known or can readily

be found

§— the quantity of gas permecating through the rubber
membrane

D — the diffusivity of cach speafic gas through each speafic
tvpe or rubber membrane This value has been deter
mined for all tvpes of rubber and all types of gas (sec
Figure 129

I — the solubility of the gas n the specific npe of rubber
membrane  Thus value has been determuned for all tvpes

of rubber and all types of gases which might be found i
the gastro.ntestinal tract
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A — the area of the membrane In the case of the balloons
of intestinal decompression tubes, this value can readily
be found.

pl — p2 — 13 the pressure of the speafic gas on each side of
the rubber membrane

d — s the thickness of the rubber membrane. This value n
the case of the balloons of the mntestinal decompression
tube 18 hnown.

¢ — 15 the time for which the rubber membrane 1s exposed to
the gas

Using this formula and knowing the fixed values for D, &, 4,
p! p2 D, andt it becomes 2 relatnely easy matter to determme
the quantity of gas which will permeate through any type of
rubber membranc at a definte peniod of time. Although this
can be readily determined in witro, the same does not apply
with the same degree of exactitude m vivo  While we hnow the
specific diffusivity of any given gas through any given type of
rubber membrane as well as the solubthty of each speafic gas
n cach type of rubber at many temperatures, and although we
know the area (A) of the rubber balloon of the intestinal de-
compression tube, and we also know the thichness of each type
of rubber ballon (4) and the ime (¢) dunng which the balloon
of the intestinal tubes are exposed to the intestinal gases, we do
not knon however exactly what the pressure of the ntestimal
gases 13 1n any speafic case  Numerous studies have been made
to determune the wntra intcstinal pressure, both n the normal s
well as 1n the obstructed bowel of dogs and also humans As s
result of these studies ™% B> ™ varations of intra mtestwal pres
sure 1n cases of bowel obstruction have been found to range from
four to nineteen centimeters of water (29 mm mercury to 139
mm mercury) m the deum of dogs In humans, mtra mtesanal
pressures in the tdeum ranging from four to fourteen cenpmeters
of water (29 mm. mercury to 10 2 mm of mercury) have been
reported with a rise to thirty centimeters of water (22 mm of
mercury) with penistaltic actvaty  In the colon however, intra
intestinal pressures ranging from twelve to fifty two centimeters
of water (8 8 mm of mercury to 38 2 mm of mercury) were
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noted 1n humans, when colostomy was performed Wangensteen
reported the usual intra intestinal pressure m the colon as ranging
between ten and twenty five centimeters of water (73 mm of
mercury to 18 mm of mercury)

From the preceding discusaion, 1t 13 evident that although we
do not hnow the enact wtra mtestnal pressure 1 any case of
intestinal distention neyertheless the vanation or extent of the
range between the high and the lon values 1s not sufficiently great
as to radically interfere with the computation of the quantty of
gas which permeates into the lumen of the inteatinal decompres-
sion tube balloon 1n any give period of time A verv high degree
of exactitude 13 not needed clinically but merely a close value s
sufficient.

[he hinds of gas found in the gastro-intestinal tract n cases
of intestinal distention has been the subject of much inyv estigation
As a result not only do we know what gases may be expected
to be found 1 the gastrountestinal tract n cases of intestinal
distention but also the concentration of each type of gas 1s fairly
well known within reasonable limits It has been well established
that pracnically all the gas found in the gastro-intestinal tract n
carly post-operative intestinal distention 13 due to swallowed air,
after the anaesthetic agent has been dissipated if general anaes-
thema was used That being the case, we hnow almost the exact
composition of the gas found n such cases In cases of small
bowel obstruction however numerous studies have been carned
out to determine the composition of the intestinal gases found
and their pereentages From these studies by Wangensteen ¢
Hibbard,®* Ringsted and Andcrsen, Fine ef 4l and many
other worhers the composiion of intestinal gases in cases of
small bowel obstruction 1s scen to consist of the following

Nitrogen — 70 to 80% There was some vanaton n this
value depending upon the site of the obstruction Obstructions
of the colon generally gave higher values than obstructions of
the small bowel

Oxvgen — 1 to 10% Here too there was a marked vama
tion in the values obtained depending upon the site of the obstruc
tion Lower values were found with lesions of the colon slthough
some high values swere also found in this fype of case
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A — the area of the membrane In the case of the balloom
of intestinal decompression tubes, this value ean readily
be found

pl — p2 —1s the pressure of the specific gas on each side of
the rubber membrane.

d — 13 the thichness of the rubber membrane Thus valoe m
the case of the balloons of the ntestinal decompression
tube 18 hnown

+ — 15 the ume for which the rubber membrane 15 eaposed to
the gas

Using this formula and knowing the fixed values for D, k, 4,
pl p2 D, and ¢ 1t becomes a relatively easy matter to determmne
the quantity of gas which will permeate through anv type of
rubber membranc at & defimite penod of tume. Although ths
can be readily determmed 1n vitro, the same does not apply
with the same degree of exactitude 1n vivo VWhile we know the
spectfic diffusnity of any given gas through any gnen type of
rubber membrane as well as the solubility of each speafic gas
1n each type of rubber at many temperatures, and sithough we
hnow the area () of the rubber balloon of the mtestinal de
compression tube, and we also hnow the thichness of cach type
of rubber ballon (d), and the ime (¢) during which the balloon
of the intestinal tubes are exposed to the intestinal gases we do
not hnow however exactly what the pressure of the mtestinal
gases 15 n any speaific case  Numerous studies have been made
to determine the intra intestinal pressure both in the pormal as
well as in the obstructed bonel of dogs and also humans Asa
result of these studies B! B33 y ariations of wnera wtestinal pres-
sure 1n cases of bowel obstruction has ¢ been found to range from
tour to mineteen centumeters of water (2 9 mm. mercury to 139
mm mercury) in the deum of dogs In humans, ntra ntestinal
pressures mn the leum ranging from four to fourteen centimeters
of water (2 9 mm. mercury to 10 2 mm of mercury) have been
reported with a nise to thirty centimeters of water (22 mm of
mercury) with penstaltic activity  In the colon however mirz
intestinal pressures ranging from twehe to fifty two centimeters
of water (88 mm of mercury to 38 2 mm. of mercury) were



EFFECT OF INTESTINAL GASES 247

noted, 1n humans, when colostomy was performed  Wangensteen
reported the usual intra intestinal pressure in the colon as ranging
between ten and twenty five centimeters of water (73 mm of
mercury to 18 mm of mercury)

From the preceding discussion, 1t 1s evident that although we
do not know the exact intra intestinal pressure 1n any casc of
Intestinal distention, neyertheless the variation or extent of the
range between the high and the low values 18 not sufficiently great
as to radically interfure with the computation of the quanuty of
gas which permeates into the lumen of the intestinal decompres-
sion tube balloon 1n any gve penod of time. A very high degree
of exactitude 13 not needed chmically but merely a close value 1s
sufficient.

The khinds of gas found in the gastro-intestinal tract in cases
of intestinal distention has been the subject of much investigation
As a result not only do we hnow what gases may be expected
to be found i the gastro-intestinal tract in cases of intestinal
distention but also the concentration of cach type of gas 1s fairly
well known within reasonable limits It has been well established
that practically all the gas found in the gastro-intestinal tract 1n
carly post-operativ e ntestinal distention 1s due to swallowed air
after the anaesthetic agent has been dissipated 1f general anacs-
thesia was used That being the case, we hnow almost the exact
composition of the gas found in such cases In cases of small
bowel obstruction howevcr numerous studies have been carmed
out to determine the composition of the intestinal gases found
and their percentages From these studies by Wangensteen 24
Hibbard,™ Ringsted and Andersen, Fine ef al™ and many
other workers the composition of intestinal gases m cases of
small bowel obstruction 1s scen to consist of the following

lerugtn—70 to 80% There was some vanation 1n this
value depending upon the site of the obstruction Obstructions
of the colon generally gave higher values than obstructions of
the small bowel

Otrgen —1 to 10% Here too there was a marked varia
tion in the values obtamed depending upon the site of the obstruc
tion Lower values were found with lesions of the colon although
some hich values were also found in this type of case
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Carbon diovide — 4 to 18% There was a marhed varabiliyy
mn the range in this gas found in cases of bowel obstruction. Most
of the values reported by Wangensteen were well under 10%
Hibbard noted that the carbon dioxide increased with the dura
tion of the bowel obstruction It 1s apparent that this gas 1s
present n cases of bowel obstruction n much higher concentra
tions than found in atmospheric air  From this, 1t must also be
apparent that because of its high degree of permeability and high
concentration n cases of bowel obstruction, that carbon dioxde
might constitute a troublesome factor m any case being ntubated
for any length of ume

Hydrogen —1 to 6% This gas being present 1n low con
centration would not be expected to create much of 2 problem
for the intubator

Hydrogen sulphide — 2 to 12% 1s found in much higher con-
centrations than in atmospheric airr  In addition, this gas tends
to increase with the duration of the intestinal distention

Since all the factors noted mn our formula for permeability
are hnown and since we hnow the types and concentrations of
gases n cases of bowel obstructton we are now 1 a position to
further investigate this problem

Of all the gases found in the gastro-intestinal tract 1n cascs
of intestinal cistention the carbon dioside 13 apt to be most
troublesome for the intubator The reason for this 1s that the
ges 1s highly permeable to the natural rubber found 1n the
balloons of most of the long mntestinal decompression tubes in usc
today Inaddiion the concentration of this gas within the bowel
1s greater than its concentration within the balloon of the -
testinal decompression tube It should be quite evident that
although we express all the atmosphenc air from the balloon
of the mtestinal decompression tube before inserting it, neverthe
less some atmospheric air remains within the balloon  From the
preceding discussion tollowing, the law of diffusion of gases on¢
would expeet the carbon diovide to diffuse through the wall of
the balloon into its lumen distending 1t until the pressure of the
carbon droxide within the balloon equalled its pressure around it
1. 1 the intestinal tract  The same mechanism would of course
apply to the other gases found m the gastro-intesanal tract.
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The 1mportance of these studics 1s quite apparent when one
realizes that an increase in the amount of gas within the balloon
of the long intestinal ducompression tube, where no gas is sup-
posed to be, results 1n a bulging of the bonel wall around 1t. If
the patient 15 partially obstructed = ball valve type of obstruc
tion results from the presence of a distended balloon pushmng
agamst the point of obstruction If the patient 1s suffering from
stomal edema at the point of anastomosis, then the presence of
such 2 distended balloon would completely obstruct the bowel On
the other hand, when an attempt 15 made at the removal of a
tube with a distended balloon a tear in the anastomosis 1s apt
to occur if the tube head 1s distal to the anastomotic site  In
some cases the balloon may become so tremendously distended
as to tear the bowel Cases 1n which the metal tip of a Miller
Abbott tube has perforated the bowel @7 at the pomnt of obstruc
tion have been reported These acaidents, uncommon to be sure,
have been noted with long intestinal decompression tubes A knot
formation 1n the Miller Abbott tube proximal to the balloon may
sct the stage for the development of a markedly distended balloon
with gas (see Figure 112)

As a result of our studies upon the effect of mtestinal gases
upon the balloons of intestinal decompression tubes, we have suc
ceeded 1n completely ehminating this complication to intestinal
mtubation The construction of the Cantor tube lent itself ven
well to simply and easily presenting this complication whereas
the use of the Miller Abbott tube which depended upon an air
filled balloon alone could not be so treated as to prevent the
wntroduction of gas into the balloon when the channel for infla
tion becomes obstructcd  In the use of the Harrs tube using
mercury prevention of the intake of gas by the balloon 1s possible
as we shall demonstrate in our expenmental studies

EXPLRIMENTAL STUDIES

The gas used in our studies was carbon diovde because as
noted 1t 15 the most diffusible through rubber membranes and be
Gause its concentration within the bowel increases with the dura
tion of the bowel obstruchon We tested this gas with all the
commonly used types of intestinal decompression tubes  The
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apparatus uscd to test the effect of the gas upon the balloon
intestinal decompression tubes was a very simple yet effective
In Figure 130, you note the gas cylinder with gauge capabl
permitting the gas to enter our pressurc chamber (p) at 2 def
rate to compensate for the loss of gas through the rubber
nections and the incomplete gas-tightness of our equipment.
pressure chamber (p) 13 then connected to 2 mercury manom
() which measures the pressure within the chamber corre
to the nullimeter of mercury  After much expenimentation,
nere able to set our flow of gas into the chamber at such &
as to heep the pressure of the gas in the pressure chamber
stant within faurly narrow limuts  In this way, we were abli
subject our tube heads to varying degrees of pressure at rc
temperature In order to insure that the chamber was filled v
pure gas being tested at the beginming of each expenment
would place the tube heads within the chamber place the d w
the pressurc chamber then, using the blade of 2 thin knife un
the id we would turn on a full flow of the pure gas into
chamber at high pressure If this 1s done for seversl minu
the air present in the chamber 15 forced out through the ¢t
made by the blade of the penhnife At the end of several minu
the gas pressure going into the pressure chamber 15 reduced
the knife blade 13 quickly removed Our pressare chamber 1
contains a purc gas from the cylinder  We now sct the flow of
mto the chamber at such o rate as to keep the pressure wit
the chamber at any desired level

The volume of the gas within the balloons was determi
by the water displacement method. By tmmersing our ballo
into 2 measured amount of water in a measuring flask of 250
capaaity we were able to raprdly and sumply determine the amo
of gas within the balloon The value obtained for cach ballc
before being put into the pressure chamber (with balloon emp!
when subtracted from the value obtamed after removal of
balloon from the pressure chamber would be the amount of ¢
taken up by the balloon in cubic centimeters

In umng all three types of intestinal decompression tul
commonly used teday we noted first that the balloons were
of latex rubber so that the diffusivity of a speafic gas cart
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dioxide, through this speafic tubber should be the same und
the same conditons  However, on measuring the thickness

the walls of the balloons used with the Miller Abbott and Har:
tubes, we found them to be 006 mm thick The thickness

the wall of the Cantor tube ranged from 0 24 mm in 1ta mude
to 0 40 at the base and nech  In addition, the Cantor tube o
the Mller Abbott tube both present balloons about two and o
half inches long with the diameter of the Miller Abbott tu
somewhat greater than that of the Cantor tube The balloon

the Harnis tube, however, 1s six inches long, and of the sar
diameter  Refernng back to the formula quoted by van Amerc
gen for the quantity of gas permeating through a rubber mer
brane we find

gq=Dhd (pl —p2)+
d

Since (d) represents the thickness of the rubber membrar
it would be evident that the balloons of the Miller Abbott ai
Harns tubes would be expected to take up more gas than t
balloon of the Cantor tube which 15 almost four times as thic
Moreover the Harns tube having 2 balloon six inches long wou
be expected to take up far more gas than any other tube i u
today, because the value for (A) which 1s the area of the rubb
membrane 15 more than double that of either the Milfer Abbc
or Cantor tubes

With these preliminary observations i mind, we proceed
to tost all the tube heads under varving conditions to chedk t

appheability of the formula quoted by van Amerongen to chini
mediane

EXPLRIMENT 1

To note the efiects of high pressures upon the balloons
intestinal tubes, we placed the sealed empty balloons mto t
chamber and raued the pressure of the carbon dioxide to 180 m
of mercury for twenty four hours At the end of this penod
fime we found ten c.c. of gas in the balloons This rapid ¢
servation mfarmed us that gas does enter the balloons  We nc

proceeded systematically to study these balloons under varm
conditions
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EMNPERIMENT 11

For this expcriment, three balloons from Cantor tubes were
used The balloons were used without being attached to the
tubes 1 order to determune the effect of the carbon dioxide upon
the balloons by themselves without tubal attachment. Two of the
balloons were tied off at the nech using 2 silk tre and one balloon
was cemented closed at its mouth. In this fashion we coold
determine whether the presence of the silk tie in any way infle
enced the permeability of the balloons It was thought that the
tic might injure the rubber so as to increase its permeability at that
point In this experiment a pressure of 37 mm of mercury was
mamtawed 1n an atmasphere of carbon dioxide for twenty four
hours At the end of that period of time 1t was found that the
cemented balloon contained seven c.c. of carbon diouide whereas
the tied off balloons contained nine c c. for one and three cc. for
the other We exammined the tied off balloons carefully to deter
mine the reason for the vamation in amount of gas e con
cluded from our exammnation that the tightness of the tie was
the important factor In that balloon 1n which the tie had been
looser the highly diffusible carbon dioxide readily escaped whereas
in the very tightly ticd balloon 1t remamed trapped This at once
suggested a preventatne to the development of gas within the
balloon of the Cantor tube when climcally used

The balloons contamning the carbon dioxtde were then per
mitted to lie exposed to the atmosphere to determine hon rapidly
the carbon dioxide would diffuse out since the concentration of
carbon dioxide 1n the atmosphere 1s much loner than that now
present in the balloon. At the end of forty five minutes, w¢ found
that the cemented balloon had lost two c.c. of the gas  the nghtly
tied balloon had lost three cc of its gas  whereas the not so
tighdy tied balloon had lost all of 1ts gas.

The same balloons nere permitted to le exposed to the
atmosphere overmght and were re-checked in the momning At
this tme no gas was found n any of the balloons.

The practical implications of the observanions are apparent
If for any reason the balloon of the long intestinal decompression
tube should become torn off and gas remamn trapped within the
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balloon, then by decompressing the bowel the gas would rapudly
leave the balloon so that the mercury-balloon could move down
the gastro-intestinal tract and so be excreted  Figures 131 and
132 present an unusal case 1n which this acadent occurred After
being 1n the patient for twelve days the balloon was torn from
the tube during the removal of the intubation tube It can readily
be seen from Figure 131 that a fairly defimite amount of gas 1s
present in the balloon, and the balloon can be identified as being
at or just beyond, the duodeno-jejunal fleaure  Figure 132 was
taken from a roentgenogram four days after Figure 131 Note,
now, the marked decrease i the amount of gas present in the
balloon and note also that the balloon contamming the mercury
has moved down to the 1lio-caccal valve

To prevent any possible chance of this happening again, we
adwvise that the tie in the Cantor tube be placed on the shaft of
the tube just aboyve its distal end at the point at which the balloon
1s cemented to the tube By so doing 1t would be almost 1m
possible to tear off the balloon, and if 1t did occur the gas and
mercury would readily escape without harm to the patient

EXPERIMENT III

In this expenment ten balloons were used to determine the
efiect of 15 mm of mercury pressure 1n an atmosphere of
carbon dioxide for four days Both new and used balloons were
utilized 1n this experiment This study would demonstrate amy
changes m permeabiliy that the balloons might undergo by
virtue of having been soaked in the mtestinal contents of the
patient for varying lengths of time as well as the effect of the
mercury upon the rubber of the balloons

Balloon | New balloon containing mercury for five wechs
This balloon was tied off with five ¢ ¢. of mercury for five wechs
At the end of this penod of time, the rubber of the balloon nas
discolored blach. There was no vaponzation of the mercury m
the balloon smnce the volume of this balloon and the volume of
3 new balloon containing the same amount of mereury was exactly
the same At the end of the four davs at 15 mm of mercun

carbon dioxide pressure, this halloon took up 7 ¢¢ of carbon
dioxide
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Balloon 2 Balloon which had been in the patient soahing n
intestinal secretions for twenty four hours This balloon was
then dried and sealed empty 1 an emvelope for thirteen more
days beforc being used in this experiment Care was taken to
tie off the neck of the balloon tightly and to separate the walls
of the balloon so they would not stich. This balloon took up
twenty three c.c of carbon dioxide 1n the four day perod at 1§
mm mercury pressure

Balloon 3 Balloon which had been in the patient for five
days soahing 1n intestinal secretions  The balloon was then dned
and hept m a sealed envelope for thirtcen more days before
being used in this expenment. This balloon took up only four
ccn four days at 15 mm mercury It 1s apparent from this
that soaking the balloon 1n the mntestinal secretion does not m-
crease its permeability, but that some other explanation must be
sought for the result 1n balloon 3 We felt that the probable
answer was that m balloon 3 the walls of the bzlloon were
squeezed together in an effort to express all the atmosphenc air
with the result that they tended to stich together so that the two
sides of the balloon acted as one membrane with no cavity for
the carbon dioxide to remamn in This point will be again cheched
in Cxpeniment IV

Balloon 4 This balloon was 1n the pauent for ten days soah
ing n the intestinal secretion, and the mercury remained mn the
balloon for a total of thirty seven dayxr. This balloon tooh up
15 c¢ of carbon dioxade 1n the four days at 15 mm mercur)
pressure

Balloon 5 This balloon was in the patient for five days, and
in a sealed envelope for thirteen more days No mercury used
i this balloon duning the test This balleon took up four cc
of carbon dioxide

Balloon 6 'The balloon from a Miller Abbott tube was ticd
off at both ends without s tube passing through 1t m an effort to
see whether the empty balloon itself would take up any carbon

dioxtde WV ¢ found no carbon '~ 1n this balloon at the end
of four days at 15 mm m sure The walls of the
balloon were  close cont? other because of their
thinness. on arose this balli- <30

highly ¢t coula y carb ~or
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whether as 1n balloon 3 the walls of the balloon bang in con
tact with each other there was no space for the gas to pass into
We therefore mestigated this pomnt m Lyperiment 1V

Balloon 7 An cmpty latex balloon trom a Harms tube was
then tied off at cach end This was a new balloon This balloon
did not tahe up amy carbon dionude  Again the question arose
as to whether the balloon was so lighly permeable that it could
not hold the carbon dionide or whether the walls of the balloon
in contact with each other preventd the gas from entenng Thus
too 1s to be studied in Lxpeniment IV

Balloon § This balloon was attached to a tno inch length
of tuhe Five c¢ of mercury was placed m the balloon and the
balloon sealed by doubly tving tightly at the pomt at which the
balloon was cemented on to the tube (Cantor) In this way the
tube was tied off so tightly that neither air nor mercury could
get in or out  Thus balloon took up 18 ¢ ¢ of carbon dioxide 1n
the four day period at 15 mm of mercury pressure From this
it 13 evident that the mercury by scparatung the walls of the
balloon creates a space into which the carbon dioxide could diffuse

Balloon 9 Thus balloon was attached to a two inch length of
tubc and § c.c of mercury placed in the balloon The tube was
tied off at the same point as m balloon 8 but the tie was tied
only nght enough to trap the mercury but not tightly enough
tosealinthe air We could blow air into the balloon and squeeze
it out ot the balloon but the mercury could not escape Now
squeezing all the air out of this ticd off balloon and placing it
nto the same chamber for the same period of time as balloon 8
we found that this balloon took up only 6 ¢ ¢ of carbon dioxide
Turthermore when this balloon was immersed 1n our measuring
flask of water to determine the volume of carbon dioxide which
it took up the gas rapidly bubbled out of the balloon due to the
slight pressure of the column of water around 1t.

Balloon 10 I's balloon was attached to a two inch length
of whe. Five cc of mercury was placed in the balloon The
tube was then tied off at the same pont as balloons 8 and 9 (at
the distal end of the tube just above its terminal end and at the
Pomt at which the balloon was cemented on) The double loop
e was apain tied tightly enough to seal i the mercury but the
ir could readily get 1n and out of the balloon. This balloon was
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found to take up 8 cc of carbon dioxde at the end of four davs
at 15 mm mercury pressure  This balloon also rapidly lost its
carbon dioaide by the shght water pressure incident to measuring
its gas volume

Concrusions rFrovt THis ExperniENT

It 13 evident from this experiment that the length of time that
the balloon 1s permitted to soah in gastro-intestinal contents does
not affect 1ts permeability, nor does the length of time that the
mercury 1s permitted to remain n contact with the rubber appear
to affect its permeability to carbon dioxide. It also suggests that
the walls of the balloon must be separated before the balloon will
take up any carbon diowide, although this point will be cheched
in Expertment 1V The most mportant observation mn this ex
perument 13 the observation that when the tic 15 applied loosely
s0 that the mercury 18 trapped but the air can get tn and out of
the balloon that a markedly reduced volume of carbon dioxide
13 tahen up and this small volume 1s raprdly lost with the slightest
pressure  Climcally a practical application of this pont would
be the application of the tie in the Cantor tube to the pomt just
above the terminal end of the tube at which the balloon 15
cemented on  If this tie 15 tied tightly enough to trap the mer
cury but not completely occlude the tube so that air can get 1n
and out not only will such a tube tahe up a very small amount
of gas if exposed to such high pressure, but the contraction of
the bowel wall upon the balloon and the pressure of intestinal
secretions would promptly empty the balloon of all gas In this
fashion by applving one tie m this way, it would be mpossible
for any gas to reman trapped in the balloon of the Cantor tube.
This same pomt might be utihzed 1n the other types of tubes that
depend upon mercuny to carry the tube head downward. 1t could
not be used 1n the Miller Abbott tube 1n which air alone 15 used
to fill the balloon us these tube heads must be mrtight In this
type of tube, however the double lumen which permits asprrztion
of the distended balloon would furmish an adequate safety vahe
In the exent that the tube became hnotted however the gas would
be trapped and the balloon would then distend marhedly as scen
n Figure 112
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TNPLRIMINI IV

In order to determune whether the latex rubber of the Miller
Abbott and Harns tubes with a thichness of 006 mm was so
highly permeable to carbon dioxide that 1t could not retamn 1t
or whether the walls of the balloon in Experniment III were
adherent and thus prevented the intahe of carbon dioaide the
following expeniment was performed

The balloons were fastenud upon rubber tubes exactly like
the tube appears for use climcally  All the air was expressed
from the balloons and then the tubes with the balloons attached
were subjected to 34 mm of mercury pressure for forty-eight
hours At the end of this pertod ot time the following results
were obtained

1 The Harns tube with mercury 1n the balloon took

up twenty c.c. of carbon dioxide

2 The Harns tube with the balloon empty, took up

twelve e.c of carbon diovide

3 The Muller Abbott tube empty took up eight cc

of carbon dioxtde

This experiment shows rather conclusively that the carbon
dioxide gas does diffuse through the balloons of the Miller Abbott
and Harnis tubes It also demonstrates that this occurs when the
walls of the balloons are hept apart by the shaft of the tube
which traverses the balloons. In addition, the presence of an
mnert substance such as mercury which further separates the walls
of the balloons permits a greater amount of carbon dioude to
enter the balloons

We now subjected the balloons to one hundred mm of mer
cury pressure of carbon dioxide to determine whether any more
813 would enter the balloons at that high pressure n a short
penod of time (twenty minutes) We found that the carbon
diovde did not enter the balloons m the twenty minute period
tl;m at that high pressure We must conclude from this that
tae carbon dioaide diffuses mnto the balloons at a rate such that
10 tnerease in the carbon diowide could be noted at this pressure
in the twenty minute pertod
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EAPERIMENT V

The purpose of this experiment was to determine whether
the mercury caused more carbon dioxide to enter the balloon be
cause of some special effect within the balloon or whether 1t
was merely the inert mass of mercury separating the walls of
the balloon which resulted i the increased amount of gas intake
as compared with the empty balloons

In this expertment we used eight balloons, and subjected them
to a pressure of carbon dioude that ranged from thirty to forty
mm of mercury for forty-erght hours The following results
were obtained

Balloox 1 Plain empty Cantor tube and balloon with all the
air expressed from the balloon by rolling up the balloon tightly
This resulted i 2 close co-aptation of the walls of the balloon.
At the end of forty eight hours this balloon had tsken up no
carbon droxide

Bolloow 2 Plain empty Cantor tube and balloon treated the
same a3 balloon 1 No gas was found in the balloon at the ead
of forty eight hours

Balloos 3 Glass beads 1n an amount equal to the volume of
mercury used was placed in the balloon of the Cantor tube and
subjected to the pressures of carbon dioxide as noted above. At
the end of forty~eight hours eighteen c.c. of carbon dioxide was
found in the balloon

Balloow 4 Glass beads wn an amount equal to the voluome of
mercury was placed in the balloon of the Cantor tube a3 18
balloon 3 At the end of forty-cight hours seventeen cC. of
carbon dioxide was found n the balioon

Balloon 5 Mercury was placed m the balloon of the Cantor
tube 1n an zmount equal to the beads and the same conditions
used At the end of forty-eight houns, two ¢ c. of carbon droxrde
was found 1n the balloon.

Balloon 6 Cantor tube and mercury in the balloon as
balleon § At the end of forty-eight hours two e of carbon
dioxide was found mn the balloon

Balloon 7 Harris tube without mercury subjected to the
same conditions At the end of forty-aight hours this balloon was
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found to contain sinty six ¢ ¢ of carbon dionide

Balloon 74 1larmis tube with the balloon contaming § c ¢ of
mercury was subjected to the above conditions At the end of
forty-cight hours this balloon was found to contain thirty two cc
of carbon dioxide

Balloon § Mhiler Abbott tube with empty balloon was sub-
jected to the same conditions At the end of forty-uight hours
the balloon was found to contain ten ¢ ¢ of carbon dioxide

The observations in this experiment followcd the formula of
van Amerongen that the amount of gas that permcates through
a rubber membrane 1s directly influenced by the arca of the
balloon Hence the balloons of the Ilarms tube took up far
more gas than did the balloons of the Miller Abbott or Cantor
tubes. Since the latter two balloons are one half the size ot the
balloon of the Harns tube this result was to be expected The
epenment also showed that mercury as such did not ncreasc
the permeability of the balloons but that 1t acted merely as an
mert mass keeping the walls of the balloons apart and thus
creating a cavity for the carbon dioxide to permeate mnto  The
markedly greater amount of carbon diowide that diffused nto the
balloons containing the glass beads as compared with the balloons
containing the mercury 1s quite understandable when one considers
that by the use of glass beads the walls of the balloon are much
better separated and the small spaces betw een the surfaces of the
beads does not pernut the nalls of the balloon to rest smoothly
upon their surfaces It becomes evident that anything that will
eflectively scparate the walls of the balloons wil result in an
lan:(;&l—,{ai ntake of carbon diovide  Laen with the Maller Abbott
e p:‘l;m balloons empty the presence of the shaft of the
for e mltr;[i through thesc balloons eficctivcly creates a cavity

¢ and storage of carbon dioxide

CNPLRIMENT V[
The py

pert mpose of this Lxperiment was to determine whether
thn:um?[ thoroughly of the balloons with carbon dioxide until
Ralls were saturated with this gas would provent the intake
of carbon dioxide. b

For this experiment eight balloons were employed  These
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alloons were subjected to ten mm of mercury pressure of carbon
1oxide for forty-eight hours This pressure range 1s well within
hat found clinically in cases of intestinal distention i humans
‘he following results were obtamned

Balloon 1 Harns tube with the balloon containing mercury
as found to have taken up fifty c c. of carbon dioxide st the end
f forty-eight hours

Balloon 2 Miller Abbott tube was found to have tahen up
cventeen c.c. of carbon dioxide at the end of forty-eight hours

Balloon 7 Cantor tube containing glass beads m an amount
qual to the amount of mercury used was found to contam eighteen
c. of carbon dioxide at the end of forty-eight hours

Balloon 4 Cantor tube with the balloon contamng glass
cads 1n an amount equal to the volume of mercury used At the
d of forty-eight hours this balloon had tshen up seventeen c.c.
f carbon dioxide

Balloon 5 Cantor tubc with balloon containing five ce. of
ercury This balloon took up six c ¢ of carbon dioxide at the
id of forty eight hours

Balloon 6 Cantor tube with the balloon contauning five c.c.
f mercury  This balloon took up three c.c. of carbon dioxide at
c end of forty-eight hours

Balloon 7 Cantor tube with the balloon empty This balloon
2d been perfused and then rolled up to express all the gas pre
ninary to being tied off Thus balloon took up three c.c of
rbon dioxide in forty-erght hours

Balloon 8 Cantor tube with balloon empty This balloon
1d been perfused with carbon dioxide and then the gas cvacuated
 rolling up the balloon and tying off at its neck. This balloon
23 found to contan four cc. of carbon dioxide at the end of
rty eight hours

The results of this experiment show rather conclusively that
-rfusing the balloons thoroughly with carbon dioxide so that the
all of the balloon was thoroughly saturated with this gas, did
5t prevent the permeation of the gas through the wall of the
lloon nto its lumen It has demonstrated that the only 1m
yrtant antecedent required for the passage of gas mto the
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balloons of intestinal tubes 1s the presence of any mert mass
that would separate the walls ol the balloon thus creating a cavity
for gas to accumulate

CLINICAL APPLICATIONS OF CNPERIMENTAL
DATA

As a result of our experimental studics we can state defimitely
that all balloons of long ntestinal decompression tubes are per
meable to intestinal gases in the fashion as noted by van Amer
ongen (see Figurc 129) The permeability for each speafic type
of rubber membrane and cach speaific hind of gas has been deter
mmed with such exactitude that a formula has been set up
Being reduced to a formula whose factors are hnown, the quan
ity of gas that diffused through 2 spectfic type of rubber balloon
can readily be computed. Carbon dioxide 1s the gas most likely
to diffuse nto the balloons of intestinal decompression tubes be
ause of its high degree of diffiusibility and because of the mark
edly higher concentration of this gas within the bowel as com
pared with its concentration within the balloon Nitrogen and
oxygen within the bowel do not vary widely from the concentra
tion found within the balloon which 1s atmosphenc air  As a
result, the permeation of these gases into the balloons of intes-
timal tubes would not be expected to be very rapid because the
difference 1n pressures of these gases within the balloons and in
the bowel 15 not too dinergent Hydrogen sulphide which accu
mulates in the gastro-ntestinal tract i a much higher concen-
tration than 1s found within the balloon of intestinal decom-
pression tubes 1 2 gas which diffuses through the rubber mem
branes with such rapidity that it rarely constitutes any problem

We have noted rather conclusiy ely that perfusion of the bal
loons with carbon dioxide will not in any way prevent the diffusion
of the carbon dioxide through the wall of the balloon and nto
s lumen according to the law of diffusion of gases

An absolute prevention to the accumulation of the gas which
permeates through the wall of the balloons of intestinal tubes
consists merely 1n applying the tic to the balloon in such a fashion
that the mercury remains trapped within the balloon but air can
enter and leave In this casc the shight pressure of the wall of
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the bowel dunng penstaltic activity and the pressure of the hiquid
contents of the gastro-intestinal tract 1s sufficient to completely
evacuate all gas from the balloons In addition, we are now in
the process of changing all our latex balloons in the Cantor tube
to neoprene-G  This rubber, ncoprene G 1s only mincteen per
cent as permeable to carbon diovide as 1s latex rubber By these
two changes, we can completely prevent any accumulation of i
testinal gases within the balloon of the Cantor tube

The law of diffusion of gass acting 1n 2 medum of 2 de
compressed bowel 1s an adequate explanation for the ranty of
finding gas in the balloons of intestingl decompression tubes
chmcally  In our experience less than 0 3% of cases tntubated
demonstrate gas within the balloons. These cases are mvanably
ones 1n which the tubes are hept within a non decompressed para
Iytic bowel usually associated with infection within the pentoncal
cavity or complete bowel atony This small inadence of occur
rence can 1n our expertence be completely eliminated in all types
of mercury carning intestinal decompression tubes

REFERLNCES

225 Muchell J K. On the Penetratrveness of Fluds. J Roy Imt,
2 101 307 1831

226. Daynes, H A. The Permesbility of Rubber and Methods of
Alessuning it. Tr Imst. Rubber Ind 3428453 1927

229 Barrer R Ml Permeation, Diffusion and Solution of Gases 1n Or
ganic Polymers. Tr Faraday Soc, 35 628-643 1939

228 von Sigmund v Wroblewsks  Ueber die Natur der Absorption der
Gase  Ann. Physik. Chem. 8 29-52 1879

227 van Amerongen G ]  The Permeability of Rubberlike Substances
to Goses. Rev Generale du Cautchouc, 21 50-56 (Mar) 19+

230 van Amerongen G ]  ‘The Permeability of Different Rubbers
Gases and It Relatron to Diffusivity and Solubility Rubber
Chemustry and Technology 20+494-514 (April) 1947

231 Morton, J J., and Sullivan W D Comparson Between Sumul
taneous Equalized Closed Obstructions of Duodenum and Ieum-
Arch Surg 2r 531538 (Sept.) 1930

232. Owngy, J C., Mclntesh C A, Stone, H B and Wenberg, J A
Intra Intestnal Pressure mn Obstruction. Arch. Surg, 57 307
520 (Sept.) 1928

233 “’l-uznutrcn,)o H  Intannal Obstructons, Charles C Thomas,
Publisher Sprngfield IIL 2nd Ed 1942,



EFFECT OF INTESTINAI GASES 263

234 Hibbard J S and Wangensteen O H  Character of the Gascous
Dutention 1n Mechameal Obstruction of the Small Intestine
Proc. Soc Exp Biol and Med 1 1063-1066 (June) 1934

23> Hibbard J § Gaseous Distention Associated With Vechancal
Obstruction of the Intestine Arch Surg 33 146-167 (July)
1936

236. Fine J, Banks B M Sears, ] B and Hermanson L. Treat
ment of Gascous Distention of Intestine by Inhalation of 95%
Oxgen. Ann. Surg 10, 375-387 (N\arch) 1936

237 Berger L., and Aches, S §  Perforation of the Small Intestine by
the Miller Abbott Tube. Surgery 22648656 (Oct.) 1947



CHAPTER AFIII

EFFECT OF HYDROGEN SULPHIDE GAS UPON
THE BALLOONS OF INTESTINAL
DECOMPRESSION TUBES

YDROGEN sulphide gas 1s often found within the gastro-
intestinal tract of patients with bowel obstructton  This gas
18 not present in the air  As has been noted the percentage of hy
drogen sulphide gas found at times 1n the gastro-intestinal tract
of patients with bowel obstruction has been reported variously
from two to twelve percent. Because of this percentage of gas
within the bowel which 1s far beyond the percentage that occurs
in the balloons of intestinal tubes that contam a smail amount
of air 1t should be obvious that there would be 2 diffuston of the
hydrogen sulphide from the bowel nto the balloons untit equal
pressures for this gas 1s obtained
In hus studies on the penctrativeness of gases Mitchell noted
that rubber was highly permeable to hydrogen sulphide gas Fol
lowing our studies with carbon dioxide gas, 1t therefore was im-
perative that sumilar studies be carried out with respect to hydro-
gen sulphide  Because sumular studies have never before been
carried out and the medical Iiterature contams no reports on this
subject a complete report of these studies 1s beng presented here.
Six expenments were carried out i our studies upon hydrogen
sulphide gas The same apparatus was used that had been pre
viously used in our studies upon carbon dioxide gas

CXPERIMENTS

A Exrmpizvr I
Five balloons were used 1n this experiment Hydrogen sul-
phide gas was passed into the pressure chamber containtng the
balicons which had been empticd of all air and then scaled The
as was passcd into the chamber for forty eight hours The pre+
sure of the hvdrogen sulphide gas used in this experiment Wwas
thirty three mm of mercury for the first twenty four hours and

[264]
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ten mm of mercury for the sccond twenty four hours In all
oxpertments 1 which glass beads were used to keep the walls
of the balloon apart, the volume of beads used nas equal to the
volume of mercury used 1n mercury contamming balloons
Ballcon 1 Harnis tube latex balloon containing mercury
Balloon 2 Harns tube latex balloon containing beads
Balloon 3 Miller Abbott balloon containing mercury
Balloon 4 Cantor tube latex balloon contaiming mercury
Balloon 5 Cantor tube latex balloon contaiming beads

ResuLts or ExpermareNt |

At the end of forty eight hours, no gas was found in any of
the balloons

Comment This unexpected result rmsed two questions First,
was Mitchell correct? Is rubber highly permeable to hydrogen
sulphide grs? Is it possible that no hydrogen sulphide could dif
fuse into the balloons® The second possibility was  1f rubber 15
permeable to the hydrogen sulphide gas, can 1t be 30 highly per
meable that a rubber balloon cannot hold the hydrogen sulphide
g

With these possibihities 1n mind we proceeded to further ex
permentation 1n order to definitely decide these questions

B ExpermmenT II

Four balloons were used in this experiment. Hydrogen sul
phide gas was passed into the pressure chamber containing the
balloons at a pressure of one hundred mm of mercury for twenty
four hours The balloons were empty when placed mto the pres
sure chamber and then sealed

Balloon 1 Harns tube latex balloon containing beads

Balloon 2 Cantor tube latex balloon contaiming beads

Balloon 3  Cantor tube latex balloon contaiming mercury

Balloon 4 Idarns tube latex balloon containing mercury

ResuLts ofF Experivent 11

At the end of tnenty four hours the following results were
obtaned

Balloon 1 1larris balloon with beads—thn balloon took up
60 c.c. of hydrogen sulphide gas
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Balloon 2 Cantor latex balloon with beads—this balloon
took up 8 ¢ c. of hvdrogen sulphide gas

Balloon 3 Cantor latex balloon with mercury—no gas taken
up Balloon discolored with o blach deposit. Walls of the balloon
were stuck together

Balloon 4 Harns balloon with mercury—no gas taken up
Balloon discolored with 2 black deposit. Walls of the balloon
stuch together

Comment This experiment 18 evidence for the fact that latex
balloons arc permeable to hydrogen sulphide gas In the pres-
ence of mercury, a mercunc sulphide forms and the walls of the
balloon become discolored and adherent with the result that no
cavity remams to hold the gas

Knowing now that latex balloons were permeable to hydro-
gen sulphide gas, we must determine the degree of permeability
in order to explain the results of experment I If latex balloons
were hughly permeable to hydrogen sulphide gas, then the explan-
atton for the results in expenment [ would be obvious

C. Exeemunvent 11T

One balloon was used in this expenment whose purpose was
the determination of the speed of outward diffusion of hydrogen
sulphide gas from within the balloon of a Harns tube

Balloon 1 A Harns tube balloon was filled with hydrogen
sulphide gas A pressure of five mm of mercury was sufficient
to distend the balloon but not overstretch it We tried to avoud
overstretching the balloon because that would not give & true
outward gas diffusion reading

Resurrs oF Exerainmenr 111

At the end of three minutes, a defimte loss of hydrogen sul
phide gas was noted A defimte wnnkling of the balloon ap-
peared

At the end of ten minutes, the pressure of the hydrogen suk
phide gas within the balloon had dropped to 3 mm of mereury
The balloon was now half empty

At the end of fifteen munntes the pressure of the hydrogen
sulphide gas within the balloon had dropped to 2 mm of mercury
The balloon had now lost seventy five percent of 1ts gas.
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At the end of 1tenty fwo munntes, the balloon was almost
completely empty There was less than ten percent of the gas
remaning 1n the balloon

Comment Smnce the permeability of a rubber to a speaific gas
1 the same under the same conditions regardless of whether the
gas diffuses outward from within the balloon or from without
into the balloon 1t becomes quite apparent that latex balloons are
very highly permeable to hydrogen sulphude gas confined within
them

D Expemvest IV

Nine balloons were used in this expeniment to determine the
speed of diffusion of the hydrogen sulphide gas out of various
Linds of balloons In all cases the balloons were nflated with the
hydroggen sulphide just enough to distend them, but not to stretch
their walls  The balloons containing the gas were then sealed to
prevent a loss of pas trom their mouths Any loss of gas would
then of necessity have to occur by diffusion through the walls of
the balloons These balloons were then exposed to the air at room
temperature. Since air contamns no hvdrogen sulphide, it was ex
pected that an outward diffusion of the hydrogen sulphide gas
from within the balloons would occur

Balloon 1 Balloon of Harns tube contamning glass beads
This balloon had previousty been perfused wath hydrogen sulphde
for four days The rubber had lost its normal shiny translucent
appearance and was not as elastic as when new The rubber was
further affected by the hydrogen sulphide gas by having become
miky white in appearance and opaque This balloon was filled
with hydrogen sulphide gas until it was tense but not stretched
This balloon was completely empty at the end of fwenty two
minutes

Balloon 2 Balloon of Harns tube contaiming mercury  This
balloon had previously been perfused with hydrogen sulphide for
four days The balloon was discolored black and a defimte black
deposit was found withm the balloon This balloon was filled
“ith hydrogen sulphide gas until tense but not stretched This
balloon was completely empty at the end of swenty two minntes

Balloon 3 Cantor latex balloan This balloon had previously
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Balloon 2 Cantor latex balloon with beads—this balloan
took up 8 ¢ ¢ of hrdrogen sulphde gas

Balloon 3 Cantor latex balloon with mercun—no gas taken
up Balloon discolored with a black deposie. Walls of the talloon
nere twk together

Balloon + Harn< halloon with mercun—no gas taken op
Balloon discolored with 2 blackh deposit  Walls of the haflooa

tuck together

Comment  Thie experiment 15 evidence for the fact that latex
halleons are permeable to hvdrogen sulphide gas. In the pres-

n e ot mercun a mercunc sulphude forms and the walls of the
alloon become discolored and adherent with the result that no
«avins remaine to hold the gras.

Rnowing, now that latex balloons were permeable to hvdre-
ren sulphide pas, we must determne the degree o permeabilice
m order t ¢evplam the results of expennment 1 If latex bafloons
were hiphly permeable to hndrogen <ulplide gas. then the explan
aton tor the results in expeniment I would be obvrous.

C. Expexmvext 111

One balloon was used m this expermment whose purpose 35
the determination ot the <peed of outward diffusion of hvdrogen
sulphide gas trom within the balloon of 2 Harns tube.

Balloon 1 A Harns tuhe balloon was flled with hvdrogen
wulphide gas A pressure of the mm. of mercury was sofiamt
to distend the halloon but not os erstretch it We tned to aroud
overstretching the balloon hecause that would not gve 2 rU¢
outward gas diffusion readmg

Restits oF ExrexnvesT 1H

At the end of three minates a defimte loss of hvdrogen sok
phide gas wa< noted. A dehmte wrnkling ot the balleon 3
peared.

At the end ot ten munutes the pressure of the hvdrogen sob
phide gas within the balloon had dropped to 3 mm of mercur¥
The balleon was now halt empn

At the end of ffteen mmnatec the pressure of the hvdrofen
sulphide gas withm the balloan had dropped to 2 mm. of merci™™
The balloon had now lost sevents hn ¢ percent of s g2%
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Balloon 2 Cantor latex balloon with beads—this balloon
toch up 8 c ¢ of hydrogen sulphide gas

Balleon 3 Cantor latex balloon with mercury—no gas taken
up Balloon discolored nith a black deposit ¥Walls of the balloon
were stuch together

Balloon 4 Harns balloon with mercury—no gas taken up
Balloon discolored with a blach deposit  Walls of the belloon
stuch togcther

Comment  This expuniment 18 evidence for the fact that latex
balloons are permeable to hydrogen sulphide gas In the prev
ence of mercury a mercuric sulphude forms and the walls of the
balloon become discolored and adherent with the result that no
cavity remains to hold the gas

Knowing now that latex balloons were permeable to hydro-
gen sulphide gas, we must determune the degree of permeability
in order to cxpluin the results of experiment [ If latex ballooes
were highly permeable to hydrogen sulphide gas then the explan-
ation for the results in experiment I would be obvious

C Experimext III

Onc balloon was used 1n this experiment whose purpost was
the determination of the speed of outward diffusion of hydrogen
sulphide gas from within the balloon of a Harrs tube.

Balloon 1 A Harnis tube balloon was filled wth hydrogen
sulphide gas A pressurc of five mm of mercury was sufficient
to dustend the balloon but not overstretch it We tried fo avoid
overstretching the balloon because that would not give & true
outward gas diffusion reading

Rrsurts oF Expemiaevt 111 o

At the end of three mumutes, a defimte loss of hydrogen s
phide gas was noted A defimite wninkling of the balloon #P-
peared i

At the end of fen minntes the pressure of the hydrogen st
phide gas within the balloon had dropped to 3 mm of mercury
The balloon was now half empty

At the end of fifteen mml;”‘ the pressure of the hydrog:
sulphide gas within the balloon had dropped to 2mm of mercy
The balloon had now lost seventy five percent of its g%
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At the end ot taenty trvo minntes, the balloon was almost
completely empty  There was less than tun percent of the gas
remamming n the balloon

Comment  Since the permeabihity of a rubber to a specific gas
11 the same under the same conditions regardless of whether the
gas diffuses outward from within the balloon or from without
into the balloon it becomes quite apparent that latex balloons are
1ery highly permeable to hyvdrogen sulphide gas confined within
themn

D Exrerivevt 1V

Nine balloons were used in this expurniment to determune the
speed of diffusion of the hvdrogen sulphide gas out of varnous
kinds of balloons In all cases the balloons were inflated with the
hvdrogen sulphide just enough to distend them but not to stretch
ther walls  The balloons contaung the gas were then sealed to
present a loss ot gas trom their mouths  Any loss ot gas would
then of necessity have to accur by diffusion through the walls of
the balloons  These balloons were then exposed to the air at room
temperature  Since air contams no hydrogen sulphide, 1t was ex
pected that an outward diffusion of the hydrogen sulphide gas
from vathun the balloons would occur

Balloon 1 Balloon of Harns tube contamng glass beads
Thus balloon had previously been perfused with hydrogen sulphide
for four days The rubber had lost 1ts normal shiny translucent
Ippearance and was not as elastic as when new  The rubber was
further afiected by the hydrogen sulphide gas by having become
milky white in appearance and opaque This balloon was filled
®ith hydrogen sulphide gas until 1t was tense but not stretched
This balloon was completely empty at the end of frwenty rro
minutes

Balloon 2 Balloon of Harns tube containing mercury This
l;‘H‘)On had previously been perfused with hydrogen sulplude for

our days The balloon was discolored black and a defimte black
deposit was found within the balloon. This balloon was filled
;’“;{‘ hydrogen sulphide gas unnl tense but not stretched This
2100n was completely empty at the end of rrwenty 1o minutes
Balloon 3 Cantor latex balloon Thus balloon had previously



268 INTESTINAL INTUBATION

been perfused with hydrogen sulphide gas for four days Hydro-
gen sulphide gas was then placed nto the balloon until 1t was
tense but not stretched At the end of thurty munutes, thirty per
cent of the gas still remained within the balloon At the end of
mnety munutes, there ways stll approximately thirty percent of the
gas remaining tn the balloon

Balloon 4  Cantor neoprene balloon containing glass beads.
This balloon had previously been perfused with hydrogen sul
phide gas for four days The balloon was filled with hydrogen
sulphude gas until 1t was tense but not stretched At the end of
sixty munutes, less than ten percent of the hydrogen sulphide gas
had diffused out

Balloon 5 Cantor neoprene balloon which had never been
used was now filled with hydrogen sulphide gas until it was tense.
At the end of stxty minutes, less than ten percent of the gas had
diffused out At the end of rwo lours, fifty percent of the hydro-
gen sulphide still remamed within the balloon

Balloon 6 New latex balloon from Cantor tube This bal
loon was inflated with hydrogen sulphide gas until 1t was tense.
At the end of sixty minutes, ten percent of the gas had diffused
out At the end of two honrs eighty percent of the gas had diffused
out of the balloon There was less than one half of the amount
of gas remaining 1n this balloon as compared with the neoprene
balloon §

Balloon 7 New Harns tube balloon filled with hydrogen
sulphide until tense At the end of fwwenty trwo minntes, less than
twenty five percent of the gas remamned within the balloon. At
the end of rwwenty mine mmnutes the balloon was almost completely
empty At the end of minety minutes the balloon was completely
cmpty
Balloon 8 Balloon of Harns tube filled with air  The balloon
wastense At the end of twenty fue minntes, there was no change
in the balloon. At the end of nnery munutes, there was no change
in the balloon

Balloon 9 Cantor neoprene balloon filled with air The bal
loon was tense At the end of fwenty fre minntes there was no
change in the balloon At the end of sunets mmutes there was
no change in the balloon
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Comment  krom this cxperiment 1t 13 reachly evident that
latex balloons arc very lughly permeable to hydrogen sulplide
gas. Perfusion of the rubber balloons for four days prior to the
test did not appear to change the degree of permeability of the
balloons to any apprecable extent Ncoprene halloons are scen
to be far less permeable to the hydrogen sulphide than are the
latex rubber balloons Mercury contaning balloons of latex
react with the hydrogen sulplude gas chemucally forming mer
cunc sulplude This did not appear to change the degree of per
meabihity of the balloon howaver Balloons filled with arr retam
the air for some time  The outward diffusion of the mtrogen
theairisyery slow Van \merongen s studies indicate that oxygen
occupies an intermediary position with regard to its permeability
through rubber membranes

D Exepemnyient 1V A
Forty-eight hours after experiment four the balloons werc
agan examined and the following obscr ations made
Balloon 3 This balloon was found to be half full of air
Balloon 4 This balloon was found to contain one seyenth
of its capaaity of air
Balloon § This balloon contained one tenth of its capacity
of air
Balloon 6 This balloon contained one fifth of 1ts capaaty
of air
Balloon 7 This balloon was cmpty
Balloon 8 This balloon showed very shight 1f any change
Balloon 9 This balloon shoned very shght if any change
Comment Balloons3 4 § and 6 were previously thoroughly
Bushed out with hydrogen sulphide gas 1n order to expel all the
ur These balloons had been filled with hvdrogen sulphide gas
and sealed  All the hydrogen sulphide gas was then diffused out
of the balloons in three hours or less Although the balloons were
sl tightly sealed vet air had diffused nto these balloons

F  Fxerrinest V
The purpose of this ixpenment was to determune whether a
wailldprﬂmrc of hvdrogen sulphide gas for twenty four hours
result 1n more gas diffusing into the collapsed empty bal

hig
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loons  Four balloons were used in this expenment. We began
with a pressure of 190 mm of mercury of hydrogen sulphide
gas in the chamber  This pressure dropped to 110 mm  of mer
cury at the end of the expermment twenty four hours later
Balloon 1  Harns balloon with beads—this balloon took up
18 c.c. of hydrogen sulphide gas.
Balloon 2 Harns balloon with beads—this balloon took up
14 c.c of hydrogen sulphide gas
Balloon 3  Cantor latex balloon—this balloon took up 9 c.c.
of gas
Balloon 4 Cantor ncoprene balloon—this balloon took up
3 c.c. of hydrogen sulphide gas
Comment From this experiment, 1t 15 evident that using very
high pressures of hydrogen sulphide gas does not appear to
increase the diffusion of this gas into the empty balloons It 18
also evident that neoprene rubber balloons are far less permeable
than the latex

F Exrexpaent VI
Six balloons were used in this expenment. A pressure of sxty
mm  of mercury was mamntamed i the hydrogen sulphide gas
chamber The balloons were empty and sealed when placed 1n
the chamber The hydrogen sulphide gas pressure was mamtamed
for twenty four hours

ResuLts or Expernenr VI
Balloon 1 Harns balloon—took up 100 c.c of hydrogen

sulphide

Balloon 2 Harns balloon—took up 110 cc of hydrogen
sulphide

Balloon 3 Cantor latex balloon—took up 20 cc of hydro-
gen sulphide

Balloon 4 Cantor latex balloon~—took up 25 ¢ c of hydro-
gen sulphide

Bslloon 5 Cantor neoprene balloon—took up § cc of
hydrogen sulphide

Balloon 6 Cantor neoprene balloon—taok up 10 c.c of

hydrogen sulphide
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At the end of this experiment atter measuring the amounts
of gas within the balloons they were replaced within the pressure
chamber and hydrogen sulplude pas was again passed mto the
pressure chamber  Twenty nunutes later when the gas chamber
was opened all the balloons were found to be empty

Comment  This expunment clearly shows the very ngh de
gree of purmeabilits of halloons to hvdrogen sulplide gas Te 1s
endent agam that latex 1s far more purmeable than neoprenc to
this gas

SUMMARY OF THLSL L\PERIMENTS
AND CONCLUSIONS

Thuse experiments clearly show that latex intestinal tube
balloons are far more purmeable to hydrogen sulphide gas than
are neoprene balloons  The hyvdrogen sulphide gas appears to
change the character of the rubber balloons There s a loss of
clasharty and a marked discoloration of the rubber If mercury
1s present in the balloons a mercuric sulphide 1s formed as a black
deposit within the balloon This does not change the degree of
permeability of the balloons Perfusion of the balloons with hy
drogen sulphide gas does not appcar to change the permeability
of the rubber

Because the balloons of intestinal tubes are so highly per
meable to the hydrogen sulphide gas this speaific gas does not
constitute 2 hazard in intubation even when found in appreciable
amounts in the gastro-intestinal tract The reason for this 1s the
fact that with intestinal decompression and the removal of n
testimal gas (hyvdrogen sulpinde) that the gas within the balloons
rapidly diffuses out of the balloons (n a matter of minutes

We obserned in experiment 1V A that after the hydrogen
suphide diffuses out over a period of many days that air may
diffuse ;n This unusual occurrence can readily be prevented by

the safety valve in the Cantor tube and the caliber of the tube
which avoids occlusion of the lumen
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DOES THE BOWEL PREVLNT TIIL OUTWARD DIk
FUSION OF GAS FROM WITHIN THE BALLOON
OF INTLSTINAL DECOMPRESSION TUBES?

We have already shown beyond any reasonable question of
doubt that balloons of intestinal decompression tubes are per
meable to ntestinal gases Although we have developed a method
of tying on the balloon of intestinal tubes so as to prevent the
accumulation of gas within the balloons, yet cases arc being re
ported 1n which a considerable distention of the balloons occurs
because of an error in applying the tic or the development of a
knot 1n the Miller Abbott tube Several fatalities have been re
ported to the author because the surgeon failed to realize the
significance of an increase in gas within the intestinal tube balloons
or did not hnow how to contend with this compheation

In our studies upon the permeability of ntestinal balloons to
carbon dioude gas and hydrogen sulphide gas, we were able to
show 1n vitro that if the bowel circumjacent to the balloons 1
decompressed the gas within the balloons would diffusc out. The
diffusion outward of the hydrogen sulphide 13 very rapid occur
ring i @ matter of minutes  Carbon dioxide, although 1t diffuses
out much slower nevertheless will completely diffuse out of the
balloons exposed to the air in less than twenty four hours. Since
these studies were carried out in vitro by exposng the balloons
to atmospheric air and since only carbon dioxide and hydrogen
sulphide were used the question arose as to whether the same
findings would hold true for balloons within the intestinal tract
and for balloons filled with air

The great importance of such studies 15 quite apparent in that
ne would then be 1n a postion to tell the surgeon with a defimite
degree of certainty just what to expect when roentgenograms dus-
closed a balloon distended with gas Very often the first indicz
tion that the surgeon has that something unusual has occurred 13
the cessation ot suction decompression 1 the case of the Muller
Abbott tube or the inability on the part of the surgeon to remove
the intestinal tube

This cxpenmental study was divided up into four parts, and
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an chort made to reproduce m o conditions as closely as

possible.

A, Exrrrivest |
This expeniment had as its purpose to demonstrate the effect
of flud 1n contact with the balloons of intestinal tubes upon the
permeability of the balloons to vanous gascs  Twelve balloons
were used in this study  The volume of gas in the balloon was
measured by the water displacement method

dir filled balloons

() Cantar balloon (latex) inflated with air 22 cc
(b) Cantor balloon (ncoprene) inflated with air 35 cc
(¢) Harns balloon inflated with air 117 cc.
(d) Miller Abbott balloon nflated with air 61 cc

Carbon dioxide filled balloons
(a) Cantor balloon (latex) inflated with carbon &

oxide 33 cc
(b) Cantor balloen (ncoprene) mflated with car
bon dioxide 64 cc

(¢) Harns balloon inflated with carbon dioxide 254 cc
(d) Miller Abbott balloon inflated with carbon di
oxide 90 cc
I vdrogen sulphide filled balloons
(3) Cantor balloon (latex) inflated with hydrogen

sulphide 17 cc
(b) Cantor balloon (neoprene) mflated with hy
drogen sulphide 47 cc

(c) Harns balloon nflated with hydrogen sulphide 182 cc
(d) Muller Abbott balloon inflated with hydrogen
sulphide 64 cc

These ballgons were then submerged in shallow pans con
taming water The balloons were completely covered by the
ater Seven thousand c ¢ of water was used 1n each pan. The
temperature of the water was 13 degrees centigrade Three pans
Were used. One pan for each group of four balloons At the
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end of three hours all the balloons were examined, and then at

the end of twenty four hours all the balloons were re-examined.
Resurts o Experment 1

At the End of Three Hours
A Asr filled balloons

(a) Cantor balloon (latex) 22 cc
(b) Cantor balloon (neoprenc) 35 ce
(c¢) Harns balloon 117 cc
(d) Miller Abbott balloon 61 cc.

A comparison of these values with those at the begmming of
the experiment shows there to be no loss of air from any of the
balloons at the end of the three hour period

B Carbon dioxide filled balloons

(a) Cantor balloon (latex) 3 cc
(b) Cantor balloon {ncoprenc) 53 ce
(¢) Harns balloon 24 cc
(d) Muler Abbott balloon 6 cc

A comparison of these values with those at the beginning of
the experiment shows that there has been a considerable loss of
carbon dioxide from all the latex balloons but only a small loss
from the neoprene balloon The actual loss of carbon dioxide
gas from each balloon was as tollows Cantor balloon (latex)
showed a loss of 30 c.c. or 90% of its gas Cantor neoprene
balloon showed # loss of 11 cc. or 17% of its gas Harns bal
loon showed a loss of 230 c.c or 90% of its gas Miller Abbott
balloon showed 2 loss of 84 c.c. or 93% of 1ts gas

C  Hydrogen sulplude filled balloons

(2) Cantor balloon (latex) 3 cc
(b) Cantor balloon (ncoprene) 28 cc
{¢) Harns balloon 8 cc

8 cc

(d) Muler Abbott balloon
A comparison of these values with those at the begnntng, of
the expenment shows that there has been a marhed loss of hydro-
gen sulphide gas from all the latex balloons but again only a small
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oss from the neoprene balloon  The actual loss of hydrogen
ulphide pas from cach balloon 1< as follows  Cantor (latex)
halloon showed a loss ol 14 cc or 82% ot sts gas  The Cantor
(neoprene) balloon showed a loss ot 19 c¢ or 40% of its gas
The Harns balloon <howed a loss of 174 cc. or 95% of 1its
ras The Miller Abbott tube balloon showed a loss of 56 cc or
87% of 1ts gas

At the End of Twenty-four;Hours

At the end of twenty four hours, these balloons were re
examined It was now found that all the balloons filled with air
had lost little 1f any gas  The balloons filled with carbon diouide
ind hydrogen sulphide gas were found to be completely empty

These results when compared with our previous studies upon
the diffusion of gases from withm the balloons shen esposed to
air shows essentially the same specd of loss of the vanous gascs
It1s thus evident that the submersion of the balloons n water did
not in any way change the speed of diffusion of the various gascs
It must also be noted that within the twenty four hour penod that
there was no diffusion of the air filled balloons through the walls
of the balloon This observation 1s mportant i the hght of
the many obsersations that air can be found within the balloons
of the intestinal tubes The prescnce of a safety valve by tying
the balloons over a 22 Fr stylet would cfectn ely prevent this
occurrence since the air would readily cscape through the vent
that was left when the stylet was removed after the application
of the tic was complete

B Exepmsicwt 1T

This experiment had as 1ta purpose to show the cffect of the
dose approximation of the human bowel wall upon the gas
trapped within various intestinal tube balloons In this expent
ment, balloons of intestinal tubes were inflated with various gascs
#nd then the balloons were sealed to prevent the escape of the
Bases The gas inflated balloons were then mserted into sections
of human small ntestine taken from an hour old autopsy Three
sections of human bowel were used  Each group of balloons con-
fmng the same gas were inserted into a different section of
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bowel The distended balloons when nserted mto the bowel
caused 2 marhed distentton of the bowel and 2 very dose approu-
mation of the bowel to the wall of the balloon. The ends of the
bowel were then tied off  Lach section of bowel was then m-
mersed m a pan or normal saline at 13 degrees centigrade
Seven thousand ¢ ¢ of saline were used m each pan  Three pans
nere used—one pan for each section of bowel

dir flled balloons

Cantar (ancoprene) balloon
Cantor (latex) balloon
Harru balloon

Miller Abbort balloon

Carbon dioxide flled balloons

Caator (neoprene) balloon
Harns balleon
Alller Abbott balleon

Hdragen sulphide flled balloons

Cantor (neoprene) balloon
Harns balloon
\ifler Abbort balicon

At the End of Three Hovrs
1 dir flled balloons

Cantor (neoprene) balloon
Cantor (laten) balloon
Harnis balloon

\iller Abbott balloon

B Carbon dioxde filled ballooxs

36 cc.
23 cc
119 ce
64 cc.

26 e
125 ce
33 cc

27 ce
76 cc.
41 cc

no lass or arr
no loss of air
no loss of air
no loss of ar

25 loss of g

S‘n“’f t(v:)clooznrmﬂ balloen 756 loss of gas
er 755 loss of gas

\filler Abbort balloon



EFFECT OF HYDROGERN SUI PHIDE GAS

C  IHydrogon sulphude filled balloons

(¢) Cantor (ncoprene) balloon 50% loss of pas
{b) Harns balloon 75% plus loss of
(c) Miller Abbott balloon 75%0 plus loss of

At the End of Twenty-four Hours
At the end of twenty four hours the air filled balloons
shown no significant loss of air The carbon dioxide anc
hydrogen sulphide filed balloons had lost all their gas and
now found to be empty

C. Exremnevt III

This experiment had as its purpose to show the effect o
close approximation of the human bowel containing inte
contents, tahen from a case of bowel obstruction, upon the
ward diffusion of gases trapped within the balloons of nter
tubes  In this expenment, balloons of intestnal tubes wer
flated with various gases and then the balloons were seal
prevent the escape of the gases The gas mflated balloons
then inserted into sections of human small intestine tahen
an hour old autopsy Three sections of human bowel were
Lach group of balloons containing the same gas were msert
a difierent section of bowel The distended balloons whe
serted nto the bowel caused a marked distention of the bowe
avery close approximation of the bowel to the wall of the bal
The bowel was then filled with intestinal secretions taken
2 case of bowel obstrucion The cuds of the bonel were
tied off Since we had amply demonstrated that the out
diffusion of air was neglimble i the twenty four hour perio
deaided to omut the air filled balloons in this experiment. We
only Harns balloons and Cantor neoprene  The behavior ¢
Harns balloon and that of the Miller Abbott balloon wa
same  Because latex Cantor balloons are no longer being 1

factured, but ncoprenc used instead as 2 result of our studic
deaded to use neoprene only



278 INTESTINAL INTUBATIOMN

Carbon dioxide filled balloous

(2) Harns balloon filled with carbon dioxide 90 cc.
(b) Cantor (heoprene) balloon filled with carbon
dioxide 26 cc

Hydrogen sulphide flled balloous
(2) Harns balloon filled with hydrogen sulphide 92 cc
(b) Cantor neoprene balloon filled with hydrogen
sulphide 33 cc
At the End of Four Hours
A Carbon droxide filled balloons

{2) Harns balloon 50% loss of gas

(b) Cantor (neoprene) balloon 10% loss of gas
B Hydrogen sulphide filled balloons

(a) Harns balloon 75% loss of gas

(b) Cantor (ncoprence) balloon 25% loss of gas

At the End of Twenty-four Hours

All the balloons containing carbon dioxide and hydrogen sul
phide were found to be empty

D Expespuext IV

The purpose of this expeniment was to determine whether
ntesting] secretions alone could cause gas to diffuse into balloons
of intestinal tubes. For this experiment four hundred cc. of
mntestinal contents remosed from a case of bowel obstruction was
used. Two intestinal tube balloons contaimng mercury were sub-
merged n this juice for twenty four hours and then examined
for gas.

At the End of Twenty-four Hours
An examnation of the balloons at the end of four hours had
shown no gas within the balloons The balloons were then re
exanuned at the end of twenty four hours and were found to be
empty No gas had gifinded mnto cither balloon.
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Suanany or THrsE Experivests asp ConcLusions

The speed of outward diffusion of hydrogen sulphide and
carbon diouide gas from within the balloons of intestinal decom
pression tabes 1s umnfluenced by the media in which they occur
Lxposure to air, submersion in water, nsertion within the empty
bowel or isertion within a bowel filled with intestinal secretions
does not result m any change i the speed of outnard diffusion
of the vamous gases Hydrogen sulphde gas 1s the most rapadhy
diffusible from the balloons Neoprene balloons are far less per
meable under all conditions than are latex balloons

This study showy clearly that, if an intestinal decompression
balloon becomes inflated with carbon dioxide or hydrogen sul
phide that the passage of a second intestinal tube to decompress
the circumjacent bowel would rapidly result i the diffusion of
the hydrogen sulphide and the carbon diovide from within the
balloon mto the bowel The speed of diffusion of the hvdrogen
sulphide 18 30 fast that it 15 extremely doubtful whether this gas
enters mto the problem at all  The only possible influence this
gas mught have 1s suggested by our obsermations that balloons
filled with hyvdrogen sulphide rapidly lost this gas in less than two
hours If then these balloons were permitted to lie exposed to
air, they might take up some of the air This diffusion of air
wnto balloons formerly filled with hydrogen sulptude might then
constitute a real problem in intubation The reason for this 1s
obvious from our obser ations that the air filled balloons showed
very hittle foss of air 1n twenty four hours When we recall that
approximately eighty percent of the air consists of mitrogen 2
gas which 15 extremely slowly diffusble through a rubber mem
brane, 1t becomes obvious why this should be so  Once air has
accumulated within the intestinal tube balloon then many days
of bowel decompression 1s required before the air diffuses out.
The best treatment for this condition 15 to prevent 1t by the use
of the safety valve vent as desernibed earlier in this text Fortun

ately, this sequence of events 1s uncommen, occurning in less than
one half percent of all cases
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permeability of 189 235 245
246 254
nze of 108 189
bed confinement,
effect of weaght of mercury on
144
1n aged 153
m intubation 153
brarbonste 10n 220
blood,
chemustry 1n obstructron, 219
dehvdration of 96
effect of dustentton on, 96
leukocytoms 1n obstruchon 96
blood loss,
effect of transfumon 1n obstruc
tion 87
tn stmple obstructrons, 88
1n strangulating obstructions, 85
blood pressure,
effect of distention on, 93
in experimental intestinal ob-
struction 83 94
i smnple obstructions, 83
1n strangulating obstructions, 93
bowel
blood supply of 83
bumsting pont 1w, 201
effect an balloons 1n 272
cffect of distention on, 83 84
85
gus 10, 80

INTESTINAL INTUBATION

motility of

1 obstructon 91
motility of

1 ntubation, 76 149

norral mechamem, 76, 91
mmucosa,
effect of on blood supply &3

effect of dustention on, 83

effect of saction oq, 102 208
pressure of gas in 83 85 246
1 obstruction, 246

n colon 246

in small bowel, 63 64, 84,

277

ga 1 gastro-intestinal tract
248
1n ballooas of tubes, 249
permesbility of ballooms tv, 249
arcdnoma, (see also organs 1
volved)
defunctiontzing colostoey for
172 177
obstruction caused by 175
intubatien for 171
of calon, 175
resection for 177
cardio-vascular discase,
mtubstion 10 133
case report
death due to error of central
supply 196
central supply
duties of 201 s by 202
reparation of tu
fmﬂ.uuon of tubes by 196

chart
1n intestinal obstruction, 199
1 intubation, 199
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children
v

dntentemn i =2
eectrolite 234
\ntohatien of 225
Levin tube 1 233

mutntion i 237
tube 1n 230

hlonde blood 1n obetruction 2

wun
m alkalous, 90
m dehvdration, 90
m wtestinal ebstruction 91 2
low of by vomuung 218
plasma, 217
chloroform,
effect on intestinal motility 72
chondniss, 68 183
erculation, 94
nd electrolyte loss, 88
and flud balance 88
wd plesma loss, 82
and voouting 88
defiuency of and abdomunal
distentron, 82
mesentenc thromboss 165
penpberal 83 94
dosed loops,
Cﬂm%ﬂf sulfs compounds on
pemcillin 11, 95

colectormy
prelimunary defunctiontzing co-
lostomy 1n, 172
prefmunary intubation 1 173

mtubanen for 171

d!:y therapy 1n 170
sdhave bands n 170
aranoma of 168
::m 168, 171
p ostomy 1n 66 172
ecompreuton of 137 168
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& tentum of 4%

Tnertnhn 170 173

tiendenal tube i lecompres on
of 103

enema of 136

forcign bodies 173

tlews of 171

ifammatory levons of 170

\atubation 10 lesions of 65 76
138 170 175

left colon 66 76 171

malgnancy of 175

cemoval of tube from 67

nght colon 65 76 137 16%

surgery of 170

tuberculoss of 170

colostommy
defunctromzing
in lesion of left colon 0ohH
172
coma
intubation 1n comatose patients
201
complications
chondnitis, 183

from permeability of balloon
235

mability to remove tube 187

in faulty techme 182

in intubation 180

intussusception caused by tube

187
knots 1n tube 184 188
laryngeal edema 68 183
laryngeal stenoms 183
loss of balloon from tube 148
obstruction of tube 1806
perforation of vewnit by 249
continios suction {sec suchion
decompreyson }
advantages of 103
In bowel olntruction 205
in slews 148
cough s caused by
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intestinal tube 198

post naval dranage, 13
cyclopropane

effect on intestinal inalahity 72

D
decompression

and fluid loss, 81

1n early post operative dmten-
tron, 71

mn Iltlc post operstive distention,
03

in obstruction, 109

1n strangulating obstruction, 160

of 1ntestine by enterestamy 147

npxdsgmprmon danger of

tubey, 100
(sce duodens! tubes)
dehydration,
acadoks 1n, 88
causes of 89 96
cotrection of 90
effect of oxygen on 90
hemoconcentration, 88
n caranoma of colon, 172
1n intestinal obstruction 91
mechanm of 89
prevention of 90
duapbragm,
hermuz of 223
inhibinon of 88
mntubation 1n, 223
dictary management
n obstruction of gaatnc stoona,
112
mn pylonc obstruction, 113
patients being mtubated 171
pattents with obstruction 73
112 157 171
post gastrectomy 113
digestive tract decompression, (sce
decompression, abdomunal)
dilatstion acute gastric
use of tube 1n 21

INTESTINAL INTUBATION

dilatation  secondary gmtnc, 31
136

distention
absence in obstructron, 224
control of by intubation, 116
death due to 85
effects of
aadous, §8, 220
alkaloss, 88 219
dehydratron due to, 88 89 %0
effect of pemcillin on, 95
effect of streptomyam on 95
effect of sulfa compounds on,
95
effect of thumuo chlonde on,
86

femoral vein presure u, 89
fluid loss 1n, 82, 90 96, 217
1n expermmental animals, 85
nutrition, 87 88
on blood supply ta bowel, 82,
83 85 88
on bowel wall, 78 82, 85 87
on hematopotetic system, 90
94 96
on infenor vens cava, 34
on intestmal motility 91
plasma los due to, 83 88 96
albumun 82
globulin, 83
vomiting, 88

effect on intestinal blood supply
82, 85

fluids 1n 81 82

knds of gosan 80 81

nesvous exhaustion due to, 91

dustention
pamn 1, 91
source of gas tn 78 90
types of 78
types of gas in, 159-161 163
166

vomnting due to, 92
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mechameal N3
reflev 92
dnerticulitie, 76 172
defunctiontzing colostoms for
172
ntubatron i 76
abstructron with 173
surgery for 173
treatment of 173
duodenum
amtomy of 56 57
ntubation of 56 73 132
phyuology of 75
seeretions of 81
tube
dinscal applications of 27
102
for biliary draimage 28
for gastnc hemorthage 28
for intestinal paraates, 28
for perustent vomiting 28
mn ]zg\rel obstruction 28

n pentomty, 29

In posorung 28

post operative 29
development of 7 23
hustory of use of 24
mtubation vath 56 102

meflectiveness 1n, 3 4 29

85 103

mccdzf]xf intubation with 26

tube

Abbott Rewson 112
Bucksten 7
grnt? 6 7 24

o Max, 6 7 24
Einhorn M:‘a, 8
Hemmeter 7
Hollender 8
Jurte, 7 25

vel 7
Rubn 7

techme of use of 24 26
beads,

Teven 7 25 ')

I'yon 7 25

Palef<ky 7

Rehfus, 7

Tuwis 8

Wangenstcen 8

Wilking, 8 9

matenals used 6 7 8 25

weight of 7 24

duodeno jejunal flexure 38 60

63 75

anatomy of 58
effect of ligament of Treitz on
59

intestinal tube n, 58 62 75

tube at 60

LC
cdema,
and protein lows, 87
of arythenord 183
of emiglottis, 183
of esophagus, +H
of larynx 183
clecive surgery
intubation 1n 167
electrolytes
in gastro-ducdenal suction 199
loss due to obstruction 81 101
loss tn high obstruction, 88
loss 1n low obstruction 88
less in stool 217
less due to suction, 217
loss duc to mweatng 217
loss duc to voruting 89
normal requirements, 217
replacements of 199 218
sources of 81
regulatton of 89
elimination
of lost balloons 1n gastro-intes-
tinal tract 192
of tubes from gastro-intestinal
tract 191
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adynamuc, 144 147 148 174
after rescction of colon 169
due to retro-penitoneal lesions,

150 151
i aged 153
inflammatory 150 154
intubation 1in 148
obstructive, 159
post operative 149
wfants,

electrolytes in, 234

wntubation 1n 228

dustention 1n, 229

Levin tube 1n 233

nutntion 1n, 237

tube 1n 230

wnfusions, (sec electrolytes, saline,
fluid)

wsensible lows of body fluid, 218

rtestinal

anastamoss,
intubaion 1n, 164
intestine
sustomy of 63
dutention of 84 88
effect of gayes 1, 64
effect of gas and flud in 64
mtubation of 63 65 71 136,
147
motility and sbdormnal disten
tion 91
multiple shost loop obstructions
of 6+ 159
intubation for 64 65 76, 88
obstruction of 148 164
pressure of gas m, 101 247
phymalogy of 76
tubes 1n
decompression tubes, 102
developorent of 30
leakage of mercury from,
180
principles tubes based upon
5 104

stylet 1n 32
technic of use of 116

INTESTINAL INTUBATION

tubes,
Aguar 6 104 105
Cantor 6, 32
coiling of 31 135 162
errors in use of 179
Harm, 9
Johnston, 4 5 6
kot formation by 182
Iubncation of 182
VMiller Abbott, 4 § 31 32
proper use of 179
mtestinzl anastomosts,
intubation 1n, 164
intrs-intestinal pressere,
effect upon balloons of intestinal
tubes, 243
effect of breathing pure oxygen

on

effects of sustuned pressure, 8%

on blood flow through bowel
85

on blood vessels i bowel
wall 85
on bowel wall 84 85
on motility 91
eflects of sustained pressure,

ranges of presurc i obstruc
ton 84 85
ntubatron,

balloons loet 1 course of 187

chiondes in 217

early post aperatrve, 71 149

effect of anacsthetres on 72

effects of pomnon of patrent oa,
134

errors 1n, 10 181

fecding m, 157 216

fluids in, 199 218

n lenotn;: of left colen, 76, 172

in lewons of nght coloa 76
137 169
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i leaone of amall bowel 76
J3% 154

nretroperitoneal Ievons, 152

in cardixey, 133

late post operative 149

mureng care 1n, 195

proten in 216

scdation in 200

techee of 116 123 124-133
mtussusception 165

due to intestinal tube 187

intubation 1n 165

J
Johnston tube 5 (sec tubes, in
testinal)
Jejunostomy 147
Jutte tube 7 25

1N
bdneyuretes-bladder tract,
lewons of causng 1leus, 150
ntubstion for 152
role 1n bowel obstruction 151
kinked loogs, intestinal 102 159
knots,

= gastro-duodenal tubes 183
in long intestinal tubes, 184 188

L
large bowel (gec calan, inteastine)
laryrre,

edema of 183
Henoss of 183
I on of 68
\
lmg.tc.ns‘nnc. 28
0 dutention 96
12 dbetruction 96
Lean tube, 25 (see gastroduo-
denal tubes)
decompresion waeh, 100 101
113 149
effect of suction on 102
loitstions of 85 103 168

32§

mechansm of we of 102 149
wpeed of mtubation wth 26 27
higament of Trety 57
anatomy of 57
barrer to intubation 63
chmeal importance of 60
effect of 57
function of 58
loop ntestinal closed 102
lungs, complications (sec also ate
lectass, intubation)
atelectans 1n 13
effect of embulation on 149
w tubatien 13
in smokers, 198
10 non smokers, 198

magenkratzer (see stomach
brushes)
malnutntron
mn obstruction, 176
mercury
acute appendicatts due to 187
amount used 144
hustory of use of 140
1n bowel obstruction, 140
i Cantor tube 9 32
in cardrospasm 45
. Harns tube, 9 32 142
n Miller Abbott tube 32 107
122 142
propertses of 142 143
uses of 1n obstruction, 33
Wilkans tube, 10 head of 141
metenteric thromboss, 165
wntubation 1o, 165
treatment of 165
metabolsm mtrogen 96
AMiller Abbott tube (sce decom-
presston, tubes) 105 117
comstructian of §
dsadvantages of 31 106
gantnie distention duning use of
31
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mproper usc of 10 181
m bowel obstruction, 106 117
1 treatment of cohins, 171
1intussusception due to, 187
knots 1n, 183 188
perforation of bowel by 249
plugging of lumen of, 186
propulstve prinaiple of 5
special types of 32 120 121
techme of introducton of 26
117
use of banum with 154
withdrawal of 185
mmers] oil use of 123
1n intubatton, 123 182
mercunic sulphide,
1n balloons of intestinal tubes,
269
morphine,
1n mtubation, 124
11 removal of tubes, 201
1n sphincter spasm, 54 74
mucus,
atelectasis due to 13
effect on broncls 198
1a intubation, 13
n non smokers, 198
1 smokery, 198
myentenc plexus,
eflect of thiamun defigency on
86

effect on dustentron 86

N
narcotis, 10 past operztive trear

mucus formed by 68 198
atelectasns due to, 68, 198

INTESTINAL INTUBATION

physology of 43 68
nerves, autopomic and intestimal
motor function, 94
and intestinal motility 92
reflexes from distention, 92
sympathetic, and intestinal mo-
tlbty 86

trogen,
diffuston of 1nto balloons of 1n-
testinal tubes, 247

in bowel obstruchon 96 247
replacement of by oxygen, 90
nrtroas oxide, anacsthens, 72
non protetn mitrogen, 219

1n bowel obstruction, 96 219
non surgrcal enterostomy 66
normal salt solution, (see fwds,
lectrolytes)

i

nose,
anatomy of 40
care of dunng ntubatien, 197
fastemng of tube to 187
intubation through 42 126
phymology of 42
polypt 1n, 42, 43
turbinates 1, 41

numng 195
duties of 197
etrors 11, 196
instruction of 195
1t itubavion, 196

nutnitonal deficiencies,
prevention of, 112

nutntion,
dunng intubatien, 157

o

obstruction

sdhesons cause of 162 167

acdons n 218

alkalons 1n, 218

caused by balloon of intestinal
tube, 186

caufication of 15+5 159
160 161 163 164 166
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deaths due to, 160
dizgnoss of 159
effect of
clawed loop obstructions
ileocaecal valve in 168
high obstructions, §9 93
lTow obstructions §9 93
efiect on blood chemistry 90
eficct on hematoptottic system
9%

effect on patient as a whole 94
clectrolytes 1in 13
cxudate as cause of, 159
gases 1n, 101
hydration 1, 217
flud and gas 1n 101
foragn bodies causnyy 164
wntubation for 158
lethal factors 1n 95
mechanical 166
mesenteric thrombosts, 165
multrple closed loop obstruc
tiens, 64 102, 159 160

of colon, 103 168 173
pentorutis in, 149 154
roentgen dugnons of 226
role of radiologst 1n, 164
strungulating 160

operation for obstruction
prelimunary intubauon, 172
with intubation, 167

O'Bierne tube, 172

otopharymy, 43
deglution 10 44 (9
a of 43
tube m, 43
outs medis from tubes 183 197
oRen
sorption from bowel 80
cffect on intestinal motility 72
fate 1n gastrointestinal tract 80
mhafatien for ntestinal disten-
tion
Fational for use of 72 90
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P
pan 1n,
avodance of in intubation 42
cflect on sphincters, 41
cffect upon successful intuba
ton 42
in naso-pharynx with tube 1n
place 42
simple obstructions 91
strangulating obstructions 92
paralytic ileus (see ileus obstrue
tion decompression)
parenteral flnds, (sce fuids elec
trolytes)

co-operation of, 200
comatase 201
gastro-intestinal  decompression
of 124
irmational 200
management of fear reactions,
144 209
management of nervous reac
tion, 144 200
nervous, 41 54 144
normal 124
uncooperative 54 200
penicillin
n bowel obstruction 95
1n intubstton, 95
perforation
intubation for 155
of bowel by balloon of Aliller
Abbott tube, 249
of left colon
dangers of banum encma
studies in, 226
obstruction caused by 66 76
171
pertalus,
cffect of distennon on 91
n bowel obstruction, 93
normal physiology of 76
penitonitis,
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mproper use of 10 181
1n bowel obstruction, 106 117
10 treatment of colitis, 171
intussusception due to, 187
knots 1n, 183 188
perforation of bowel by 249
plugging of lumen of 186
propulsive prinaiple of 5
special types of 32 120 121
technic of introduction of 26
117
use of barnmn with 154
withdrawal of 185
mineral ol use of 123
in intubaten 123 182
mercuric sulphide
m balloons of intestinal tubes,
269
morphune,
m intubation, 124
1n removal of tubes, 201
1n sphuncter spasm, 54 74
mucus,
atelectans due to 13
effect on bronchi 198
1n intubation, 13
1n non smokers, 198
10 smokers, 198
myenteric plexus,
effect of thiamuin defictency on
86

effect on distention, 86

N

NIICotics, In post operatrve treat
ment, 200

n aged 153

mn mtubation, 124
nasopharynx, 43 126

anatomy of 41

in children 43

irrrtation of 198

mucus formed by 68 198

atelectasn due to, 68 198

INTESTINAL INTUBATION

phymology of 43 68
nerves, sutonomrc and intestinal
motor function
and intestinal motility 92
reflexes from distenton 92
sympathetic, and intestinzl mo-
tility 86

nitrogen,
diffusion of mto balloom of 1
testinal tubes, 247
1n bowel obstrrction, 96 247
replscement of by oxygen, 90
nitrous oxde, snsesthesis, 72
non protein nitrogen, 219
1 bowel obstruchon, %6 219
non surgical enterostomy 66
normal salt solution, (see flwds,
electrolytes)
nose,
anatomy of 40
care of dunng mtubation 197
fasterung of tube to, 187
irtubation through 42, 126
physiology of 42
polypt in 42 43
turbinates 1n, 41
nurkng 195
dutles of 197
errors 1 196
nstruction of 195
in {ntubstion 196
nutntional deficiencies,
preventien of 112
mutrition
dunng wtubaten 157

[0}
obstruction

adhenons cause of 162 167

acdosss 1, 218

alkalons 1n, 218

caused by balloon of ntestinal
tube, 186

damfiatson of 1545 159
160 161 163 164 166
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deaths due to, 160
dizgmosts of 159
effect of
cloted loop obrtructions,
fleocaccal valve in 168
huigh obstructions, 89 93
low ebstructions, 89 93
eflect on blood chemustry 90
cffect on hematoptoine system,
96
effect on patient as 2 whole 94
cectrolytes 1, 13
exudate as cause of 159
gses in 101
hydraton 1n 217
fimd and gavn, 101
foragn bodies cauaing 164
mtubation for 158
lethal factors 1n 95
mechameal 166
maentenc thrombosis, 165
multiple closed loop obstruc
tiom, 64 102, 159 160
of colon 103 168 173
pentomitss 1n 149 154
roentgen diagnans of 226
role of radiolomst 1n 164
strangulating 160
epcratton for obstruction,
intubation, 172
vith intubation 167
O Bieme tube, 172

43
degluntion m, 44 69
esia of 43
tube 1n 43
oty media from tubes, 183 197
OXFren,
tbsarption from bowel 80
et on intestinal motility 72
1ate 1n gagtro-intestinal tract 80
inhalation for intestinal dsten
troa, 90
ftwnal for use of 72 90
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P

pain 1n
avodance of mn intubation 42
effect on sphincters 41
effect upon successful intuba
tion 42
in naso-pharyne wath tube 1n
place 42
sumple obstructions, 91
strangulating obstructions, 92
paralytic ileus, (sec 1leus obstruc
tion decompression)
parenteral flids (see fluids elee
trolytes)
patient
aped 153
co-operation of 200
comatose 201
gastro-intestinal  decompression

of 124

wrrational 200

management of fear reactions,
1+ 209

management of nervous reac
tion, 144 200

nervous, 41 54 144

normal 124

uncooperative, 54 200

penucillin,

in bowrel obstruction 95
i intubation 95
perforation,
intubation for 155
of bowel by balloon of \liller
Abbott tube 249
of left colon
dangers of barium enema
studies 1n, 226
obstruction caused by 66 76
17
perstalss,
cffect of distention on 91
mn bowel obstruction 93
normal phywolegy of 76
peritomtis,



328

abscess 13 result of 156

continuous mphonage in 28

contipuous suction 1n, 29

ntubation n, 149 155
permeability

cffect of dstentron on, 94

of bowel nall, 88 272

of rubber balloons, 273
perspiraton Jom of flud by 218

care of dunng tubation, 197
plasma,
albumin, 82, 87
effect of replacement of 216
globulin 82, 87
infunons of 216
lom 1n bowel obstruction, 87
Ppontocane,
1n ngsal anaesthema for intuba
tion, 124
portal circulation
i obstructrion 89
post operatrve drstention,
adynamic, 71
carly 78 103 149
nflammatory 149
Iate, 103
Levin tube 1n, 71 103 149
long intestinal tube 1, 71
mechamical 159
Wangensteen tube 1n, 101
post operative mansgement 71
posture,
and intubation, 47 124
cffect on speed of ntubanon
53 153
effect on succrss of intubation,
53
effect an tube head, 48 134
pre-operative management,
ambulatian 1n 200
ntubatron wn, 197
penreillin 1n 95
sedation 200
sulfonamuides in 95

INTESTINAL INTUBATION

suction 199
unae, 199
water and clectrolyte balance,
199
pressure,
ntra-lumnal
cm;spermnm for by body 87

danger of too rapid reduction
of 88
in colon, 247
it small mtestine 101 247
m stomach, 136
venous, 85
protan, hydrolysates, 217
omuno acids of 216
1t bowel obstructron 217
psychologic factors in mtubation,
10 nervous pabents, 34
p
1n intestinal distentson, 149
pylorus,
effect of chyme presare on, 74
effect of drugs oa, 124
effect of hydrochlorie sad on,
73
effect of salid substance against,
73
effect of spearfic foods on, 73
intubation of 74 106
phymology of 72
spasm of 54 74
stenows of 54

R

radiology .

duagrostic, 22

s mud to mtubstor 106, 154

enterton for removal of decoa

presron tube 225

in colits, 164

in course of mtubsteon, 53 223
rectal tube

wn bawel chstruction 138

i intubation, 138
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O Bierne tube 172

recambency
effect on tube head 46
effect of weaght of mercury on
145
in sdynamic tleus 144
resperation
effect on circulation 89
effect of distention on 89
effect on intra abdomminal pres
sare, 84
retro-pertoneal Tesons, 152
Tubber
effect of gases on 243
effect of mercury on 271
coffect of perfuvon of pas on
260

permeability of 261

S
saline solution, (see electrolytes)
nistration dunng suction,
199
deficency of
effect upon metabolism 217

effect on speed of intubation
217

Tequirements 1n intubation 199
10 intubated patients 200
shock,

m bowel abstruction 94

In strangulatron of bowel 94
sphon dranage,

of mmall intestine 203

of stomach 28
2l bowel (see bowel intestrne)
sodnm,

10 body tusues, 220

I low obstruction 220

12 high obstruction 219

0 plema, 219

Pormal requirements of 219
sphuncter

ardiospam 45
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tleocaccal 103
mloraapasm, 54 74
spinal anacsthesia,
effect on intstinal motility 72
stoma,
pgastro-jejunal 112
iliocolic 169
past gastrectomy 129
stomach
anatomy of 46 47 53
atony of 53 55 70 71
anomalies of 51
brushes 17
cardiospasm 45 {see also esoph-
agus)
effect of tube on 128
weight of mercury used for
45
dilatation of
pnmary 21
secondary 13 31
distention of 21 47 136
effect of anacsthetis on,
cffect of chloroform on 72
effect on ether on 72
effect of mtrous axde on 72
effect of axygen on, 72
effect of spinal on, 72
effect of gases in 52 136
effect of patients postton on
128
intubation of 28 71
speed of pamage of tube
through 31
technic of intubation 1n 53
motility of post operative 72
physiolegy of 22,55 70 71 72
73
pit falls 1 ntubation through
16 47

pylorospasm, 54
poution of with distended colon
48
stoma of
after gastro-enterostomy 52



330

112, 113
nft:rlpZ;mld gastrectomy 52,
alimentation after 112

intubation of 112 129
tubes used,
Abbott Rawson, 112
Berk, Rehfuss, Thom-
o, 112
Cantor 130
Einhorn, 113
Levin, 113
tubes,
Abbott Rawson 112
Buckstein 7
Grom, 6 7 24
Einhorn, 6 7 24
Einhorn Mosew, 8§
Hemmeter 7
Hollender 8
Jutte 7 25
Kanavel 7
Kuhn 7
Levin, 7 25 100
Lyon, 7 25
Palefiky 7
Rehfum, 7
Twus, 8
Wangensteen 8
Wilkins, 8 9
development of 20 21
exrly tubes used, 19 20 21
history of 18 19
use of
danger of forceful suction
through, 22
double recurrent stomach
tubes, 22
rubber tubes 22
to remove pomons, 19
to study pastric phywology
22

strangulating obstructions,
bowel 1n, 160
disgnoss of 160

INTESTINAL INTUBATION

wtubation 1n, 160
shock 1n, 94
treatment of 95 160

wmtubation 10, 223
sucanylsulfathuzole 177
10 bowel obstruction, 177
mn distention, 95
1 strangulation of bonel 95
suction
continuous, 29 205 208 210
effect of high pressures by
102
cffect on ntra intestinal pres-
sure, 102
effect upon hydratron 217
effect upon ntestinal mucosa,
102
importance of 212
improper use of 12
1n ambulating patient, 204
nursing care wm, 207
danger of 21
Fntz apparatus, 208
Gomeo thermotic pump 210
nphonage, 28 29 101 203
Stedman pump 210
Wangensteen method 205 206
sulfasmudine,
effect on survival tme, 95
1n bowel obstruction expen
mentally 95
1 bowel resection, 95
1 closed loop o_l;u_rucno"l, 95
n intubatron, 9.
tn strangulating obstruction 95
surgeon,
judgment of 101 179 214
removal of tube by 67 216
responsibility of 10 213
n
mnm due to, 150
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effect on ntestinal motility 72
Syphon suction, (sce ale miphon
suction, decompression )
for intestinal decompresaion 203
sdvantages of 204
disadvantages of 101

T
temperature,
effect upon diffusion of paus
246
thumin chlonde 85
deficrency of 86
effect on Aucrback s plesus,
86
tﬁ; upon motility of bowel

effect upon vapus, 86
role 1n dutention, 86
thint n dehydration 218
tre,
application of 1o end of intes
tinal tube 190 252

causes of 95
effect of penicillin on 95
effect of streptomyan on, 95
offect of sulfssuxidine on, 95
in bowel obstruction 95
prevention of 95

tabes, (sce intestinal, duodenal)
Agoar 6

development of 17
duodenal tubes,
d‘""?lozlﬂpllcmom of 27

for biliary drainage 28

for gastnc hemorrhage, 28
for intestinal parsutes, 28
for perssstent vemuting, 28
n ll&;‘\'tl obstruction 28

In pentonins 29
In paisonung 28
Ppost operative 29

331

development of 7 23
history of usc of 24
intubation with 56 102
neflectiveness n 3, 4
29 85 103
speed of intubation with
26 27

techmic of uee of 24 26
tube heads,
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