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PREFACE

The early papers of Ward, Wangensteen, Miller-Abbott and
Johnston created a new era in the treatment of intestinal obstruc-
tion. By the use of suction applied to an indwelling gastro-
duodenal or intestinal decompression tube, it has been possible
to reduce the mortality rate in cases of bowel obstruction from
sixty per cent to less than sixteen per cent. That this reduction
in mortality rate was not entirely due to intestinal decompression
is a universally accepted fact. Our newer concept of water bal-
ance, for which we are deeply indebted to Coller and his asso-
ciates, and our clearer understanding of the changes in intestinal
physiology and physiological chemistry of the blood, played no
small part in this reduction in mortality.

Intestinal distention, however, is 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. It was
soon found that this was unfortunately not the case. The intro-
duction of the Miller-Abbott and Johnston tubes in the treatment
of bowel obstruction was the next logical evolutionary step in
the solution of this problem. Here, it was again soon found that
although many cases were greatly benefited, still the method of
intubation required a high degree of “know-how” and usually the
use of fluoroscopy in these very ill patients in order to get the
tubes to pass through the pylorus. The literature, in the past
seven years, is replete with articles describing the virtues of these
tubes and the great dithculty so often experienced in passing them.
The percentage of failures in many clinics ran as high as twenty
per cent.’ We were impressed by the necessity of finding a new
type of tube and a newer concept of its passage through the gastro-
intestinal tract. We felt that in order to make the use of the

*Smith, B. C.: Miller-Abbott Tube; Statistical Study of 1,000 Cases. Ann.
Surg., 122:253-259, (Aug.) 1945.
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viii INTESTINAL INTUBATION

tube “fool-proof” it should be constructed as simply as possible
and must further satisfy four criteria.

The tube must have a lumen sufficiently large so that intestinal
particulate matter would not plug it. In this way, the care of the
tube by the nursing staff could be reduced to a minimum. The
tube should be radio-opaque so that the roentgenologist would be
in a position to know exactly where it is at all times and so that
knots and kinks could be readily detected. The tube should fur-
ther have a sufficient number of holes so that pocketing would
not occur in 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 trecatment of intestinal distention would be greatly
simplified. Since the propulsive mechanism of all tubes resides
in the “head” of the tube, and since we found after much experi-
mentation and thought that mercury was the best medium to be
used in the “head” of the tube, the problem of the propulsive
mechanism merely resolved itself down to placing the mercury
in a very loose bag at the very tip of the tube in order to utilize
all the physical properties of mercury and not merely its weight.

During the carly years of 1942, 1943, and 1944 many changes
were made in the tube in order to make it as simple as possible.
A newer concept of its downward passage has been developed
in this process of development.

I wish to express my admiration and gratitude to Dr. Daniel
J. Leithauser whose guidance and example has helped me to
“steer a straight course.” I should also like to express my appre-
ciation to Dr. C. S. Kennedy who made it possible for me to
carry on this study. Dr. Roland P. Reynolds was ever helpful
particularly when the going was rough. 1 am indebted to all the
doctors on the staff of Grace Hospital for the use of their cases
during the developmental stages of our simplified tube. T am
particularly indebted to Dr. Hans Jarre of our roentgen ray
department whose suggestions were most helpful particularly in
writing the chapter on the roentgenologist’s role in intubation.
[ am greatly indebted to Dr. John R. Paine for his very excellent
summary of the history of intestinal tubes. Everett R. Phelps,
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Ph.D., and Robert H. Esling, M.S.; collaborated in studying the
effect of the tension of intestinal gases upon the balloon of in-
testinal decompression tubes.  Dr. Phelps, head of the department
of physics at Wayne University, placed the facilities of his de-
partment at our disposal to carry out this study. I should like
to express my appreciation to the following journals for permit-
ting me to abstract material freely: The American Journal of
Surgery; Surgery, Gynecology and Obstetrics; Annals of Surg-
ery; Archives of Surgery; Journal of the American Medical
Association; New England Medical Journal; Surgery; and
American Journal of Digestive Diseases. lLast, but not least, |
wish to thank my wife, Lillian, for the excellent sketches which
help to clarify many points. [ am deeply indebted to Frank Rus-
lander for the excellence of his photography.

[ should like to express my appreciation to the firm of Charles
C Thomas - Publisher, for many kindnesses throughout the proc-
ess of compiling this material.

Meyer O. Caxtor, M.D.

Detroit, Michigan



CONTENTS
Preface v v v it e e e e .. vil
Chapter 1
FREERODGEIIONT v v o1 o0 1ot o sossi s cor wim o o5m 3510 o F 5, B 50 56 5090 0 3

Chapter 11
THE HisTtory OF THE INVENTION AND DEVELOPMENT OF THE

GASTRO-INTESTINAL, T URES 5 5 @ 6% 5 5,55 &85 5 8 55 % 586 A5 s5e 5 5 = 16
Early Application of Stomach Tubes for the Removal of
POTSOTIS) « v w1 s o 1 etia vamminmasa o 1ot = 5ot vt e et e oo, a1 ol 35, 1 19
Modern Development in the Construction and Use of the
SEOACH, TOBE < 00 5505 700 551§ 6 5075 508 58 8 505k B 258 06 1 0 8 0 0 21
Early Attempts at Duodenal Intubation.................. 23
The Invention and Development of the Modern Duodenal
TTHIDE 5y 5085 i 00 e 8 5 0 e BT . 4 0 - 94 6 i 00 24
The Clinical Application of the Duodenal Tube............ 2

T'he Development of the Long Intestinal Decompression Tube 30

Chapter 111
NorMAL ANATOMY OF THE (GASTRO-INTESTINAL TRACT AS RE-

LATED TO INTUBATION. . oo vercvneeeoesonnonneonnaenons 40
Nose and Naso-Pharynx........ ... ... . ... ... ........ 40

Chapter 1V
INTESTINAL PHYSIOLOGY AS RELATED TO INTESTINAL INTUBA-

Chapter 17

DistenTION IN THE (GASTRO-INTESTINAL TRACT. .. .......... 78

Effects of Intestinal Distention. . ............. ... ....... 87

Local Effects . . . ..ot e 87

Dehydration .. . ... 89

Effect of Distension Upon Motility. .................. 91

Pain and Nervous Exhaustion...............c.ccou... 91

Role of Distension Upon Vomiting. . ................. 92

Effects of Distension Upon the Body as a Whole. . .......... 94

Chapter T'1

InTESTINAL DECOMPRESSION TuBEs in Use Tobay.......... 100
Chapter 11

TECHNIC OF INTESTINAL INTUBATION . . .. .ottt 116

Preparation of the Tube........ ... .. ... .. ... ......... 123

Preparation of the Patient and Passage of the Tube......... 124
Chapter T'I11

RoLE oF MERCURY IN INTESTINAL DECoMPRESSION TUBES. ... 140

[xi]



NI INTESTINAL INTUBATION

Chapter 1X

DisorpERS OF THE SMALL BOWEL REQUIRING INTUBATION. . . .
Atonic Ileus Group. . ... ..o
Inflammatory Distension (GLOMD. . o« « vois s ss s s 555 50 s s e s
Teus Due to, Miechanical LieSIons. « oo eims et imemasioscwin
Patients Subjected to Elective Operations—Non-Surgical En-
EETOSEOIIIY o o ¢ v nio s e o e e e e s ee s sies ae o s em s mais e anwines s

Chapter X
INTESTINAL INTUBATION IN LESIONS OF THE COLON..........
Lesions of the Right Colon. ............................
Intubation in Lesions of the Left Colon..................

Chapter X1
ErrRORS AND SAarecuarps IN THE Use orF INTEsTINAL DECOM-
PRESSION L TEBES: 10 5 55 50255 51 ¢ o2 o.10. o 10163 50081 1l or o8e] 55 5 ey ot oo s o o 4 o 281 2 T 1 3
Balloons of Intestinal Decompression Tubes Trapped in the
Gastro-Intestinal Tract « o o « 56 onmew 6 4 s B S RE  SaE R e
[y o] i e o P s I
THCAETICIIE . 5.+ erimremriar s o et a0 5 B o Bt my e e s mtisrveyis e s & s

Chapter XTI
NURSING CARE OF PATIENT WITH INTESTINAL INTUBATION. . .
Care of the Tubes at Central Supply.....................

Chapter X111
TyPES OF SUCTION AND METHODS OF USE. .....c.covvuunnn..
SIPhOMATE SUCHIOM = = 5 = ewrioceiions %1 0: o 08 Foree e om0
Continuous Suction by Water Displacement Method. .. ... ..
Continuous Suction by Effect of Heat Upon Air............
Motor Pump and 'Stedman Pumips « .« « .o s s sms s e mm 5 s o

Chapter X1V
RESPONSIBILITY OF THE SURGEON IN THE USE OF INTESTINAL
INTUBATION 5 o o 5 v o oo s 5 60 508 6 6 %) o 5 0] 675 50 8 o7 458 5105 16 51 Lo 0 8 dre o7
Chapter XT
THE RoLE or THE ROENTGENOLOGIST IN PaTiENTS T0o BE IN-

TUBATED & s 5. 5 o505 3 isics 0 5 ¢ s aiscs 68555 6o e i o stie & s Sises @ Unraidioal 5 4 3
Chapter XTI
INTUBATION IN INFANCY AND CHILDHOOD. . .. ..coveueeenn..

Chapter X111
ErrecT oF INTESTINAL (GASES UPoN BALLOONS OF INTESTINAL
IDECOMPRESSION T UBES + 5 n w56 s i v s siewos i mism o 0 5 ao0nsi5e
Experimenfal SHudies « s ¢ oo v omos o ise cms s omoe o s o 5o
Experiment 1 ... ... .. .. i,
Experiment 11 ... ... ... ... .. . . .
Bxperdmelit THL o o o cne onms am o e oisns s o5 ot dims e & mie s
Conclusions from This Experiment................

147
147
154
159

167
168

168
171

179

187
190
191

195
201

203
203
205
210
210

221

228

249



CONTENTS Xiil

Expetingefit IV . .0 o oo aiee v oo mioinie 555 s s sid s i s 257
EXDETIMICIE N & o 5 o 55 m 605 a o5, oswiara oo miie s wimriag womr 31 476080 515 5 258
Experiment VI o s sios 5o eeies s o8 o6 58 5 5ms: s s e i s 259
Clinical Applications of Experimental Data............... 261

Chapter XT'1I1
Errect or Hyprocen SurLrHIDE (Gas UroN THE BALLOONS OF

INTESTINAL DECOMPRESSION TUBES. . ..................... 264
Experthent Lo v o cms v e emmimaemms v sme sam e 56 sats e 264
FXDETIIENE LE v s oo i o o s sns o co o i 08 050 o o 7 318l i o 7o 5 265
Experiment LIL . o o oo s oo e cnesasimgaion s 266
Experiment IV ... o .. it i 267
Expetimeiit IVA . o - cnias ameiow o oe semm s o s oo o swe 269
TERPErItHENE W o & o wore o e ommiocer oucst 55 5 57 o Shin ol ol s 5 1 i 269
Experiment VL .. coevun et omue ve o gosissnsseans 270

Summary of these experiments and conclusions. ............ 271

Does the Bowel Prevent the Outward Diffusion of Gas from

within the Balloon of Intestinal Decompression Tubes?. .. .. 272
REFERENCE BIBLIOGRAPHY .« o v oottt it e i e e e e 281
RIETITOR LD ER e o e e S Tl e Fet 312

SUBTECT INDEX v & 5505 ol o 5ie) acronisio o1 ool i o ient o 208 oo 835 50 5 Bk 561 o 5 o 838 0 & 316



INTESTINAL
INTUBATION






CHAPTER 1

INTRODUCTION

N THE past ten years, intestinal intubation has come to oc-
cupy a very important position in the armamentarium of the
surgeon in his attack upon intestinal distention. No thinking sur-
geon would deny the importance of decompressing the gastro-
intestinal tract in any case of severe distention, nor can we forget
that in many cases such intestinal decompression is in itself a life-
saving measure. Yet despite the importance of such intestinal
decompression, the means of securing it, namely, intestinal intuba-
tion 1s generally intrusted to the interne who too often lacks an
adequate understanding of the mechanism involved.

This past decade has seen tremendous improvements in in-
testinal decompression tubes, as well as in methods of obtaining
a negative pressure to produce suction at the end of such intestinal
decompression tubes. The indications and the contra-indications
for the use of such tubes has gradually evolved as a result of the
work of many surgeons working independently in different parts
of the country. Much “water has passed under the bridge” since
the early papers of Ward*** Westerman,® Kanavel,* and, Wan-
gensteen and Paine ™ called the attention of the surgical world to
the fact that a simple tube passed into the stomach of patients
with ileus due to peritonitis would decompress these cases, as
well as many post-operative cases of intestinal distention. In
many cases, the Levin tube passed through the pylorus and de-
compressed the duodenum and upper jejunum. As long as the
distention was chicfly gascous such methods of decompression
were adequate. This work furnished an impetus to surgeons every-
where and succeeded in creating an “intubation cra.”

The early work on gastro-duodenal intubation was soon fol-
lowed by an attempt to pass such tubes far down the gastro-
intestinal tract into the colon, if need be, in order to treat in-
testinal distention. The demonstration by Paine® that negative

[31



4 INTESTINAL INTUBATION

pressure at the end of a gastro-duodenal tube could not effectively
reduce the intra-luminal pressure in the ileum, and the clinical
observations by surgeons everywhere that gastro-duodenal intuba-
tion was not sufficient to treat intestinal distention, resulted in a
search for more effective methods. When Miller-Abbott combined
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 intestinal
pain by passing a balloon-tipped tube down the gastro-intestinal
tract and noted contractions upon the inflated 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, if the bowel in front of the balloon were decom-
pressed and the balloon inflated peristaltic waves would be set
up as a result of the inflated balloon acting like a bolus. In this
way, such tubes were carried down the gastro-intestinal tract in
order to study the intestinal physiology and the flora at different
levels of the gastro-intestinal tract.

Johnston, in 1938,' used these long tubes in cases of bowel
obstruction. The need for a tube that would pass down to the
point of obstruction was recognized by Johnston with the result
that an attempt was made to utilize the Miller-Abbott tubes for
this purpose. Surgeons everywhere were quick to recognize the
great value of having a tube down to the point of obstruction.
The use of the Miller-Abbott tube became wide-spread.

It was realized very shortly thercafter 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 drawbacks were due to the improper
selection of cases for intubation and a lack of proper understand-
ing of just what one could accomplish by intubation.

Since 1938, much work has been done in order to more suc-
cessfully treat intestinal distention and to clarify just when, where,
and how, these tubes should be used. Several different types of
tubes have been introduced with the objective of intubating suc-
cessfully a higher percentage of cases with less effort and with
tubes giving a maximum diameter of decompression. Each tube
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was evolved by a surgeon to meet certain physiological criteria
which he thought necessary to propel the tube down the gastro-
intestinal tract. Classifying our tubes in use today by this stand-
ard, four different types of tubes based upon four difterent prin-

ciples of propulsion are found in use today.

Figure 1 Figure 2

Figure 1. Tube head of Miller-
Abbott tube. Balloon along the shaft
of the tube at its distal end. Balloon
to be inflated with air. Note perfor-
ated metal end projecting beyond the
balloon. This is a double lumen tube
inclosed in one sheath.

Figure 2. Tube head of Johnston
tube. Here the double lumen tubes
are not inclosed in one sheath. The
small tube is used for inflation of the
balloon and the large tube for de-
compression. Note that the balloon
is attached along the shaft of the
distal end of the tube and note how
the tube tipped with a metal piece
projects beyond the balloon. Note
fenestrations in metal tip of tube.

The Miller-Abbott tube®®
which is based upon the prin-
ciple, “that it is necessary to de-
compress the gut in front of the
balloon, so that when the balloon
is inflated it acts like a bolus and
is so propelled down the bowel,”
would then be called a double
lumen “air-filled bolus type tube.”
Successful intubation can be ob-
tained in a good percentage of
cases using this type of tube if
one is willing to spend the time
and use fluoroscopic control.
Once the patient is successfully
intubated with this type of tube
its downward progress is gen-
erally rapid. However, being a
double lumen tube with a small
lumen for decompression a great
deal of nursing care is required
to keep the decompressing lumen
open. There are many modifica-
tions of this tube utilizing the
same propulsive principle. These
tubes double lumen with
both lumina inclosed in the same
sheath.

In the same classification as
the Miller-Abbott tube one
would find the Johnston tube.'®
Here, we find a double lumen

arc

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-
aptation of two tubes side-by-side. A small tube to inflate the
balloon and a larger lumenal tube for decompression.

The Aguiar tube™ which was
introduced in Brazil is a single lu-
men tube based upon the principle
of “jet-propulsion.” The principle
upon which this tube was based is
the concept of the surgeon that by
injecting a liquid or air or liquid and
air forcibly into a single lumen tube
the emission of this solution at an
acute angle at the head end of the
tube results in its downward pro-
pulsion. This type of tube is not
available in North America. Most
surgeons are very loath to inject
any fluid or air and fluid into a
gastro-intestinal tract already filled
with gascous and liquid material.
- ' 7 Although American surgcons do not
i’;'%:"ffjgt‘_[;{g;uﬁ%o‘ﬁﬁrttu"bl:' !ll;:z use this type of tube, nevertheless,
liquid or air and liquid is injected the dcvclopment of a tube based
into the tube and emerges ob- y6n the “jet-propulsion” principle

liquely to the wall of the bowel 3 . -
through the metal tube head. The has been of great value in helping

force of this stream propels the ¢4 crystallize our ideas as to the
tube along.

type of tube that would most per-
fectly fill the surgical requirements to induce successful intestinal
intubation.

As carly 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 multiplicity of gastro-duodenal
tubes were developed all based upon the principle of “weight”
of the head end of the tube as a propulsive mechanism. Many
metals were employed in obtaining such weighted heads. Gold,
silver, lead, and mercury all had their proponents and were used
in the head of a tube to weight it so that gravity would carry the
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Figure 4. Note the evolutionary changes in gastro-duodenal tubes from the

time of Hemmeter in 1895. Note particularly the attention given to the weight

of the head and its shape. These were considered to be of the greatest import-

ance in insuring successful duodenal intubation. (From: Moses Einhorn: “New

Bucketless LLead Weighted Gastro-duodenal Tube with a Review of the Amer-

ican Contribution to the Development of These Tubes.” Am. J. of Digest.
Dis., 5:77-80, 1938)
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