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In THE Orient, the problem of the neglected case of acute intestinal ob-
struction is difficult and the mortality high. Even in the United States, despite
advances in surgery and a clearer knowledge of many of the altered biochemical
reactions, the death rate during the last 15 years has varied little (10.1 to 11.1
per 100,000), but the total number is constantly increasing.84®

Mortality rates from as high as 61 per cent8* to as low as 19 per cent5?
indicate what little uniformity exists regarding treatment and operative pro-
cedure. In comparing the results obtained for similar lesions at different hos-
pitals, this disparity becomes especially apparent. For these reasons, Lincoln
Davis®® objected to the evaluation of statistics from various institutions unless
they could be compared case by case.

Since the observations of Leichtenstern® and Nothnagel,®® the pulse rate
has been used as a criterion in prognosis. In Miller’s® series, 71 per cent of
the fatal cases exhibited either a subnormal temperature, or one above 100° F.
A rapid, shallow respiration was stressed by Braun and Boruttau® as an
ominous sign in obstruction.

In the neglected case, the quick pulse, the rapid respiration and the elevated
or subnormal temperature contrast strongly with the normal values found in
the early one. In order to test whether a combination of these three variables
would give a truer picture of the patient’s condition, and thus afford a measure
whereby the relative toxic state of each might be gauged, an index combining
them was derived and applied in 570 cases of acute intestinal obstruction.1%6

Determination of the Index.—The index is the product of the three vari-
ables: Temperature, pulse, and respiration. The normals taken are: Tempera-
ture, 98.6° F.; pulse, 72; respiration, 16. To each, an arbitrary value of one
is given.

Temperature Factor: For each rise or fall of one degree Fahrenheit, one is
added to the normal of one.
Pulse Factor: For every rise of ten in the pulse rate, one is added

to the normal of one.
161



SCUDDER, ZWEMER AND WHIPPLE Annals of Surgety

February,

Respiratory Factor: For each rise of five in the respiratory rate, one is
added to the normal of one.

Example: A strangulated hernia of three days’ duration was admitted with:

Temperature, 99.6° F.; pulse, 112; respiration, 26. Index in this

case: 2 X §x 3 = 30 as compared with Normal Index 1 x1x1=1.
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CHART 1.—Ordinates: Temperature, pulse rate and respiration; index. Abscissas: Percentage
of recovery.

TABLE I
DETERMINATION OF FACTORS

Temperature Factor Pulse Factor Respiration Factor

98.6° =1 72 =1 16 =1
gggo =2 82 =2 21 =2
96.6° _ _ _

100.6° 3 92 =3 26 =3
95.6° _ = =

ror.6°) ~ 4 oz =4 31=4
102.6° =35 112 =§ 36 =5
103.6° =6 122 =6 41 =6

The indices of 1,150 cases of acute mechanical obstruction (Group I*) were
determined and charted, with the recovery rate plotted against the index. The
declivity of the line shows that survival stands in inverse proportion, and mor-
tality in direct proportion to the magnitude of the index.
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Prate I
NormaL Human ADRENAL CORTEX

A right adrenal gland of approximately normal size, shape and color showing the superior, middle
and inferior arteries, the central vein and an alternate venous drainage (upper right). Camera lucida
painting of a segment of a frozen section of adrenal cortex from the capsule (with capsular artery in
cross-section) to the juxtamedullary border. The lipoids are stained orange-red with Sudan III, and
the nuclei blue with Harris’ hematoxylin. The section was mounted in Zwemer’s glychrogel. Xizo (left).
A few lipoid-rich gland cells from the outer fascicular zone of the above section. A diminution of this
type of cell is associated with a demand on the gland. The nuclei of two capillary endothelial cells are
also illustrated. Xgoo. (lower right.)
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CHART 2.—Ordinates: Toxicity index. Abscissas: Percentage of recovery. Scatter diagram show-

ing the percentage of recovery for each index. Brackets indicate the number of cases and the range of
indices taken for each point on the chart.

This same correlation is seen in 1,000 cases of strangulated external hernia
(Group IIT*) (Chart 3).

Amnalysis of the Results of Operative Procedures—With the objective value
of the index revealed in 2,150 cases} the types of surgical procedures were
gauged in respect to the patient’s condition.

The reduction of a strangulated hernia with viable intestine gave the
optimum prognosis in all cases. The addition of an enterostomy raised the
mortality. In the gangrenous hernia, a resection with primary anastomosis
augured better than did the principle of marsupialization (Chart 4).

In analyzing the 925 operations with viable intestine, the relief of obstruc-
tion, whether effected by division of the adhesions, detorsion of a volvulus, or
reduction of an intussusception, offered the patient the best chance as judged
by 76 per cent recovery in 520 cases, and a higher survival at each index up to
60 (Chart 5).

A primary enterostomy with the relief of obstruction raised the mortality
rate in 149 cases. Grouped as to indices, the recovery rate was lower in those

* Cases of obstruction are grouped according to the Massachusetts General Hospital
plan: Group I: Acute mechanical obstruction, except those due to neoplasms. Group II:
Obstruction due to neoplasms. Group III: Obstruction due to strangulated external
hernia. This paper does not include Group II, nor children under 12 years of age.

1 The statistical data were reviewed by Dr. E. B. Wilson of the School of Public
Health, Boston. The scatter diagrams were made at his suggestion.
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CHART 3.—Ordinates: Toxicity index. Abscissas: Percentage of recovery. Scatter diagram
showing percentage of recovery for each index. Brackets indicate the number of cases and the
range of indices taken for each point on the chart.

enterostomy cases below 60, and about the same for both the enterostomy
and nonenterostomy groups above this index (22 and 19 per cent respectively).

Enterostomy or cecostomy without the removal of the lesion gave a 70
per cent mortality, a figure worse than that reported by Treves,'2? in 1884.
A short-circuiting operation around the lesion failed to achieve the same suc-
cess as did its removal.

TABLE II

PERCENTAGE OF RECOVERY IN 2,I50 CASES OF ACUTE INTESTINAL OBSTRUCTION,
GROUPED ACCORDING TO ETIOLOGY (CHILDREN UNDER I2 EXCLUDED)

Grour I (Massachusetts General Hospital Classification) Recovery
Lesion Lived Died Total Per Cent
Bands and adhesions.................. 360 213 573 63
Volvulus of small intestine............. 90 66 156 58
Volvulus of large intestine. .. .......... 70 57 127 55
Intussusception....................... 38 31 69 55
Miscellaneous. . .......... ... 18 18 36 50
Gallstones and foreign bodies........... 8 9 17 47
Meckel’s diverticulum. ................ 6 9 15 40
Internal strangulated hernia............ 14 22 36 39
Cause not ascertained. ................ 24 62 86 28
Mesenteric thrombosis................. 4 31 35 11
Totals......cooviiiiiiiin .. 632 518 1,150 55
Grovur II
Obstruction due to tumors not included.
Group III
Strangulated external hernia........... 765 235 1,000 76.5
To®alof Series.......covvineee e, 1,397 753 2,150 65
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CHART 4.—Ordinates: Toxicity index. Abscissas: Percentage of recovery. Surgical
procedures in 1,000 cases of strangulated hernia. Brackets indicate the number of cases and
the range of indices for each point on the chart.

|
OURGICAL PROCEDURED IN 925 CASED OF ACUTE INTESTINAL
OBSTRUCTION BOWEL CONSIDERED VIABLE
. Recovery
Type of operation Cases Percentage
Relief of obstruction only = 520 T6%
Lateral Astomosis about lesion ==temx 45 506%
N TRelief of obstruction and Enterostomyes.149- 52%
Relief of obstruction and Enterotomy —— 63 435
Enterostomy or Cecostomy —=sem. 110 0%
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CHArT 5.—Ordinates: Toxicity index. Abscissas: Percentage of recovery. Contrast of the
recovery rate for different surgical procedures in 925 cases of obstruction. The figures represent
the number of cases. For example, there were 362 cases, whose indices ranged from one
to 20, in which the obstruction was relieved. The percentage of recovery for this group was 82.s.
The next figure, 105, indicates that number of cases whose obstruction was relieved. The
indices for this group fell between 21 and 40. The percentage of recovery was 67.5. In the
same range of indices there were 30 cases which had the obstruction relieved and a primary
enterostomy; their percentage of recovery was 10 per cent less than the 105 cases who did not
have a primary enterostomy with the relief of obstruction.
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In analyzing the 178 cases with gangrene of the intestine, a resection with
a primary anastomosis in the mildly toxic case was preferable, whereas, in the
severely ill patient, resection with delayed anastomosis gave better results.
Again, the exteriorization of the gangrenous bowel carried the greatest number
of failures.

10
OPERATIVE PROCEDURES IN 176 CASES OF ACUTE INTESTINAL
OBSTRUCTION  BOWEL NOT VIABLE
. Recovery
Type of operation Cases Percentage
2 Resection with Primary Anastomosis 87 42
R tion and Enterostomy 49 0%
Marsupialization Exteriorijation 42 17%
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CHART 6.—Ordinates: Toxicity index. Abscissas: Percentage of recovery. Contrast of
recovery rate for three different surgical procedures used in dealing with gangrenous intestine.
Marsupialization of the loop was not as successful as resection and enterostomy or resection
with primary anastomosis.

After summarizing these cases, we are forced to again raise the following
questions* : What is the toxic depressor substance in acute intestinal obstruc-
tion? Why is strangulation or gangrene more rapidly fatal? In what manner
does an enterostomy increase the mortality ? Why is gastric lavage beneficial ?
Why is the slow pulse so often misleading? Finally, how does salt solution
mitigate the toxemia of obstruction?

Our attention was directed to the adrenal glands by Wohl, Burns and
Clark,13® who reported cortical cell depletion in experimental obstruction un-

LeGEND FOrR PrLATE II.—Normal human adrenal cortex. Segment of a median section. Note large
clear cells which contained lipoid (X100). Nos. 2 and 3.—Adrenal cortex sections (full width) from two
patients dying of intestinal obstruction. Note disorganized cell arrangement and presence of connective
tissue between cell columns. It resembles Type 7 or 8 of Zwemer’sl® classification. Postmortem cell
changes and shrinkage due perhaps to technic should be discounted (X100). No. 4.—Same adrenal as
No. 1 at a lower magnification, to show cell types from capsule to medulla (X60). No. 5.—Normal cat
adrenal cortex. The relative thickness of rounded adrenals is greater than that of the folded primate type
(X60). No. 6.—Adrenal cortex from Cat No. 3636 showing ab of lipoid-loaded ‘‘spongiocytes.”
This animal died three and one-half days after esophageal obstruction (X60).

* A more complete discussion and bibliography is given by Cooper, H. S. F.: Cause
of Death in High Obstruction. Arch. Surg., 17, 918-967, 1928; and by Mclver, M. A.:
Acute Intestinal Obstruction. New York, Paul B. Hoeber, Inc., 1934.
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PHOTOMICROGRAPHS ILLUSTRATING VARIOUS PHASES OF ADRENAL HISTOPATHOLOGY

See opposite page for legend.
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treated by saline solutions. Examination of sections secured from autopsy
cases at the Peter Bent Brigham Hospital revealed various stages of cortico-
adrenal depletion according to the classification of Zwemer.133

Acute intestinal obstruction and adrenal insufficiency have many features
in common. With the latter a definite disturbance in potassium metabolism
has been shown to exist.l: 7 42,49, 69,137 Tpn experimental obstruction in cats,
we have reported a rise in blood potassium to lethal levels. The potassium
values for the contents of obstructed loops, peritoneal fluid and vomitus were
many times that of blood.!®” In experimental intestinal obstruction in dogs,
Cutler and Pijoan'® confirmed the occurrence of a hyperpotassemia.

Coincident with the experimental work, studies were begun on patients.
We report here 25 cases; in 20, potassium determinations were made on
blood secured at the time of admission ; in two, the blood was taken after the
administration of therapy; and in three, after operation.

Methods.—Unless otherwise stated, fasting blood was collected in the morn-
ing by the same person. The sample was drawn with a sterile dry syringe from
the antecubital vein without a tourniquet and placed into a Sanford-Magath
hematocrit tube containing heparin. After centrifuging at 3,000 r.p.m. for
one hour, the cell volume was read, and plasma separated immediately from
the cells. Samples showing any hemolysis were discarded. The potassium
content of 0.1 ML of whole blood and 0.4 MI. of plasma was determined by
the method of Truszkowski and Zwemer.1?3 1232 The values given represent
the average of two determinations, differing by not more than = 2 per cent
from the mean.

The specific gravity of whole blood and plasma was measured by the falling
drop* method of Barbour and Hamilton.® Plasma protein was calculated
by the formula of Weech, Reeves and Goettsch.1?”

The following figures are given as normal for potassium in the blood of
humans : Whole blood, 164 to 200 mg. per cent ; serum potassium, 18 to 21 mg.
per cent; cells, 350 to 465 mg. per cent, average, 418 mg. per cent. Because
of the wide normal range, emphasis should be placed on the change in potassium
level rather than in absolute values.5é 57 74, 88

SumMmAaRrY OF THE PortassiumMm CoNTENT DaTtA.—Plasma Potassium: In
the 20 untreated patients, whose blood was taken on admission, the plasma
potassium was raised in seven (Cases 1, 2, 3, 4, 9, 19, 20) and low in five
(Cases 5, 8, 14, 16, 18), the highest value being 33.4 mg. per cent (Case 9)
and the lowest 13.4 mg. per cent (Case 5). In Case 23, a plasma potassium
value of 28.2 mg. per cent was found after 300 cc. of 5 per cent salt solution.
Plasma K. decreased in 12 following administration of saline and other treat-
ment.1?® In two (Cases 14 and 22), despite salin€, there was an increase
in the plasma value. Both cases showed extention of the gangrenous process
at autopsy.

Case Report.—Case 20: Bronchopneumonia complicated by a strangulated femoral
hernia.® Plasma potassium was high, rising to 30.1 mg. per cent following operation;

* Pipettes may be obtained from Eimer & Amend, New York.
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decreasing after the administration of eschatinf and salt solution but again climbing
to 32.3 mg. per cent in spite of further therapy. Elimination by kidneys poor as indi-
cated by oliguria and a rise in the N.P.N. The K. in the urine, however, was 450 mg.
per cent. Profuse sweating and muscular twitchings were prominent features.®

Cell Potassium.—In 20 untreated cases the average cell potassium was 359
with a range of 302 to 438 mg. per cent. In 14 of these, cell K. was distinctly
low. Treated by injections of salt solutions, cell potassium rose in 12 (Cases
3-9, 11, 13, 14, 15, 18); and fluctuated in Cases 10, 13, 16, 19 and 20. In
other conditions the importance of cell K. changes has been stressed.5!- 882

Whole Blood Potassium on admission was above normal in five (Cases 5,
6,7, 12, 13), and low in Case 20.

Peritoneal Fluid Potassiwm varied from 13.2 to 28.6 mg. per cent in II
cases.

Spinal Fluid Potassium was lower than the plasma potassium when they
were taken simultaneously in Cases 11 and 12.%7

Potassium Content of Gangrenous Loop Fluid.—The values ranged from
109 to 637 mg. per cent in four cases (Cases 5, 14, 20, and 22). Death oc-
curred in all. ,

Potassium Content of Enterostomy Fluid —Analysis of potassium in both
plasma and enterostomy fluid in Case 9 showed the results to be identical.2% 128
In Case 25, the intestinal fluid K. was twice that of plasma.

Potassium Content of Gastric Fluid—In eight cases (Cases 14, 16, 18,
19, 20, 22, 24 and 25) determinations of potassium in both plasma and
gastric contents showed a range in the latter from 18.5 to 65.8 mg. per cent;
the average concentration of the gastric juice potassium being 2.5 times that
of blood taken simultaneously.5% 107

Plasma Specific Gravity.—The average in 18 cases was 1.0297 with a range
from 1.0264 to 1.0379. This contrasts with the average normal plasma density
of 1.0260 to 1.0270.

Hematocrit.—This showed 48.2 per cent cells in the 20 untreated cases
with a range from 33 to 59 per cent. This average of 48.2 per cent contrasts
with the normal figure of 45 per cent.

Plasma Protein.—In the untreated cases the average plasma protein was
7.8 Gm. per cent with a range from 6.6 to 10.6 Gm. per cent. This is higher
than the average normal of 7.0 Gm. per cent.

Discussion.—Certain phenomena associated with acute intestinal obstruc-
tion may be partly explained by considering potassium in their interpretation.

Simple Obstruction.—In the progressive dehydration accompanying this
lesion, a lethal rise in blood potassium has been demonstrated experimentally,
the rapidity depending upon the site of obstruction.107

Intestinal Strangulation and Gangrene.—Interference with the vascular sup-
ply of the intestines is always associated with a higher mortality. In our
experimental work, we attribute the earlier development of toxemia to a more
rapid and sustained rise in blood potassium, occasioned by a loss of fluids,

1 Eschatin has been furnished by the kindness of Parke, Davis & Company.
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obstruction, hemorrhage into the loop, and tissue necrosis together with inade-
quate excretion.’® Analysis of gangrenous loop fluid in four (Cases 5, 14,
20, and 22) revealed potassium content many times that of plasma, whereas,
normally, the potassium content of succus entericus is the same as that of the
plasma.20. 128
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CHART 7.—Ordinates: Days. Abscissas: Plasma and cell potassium plasma
protein and hematocrit readings. At bottom of chart the amount of fluid ad-
ministered parentally is indicated. Solid black represents intravenous Ringer’s
solution; slanting lines Ringer’s solution by clysis. See Cases 3 and 4 for
details. Note the fall in plasma potassium and the rise in cell potassium after
the administration of saline solution. Blood dilution is indicated by the fall
in the hematocrit readings and plasma protein. Recovery in both cases.
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CHarT 8.—Case 5. Ordinates: Days. Abscissas: Plasma potas-
sium and plasma protein. In spite of the administration of saline solu-
tion the plasma potassium continued to rise. Autopsy showed exten-
sion of the gangrenous process.

A resection of the gangrenous loop with a primary anastomosis gave the
best results in the moderately toxic patient® (Chart 6), probably for the
following reasons: (1) The exclusion of the danger of perforation; (2) the
elimination of infection; (3) the removal of the necrotic portion of the intes-

tine with its abnormally high potassium content; (4) the maintenance of the
181
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continuity of the gastro-intestinal tract with its base and fluid conserving

function.

Enterostomy.—In this series, a primary enterostomy with the relief of
obstruction measurably increased the mortality rate (Chart 5). Its surgical
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. CHuarr 9.—Case 9. Ordinates: Days. Abscissas: Plasma and cell potas-
sium, plasma protein and hematocrit readings. With the administration of

saline solution the blood dilution is indicated by the fall in plasma protein
and hematocrit readings. Plasma potassium fell and the cell potassium rose.
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CHART 10.—Case 2z0. Ordinates: Time in hours. Abscissas: Plasma and
cell potassium, plasma protein and hematocrit readings. At bottom of chart
the types and amounts of fluids administered are detailed. In estimation
of the fluid loss, 1,500 cc. were allotted to insensible perspiration. See case
report for details.

merits have been controversial 2 6582 111,122,124 Haden and Orr,* Drag-
stedt,2® and Morton and Pearse®® have shown that animals with intestinal
fistulae died with the same manifestations of toxemia, and as soon as animals
with obstruction at the same level. We have investigated the effect of com-
plete intestinal fistulae upon both hemoconcentration and blood potassium and
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find the resultant hyperpotassemia similar to that occurring in acute intestinal
obstruction, 197 198 experimental adrenal insufficiency, 12% 137 and experimental
potassium poisoning.!3?

The 70 per cent mortality following enterostomy without the removal of the
lesion (Chart 5) may thus be explained by two factors: (1) In failing to re-
move the obstruction, absorption of fluids and intestinal secretions is prevented ;
(2) the external loss of fluids and electrolytes through a fistula placed above
the obstruction accentuates the dehydration with consequent earlier and greater
rise in blood potassium.108

Enterotomy.—This was performed in 63 cases with a gross mortality of
57 per cent. Comparing this group with the relief of obstruction and enter-
ostomy, the mortality in the latter is g per cent higher and the recovery rate
is less at each index (Chart 5). This contrasts with Holden’s52 success, ob-
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CHART 11.—Case 22. Ordinates: Days. Abscissas: Plasma and cell

potassium, plasma protein and hematocrit readings. Daily fluid balance is

indicated at top of chart. T indicates transfusion. Note the fall in cell

potassium following each transfusion, also the increase in plasma proteins.
tained by relieving the obstruction, removing the intestinal content by stripping
through an enterotomy, and the giving of hypertonic salt solution subcuta-
neously. His procedure eliminates the toxic intestinal fluid (rich in potas-
sium) ; preserves the continuity of the gastro-intestinal tract and combats a
potential hyperpotassemia by the adequte administration of salts and fluids.
In our series, the gut was stripped in only two cases. More chemical studies
on both the blood and intestinal contents are needed in this controversy of
enterotomy versus enterostomy.16 62, 85, 87,90, 115 Continued gastric suction has

reduced the need for either.™ 95, 126

Gastric Lavage—Introduced by Kussmaul® in the treatment of intestinal
obstruction, gastric lavage is a recognized procedure. The advent of continued
gastric suction has carried the value of decompression one step farther. Carl-
son!® suggested some noxious element was washed out by vomiting. In our
experimental work, the abnormally high potassium content of the vomitus
indicates that secretion of this base into the gastric lumen, followed by vomit-
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. CHART 12.—Ordinates: Time in minutes. Abscissas: Hematocrit read-
ings: Whole blood, plasma and cell potassium. A summary of the electro-
cardiographic data is to be found at the bottom of the chart.
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CuArT 13.—Electrocardiographic Report: Leads 1, 2 and 3. Taken September
8, 1936. Control: Sinus rhythm. Ventricular rate 80 P-R = o0.17 to 0.19. Left pre-
pom?erance. P; inverted. Ti1, T2, T3 upright: Well-marked left preponderance is the
chief finding.
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ing, may be regarded as part of an auxiliary or emergency mechanism for
lowering blood potassium.3* 5% 107,108 The values are reported in eight cases.
Pulse in Obstruction—The slow pulse is often deceptive. Eisberg?®
counsels against delaying operation until disturbances in the pulse become
manifest.
The action of potassium on the heart both in vivo and in vitro has been
amply demonstrated.1? 22 37,53, 73,79 Gautrelet3® introduced into frogs’ circul-
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Cuart 14.—Electrocardiographic Report: Series of lead 2 after taking potassium.
Sec. 1—sinus rhythm, ventricular rate 80 P-R = o.19
Sec. 2—sinus rhythm, ventricular rate 78 P-R = o.17
Sec. 3—sinus rhythm, ventricular rate 76 P-R = o.15
Sec. 4—sinus rhythm, ventricular rate 80 P-R = 0.18
Section 1 is essentially identical with the control. There is not, however, the varia-
tion in the P-R as noted in the control. The form of the complexes is similar.
Section 2. The voltage throughout is distinctly lower and the conduction time is less
than before, being 0.17 throughout.
Section 3. The low voltage persists, the P-waves now being of exceedingly low
amplitude and the conduction time is further reduced to o.15.
Section 4. This resembles very closely the first section in that the voltage is higher
than in the second and third sections. The conduction time is greater.

lation potassium ions obtained by electrolytic dissociation, and found that like
potassium salts, they produce a decrease in the number of contractions, a
gradual diminution in the amplitude of the beat, and finally cessation of the
heart action, electrocardiograms taken resembled those of muscular fatigue.
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A relationship of hyperpotassemia to some of the peculiarities of heart
action is suggested by two sets of experimental data and two human cases. As
part of a study of human potassium tolerance®® one of us (J. S.) took 20 mg.
of potassium per pound of body weight. Electrocardiograms taken at intervals
revealed that with an increase of 50 per cent in the capillary plasma potassium,
there occurred a slowing of the rate, a decrease in the p.r. interval and a de-
crease in the amplitude of the complexes; all of which disappeared within two
hours, at which time the plasma potassium had returned to normal.

A cat with a complete intestinal fistula showed, in addition to the above
changes, T wave changes in leads two and three.l®® Cats dying of potassium
poisoning gave the following electrocardiographic changes: Flattening and in-
version of T waves in leads two and three; and intraventricular block and
ventricular fibrillation.!®

Case Report.—Case 2: A male, age 60, was admitted September 24, 1936, with the
complaint of severe epigastric pain of eight hours’ duration. The past history was im-
portant as he had had a partial thyroidectomy for cardiac insufficiency due to hyper-
thyroidism in May, 1935. The patient was referred to the Medical Service with a tenta-
tive diagnosis of coronary thrombosis because his electrocardiogram was suggestive of
severe heart muscle damage. The exacerbations of the patient’s pain, blood pressure,
which remained constant, and good heart sounds were not consistent with coronary oc-
clusion. Difference of opinion delayed operation for two days. An obstruction due to
a band was found. The electrocardiograms showed improvement after treatment. The
plasma potassium was 29 mg. per cent before, and 17 mg. per cent after operation and
therapy.

Dr. Levy recalled another patient whose unusual history, absence of typical
physical findings and electrocardiograms suggestive of severe heart muscle
damage was watched for six days. Necropsy revealed several feet of gangre-
nous intestine, but no heart disease.

THE AcTIoN OF SALT.—In four conditions associated with dehydration, salt
solutions have proved beneficial: i.e., Asiatic cholera, fistulae of the gastro-
intestinal tract, adrenal insufficiency and acute intestinal obstruction.

(1) Cholera—Although intravenous saline was first used by Latta,
during the 1831-1832 Edinburgh epidemic,® the mortality for this disease was
not appreciably decreased until Rogers® 1% introduced his treatment. The
rediscovery of a low plasma bicarbonate by Sellards'®® 10 led to sodium bicar-
bonate therapy, which resulted in fewer cases of terminal uremia.

(2) Salt Treatment in Intestinal Fistulae.—Pawlow,% prolonged the lives
of dogs with pancreatic fistulae by feeding sodium bicarbonate. The admin-
istration of sodium chloride and sodium bicarbonate has yielded similar results
in other types of fistulae of the gastro-intestinal tract.14 26 30, 32 46, 86, 125

(3) Salt Treatment in Adrenal Insufficiency.—Soddu’s!? observation, in
1898, that adrenalectomized animals given salt lived longer, was neglected until
recent confirmation.l: % 18 48,70,102, 113,134 T gwered alkaline reserve and the
benefits of sodium bicarbonate and other sodium salts have been emphasized
in this condition. In the adrenalectomized animals, the giving of sodium
bicarbonate in amounts proportional to the lowered CO,; was suggested by
Zwemer.1%0
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DIAGRAM OF CORPUSCLES AND
SERUM OF NORMAL AND CHOLERA BLOODS.

Losr
29 37 FLUID
Serum
Serum.
18 SERUM
CorpuscLES.
7 45
CorpuscLES. GorpuscLES

CorpuscLes CORPUSCLES ComposiTiON

Normar CHOLERA  OF CHOLERA
Brooo. Burooo, Brooo.
Fic. 1.—Hematocrit readings (cell volume) of normal and abnormal
blood (Rogersi®),
TasLE III
MORTALITY IN CHOLERA
Mortality
Date Type of Saline Cases Deaths Per Cent
1831 (Latta and Saline intravenous. ............... 166 84
Mackintoshs!)

1893 (Wallét) Hypotonic subcutaneously......... 193 70

Calcutta Medical College Hospital Series
1895-1905 Rectal and subcutaneous hypotonic

saline..............coeveennn. 1,243 783 59
1906 Normal saline intravenous. ........ 112 57 5I
1907 Rectal and subcutaneous saline. . ... 158 94 59.5
1908-1909 Roger’s hypertonic saline intravenous 294 96 32.6
1910-1914 Roger’s hypertonic saline intravenous

and permanganate peros........ 858 222 26
1915-1919 Roger’s hypertonic and Roger’s alka-

line saline intravenous and perman-

ganateperos................... 1,429 298 20.8

Formula for Roger's saline solution:

Sodium chloride. ........ Gr. 120 ( 8.0 Gm.)
Potassium chloride. .. . ... Gr. 6 ( 0.4 Gm)
Calcium chloride. ........ Gr. 4 ( 0.25Gm.)
Distilled water.......... one pint (568 cc. )

This prescription, therefore, contains 15.2 Gm. per
liter, constituting a 1.52 per cent solution.
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(4) Sailt Treatment in Intestinal Obstruction—Hartwell and Hoguet*®
showed the survival period in the obstructed dog was doubled by subcutaneous
salt solution injections. Similar to Rogers’®® 19 treatment of cholera, Haden
and Orr*® have advocated hypertonic saline in bowel occlusion. In the ex-
tremely toxic patient, Orr has urged a 2 per cent salt solution by hypo-
dermoclysis, and a 3 to 5 per cent solution intravenously, the initial dose
being 1 Gm. of NaCl per Kg. of body weight, in order to restore the blood
chlorides.

vascular Tnterstitial ntra-Cellular

g

K 4
11122 B S0y

19 7 S n k] 23
CEREBRO- MUSCLE

SPINAL FLUID Juice

Fic. 2.—Acid-base composition of body fluids.
This diagram is constructed from average values for
individual factors expressed in terms of acid-base
equivalence: 4.e., as cubic centimeters of tenth normal
solutions per 100 cc. of fluid. Base factors are super-
imposed in left hand and acid factors in right hand of
each column. They represent, as is actually the case,
a structure composed not of salt but of individually
sustained concentrations of ions. Exact acid-base
equivalence indicated by equal height of two parts of
each column is obtained by adjustability of bicarbonate
ion concentration (HCOQOj3) to any change elsewhere in
structure. (From McIver, M. A.: Acute Intestinal
Obstruction, New York, Paul B. Hoeber, Inc., 1934.)

Hypertonic salt solutions shorten the survival in experimental adrenal
insufficiency.’® It appears from our experience that these strong solutions
should not be used alone in severe dehydration because the resultant blood
dilution is accomplished by ingress of cell water.

The similarity of the blood changes in the above four conditions is striking,
and the values reported in the literature for three of them are given. In each,
the beneficial action of sodium solutions has been attributed to correction of
the altered biochemical changes of the blood, maintenance of blood volume,
or the washing out of a hypothetical toxin.100 102 105

Since an increased blood potassium is found in certain phases of Asiatic
cholera,® 1% adrenal insufficiency, intestinal fistulae, and acute intestinal ob-
struction, the success of saline therapy? 11: 51, 88,120 mjght be attributed in part

to its effect on potassium metabolism.
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TaABLE IV

SIMILARITY OF CERTAIN CONSTITUENTS OF THE BLOOD IN CHOLERA, ADRENAL INSUFFICIENCY
AND ACUTE INTESTINAL OBSTRUCTION

Physical Characteristics Asiatic Cholera
Redbloodcells........................ooiina.. Increased 7100
Hemoglobin. ................. ..., Increased .100
White blood cells..................cooiiiiinn.. Increased 7100
Specific gravity of blood......................... Increased 92. 100, 129
Hematocrit............. ... .. oo Increased 92100
Totalsolids....................ooiiiiiii... Increased 3 104, 129

Anions
Gl Decreased 3. 9. 9, 99, 104
HCO;s ... Decreased ¢7: 8. 110
HPOy .. Increased €. 7
SO o e e
Proteins.......... ... ... ... i Increased %
Totalacid. .......... ... ... ... i Decreased ¢

Cations
Sodium. ........ ... ... Decreased 3 104
Potassium............... ... ... ... i, Increased 3104
Calcium. ... i Increased ™
Magnesium............ . ... i Increased 104
Totalbase...............cooiiiiiiiiiinnnn, Decreased

Nonprotein Nitrogen. .. .................coounn.. Increased 2
Urea. ..o oo Increased 9. %
Uricacid........ ... ... i Increased ™
Creatinine.................oiiiiiiinennninn .. Increased ™

Blood Sugar...........coiiiiiiii Increased ™

Hydrogen Ion Concentration. . ..................... Increased .67

Acute Intestinal

Adrenal Insufficiency Obstruction
HM—.OHO&.M& 36, 101, 114 HﬁOHgm& 38, 81, 121
Increased #.10 Increased ¢ 10. &
Increased with terminal fall 1%  Increased 2!
Increased 101,114 Increased 107
Increased 7. 4. 14 Increased 4 38 8
Increased 2. 3%. 47,101 Increased 5
Ugﬂgmﬂﬁ 5,7, 70, 101, 137 U&gm& 10, 31, 34, 39, 60, 72
Decreased 70. 116, 118, 132 AHbOﬂgm&& 3. 34, 59, 72, 80

Decreased 8
Increased 47.69. 118 Increased 4
Increased Increased ¢
Increased 49. 114, 17 Increased 4 3. 3.8t
Decreased 18 Decreased 4 3. 3¢
U@Oﬁgm& 7, 70, 76, 137 Ugﬁgmmﬁ 4, 31, 34, 50
HHHOH&&.MQQ. 1, 7, 42, 49, 69, 75, 137 Hnﬂﬂgm& 19, 107
Increased 747 Increased 59
Increased 7. 137 Increased #
U@Oﬂgm& 7, 45, 69, 137 Ugﬂgm& 4,31, 34
HH-.OHQN.MOQ 5, 77, 101 HﬁOﬂgm& 17, 24, 38, 119
HHﬂOHQm.WOQ. 5, 97, 101, 103 HHHOHONM@Q 24, 38, 83, 119
Increased 47103 Increased 10. 3
Increased .47 Increased 103
UOOH%Q. 8, 114, 131, 136 Hﬂ.ﬂﬂgmﬂ@ 13, 24
Increased 49 118,132 Increased 5¢
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SUMMARY

(1) Two thousand, one hundred fifty cases of acute intestinal obstruction,
objectively analyzed, are reported with an evaluation of various surgical pro-
cedures used in relation to the patient’s condition.

(2) Twenty-five additional cases are given in detail with determinations
of plasma and blood density; hematocrit; plasma proteins; plasma, whole
blood and cell potassium together with other constituents of the blood before
and after therapy.

(3) The potassium contents of gangrenous loops, enterostomy drainage,
gastric secretion, peritoneal and spinal fluids are given of several.

(4) Disturbances in blood potassium resulting from derangements in body
fluids explain some of the symptoms found and the procedures used in acute
intestinal obstruction.

(5) Hyperpotassemia is not peculiar to intestinal obstruction, but may
be expected in all conditions associated with rapid, or excessive, entry of potas-
sium into the blood stream together with dysfunction of the numerous regu-
latory mechanisms.

We wish to express appreciation to the following hospitals and person-
nel for the use of their records:

Inpra: American Presbyterian Hospital, Miraj; the late Dr. C. E. Vail who in-
spired this study. Bowring Hospital, Bangalore. Kohlapur Mission Hospital; Dr. N.
Dunning. London Mission Hospital, Neyyoor; Dr. I. Orr and Dr. T. H. Somervell.
Madras General Hospital, Madras; Sir Frank Connor, Surgeon General with the Gov-
ernment of Madras. Mission Hospital, Ongole; Dr. A. G. Boggs. Missionary Medical
College for Women, Vellore; Dr. I. S. Scudder. Mysore State Hospital, Mysore; Dr.
F. Robinson. Nagpur Mission Hospital, Nagpur; Dr. Augustine. Royapuram Hospital,
Madras; Sir Frank Connor. St. Luke’s Hospital, Vengurla; Dr. R. H. H. Goheen.
Scudder Memorial Hospital, Ranipet; Dr. G. Scudder.

Ceyron: Colombo General Hospital; Dr. Briercliffe, Director of Medical Services
in Ceylon.

CuiNA: Chinese Red Cross Hospital, Shanghai; Dr. Yen. Peking Union Medical
College, Peking; Dr. H. H. Loucks. St. Luke’s Hospital, Shanghai; Dr. A. W. Tucker
and Dr. J. C. McCracken.

Hawair: Queens Hospital, Honolulu; Dr. N. P. Larsen.

Jaran: St. Luke’s Hospital, Tokyo; Dr. Bowles.

UN1TED STATES: Billings Memorial Hospital and the University of Chicago Clinics,
Chicago; Dr. L. G. Dragstedt and Dr. D. Phemister. Cook County Hospital, Chicago;
Dr. K. Meyer. Massachusetts General Hospital, Boston; Dr. A. W. Allen and Dr. E.
D. Churchill. Passavant Hospital, Chicago; Dr. J. Wolfer. Peter Bent Brigham Hos-
pital, Boston; Dr. E. Cutler. Presbyterian Hospital, New York; Dr. A. O. Whipple.
San Francisco Hospital; Dr. L. Eloesser and Dr. H. Brunn. Stanford Hospital, San
Francisco; Dr. E. Holman.

Dr. S. B. Wolbach, Harvard Medical School, for autopsy sections on the adrenals.

Dr. Louis Bauman for the blood chemical analyses (Chlorides, N.P.N., Blood
Urea, COs2).

Prof. R. L. Levy and Dr. H. G. Bruenn for the electrocardiograms.
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