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The purpose of this paper is to describe and analyze
the gross lesions found in the coronary arteries of United
States soldiers killed in action in Korea. The histology
will be discussed in detail in a subsequent paper as
will such pertinent data as race, body build, and per-
sonal habits.

MATERIAL

Recently 300 autopsies were performed on United
States battle casualties in Korea. Most of these soldiers
were killed in action or suffered accidental death in front
line areas. The coronary arteries were carefully dissected
in all cases. No case in which there was known clinical
evidence of coronary disease was included in this series.

The average age in 200 cases was 22.1 years. The ages
in the first 98 cases were not recorded except that the
oldest patient was 33. In the entire series, the youngest
recorded age was 18 and the oldest 48.

FINDINGS
In 77.3% of the hearts, some gross evidence of coro-

nary arteriosclerosis was found. The disease process
varied from "fibrous" thickening to large atheromatous
plaques causing complete occlusion of one or more of
the major vessels (table 1 ).

Occlusion was considered complete only when the
plaque had no free surface and was fused to the wall op¬
posite its point of origin. A conservative attitude in es¬

timating the amount of luminal narrowing was main¬
tained throughout. No actual measurements were made.

Table 1.—Percentage of Cases Showing Varying Amounts of
Luminal Narrowing

%oI
Amount oí Luminal Narrowing Cases

"Fibrous" thickening or streaking causing Insignificant luminal
narrowing. 35.0

Plaques causing luminal narrowing over

10%. 13.3
20%. 0.3
30%. 3.7
40%. 3.0

60%.,. 3.0
60%. 1.7
70%. 1.0
80%. 1.3
90%. 5.3

Plaques causing complete occlusion of one or more vessels. 3.0

In several of the cases listed in table 1 as showing over
90% luminal narrowing, the plaques completely filled the
lumen but displayed a free surface not fused with the
intima. Hypertrophy was not observed in any heart ex¬
amined. The size could not be correlated with the severity
of disease found in the coronary arteries.
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In the great majority of cases, the location of the lesions
followed a constant pattern. If the lesion was found in the
proximal third of the left coronary artery, it was usually
thickest on the epicardial side of the lumen, whereas, if
it was in the distal third of the artery just proximal to
the bifurcation of the circumflex artery, it tended to as-

Table 2.—Sites of Lesions Found in Coronary Arteries at
Autopsy

No. of
Site Cases

Left coronary
Above bifurcation. 10
At bifurcation....... 22
And circumflex. 1
And right coronary. 1
Circumflex, and right coronary. 1

Anterior descending
Branch. 114
And circumflex.... 13
And right coronary.. 33
And left coronary. ö
Left and right coronarles. 4
Left coronary, and circumflex. 1
Circumflex, and right coronary. 8
Left and right coronary, and circumflex. 11

Eight coronaryonly. 3
Circumflex only. 4

sume a more medial position. At the bifurcation, the
plaque was constantly found on the wall of the left coro¬

nary artery directly opposite the ostium of the circumflex
artery (fig. 1). In the upper fourth of the anterior de¬
scending artery, the disease process was usually found on
the medial posterior wall of the vessel. More distally,
the posterior or myocardial side of the lumen was the
common location (fig. 2A). The medial branch of a

bifurcating anterior descending artery was always more
severely involved in cases showing extensive disease (fig.
2B). In some cases, plaques were encountered on the
epicardial side of the lumen of the anterior descending
artery; these plaques were opposite the bifurcation of a
septal branch.

The pattern of disease was not as constant in the cir¬
cumflex artery as it was in the left and anterior descend¬
ing branches. Streaking and/or plaque formation was
oftenest observed on the superior and posterior walls of
the proximal fourth of the vessel, while the next most
frequent site of involvement was the posterior wall in the
middle third of the vessel, usually opposite a bifurcation
of the circumflex artery.

In the proximal fourth of the right coronary artery,
small plaques were commonly encountered on the pos¬
terior wall opposite the adipose branches. Elsewhere in
the right coronary, plaques were usually found on the
posterior and superior walls. This was especially true at
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the right border of the heart opposite the origin of the
right marginal artery.

Disease was most commonly found at the bifurcation
of the circumflex artery and in the 3 cm. of anterior de¬
scending artery distal to the bifurcation (table 2). In 54
of the 112 cases with lesions in the anterior descending

Fig. 1.—A, plaque formation in left coronary artery opposite ostium of
circumflex (X 4). B, detail of atheromatous plaque shown in A (X 14).

artery, the disease process started at the bifurcation of
the circumflex artery and extended down the anterior
descending branch, usually on the medial and posterior
sides of the lumen. In every instance in which the dis¬
eased anterior descending artery bifurcated in the first
2 cm., the deposition of atheromatous material appeared
to be intensified. The angle formed by the anterior de¬
scending and circumflex arteries is important. An angle
approaching 80 degrees always seemed to predispose the
artery to the development of a plaque. On the other hand,
the disease process tended to be modified when the cir¬
cumflex artery arose at the ostium of the right coronary
artery, the vessel coursing around the base of the aortic
and pulmonary arteries to assume its usual position in
the atrioventricular septum on the anterior surface of
the heart. Minimal disease was found in the left coronary
artery in three such cases.

COMMENT
It is apparent that the lesions are commonly located at

or near points of bifurcation; this gives the impression
that hemodynamics in the lumen about bifurcations must

play an important part in the mechanism of plaque for¬
mation.

The phasic aspect of the coronary circulation is mainly
the result of the aortic blood pressure and the contrac¬
tions of the myocardium during the cardiac cycle. Gregg
and Green 1 have shown experimentally that, during iso-

metric contractions and ejection, the blood in the deeper
and more strongly compressed vessels in the myocardium
is forced backward into the larger proximal channels.
Wood

-

stated that, during systole, ventricular contrac¬
tions prevent blood from flowing through the coronary
vessels that penetrate the left ventricular muscles, while
the larger arteries on the surface dilate to form an elastic
reservoir that recoils during diastole and acts as an ac¬

cessory pump forcing the blood onward. During ventricu¬
lar relaxation, the blood is able to flow through the ves¬
sels penetrating muscle, because it is propelled by the
aortic diastolic pressure and by the recoil of the elastic
reservoir. The compression of the intramural arteries is,
as noted by Friedberg,3 less in the right ventricle.

We maintain that eddying about bifurcations of the
coronary arteries, occurring during the diastolic recoil of
the dilated coronary arteries, is a dynamic factor in the
mechanism of plaque formation. As has been shown, the
most frequent sites of plaque formation are on the medial
wall of the left coronary artery at the bifurcation of the
circumflex artery and on the medial and posterior sides
of the proximal fourth of the anterior descending artery.
The severest disease was found in those cases in which
the bifurcation of the circumflex artery formed an 80 de-

Fig. 2.—A, large plaque on myocardial side of anterior descending
branch (X 12.5). B, large plaque in medial branch of a bifurcating
anterior descending artery ( 18.5).

gree angle and the anterior descending artery gave rise
to a large branch just distal to the origin of the circum¬
flex artery. It is postulated that under such conditions

1. Gregg, D. E., and Green, H. D.: Registration and Interpretation of
Normal Phasic Inflow into the Left Coronary Artery by an Improved
Differential Manometric Method, Am. J. Physiol. 130: 114-125, 1940.

2. Wood, P. H.: Diseases of the Heart and Circulation, London, Eyre
& Spottiswoode, Ltd., 1950.

3. Friedberg, C. K.: Diseases of the Heart, Philadelphia, W. B. Saun-
ders Company, 1949.
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eddying of blood in the left and anterior descending
arteries traumatizes the intima and, thus, starts the
vicious circle of plaque formation.

Many factors have been mentioned as the primary
cause of coronary arteriosclerosis. Heredity has been
accepted by many as an important agent in the develop-

Fig. 3.—Thick intima in artery of a young Korean prisoner of war
(X 33.5).

ment of coronary disease. This may be manifested in the
inherited pattern of coronary artery distribution. It has
long been realized that coronary artery disease is much
commoner in young men than in young women *; this
suggests a hormonal factor. Boas and Ludwig 5 have
shown experimentally that testosterone stimulates the
formation of connective tissue, while estrogens inhibit
connective tissue formation. Some investigators have
emphasized the ratio of serum cholesterol to phospho-
lipids. According to Gofman and associates,6 at any total
serum cholesterol level, the Sf 12-20 and St 20-100
classes of lipoproteins are higher in patients with coro-

4. DeCoursey. E.: Coronary Occlusion and Sudden Death: Study Based
upon Review of 345 Necropsies Performed at Board of Health Laboratory,
Ancon, Canal Zone, Between April 15, 1932, and April 15, 1933, J. Lab.
& Clin. Med. 19:1272-1279, 1934.

5. Ludwig, A. W., and Boas, N. F.: The Effects of Testosterone on the
Connective Tissue of the Comb of the Cockerel, Endocrinology 46:291
298, 1950. Boas, N. F., and Ludwig, A. W.: The Mechanism of Estrogen
Inhibition of Comb Growth in the Cockerel, with Histologic Observations,
ibid. 46: 299-306, 1950.

6. Gofman, J. W., and others: Atherosclerosis, Lipoproteins and Coro-
nary Artery Disease, in Karsner, H. T., and Sanford, A. H.: Yearbook of
Pathology and Clinical Pathology, Chicago, The Year Book Publishers,
1951, pp. 110-125.

7. S[ill] signifies Svedbergs of flotation.
8. Winternitz, M. C.; Thomas, R. M., and LeCompte, P M : The

Biology of Arteriosclerosis, Springfield, Ill., Charles C Thomas, Publisher,
1938.

9. Wartman, W. B., and Laipply, T. C.: The Fate of Blood Injected
into the Arterial Wall, Am. J. Path. 25: 383-395, 1949.

10. Saphir, O., and Gore, I.: Evidence for an Inflammatory Basis of
Coronary Arteriosclerosis in the Young, Arch. Path. 49:418-426 (April)
1950.

11. Dock, W.: The Predilection of Atherosclerosis for Coronary Ar-
teries, J. A. M. A. 131:875-878 (July 13) 1946.

12. Zink, K. H.: Sondervorrichtungen an Kranzgef\l=a"\ssenund ihre Bezie-
hung zu Coronarinfarkt und miliaren Nekrosen, Virchows Arch. path.
Anat. 305:288-297, 1939.

13. Lack, A. R.: The Coronary Arteries in the Newborn and Childhood,
cited by Anderson, W. A. D.; Pathology, St. Louis, The C. V. Mosby
Company, 1948, p. 559.

nary disease than in normal subjects.7 Winternitz,
Thomas, and Le Compte s demonstrated with histological
preparations and carefully executed reconstructions that
intramural hemorrhage may furnish the bulk of choles¬
terol material in arteriosclerotic lesions, while Wartman
and Laipply ° produced intramural hematomas experi¬
mentally and caused sclerosis in 30% of their cases.

Saphir and Gore 10 presented evidence of an inflamma¬
tory basis of arteriosclerosis.

Of special interest is the work of Dock " in which he
demonstrated that the coronary intima of the male new¬

born is thicker than the intima of the female newborn.
Zink - and Lack13 maintain that this phenomenon
occurred only at points of bifurcation.

Most investigators are of the opinion that these areas
of thickening are developmental irregularities represent¬
ing prearteriosclerotic or early arteriosclerotic lesions.

It is interesting to note that the intima of the coronary
vessels in young Koreans is thick (fig. 3), although coro¬

nary atheromatosis is said to be rare in that race. Here
we have an anatomic feature indicating stress, but plaque
formation is rare. This would strongly suggest dietary
factors. It is most unlikely that one factor alone can be
indicated as the cause of coronary sclerosis. The findings
presented in this paper indicate wear and tear on the
intima caused by eddying of blood at points of bifuration.
However, other basic factors, such as hormones and
diet, must be present before the disease progresses to
plaque formation.

Two important points should be emphasized in view
of observations made in this study. 1. Thrombosis occurs
more commonly in diseased arteries, especially in cases

in which extensive trauma and shock exerted their influ¬
ence (fig. 4). 2. In cases of sudden or clinically un-

Fig. 4.—Thrombosis of anterior descending artery in a 21-year-old white
man who died three days after severe injuries (X 21.5).

explained death of young men, the presence of a com¬

pletely occluded coronary artery is not necessarily the
cause of death.

SUMMARY
The coronary arteries of 300 soldiers killed in action

were dissected. The average age of the men in this group
was approximately 22.1 years. In 77.3% of the cases,
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some gross evidence of coronary disease was demon¬
strated that varied from "fibrous" thickening to complete
occlusion of one or more of the main branches. The exact
locations of the lesions were shown to be at or near points
of bifurcation of the vessels. The hemodynamics of the

coronary circulation as modified by the anatomic varia¬
tions of the coronary arterial tree are implicated as an
important factor in the formation of plaques.

7th St. and Independence Ave. S. W., Washington 25, D. C.
(Major Enos).

PRIMARY RESECTION OF THE COLON IN ACUTE ULCERATIVE COLITIS

Charles B. Ripstein, M.D., Brooklyn

Acute fulminating ulcerative colitis is a serious dis-
ease that carries a very high mortality. The acute attack
may be an exacerbation of preexisting disease or it may
represent the first manifestation of colitis in a previously
apparently healthy person. In either case, the patient is
acutely ill with high fever, diarrhea, bloody and purulent
stools, and an overwhelming toxemia. There is often
evidence of peritoneal irritation or frank peritonitis.
Because these patients are so acutely ill, there has been
a tendency to avoid surgical treatment, and, when it has
become inevitable, simple ileostomy has been accepted
as the operation of choice.1 The results of this therapy
have been poor, and the mortality has ranged from 20 to
60% in reported series of cases. In analyzing the deaths
that have occurred in the past, certain facts become
apparent: 1. The majority of patients show evidence
of severe blood and protein loss, and this continues even
in the presence of a functioning ileostomy. The blood loss
may amount to 200 to 300 cc. and the protein loss to
150 to 200 gm. in 24 hours. The source of this loss is
the diseased colon, and replacement in a severely ill
patient is difficult and at times impossible. Ileostomy
adds the factor of fluid and electrolyte loss. 2. Infection
is an important factor in mortality. Sepsis and toxic
absorption are universally present, and perforation of
the colon is common (it occurred in 20% of fatal cases).
The source of infection is primarily the diseased colon
(fig. 1).

Since all of these factors are derived from the diseased
bowel, the logical solution would be its removal, and,
since primary resection of the colon is so well tolerated
in debilitated patients with chronic ulcerative colitis,2
it has appeared worth while to evaluate the use of this
procedure in acute fulminating cases of the disease. My
experience with primary colectomy now covers 120 cases
of ulcerative colitis, and in this group there have been
five operative deaths. Forty-three of these cases fall into
the acute category, and it is this group I wish to consider
in detail.

INDICATIONS FOR SURGERY

Since acute ulcerative colitis responds to medical
therapy in many cases, it is obvious that any radical
surgical procedure should be reserved for cases in which
it fails. This fact has led to the attitude that surgery is
indicated only-as a last desperate measure, and patients
are referred for surgery in moribund condition. In an

attempt to avoid this, I have adopted the following indi¬
cations for surgical treatment. 1. The first is failure of
medical therapy to produce a remission within a three

week period. This period is arbitrarily chosen, but it has
been my experience that if a patient does not begin to
improve within three weeks, further delay is dangerous.
During this interval, patients have been treated with
transfusions, antibiotics, corticotropin (ACTH), meth-
antheline (Banthine), and, in some instances, psycho¬
therapy. Sixty per cent of the patients have responded to
this treatment, and the other 40% have undergone surgi¬
cal treatment. 2. The second indication is perforation,
actual or impending. In the presence of frank peritonitis
or free gas in the peritoneal cavity, surgical intervention
becomes an emergency matter. In any patient in whom
localized abdominal tenderness develops, impending
perforation is suspected, and in these instances a plain
roentgenogram of the abdomen often shows a markedly
distended colon, with little or no evidence of small bowel
dilatation. I have considered these findings an urgent
indication for operation. 3. The third indication is the
occurrence of continued or repeated bleeding, especially
if hemorrhage is extensive enough to produce a shock
state. This constitutes an urgent indication for surgical
intervention. 4. The fourth indication is the presence of
septicemia or metastatic infection, such as endocarditis,
pyoderma, or arthritis, which must be treated by removal
of the primary focus after administration of a preliminary
course of antibiotics.

OPERATIVE TECHNIQUE
The technique of operation is simple and has become

standardized. A left rectus incision facilitates mobiliza¬
tion of the splenic flexure and leaves the right side of the
abdomen free for ileostomy. The colon is mobilized by
freeing its lateral peritoneal attachments and detaching
the greater omentum from the stomach. The mesenteric
vessels are then ligated and divided, and the colon is re¬
moved to the level of the rectosigmoid. The terminal
ileum is brought out through a stab wound in the right
lower quadrant as a permanent ileac stoma. After
the occurrence of two near fatalities from ascending
ileitis, I adopted Dennis'3 suggestion of doing frozen sec¬
tion biopsies of the terminal ileum and resecting enough
so that the exteriorized bowel is microscopically free
from disease. The divided rectosigmoid is exteriorized

From the Department of Surgery, Maimonides Hospital, and the State
University of New York College of Medicine, New York.

1. Colcock, B. P.: Technic of Ileostomy, S. Clin. North America 31:
775, 1951.

2. Ripstein, C. B.; Miller, G. G., and Gardner, C. M.: Results of the
Surgical Treatment of Ulcerative Colitis, Ann. Surg. 135: 14, 1952.

3. Dennis, C.: Ileostomy and Colectomy in Chronic Ulcerative Colitis,
Surgery 18: 435, 1945.
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