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Small bowel volvulus is an uncommon but important cause of
small intestinal obstruction. It often results in ischemia or even
infarction. Delay in diagnosis and surgical intervention increases
morbidity and mortality rates. Based on cause, small bowel vol-
vulus can be divided into primary and secondary type. Goals for
treatment of small bowel volvulus should include physician
awareness of this uncommon diagnosis, accurate workup, and
advanced surgical intervention. The presentation and subsequent
management of 35 patients with small bowel volvulus confirmed
by laparotomy are reviewed and discussed. The incidence of small
bowel volvulus in the adult European and North American is
low. The resultant mortality rate, however, makes diagnosis
critically important. The cardinal presenting symptom is ab-
dominal pain. There is no single specific diagnostic clinical sign
or abnormality in laboratory or radiologic finding. In practice,
the diagnosis can only be made by laparotomy. The failure to
perform an exploratory laparotomy cannot be justified. Early
diagnosis and early surgery are the keys for successful manage-
ment of strangulation obstruction of the small bowel.

VLV OLVULUS IS A special form of mechanical intes-
tinal obstruction. It results from abnormal
twisting of a loop of bowel around the axis of

its own mesentery. The clinical presentation is that of an
acute abdomen. The cause of symptoms may be due to
narrowing ofthe bowel itself, or strangulation ofthe blood
supply, or both.' With failure to recognize volvulus, the
result of impaired circulation to the obstructed intestine
can be catastrophic. The types and incidence of intestinal
volvulus are age related and demonstrate wide geographic
differences.2 In adults, volvulus ofthe colon, sigmoid colon
in 70% to 80%, and the cecum in 10% to 20% of cases, is
common.3 Volvulus of the small intestine, however, is
relatively rare in contrast.2

Reflecting cause, small bowel volvulus can be differ-
entiated into primary and secondary type.4 Primary small
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bowel volvulus occurs in a normal abdominal cavity with
no underlying anatomic abnormalities or predisposing
factors. This type of bowel disorder is relatively common
among the adult population of certain states in Africa,
the Middle East, and Indian subcontinent. It seems to be
associated with special dietary habits.5-'2 It is also sur-
prisingly frequent in Finland,'3 but rarely seen within the
rest of Europe and the North American continent. Sec-
ondary small bowel volvulus occurs in the presence of
predisposing lesions, either congenital or acquired. In-
cluded are anatomic malformations and malrotations or
midgut nonrotations, 14-18 tension bands, and postopera-
tive adhesions.

Both types of small bowel volvulus are an unusual sur-
gical condition of obstruction in the adult population of
Western Europeans and North Americans.2 Little atten-
tion has been focused on this problem, and so there are
only a few specific and detailed reports on this topic out
of these regions.'92 The purpose of this report was to
review our own experience with small bowel volvulus
treated at the Massachusetts General Hospital over a 10-
year period with respect to clinical, laboratory, and roent-
genographic findings and outcome.

Methods

The clinical records of patients with a discharge diag-
nosis ofvolvulus or small bowel obstruction were reviewed
to find those with small bowel volvulus proven by lapa-
rotomy. The patients were seen during a 10-year period
from July 1980 to June 1990. Patients with small bowel
obstruction due to incarcerated external hernias, or stran-
gulation caused by mesenteric defects (internal hernias),
malignant tumors, inflammatory bowel disease with ob-
struction, neonates, and young children with volvulus due
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to anomalies ofintestinal malrotation were excluded. Pa-
tients with small bowel obstruction and suspected volvulus
who were treated successfully without surgery and for that
reason lacking intraoperative diagnostic verification were
also eliminated. The remaining records of 35 cases were
carefully examined and analyzed retrospectively for his-
tory, physical examination, laboratory values, x-ray stud-
ies, time from admission to operation, surgical findings,
hospital course, and complications. Small bowel volvulus
was classified as primary or secondary. The results ofthese
35 consecutive patients are compiled and compared with
detailed previous reports in Table 1.

Results

Patient Population

Thirty-five patients with small bowel volvulus as a cause
ofsmall bowel obstruction made or proven at laparotomy
were treated. All 35 patients were admitted through the
emergency room. They represent 1.7% of all cases ad-
mitted with acute intestinal obstruction, and 4% of all
cases with small bowel obstruction. The patients ranged
in age from 31 to 90 years, with a mean of 67 years (Fig.
1). Sixteen patients were male (46%) and 19 were female
(54%). None were pregnant. Before surgical intervention,
adequate resuscitative measures were instituted, electro-
lyte and fluid balance disturbances were corrected, and a
nasogastric tube for decompression was placed.

4)

40cc-

lau4)
'Cu
Cu

0

D
It

CD u

> o8
.4)

4) '0

I r-

*S
E v,

> R
Uq *

History and Symptoms

Thirty-three of 35 patients had the typical history and
symptoms of an acute abdomen. In 29 cases (83%), they
were highly suggestive ofbowel obstruction. Three patients
gave a history of earlier intestinal volvulus or bowel ob-
struction. Twenty-seven patients had undergone previous
abdominal surgery. Eight patients had severe concomitant
medical disorders, including pancreatitis, chronic ob-
structive pulmonary disease, congestive heart failure and
Crohn's disease. The duration from first symptoms to
hospital admission ranged from a few hours to 5 days.
The onset of symptoms was acute in 30 patients (86%).
Abdominal pain was the most frequent symptom, present
in 94%. Nausea and vomiting was present in 83% (in 94%
of those cases with bowel necrosis). Two patients, one
with multiple sclerosis and another who was institution-
alized, had painless abdominal distention.

Physical Examination

Twenty-seven patients (77%) had abdominal distention.
Abdominal tenderness on palpation was present in 31
(89%). Nine patients (26%) showed signs of peritoneal
irritation (rebound tenderness, involuntary guarding, or
rigidity) There was a positive correlation for gangrenous
small bowel in six cases. A palpable abdominal mass was
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SMALL BOWEL VOLVULUS
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found in seven patients (20%). At laparotomy, three of
these seven patients had gangrenous small bowel. Bowel
sounds were reported as absent 14 times (40%), high-
pitched 16 times (46%), normal two times, and three times
were not recorded. Seven patients (20%) had an oral tem-
perature higher than 37.8 C (100 F). Five of them were
found to have a gangrenous small bowel. In 13 cases (37%),
a tachycardia with a heart rate greater than 100 beats/
minute was recorded, eight patients without and five with
bowel necrosis.

Laboratory Tests

A white blood cell (WBC) count ofgreater than 10,000/
cm3 was recorded in 23 patients (66%), 37% (7 cases) of
the 19 patients with viable bowel and in 100% of the 16
patients with gangrenous bowel. The WBC count was
greater than 18,000/cm3 in 13 of 16 patients (81%) who
had gangrenous bowel. Other routine laboratory tests such
as hematocrit, electrolytes, and transaminases, as well as

hyperamylasemia recorded in four cases, were of no di-
agnostic value. Testing of the stool for occult blood was

positive in nine patients (26%). Lactate level was rarely
determined.

Radiologic Examinations

Supine and upright abdominal radiograph films were

obtained for all patients. Findings of distended bowel, air
fluid levels, or both, consistent with small bowel obstruc-
tion, were noted in 31 of 35 cases (89%). In one case, the
appearance of closed loop obstruction suggested small

bowel volvulus. In four patients, films failed to demon-
strate convincingly the presence of obstruction.

Surgical Findings

After admission through the emergency room, patients
underwent surgical exploration in the group with gan-
grenous bowel at a median time of 16 hours (range, 8 to
32 hours) and in the group with viable bowel at a median
time of 19 hours (range, 9 to 44 hours). Small bowel vol-
vulus as the cause of obstruction was confirmed in all.
The twisted segment was found to be gangrenous in 16
patients (46%). Resection of a small bowel segment for
vascular compromise was carried out in 18 patients (5 1%).
Primary anastomosis was performed in all cases. Seven-
teen patients with viable twisted small bowel segment un-
derwent simple derotation.

In five patients (14%), all men, small bowel volvulus
was considered primary. In 30 patients (86%), 1 1 men

and 19 women, it was secondary. In 29 patients, secondary
type was due to adhesions or fibrous bands, and in one
patient it was related to a Meckel's diverticulum. Twenty-
three of 30 patients with secondary type had undergone
previous laparotomy. There was no patient with small
bowel volvulus as a result ofmidgut nonrotation, or other
anatomic abnormalities predisposing to a small bowel
volvulus.

Morbidity and Mortality Rates

Postoperative complications occurred in 37% (13 pa-
tients) and were found mainly in the group with gangren-

FIG. 1. Age and sex distribution.
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ous bowel and the group of elderly patients with cardio-
respiratory or metabolic problems. Three patients expe-

rienced wound infections. A fourth patient presented a

moderate intra-abdominal abscess, which was managed
by percutaneous drainage and intravenous antibiotics. No
further surgical intervention was necessary. In all four
cases, gangrenous bowel had been resected. Three patients
died. All were older than 70 years of age. Two patients
had severe cardiovascular and pulmonary problems before
admission. One patient had a late admission to the emer-
gency room and the intraoperative findings of a large
amount ofgangrenous small bowel with severe peritonitis.
This represents an overall mortality rate of9% in the entire
series, with a 17% mortality rate in the group with gan-

grenous small bowel. No patient died in the group where
the strangulated small bowel was still viable. The average

length of hospitalization was 15 days, with a range of 5
to 35 days.

Discussion

The prevalence of small bowel volvulus varies consid-
erably in different parts ofthe world. In the United States,
Canada, and Western Europe, small bowel volvulus does
not represent a health problem of the same magnitude as

it is in some African and Asian States, where the disease
seems to be more common (Table 1). This may be the
reason that little attention is directed toward this relatively
rare and uncommon surgical problem in the North
American literature.
Our data, together with the literature review ofextensive

reports, -' '1219,21 are compiled in Tables 1 and 2. The
annual occurrence in North America4"'9'20 and Western
Europe2' is 1.7 to 5.7, which is quite low when compared
with that in African,6 Asian,5'7'8 and Middle Eastern
countries.9" 1,12 In these areas, the annual occurrence varies
from 6 in Lira, Uganda6 to 24 in Jalalabad, Afghanistan7
or 24.9 in Varanasi, India.5 In a former analysis performed
by Sweet22 at the Massachusetts General Hospital, the
author found only 36 cases of small bowel volvulus in the

TABLE 2. Percentage ofSmall Bowel Volvulus ofObserved Patients

Small Bowel Total Bowel
Obstruction Obstruction

Agrawal' 18.8
Argov2 4.0
De Souza6 18.5
Frazee'2 5.7
Gulati'4 3.5
Juler'8 5.0
Mucha24 6.2
Roggo (current study) 4.0 1.7
Saidi28 22.7
Tiwari36 14.2
Vaez-Zadeh37 19.6

57-year period from 1873 to 1930. This represented an

annual occurrence ofonly 0.6 cases each year. Small bowel
volvulus counted for 6.9% of all observed intestinal ob-
structions. In 1958, Welch23 reported from the same in-
stitution a reduction from 6.9% to 3.3%. In the current
series, small bowel volvulus was responsible for merely
1.7% of all intestinal obstructions. The annual occurrence

was 3.5 cases (Table 2). In the literature, small bowel vol-
vulus counts for 3.5% to 6.2% of all cases of small bowel
obstructions, and 5% to 22.7% ofall intestinal obstructions
(Table 2).

Small bowel volvulus is classified into two types, pri-
mary and secondary. Primary small bowel volvulus occurs

in an otherwise normal abdominal cavity. The cause is
poorly understood, and its rarity in North America and
Europe remains unexplained.24 The reported data in the
Western World (Table 1) show 10% to 22% of cases of
the primary type.4"19'20 The elevated rate of 30% in the
series ofWelch and Anderson2' from the United Kingdom
is not further discussed by the author. The primary type
is more frequently observed among the population ofcer-
tain parts of Africa,2'6 in Middle Eastern countries,12 in
Afghanistan,7 and in Iran,9" as well as in the Indian sub-
continent,58 where it may make up to 31% to 100% of
cases. Several authors5 7-911,25 conclude that in their series
the high incidence of primary small bowel volvulus was

caused by a combination of factors. There is speculation
that in some populations a longer mesenteric length and
a shortness of the mesenteric root would allow abnormal
mobility of the entire small bowel or of a segment of it.
But also an important cause could be abrupt changes in
dietary habits with ingestion of a single large amount of
bulky food after long intervals of fasting or on an empty
bowel. This happens during special events such as religious
periods like Ramadan or during summer months, when
great numbers of marriages and feasts in underdeveloped
rural areas are celebrated. It is thought that sudden filling
and overloading of an empty bowel by ingestion of only
one large and poorly digestible single voluminous meal
may induce forceful bowel peristalsis, resulting in small
bowel volvulus. In our five male patients (14%) with the
primary type, no apparent cause was found at operation.
Data about special dietary habits are unknown. The high
prevalence of primary small bowel volvulus for male pa-
tients in the current series corresponds with findings re-

ported by other authors.6-9 1

Secondary small bowel volvulus occurs in the presence
of an acquired lesion. It is ordinarily seen in adults with
tension bands, or tethering of a loop of bowel at its apex,
often as a result of postoperative adhesions.2'4 It also can

be the result of malrotation or midgut nonrotation usually
observed in newborns and young children.'5-'8 Gastroin-
testinal infestation, as for instance with Ascaris,26is a rare

cause of small bowel volvulus. The secondary type is more
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common in the Western World,4 19-21 constituting 70%
to 90% of cases. In our series, 86% had a secondary type
of small bowel volvulus.

Small bowel volvulus may occur at any age. The pri-
mary type is mainly observed in children and young
adults. Male patients predominant in older persons.69li
The secondary type is usually encountered between the
ages of 40 and 90 (Fig. 1), with the peak age of incidence
in the sixth, seventh, and eighth decades.2' The chances
of recovery in a patient with acute intestinal obstruction,
especially strangulating obstruction, depend largely on
early and accurate diagnosis and management. The main
problem remains to differentiate between those causes of
obstruction that require early surgery and those that can
be treated conservatively. The signs and symptoms of
small bowel volvulus are the same as any condition that
produces intestinal obstruction. When unrecognized, this
may result in an intra-abdominal catastrophe. The correct
diagnosis of small bowel volvulus, however, is made less
often than it is, for example, for large bowel volvulus. It
is generally agreed that the diagnosis of a small bowel
volvulus is very difficult to make because there is nothing
pathognomic in the clinical picture to distinguish between
simple and strangulating obstruction. The common com-
plaints according to the literature4-8"19-2' and our own ex-
periences are in frequency: abdominal pain (94% to 100%),
nausea or vomiting (83% to 100%), acute onset (75% to
100%), distention (55% to 100%), and peritoneal irritation
(14% to 26%). They all may exist in a particular patient
or may occur in any combination. The pathologic alter-
ations in the twisted bowel loop depend largely on the
degree of vascular compromise to that loop. Both retro-
spective analyses27-30 as well as a prospective study3' for
preoperative detection or exclusion of strangulated bowel
consistently demonstrated, that neither one of the indi-
vidual clinical parameters (fever, tachycardia, peritoneal
signs, bowel sounds) or clinical judgment by experienced
senior attending surgeons,3' nor blood chemical studies
(hemoglobin concentration, hematocrit level, WBC count,
or electrolytes) would appear to be sensitive or specific
enough to discriminate between strangulated and simple
bowel obstruction. They also do not help to clarify the
need for operative intervention.7'32 In our series, we have
been similarly unsuccessful in clarifying the preoperative
diagnosis of strangulation obstruction on the basis of the
presence or absence of peritoneal signs, the admission
temperature, and tachycardia, or most of the laboratory
values. In agreement with Bizer et al.,27 Frazee et al.,4 and
Sarr et al.,3' we did find a positive association between a
leukocytosis greater than 18,000/cm3 and gangrenous
small bowel. In contrast to data reported by Cheadle et
al.,33 however, we found no correlation between a pre-
operative finding ofperitoneal irritation and the necessity
for a small bowel resection. In the series of Stewardson et

al.,3 which included 238 patients, the authors report an
incidence of nearly 90% of gangrenous small bowel in
patients who exhibited two or more of the so-called clas-
sical features (fever, tachycardia, peritoneal irritation,
leukocytosis). In the series of Sarr et al.,3' however, one
of 21 patients with strangulation, and in the series of
Cheadle et al.,33 six of 48 patients who required a small
bowel resection did not manifest before operation an in-
crease in temperature, heart rate, or leukocytosis, nor were
signs of peritoneal irritation present. In our series, we had
a similar case of a patient with multiple sclerosis who
showed no typical clinical signs despite the presence of
gangrenous bowel. Mucha32 describes elevated serum
amylase levels in 55% and abnormal serum lactate levels
in 86% of patients with strangulated bowel, in contrast to
only 5% and 4% in cases with simple bowel obstruction.
Sarr et al.,3' in their prospective study of 51 patients, dis-
agree with these findings. The presence of metabolic aci-
dosis was predictive of strangulation in only 75% of their
patients in whom it was found, and it was present in only
75% of those with strangulation. Additionally, Sarr et al.
found that hyperamylasemia was of no diagnostic value.
Because we did not routinely perform these two laboratory
tests, we can provide no further data about the usefulness
ofthese tests. Argov et al.,35 in their series of 229 patients,
found there was no single statistically significant labora-
tory study to differentiate between simple and strangulated
obstruction. Use of the Bayes statistical model based on
21 different clinical criteria, however, would allow im-
proved differentiation. The authors report accuracy of97%
in predicting strangulated and of 76% in predicting simple
small intestinal obstruction. Unfortunately, this article
does not give sufficient supporting data to substantiate its
claims. Another team, Pain et al.,36 used a multivariate
computer-assisted retrospective analysis on 197 patients
with small bowel obstruction. The computer identified
correctly 85% of patients with simple obstruction, 61%
with viable strangulation, and 74% with gangrenous small
bowel. It was believed that this could be useful in clinical
practice.

In addition to the clinical examinations and laboratory
tests, the diagnostic study most commonly used is plain
abdominal x-ray. The radiographs may show small bowel
obstruction or even a gasless abdomen. Final diagnosis,
however, usually cannot be made with plain abdominal
roentgenogramms alone, there being no characteristic
findings, in contrast to cases of colon volvulus. Even an
unremarkable abdominal film does not eliminate the
possibility of a small bowel volvulus. In our series, pre-
operative diagnosis ofprobable small bowel volvulus based
on radiologic criteria could be made in only one patient
of 35. In four patients (11%), the films failed to demon-
strate the presence of obstruction or were read as normal.
This failure of conventional abdominal x-rays is also re-

Vol. 216 * No. 2



140 ROGGO AND OTTINGER

ported in other series. 20,27,35,37 Mucha32 reports that in as
many as 17% of patients with the obstruction confirmed
at laparotomy, plain abdominal films are read as normal.
Supplementary upper gastrointestinal contrast studies38
could give further information. Newer techniques such
as computer tomography39'40 and magnetic resonance
imaging scores could prove useful as additional methods
of preoperatively diagnosing small bowel obstruction.

Early diagnosis and operative intervention offer the best
hope to reduce morbidity and mortality rates in patients
with strangulation obstruction, especially in patients with
gangrene ofthe small bowel.4' The chiefproblem remains
to differentiate between those causes of obstruction that
demand early surgery and those that can be treated con-
servatively. It is important, however, to stress early surgical
intervention in patients with volvulus of the small bowel,
especially when signs of peritoneal irritation are present,
because development ofgangrenous bowel is time depen-
dent. The appropriate surgical treatment depends on the
conditions found during operation. Sometimes simple
derotation is all that is required, and an initially markedly
ischemic small bowel loop will give evidence of viability
after release. Gangrenous small bowel must be resected.
In most patients, primary anastomosis can be performed.
This was the case in all of our patients. There was no
attempt made at fixation of the bowel. The follow-up so
far has not demonstrated any recurrence in our patient
group.

Physician awareness and advances in the diagnosis and
management of simple mechanical obstruction requiring
operation have reduced the mortality rates over the last
years to 1%,3 5.8%,27 and 8%.42 The mortality rate in cases
with infarcted small bowel, however, depending on the
age of the patient and associated illness, may vary from
14.6%27 to 30% or even higher.31'43 The policy in our in-
stitution of early operative intervention after rapid resus-
citation in preference to a more conservative nonoperative
approach may have contributed to the low mortality rate
in the current series with strangulation obstruction. The
overall mortality rate was 9%. There was no death in the
group with viable small bowel. But a 17% mortality rate
(three patients) was found in the group with gangrenous
small bowel. The three fatal cases in our series were due
mainly to their age (>70 years), aspiration pneumonia,
and underlying severe cardiovascular problems. In the
literature (Table 1), the overall mortality rate for small
bowel volvulus varies from 10% to 38%. In cases with
viable bowel, it may range from 3% to 13%,4,7,12,20o21,37
and in African and Indian countries up to 20%,6 25%,35
or 26%.8 When gangrenous bowel was present, the mor-
tality rate ranged from 20%33 and 21%4 to 40%7 and 47%.21
In patients with gangrenous bowel, however, mortality
rates of61%,20 67%,35 and 100%6 have also been reported.

Ann. Surg. * August 1992

References

1. Spiro HM. Motor abnormalities. In: Spiro HM. Clinical Gastro-
enterology, 3rd Edition. Chapter 22. New York: McMillan, 1983,
pp 492-506.

2. Ellis H. Acute intestinal obstruction. In Schwartz SI, Ellis H, ed.
Maingot's Abdominal Operations, 9th Edition. Volume 1, Chap-
ter 39. Norwalk, CT: Appleton & Lange, 1989, pp 855-904.

3. Holder WD. Intestinal obstruction. Gastroenterol Clin North Am
1988; 17(2):317-340.

4. Frazee RC, Mucha P, Farnell MB, van Heerden JA. Volvulus ofthe
small intestine. Ann Surg 1988; 208:565-568.

5. Agrawal RL, Misra MK. Volvulus of the small intestine in northern
India. Am J Surg 1970; 120:366-370.

6. De Souza U. Volvulus of the small bowel. Br Med J 1976; 1: 1055-
1056.

7. Duke JH, Yar MS. Primary small bowel volvulus: cause and man-
agement. Arch Surg 1977; 112:685-688.

8. Gulati SM, Grover NK, Tagore NK, Taneja OP. Volvulus of the
small intestine in India. Am J Surg 1973; 126:661-664.

9. Saidi F. The high incidence of intestinal volvulus in Iran. Gut 1969;
10:838-841.

10. Tiwari VS, Gupta HC, Varma MM, Garg RK. Volvulus ofthe small
intestine. Int Surg 1982; 67(Suppl 4):476-478.

11. Vaez-Zadeh K, Dutz W, Nowrooz-Zadeh N. Volvulus of the small
intestine in adults: a study of predisposing factors. Ann Surg 1969;
169:265-271.

12. Wapnick S. Treatment of intestinal volvulus. Ann R Coll Surg Engl
1973; 53:57-61.

13. Kaltiala EH, Lenkkeri H, Larmi TK. Mechanical intestinal obstruc-
tion: an analysis of 577 cases. Ann Chir Gynaecol Fenn 1972;
61:87-93.

14. Cathcart RS, Williamson B, Gregorie HB, Glasow PF. Surgical
treatment of midgut nonrotation in the adult patient. Surg Gy-
necol Obstet 1981; 152:207-2 10.

15. Guzzetta PC, Anderson KD, Altman RP, et al. Pediatric surgery.
Chapter 39. In Schwartz SI, Shires GT, Spencer FC, eds. Principles
of Surgery. Volume 2. New York: McGraw-Hill, 1989, pp 1688-
1728.

16. Louw JH, Cywes S. Embryology and anomalies of the intestine. In
Berk JE, Haubrich WS, Kalser MH, Roth JLA, Schaffner F, eds.
Bockus Gastroenterology, 4th Edition. Volume 3, Chapter 87.
Philadelphia: WB Saunders, 1985, pp 1439-1473.

17. Rescorla FJ, Shedd FJ, Grosfeld JL, Vane DW, West KW. Anomalies
of intestinal rotation in childhood: analysis of 447 cases. Surgery
1990; 108:710-716.

18. Walker-Smith JA, Wright V. Congenital abnormalities of the gas-
trointestinal tract. In Weatherall DJ, Ledingham JGG, Warrell
DA, eds. Oxford Textbook of Medicine, Volume 1. Oxford: Ox-
ford University Press, 1983, pp 131-144.

19. Juler GL, Stemmer EA, Connolly JE. Preoperative diagnosis of small
bowel volvulus in adults. Am J Gastroenterol 1972; 56:235-247.

20. Moretz WH, Morton JJ. Acute volvulus of small intestine. Ann
Surg 1950; 132:899-912.

21. Welch GH, Anderson JR. Volvulus of the small intestine in adults.
World J Surg 1986; 10:496-499.

22. Sweet RH. Volvulus of the caecum. N Engl J Med 1935; 213:287-
293.

23. Welch CE. Intestinal obstruction. Chicago: Year Book Publishers,
1958, pp 14.

24. Ellis H. Special forms of intestinal obstructions. In Schwartz SI, Ellis
H, ed. Maingot's Abdominal Operations. 9th Edition. Volume
1, Chapter 40. Norwalk, CT: Appleton & Lange, 1989, pp 905-
932.

25. Renton CJC. Primary volvulus of small intestine. Br Med J 1965;
2:743.

26. Wiersma R, Hadley GP. Small bowel volvulus complicating intestinal
ascariasis in children. Br J Surg 1988; 75:86-87.



SMALL BOWEL VOLVULUS

27. Bizer LS, Liebling RW, Delany HM, Gliedman ML. Small bowel
obstruction: the role ofnonoperative treatment in simple intestinal
obstruction and predictive criteria for strangulation obstruction.
Surgery 1981; 89:407-413.

28. Shatila AH, Chamberlain BE, Webb WR. Current status of diagnosis
and management of strangulation obstruction of the small bowel.
Am J Surg 1976; 132:299-303.

29. Silen W, Hein MF, Goldman L. Strangulation obstruction of the
small intestine. Arch Surg 1962; 85:121-129.

30. Zollinger RM, Kinsey DL. Diagnosis and management of intestinal
obstruction. Am Surg 1964; 30:1-5.

31. Sarr MG, Bulkley GB, Zuidema GD. Preoperative recognition of
intestinal strangulation obstruction: prospective evaluation ofdi-
agnostic capability. Am J Surg 1983; 145:176-182.

32. Mucha P. Small intestinal obstruction. Surg Clin North Am 1987;
67:597-620.

33. Cheadle WG, Garr EE, Richardson JD. The importance of early
diagnosis of small bowel obstruction. Am Surg 1988; 54:565-
569.

34. Stewardson RH, Bombeck CT, Nyhus LM. Critical operative man-
agement of small bowel obstruction. Ann Surg 1978; 187:189-
193.

35. Argov S, Itzkovitz D, Wiener F. A new method for differentiating

simple intra-abdominal from strangulated small-intestinal ob-
struction. Curr Surg 1989; 46:456-460.

36. Pain JA, Collier DStJ, Hanka R. Small bowel obstruction: computer-
assisted prediction of strangulation at presentation. Br J Surg
1987; 74:981-983.

37. Deutsch AA, Eviatar E, Gutman H, Reiss R. Small bowel obstruction:
a review of 264 cases and suggestions for management. Postgrad
Med J 1989; 65:463-467.

38. Dunn JT, Halls JM, Berne TV. Roentgenographic contrast studies
in acute small bowel obstruction. Arch Surg 1984; 119:1305-
1308.

39. Goodman P, Raval B. CT diagnosis ofacquired small bowel volvulus.
Am Surg 1990; 56:628-631.

40. Jaramillo D, Raval B. CT diagnosis of primary small bowel volvulus:
case report. AJR 1986; 147:941-942.

41. Silen W. Acute intestinal obstruction. In Wilson JD, Braunwald E,
Isselbacher KJ, et al., eds. Harrison's Principles of Internal Med-
icine, 12th edition. Chapter 244. New York: McGraw-Hill, 1991,
1295-1299.

42. Laws HL, Aldrete JS. Small bowel obstruction: a review of465 cases.
South Med J 1976; 69:733-734.

43. Leffall LD, Syphax B. Clinical aids in strangulation intestinal ob-
struction. Am J Surg 1970; 120:756-759.

Vol. 216 * No. 2 141


