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OBJECTIVE. The purpose of this study is to describe CT findings of shock bowel
(diffuse abnormality of the small bowel observed in hypotensive or hypoperfused
patients after blunt abdominal trauma) and to determine the clinical significance of
CT-diagnosed shock bowel.

MATERIALS AND METHODS. A data base search of a radiology data registry mdi-
cated 1 3 patients had CT scans obtained at admission that showed diffuse abnormal-
ities of the small bowel and a corresponding medical history of profound clinical
shock preceding CT study. All patients sustained blunt abdominal trauma: nine were
involved in motor vehicle collisions, three were struck by motor vehicles, and one had
a crushing injury. Vehicular impacts were typically high speed, inducing multisystem
injury. Admission and follow-up CT studies were reviewed to characterize and assess
the evolution of the abdominal CT findings that occur with shock bowel. Medical
records were reviewed to determine blood pressure at the accident scene or on
admission, surgical findings, and patient outcome.

RESULTS. All patients were severely hypotensive in the field or on admission;
three were in cardiac arrest at the scene of the accident. CT scans showed diffuse
thickening of the small-bowel wall In all patients, ranging from 7 mm to I 5 mm (mean,
11 mm); fluid-filled, dilated small bowel in nine patients; subjectively increased con-
trast enhancement of the small-bowel wall in six patients; and a flattened inferior
vena cava (< 9 mm anteropostenior diameter at renal veins) in 10 patients. The colon
appeared normal in all cases. Celiotomy in eight patients revealed normal-appearing
small bowel by inspection in two and localized bowel injuries, with the remaining
bowel appearing normal in six. Three patients, including one who had celiotomy, had
normal-appearing small bowel on repeat CT scans obtained within 5 days of admis-
sion, and three had no clinical evidence of small-bowel disease. Three patients died
of causes unrelated to bowel pathology.

CONCLUSION. In trauma patients with hypotension, early abdominal CT may show
diffuse abnormalities of the small bowel due to prolonged hypoperfusion-shock
bowel-with a normal appearing colon. In this study, the CT findings of shock bowel
were reversible and were not associated with clinical symptoms.
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The hypoperfusion complex has been well-described in children in shock as a
result of trauma [1 , 2]. CT manifestations include diminished caliber of the aorta
and inferior vena cava, intense contrast enhancement of renal panenchyma, and
abnormalities of the small bowel, including dilated fluid-filled loops with thickened
walls and marked contrast enhancement of the bowel wall [1 , 2].

To our knowledge, CT findings of diffusely abnormal small bowel after acute
shock induced by blunt abdominal trauma (shock bowel) has not been described
in adults. We have observed diffuse abnormality of the bowel typical of shock
bowel on CT scans of adults several times in our emergency radiology practice at
a major urban trauma center. We retrospectively reviewed the CT studies and
medical records of patients with shock bowel to determine (1) the spectrum of
abnormal CT findings, (2) the extent of physiologic derangement leading to this CT
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appearance, and (3) the patients’ outcome. In addition, we
considered other bowel abnormalities observed in our prac-
tice, occurring in patients with blunt trauma, that may mimic
the appearance of shock bowel.

Subjects and Methods

A data base search (D-BASE IV 1 .1 , Borland, Scoffs Valley, CA)

of our trauma radiology registry, spanning an 8.5-year period from
September 1985 to March 1994, revealed 22 adult patients with CT
scans that showed diffuse abnormalities of the small bowel after
major blunt trauma. There were another 24 patients with only focal

small-bowel lesions shown by CT who were excluded from the
study. Medical records of the 22 patients with diffuse small-bowel
abnormalities were reviewed to determine mechanism of injury,

blood pressure at the scene of the accident or on admission to the
hospital, history of cardiac arrest in the field before CT, fluid resusci-

tation requirements, surgical findings, and patient outcome. Among
these 22 patients with diffuse small-bowel abnormalities, 12 had a
history of severe clinical shock and one had a history of hypopenfu-
sion below a crushing injury of the upper part of the abdomen before
CT. These 13 patients (eight men, five women; 22-77 years old;
mean age, 38 years) form the study group. Nine patients were

involved in a motor vehicle collision, three were struck by motor vehi-
des, and one had a crushing injury. Among the other nine patients
with a diffusely abnormal small bowel seen on CT scans obtained at
admission, none had a history of significant hypotension prior to CT

scan. Six of these nine patients had CT findings to suggest bowel
edema due to elevated central venous pressure, as evidenced by
distension of the inferior vena cava and peniportal lymphedema [3],
one had diffuse bowel contusion found at surgery, one had compres-

sion of the inferior vena cava by a large hepatic hematoma on CT
scan, and one had surgically proven intestinal schemia secondary
to superior mesentenic artery thrombosis.

The time from injury to admission to our trauma center was accu-

rately known for six patients and ranged from 11 3 to 300 mm (mean,
166 mm). Among the 13 patients in the study group, all underwent
abdominopelvic CT within 2 hr of admission. We used 10-mm colli-
mation at 10-mm intervals in the abdomen and 10-mm collimation at

20-mm intervals through the pelvis. CT was done by a standard pro-
tocol with oral and IV contrast material (240 mg/mI I), including a
power-injected bolus of 100 ml given at 2.0 mI/sec followed by an
additional 50-70 ml at a rate of 0.7-1 .0 mI/sec. Follow-up abdominal
CT was done in three patients after the admission study.

Findings on admission and follow-up abdominal CT scans that

were recorded included (1 ) bowel wall thickness, measured on

cross-section of a well-distended loop of small bowel, (2) presence
of fluid-filled loops of small bowel, (3) greatest anteroposterior diam-

eter of the inferior vena cava at the level of the renal veins, and (4)
subjective impression by consensus of the authors of degree of

enhancement of the small-bowel wall. Measurements were made on
the CT viewing console or by calipers on the hard-copy images.

Medical records were reviewed to determine patients’ blood pres-

sure at the scene of the injury or on hospital admission, fluid resus-

citation requirements, surgical findings, and outcome.

Results

All patients were severely hypotensive, either at the scene
of the accident on on admission to the hospital. Eleven of the
patients had a systolic blood pressure of 90 mm Hg on less.
Three of these patients were in cardiac arrest at the scene.
All patients underwent extensive intravenous volume nesusci-
tation with crystalloid and packed red blood cells prior to CT
scan. CT scans obtained after volume resuscitation and mi-
tial hemodynamic stabilization revealed diffuse abnormalities

of the small bowel in all patients. All patients had diffuse
thickening of the small-bowel wall and mucosal folds ranging
from 7 mm to 15 mm (mean, 11 mm) (Figs. 1-8). Nine
patients had diffuse fluid-filled small bowel with luminal dila-
tation (Figs. 2-8). Six patients had a subjective increase in
the expected contrast enhancement of the bowel wall (Figs.
2-6, 8). Ten patients had a flattened-appearing inferior vena
cava (antenopostenion diameter of 9 mm on less, measured at
the level of the renal veins [Figs. 2, 4, 6]). In all patients, the
colon had a normal appearance (Figs. 1-8).

Celiotomy was done in eight patients immediately after CT.
Injuries included splenic rupture in five patients, liven laceration
in two, left hemidiaphnagm rupture in one, bladder rupture in
one, adrenal hematoma in one, and an anterior gastric wall
hematoma in one. In two patients, the bowel appeared normal;
in five patients, localized small-bowel injuries were observed,
including the ileum (three), jejunum (one), and duodenum
(three). Two patients had small-bowel injury at two sites. All
duodenal injuries were full-thickness and were repaired priman-
ily and drained. Operative resection of small bowel was required
in all three ileal injuries. Small-bowel loops not adjacent to
regions of focal injury appeared normal by inspection.

Three patients had repeat abdominal CT 1-5 days after the
admission study, including one after celiotomy, and all had
normal-appearing small bowel on the repeat study (Fig. 7).
Three patients were followed up clinically, without follow-up
CT, and clinical evidence of bowel injury was not seen in any

Fig. 1 .-28-year-old man, who was hypoten-
sive at scene of accident No bowel injury
evolved during clinical course.

A and B, Contrast-enhanced CT images
through midabdomen show diffuse thickening
of small-bowel wall and mucosa. Oral contrast
material fills small-bowel lumen. Inferior vena
cava is slightly flattened and the colon appears
normal.



2 3

AJR:163, December 1994 DIFFUSE SMALL-BOWEL ISCHEMIA IN HYPOTENSIVE ADULTS 1377

Fig. 2.-53-year-man involved in motor vehicle collision who had a blood pressure of 90/50 upon admission. Contrast-enhanced CT scan through
midabdomen shows diffuse thickening of the visualized small-bowel wall with increased contrast enhancement and intraluminai fluid. Ascending colon
(solid arrow) appears normal. Spleen Is shattered with perisplenic clot and active extravasatlon (arrowhead). The inferior vena cava is flat (open arrow),
indicating decreased central venous volume.

Fig. 3.-18-year-old man involved in motor vehicle collision who had blood pressure of 80 systolic at scene of accident Contrast-enhanced CT image
scan through midabdomen reveals diffuse thickening of small bowel with marked thickening of mucosal folds and intraluminal fluid. Enhancement of
bowel wall is increased. visualized portions of ascending, descending, and transverse colon appear normal.

Fig. 4.-23-year-old woman involved in motor vehicle collision who had blood pressure of 80 systolic at the scene of the accident
A and B, Contrast-enhanced CT scans through lower abdomen show mildly thickened small-bowel loops that are distended with fluid. Bowel wall shows

focally increased enhancement Inferior vena cava at level of renal veins is flat (arrowhead). Evidence of retroperitoneal, mesenteric, and intraperitoneal
blood is apparent. Visualized segments of colon appear normal.

Fig. 5.-42-year-old woman involved in motor vehicle collision who had a blood pressure of 80 systolic at scene of accident. Contrast-enhanced CT
scan through midabdomen shows thickened proximal part of small bowel, increased enhancement of bowel wall, and intraluminal fluid. Bilateral hemo-
peritoneum and an active splenic bleeding site (arrow) are observed. A portion of transverse colon appears normal.

Fig. 6.-28-year-old man struck by a car who was actively bleeding with a blood pressure of 70 systolic at scene of accident Contrast-enhanced CT
scan shows diffuse fluid-filled loops of small bowel that are mildly thickened and show increased enhancement focally (white arrows). The inferior vena
cava at the level of renal veins is flat (arrow). A small part of descending colon appears normal (arrowhead).
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Fig. 7.-27-year-old man involved in motor
vehicle collision who had a blood pressure of
71/43 on admission. A splenectomy was done
at celiotomy. Several tears of small-bowel sero-
sa were observed, but no generalized abnor-
mality of small bowel was noted.

A, Contrast-enhanced CT scan obtained at ad-
mission shows diffuse thickening of small-bowel
mucosa and intraluminal fluid. Hemoperitoneum
from an actively bleeding splenic rupture is
present in right paracolic gutter(arrowhead). The
ascending colon (white arrow) appears normal.

B, Contrast-enhanced CT scan obtained 5
days after admission shows normal appear-
ance of small bowel and a slightly distended in-
ferior vena cava.

Fig. 8.-20-year-old man crushed by handlebar
across upper part of abdomen in elevator acci-
dent. A duodenal rupture was repaired at surgery.
Patient died of myoglobin-related renal failure.

A, Contrast-enhanced CT scan of lower part of
abdomen shows large mesenteric hematoma
(arrows) and thickened, fluid-filled loops of small
bowel with marked enhancement (arrowheads).
Right paracolic gutter contains free fluid.

B, CT scan through upper part of pelvis
shows swollen psoas muscles with low-attenu-
ation centers and enhancing rims, consistent
with rhabdomyolysis due to hypoperfusion.

of the three. Three patients died of their injuries. In two
cases, the patients had sustained cardiac arrest before
admission, and both died from coagulopathy and hemon-
nhagic shock related to multisystem injuries. The third patient

died from renal failure caused by extensive rhabdomyolysis.

In no case was bowel injury directly a cause of death.

Discussion

The appearance of diffusely abnormal bowel in hypoten-
sive trauma patients undergoing CT has been previously
described in children [1 , 2], particularly in children 2 years
old on younger. In such cases, the bowel has been described
as diffusely dilated, fluid filled, and showing abnormally
intense contrast enhancement. Other reported CT manifes-
tations of hypoperfusion include diminished caliber and
increased enhancement of the inferior vena cava and aorta,

and intense contrast enhancement of the kidneys and
mesenteny [1 , 2]. To the authors’ knowledge, this appearance
has not been described in adults after trauma.

In this study, 1 3 patients had diffuse abnormalities of the
bowel, including thickened walls and mucosal folds, dilata-
tion, increased luminal fluid, and increased contrast
enhancement of the bowel wall. This process was identified
in the small bowel exclusively. All patients were victims of
major blunt trauma. Twelve had suffered multisystem injuries
in vehicular accidents. One patient sustained a localized
injury when the upper part of his abdomen was crushed for
more than 1 hr. Evidence of systemic hypoperfusion is mdi-
cated by marked hypotension recorded at the accident scene
on on hospitalization, including cardiac arrest before admis-
sion to the hospital in three patients. The flattened appear-

ance of the inferior vena cava that was observed in 1 0 of 13
patients, despite aggressive initial resuscitation before CT,

also provided evidence of systemic hypoperfusion [4].
Hypoperfusion in the patient who had the prolonged focal
crushing injury is evident from the appearance of extensive
rhabdomyonecrosis and hemorrhage in the psoas, hip
adductons, and paraspinal muscles below the level of crush-
ing (Fig. 8).

CT findings of bowel ischemia from acute vascular com-
promise on chronic occlusive vascular disease, described by
Perez et al. [5], include bowel-wall thickening, intramural low
density, and distension with increased fluid. Patients with
bowel necrosis show intramural, mesentenic, on portal
venous gas and intrapenitoneal free fluid.

Studies of bowel hypoperfusion done with a canine model by
Bulkley et al. [6] indicate that the bowel mucosa becomes
increasingly permeable to albumin after blood flow is reduced to

a point at which oxygen consumption is 50% on less of normal.
Increased permeability is evident after 1 hr of ischemia, with
increased permeability to macromolecules appearing at 1-4 hr
of ischemia. Interestingly, reduction in blood flow for periods of 2
hr that did not affect oxygen consumption resulted in no penma-
nent mucosal damage. Oxygen consumption, Bulkley et al. [6]
postulate, is maintained, despite hypopenfusion, by increase in
oxygen extraction through diffusion and recruitment of capillary
beds. Bulkley et al. point out, based on their results, that the
small bowel can sustain prolonged periods of ischemia without
injury, as long as blood flow is reduced to levels that do not sub-
stantially decrease oxygen consumption.

The CT appearance of the small bowel in our patients is
consistent with increased permeability leading to wall thick-
ening, increased enhancement with IV contrast material (due
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both to slowed perfusion and interstitial leak of molecules of
contrast material), and accumulation of intraluminal fluid
(probably due to failed resorption capacity). The recovery of
a normal morphologic appearance, as well as apparent func-
tion of the small bowel in all surviving patients, indicates the

ability of the human small bowel to tolerate prolonged pen-
ods of hypoperfusion resulting from splanchnic vasoconstnic-
tion caused by hypovolemic shock. The failureof the colon to

show similar changes on CT scans suggests a much lower
metabolic oxygen demand on perhaps less efficient shunting
of blood away from the lange bowel.

In our experience, other processes can lead to diffuse
abnormalities of the small bowel occurring after trauma. A
previous study from our institution has demonstrated that dif-
fuse small-bowel edema can result from aggressive volume
resuscitation and increased central venous pressure [3]. In
such cases, the patients are likely to show other signs of ele-
vated central venous pressure including an enlarged inferior
vena cava, peniportal lymphedema, and possibly accumula-
tion of retropenitoneal fluid [3, 7]. These patients do not
exhibit increased contrast enhancement of the small-bowel
wall. These signs would not be expected in a hypoperfused
person, except in cases of tension pneumothorax, cardiac
tamponade, or other severe impairment of cardiac function,
in which both systemic hypoperfusion and central venous
hypertension can coexist. Impairment of venous return as a
result of compression of the inferior vena cava by a hepatic
hematoma resulted in diffuse small-bowel edema in one of

our patients.
Five of our patients with severe multisystem injury had

focal injuries of the small bowel concurrent with diffuse abnor-
malities caused by hypoperfusion. Small-bowel injuries alone
will usually appear as focal rather than diffuse abnormalities
on CT scans [8]. Full-thickness bowel injury may be accom-
panied by gas in the bowel wall or mesentery, pneumopenito-
neum, hematoma of the adjacent mesentery, on oral contrast
extravasation [8], findings that would not be expected with
shock bowel alone. Other lesions that could have a similar CT
appearance to shock bowel include diffuse on extensive
small-bowel contusion on diffuse bowel ischemia related to
vascular occlusion, rather than hypoperfusion, that may occur
from blunt abdominal trauma.

Careful scrutiny of clinical signs and follow-up CT scan is
suggested if initial CT scan shows diffuse small-bowel abnon-
malities, suggesting shock bowel, in order to exclude concur-

rent focal small-bowel injury on ischemia related to vascular

occlusion. A history of significant hypotension prior to CT
scan is needed to suggest that findings of diffuse small-
bowel abnormalities are secondary to shock.

Conclusion

CT scans on adults who have prolonged hypoperfusion
due to hypovolemic shock may show diffuse abnormalities of
the small bowel, including wall thickening, dilatation, fluid-
filled loops, and increased contrast enhancement with a non-
mal-appeaning colon. Clinical and CT evidence of hypopen-
fusion, such as a collapsed inferior vena cava, is typically
present. This pattern should be distinguished from diffuse
edema of the small bowel accompanying central venous
hypertension due to aggressive volume resuscitation in the
trauma setting, small-bowel ischemia related to vascular
occlusion, and diffuse small-bowel injury. The shock-bowel
appearance observed on CT scan is not evident by visual
inspection at celiotomy, resolves with restoration of euv-
olemia, and appears to indicate reversible ischemic changes
without clinical significance.
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