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teristic CT appear-
ances of various types
of internal hernias.

� Discuss the clinical
findings and appro-
priate management
of internal hernias.
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Computed tomography (CT) plays an important role in diagnosis of
acute intestinal obstruction and planning of surgical treatment. Al-
though internal hernias are uncommon, they may be included in the
differential diagnosis in cases of intestinal obstruction, especially in the
absence of a history of abdominal surgery or trauma. CT findings of
internal hernias include evidence of small bowel obstruction (SBO);
the most common manifestation of internal hernias is strangulating
SBO, which occurs after closed-loop obstruction. Therefore, in pa-
tients suspected to have internal hernias, early surgical intervention
may be indicated to reduce the high morbidity and mortality rates. In a
study of 13 cases of internal hernias, nine different types of internal
hernias were found and the surgical and radiologic findings were corre-
lated. The following factors may be helpful in preoperative diagnosis of
internal hernias with CT: (a) knowledge of the normal anatomy of the
peritoneal cavity and the characteristic anatomic location of each type
of internal hernia; (b) observation of a saclike mass or cluster of dilated
small bowel loops at an abnormal anatomic location in the presence of
SBO; and (c) observation of an engorged, stretched, and displaced
mesenteric vascular pedicle and of converging vessels at the hernial
orifice.
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Introduction

Internal hernias involve protrusion of the viscera
through the peritoneum or mesentery and into a
compartment in the abdominal cavity. The most
common presentation is an acute intestinal ob-
struction of small bowel loops that develops
through normal or abnormal apertures (1,2). The
responsible hernial orifices are usually preexisting
anatomic structures, such as foramina, recesses,
and fossae. Pathologic defects of the mesentery
and visceral peritoneum, which are caused by
congenital mechanisms, surgery, trauma, inflam-
mation, and circulation, are also potential hernia-
tion orifices (3,4).

Preoperative diagnosis is difficult because clini-
cal symptoms may range from intermittent and
mild digestive complaints to acute-onset intestinal
obstruction. Internal hernias are silent if they are
easily reducible, but the majority often cause epi-
gastric discomfort, periumbilical pain, and recur-
rent episodes of intestinal obstruction (3,5). In-
ternal hernias are clinically apparent only when
incarcerated internal hernias result from small
bowel obstruction (SBO); therefore, a delay in
diagnosis may lead to strangulation and an in-
creased risk of serious complications.

We categorized various internal hernias and
potential orifices with relative frequency (Table)
on the basis of their topographic distribution in
the peritoneal cavity (Figs 1, 2) according to the
classification of Welch (8).

In this article, we describe our clinical experi-
ence with internal hernias, the imaging technique,
and diagnosis with computed tomography (CT),
including the CT findings and their clinical rel-

Types of Internal Hernias and Their Relative
Frequencies

Type of Hernia
Relative Frequency

(%)

Foramen of Winslow 8
Paraduodenal (left and right) 53
Transmesenteric 8
Transomental 1–4
Pericecal 13
Intersigmoid 6
Supravesical and pelvic* 6†

*Pelvic hernias include hernias through the broad
ligament, perirectal fossa, and fossa of Douglas.
†The relative frequency of hernia through the broad
ligament is 4%–5%.

Figure 1. Drawing (coronal view) shows the loca-
tions and directions of internal hernias of the upper and
lower abdominal peritoneal cavity. A � foramen of
Winslow hernia, B � left paraduodenal hernia, C �
right paraduodenal hernia, D � transmesenteric hernia,
E � pericecal hernia, F � transomental hernia, G �
intersigmoid hernia. (Adapted and reprinted, with per-
mission, from reference 6.)

Figure 2. Drawing (superior view) shows the loca-
tions of internal hernias, pouches, and fossae of the pel-
vic cavity in a female patient. H � supravesical hernia,
I � hernia through the broad ligament, 1 � vesicouter-
ine pouch, 2 � Douglas (rectouterine) pouch, 3 � peri-
rectal fossa. (Adapted and reprinted, with permission,
from reference 7.)
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evance as well as the important role of multi–de-
tector row CT. We then discuss the locations and
relative frequencies of internal hernias, which in-
clude foramen of Winslow, paraduodenal, trans-
mesenteric, transomental, pericecal, sigmoid me-
socolon, and supravesical and pelvic hernias.

In the sections on internal hernias, we describe
the anatomic locations and embryologic features
of potential hernial orifices (foramina, fossae, re-
cesses, defects of the mesentery and visceral peri-
toneum) and the clinical, surgical, and radiologic
findings, including the characteristic CT appear-
ances. We also present CT images, some surgical
results, and some intraoperative photographs.
Finally, we briefly describe the management of
internal hernias.

Clinical Experience
From November 1995 to February 2004, a retro-
spective review of medical records and radiologic
images revealed 13 patients (eight male, five fe-
male) with surgically proved internal hernias at
our institution and branch hospitals. Their age
ranged from 12 to 86 years (mean age, 56.1
years) with more than half of the patients over age
50 years. All patients except one with clinical and
radiologic findings suggestive of acute intestinal
obstruction underwent single detector row CT of
the abdomen and pelvis at the time of admission.
One patient underwent CT 4 days after conserva-
tive treatment. Four patients with low-grade ob-
struction underwent enteroclysis, which is par-
ticularly helpful in depicting and grading the se-
verity of partial obstruction and demonstrating
sites of incomplete obstruction.

CT examinations were performed with the fol-
lowing imaging units: ProSeed SA (GE Health-
care Technologies, Waukesha, Wis) (n � 7); Hi-
speed DXI (GE Healthcare Technologies) (n � 1);
TCT-700S (Toshiba, Tokyo, Japan) (n � 1);
TCT-60A (Toshiba) (n � 2); and SCT-7000
(Shimadzu, Kyoto, Japan) (n � 2).

The duration of symptoms before hospital ad-
mission ranged from as little as 3 hours to as long
as 3 months. The interval between CT examina-
tion at the time of admission and surgery ranged
from 2 hours to 20 days. Six patients underwent
emergency operations within 7 hours of CT ex-
amination. Four patients were treated conserva-
tively with insertion of a nasogastric tube or a
long intestinal tube to drain the intestinal fluid,
but these patients underwent operations within

12–42 hours of CT examination because of ag-
gravated symptoms. The remaining three patients
underwent operations within 4–20 days after CT
examinations because at first they were making
good progress with conservative treatment by
means of nasogastric or long intestinal tube de-
compression, but their symptoms became aggra-
vated little by little.

During laparotomy in each patient, reduction
of the hernia contents, resection of necrotic bowel
loops, and primary anastomosis (enterostomy in
one case) were performed. Gangrenous changes
in the incarcerated bowel loops were present in
seven patients, and six patients had viable bowel
loops. Eleven patients had no history of abdomi-
nal surgery or trauma. Only two patients had a
history of appendectomy.

Nonspecific abdominal symptoms of intestinal
obstruction were observed in all 13 patients.
These included some degree of epigastric pain,
abdominal pain, tenderness, abnormal bowel
sounds, nausea, vomiting, and palpation of a
mass.

Imaging Technique
Gastrointestinal studies enhanced with intralumi-
nal contrast material (barium-enhanced studies,
enteroclysis) and abdominal CT enable accurate
diagnosis of any type of internal hernia (9,10). In
mechanical high-grade SBO, small bowel follow-
through study has a limitation in emergency use.
Enteroclysis can be performed more quickly and
has been shown to have high accuracy in the
evaluation of SBO, but is contraindicated in pa-
tients with high-grade closed-loop obstruction
and in those with suspected hernial strangulation
(11). Recently, CT has demonstrated the impor-
tance of preoperative diagnosis of early or partial
obstruction and closed-loop obstruction.

In our CT examination, intravenous adminis-
tration of contrast material is essential to deter-
mine the cause of obstruction and identify any
associated hernial strangulation. All patients ex-
cept one underwent CT performed with 100 mL
of contrast material administered intravenously at
a rate of 1–2 mL/sec. The delay between the start
of injection and imaging varied between 70 and
90 seconds. All images were acquired with
7–10-mm collimation and a pitch of 1.2–1.5.
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One patient underwent nonenhanced CT because
she was allergic to the contrast material; CT im-
ages clearly demonstrated the presence of stran-
gulating bowel loops as diffuse mesenteric fluid
and haziness.

Because of the difficulty of preoperative CT
diagnosis, multi–detector row CT may play an
important role. Currently, multi–detector row
technology provides substantial improvements in
the quality of two- and three-dimensional refor-
matted images, which have evolved in addition to
the axial images. Many images obtained with
multi–detector row CT are interpreted at work-
stations by manually paging up and down or re-
formatting by means of high-quality three-dimen-
sional reformation techniques, such as multipla-
nar reformation (MPR), shaded surface display
(SSD), volume rendering (VR), and maximum
intensity projection (MIP).

Multi–detector row CT with three-dimen-
sional reformatting at a workstation provides im-
portant advantages over conventional imaging
methods in evaluation of the small intestine and
surrounding structures (mesentery, mesenteric
vasculature, and peritoneal cavity). Multi–detec-
tor row CT can play a more active role in identifi-
cation of the site, level, and cause of SBO, includ-
ing internal hernias (12,13).

Oral administration of contrast material and
water is not necessary in view of the patients’ se-
vere condition because intraluminal fluid col-
lected within an SBO segment already serves as a
natural contrast agent, demonstrating the bowel
wall clearly (12,13). On the other hand, multi–
detector row CT coupled with administration of
water and oral contrast material allows the diag-
nosis of SBO. Some investigators advocate use of
CT enteroclysis, which provides a flexible method
of viewing SBO (14).

Diagnosis of Inter-
nal Hernias with CT

Because clinical diagnosis of internal hernias is
difficult, imaging studies may play an important
role if accurate and reliable CT findings can be
obtained. However, CT evaluation of any type of
internal hernia is rare in the radiology literature,
except for a few reports on paraduodenal and
transmesenteric hernias.

The most common internal hernia is strangu-
lating SBO, which occurs after a closed-loop ob-
struction. CT findings of internal hernias include
evidence of SBO. To diagnose the hernial stran-
gulation, many researchers stress the importance
of observing the configuration of the obstructed
loop, mesenteric changes, and the enhancement
patterns of the bowel wall (15–19). In this article,
we evaluate two characteristic CT findings: bowel
configuration and mesenteric changes. The former
consists of a saclike mass or cluster of dilated
bowel loops. The latter consists of a mesenteric
vascular pedicle that is engorged, stretched, and
displaced; in addition, the dilated bowel loops
have converging vessels at the entrance of the her-
nial orifice, thus revealing the impaired venous
drainage and continuous influx of the arterial flow
(1,3,9,10,15–19).

Locations and Relative
Frequencies of Internal Hernias

The occurrence of abdominal internal hernias is
rare. They are reported in 0.2%–0.9% of autop-
sies (2) and in 0.5%–4.1% of cases of intestinal
obstruction (3,8,20). The locations and relative
frequencies of internal hernias are as follows:
paraduodenal, 53%; pericecal, 13%; foramen of
Winslow, 8%; transmesenteric and transmeso-
colic, 8%; pelvic and supravesical, 6%; sigmoid
mesocolon, 6%; and transomental, 1%–4% (1–
3,20,21).

Foramen of Winslow Hernia

Anatomy
The lesser sac and the greater peritoneal cavity
communicate through the epiploic foramen of
Winslow. This potential opening is a 3-cm verti-
cal slit situated beneath the upper part of the right
border of the lesser sac, cephalad to the duodenal
bulb and deep to the liver (Fig 1, A). This fora-
men is located anterior to the inferior vena cava
and posterior to the hepatoduodenal ligament,
including the portal vein, common bile duct, and
hepatic artery (1–3,22).

Features
Foramen of Winslow hernias make up 8% of all
internal hernias (1–3). The intestinal segment
most commonly involved is the small intestine
(60%–70%). The terminal ileum, cecum, and
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ascending colon are involved at a rate of about
25%–30% (1,2). Hernias involving the transverse
colon, omentum, and gallbladder are rare, al-
though some have been reported in the literature.
Predisposing factors include an enlarged foramen
of Winslow and excessively mobile intestinal
loops due to a long mesentery or persistence
of the ascending mesocolon and an ascending
colon that is not fused to the parietal peritoneum
(1–4,23–26).

Characteristic plain radiographic findings are
gas-containing intestinal loops high in the abdo-
men and medial and posterior to the stomach as-
sociated with SBO (Fig 3). The cecum and as-
cending colon may be absent from their usual
locations if they are part of the herniated viscera.
Barium-enhanced radiography of the small intes-
tine shows dilatation of bowel loops and usually

Figure 3. Foramen of Winslow hernia in a 45-year-old man with acute epigastric pain of 18 hours duration.
(a) Abdominal radiograph shows gas-containing small bowel loops (arrows) in the center of the upper abdo-
men between the liver and the gastric air bubble. (b) Image obtained with enteroclysis performed through a
long intestinal tube shows an SBO at the right hepatic flexure (arrow). (c) Contrast-enhanced CT scan of
the upper abdomen shows the cluster of dilated small bowel loops (arrowheads) in the lesser sac. There are stretched
and converging mesenteric vessels (arrow) between the portal vein in the hepatoduodenal ligament (H) and the infe-
rior vena cava (I). (d) CT scan obtained at the level of the pancreatic head shows crowded mesenteric vessels from
the superior mesenteric vein (arrow) between the ascending portion of the duodenum (D) and the pancreatic
head (P). Arrowheads � small bowel loops. At laparotomy performed 31 hours after CT, adhesion between the
gastrocolic ligament and the transverse mesocolon was found. Approximately 50 cm of ileum, located 200 cm
from the ligament of Treitz, was herniated into the lesser sac. The herniated ileal loops demonstrated only con-
gestive changes without gangrene.
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reveals the obstruction at the right upper abdo-
men. Narrowing or obstruction at the hepatic
flexure may be visualized with barium enema ex-
amination if the hernia involves the cecum and
ascending colon (23). The following are the char-
acteristic CT appearances: (a) presence of mes-
entery between the inferior vena cava and main
portal vein, (b) an air-fluid collection in the lesser
sac with a beak directed toward the foramen of
Winslow, (c) absence of the ascending colon in
the right gutter, and (d) two or more bowel loops
in the high subhepatic spaces (1–3,24–26).

Paraduodenal Hernia

Anatomy
Paraduodenal fossae originate as congenital peri-
toneal anomalies owing to failure of mesenteric
fusion with the parietal peritoneum and an associ-
ated abnormal rotation during imprisonment of
the small intestine beneath the developing colon
(1–3,22,27–33).

In the past, nine different fossae in the vicinity
of the duodenum have been described, but clini-
cally just five fossae are important: the superior
duodenal fossa, inferior duodenal fossa (fossa of
Treitz), paraduodenal fossa (fossa of Landzert),
intermesocolic fossa (fossa of Broesike), and mes-
entericoparietal fossa (fossa of Waldeyer) (27,28).
Figure 4 shows the locations of these fossae and
their frequencies at autopsy. The fossa of Land-
zert, present in about 2% of autopsies, is recog-
nized as inducing left paraduodenal hernia
(PDH). The fossa of Waldeyer, present in about
1% of autopsies, is recognized as inducing right
PDH (22).

Features
PDHs constitute approximately 53% of all inter-
nal hernias. Approximately three-fourths of these
hernias occur on the left and are more predomi-
nant in men than in women, with a ratio of about
3:1 (1–3).

Left PDH develops through the fossa of Land-
zert into the descending mesocolon and left of the
transverse mesocolon and results from failure of
fusion of the inferior mesentery to the parietal
peritoneum (29). The fossa of Landzert is located
at the duodenojejunal junction, which is a zone of

confluence of the descending mesocolon, trans-
verse mesocolon, and small bowel mesentery
(30). The herniated small bowel loops may be-
come entrapped within this mesenteric sac. The
characteristic CT appearance consists of an ab-
normal cluster or saclike mass of dilated small
bowel loops lying between the pancreas and
stomach to the left of the ligament of Treitz (Fig
5). There is usually mass effect that displaces the
posterior wall of the stomach, the duodenal flex-
ure inferiorly, and the transverse colon inferiorly
(30,31). The mesenteric vessels that supply the
herniated small bowel segments are crowded, en-
gorged, and stretched at the entrance of the her-
nial sac (Fig 6) (9,10). Because the anterior wall
of the sac contains the inferior mesenteric vein
and left colic artery, CT demonstrates these ves-
sels as a landmark above the encapsulated bowel
loops.

Right PDH involves the fossa of Waldeyer,
which is located immediately behind the superior
mesenteric artery and inferior to the transverse
segment of the duodenum with or without rotation

Figure 4. Drawing (coronal view) shows the loca-
tions of duodenal fossae. Arrows indicate the directions
of hernias through these fossae. The frequency with
which each fossa is found at autopsy is given in paren-
theses. 1 � superior duodenal fossa (50%), 2 � inferior
duodenal fossa (fossa of Treitz) (75%), 3 � paraduode-
nal fossa (fossa of Landzert) (2%), 4 � intermesocolic
fossa (fossa of Broesike), 5 � mesentericoparietal fossa
(fossa of Waldeyer) (1%). (Adapted and reprinted,
with permission, from reference 6.)
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Figure 5. Left PDH in a 72-year-old man with acute, intermittent epigastric pain of 24 hours duration.
(a) Contrast-enhanced CT scan of the upper abdomen shows a saclike mass of dilated jejunal loops between
the pancreatic head (P) and stomach. The descending mesocolon (D) and stomach are displaced laterally. The
dilated inferior mesenteric vein is located at the anterior border of the encapsulated loops. (b) CT scan ob-
tained 20 mm below a shows crowded and engorged mesenteric vessels (arrow) at the fossa of Landzert (L).
J � jejunal loops, S � stomach, arrowhead � inferior mesenteric vein. (c) CT scan of the midabdomen shows
the inferior mesenteric vein (arrowhead). This vessel is a landmark for the inferior mesocolon, which is located
at the anteromedial border of the encapsulated jejunal loops (J). (d) Diagram (coronal view) of the surgical
findings shows that the fossa of Landzert is 4 cm in diameter (arrowheads). At laparotomy performed 42 hours
after CT, approximately 200 cm of viable jejunum was found (arrows).

Figure 6. Left PDH in a 55-year-old woman who experienced aggravated epigastric pain followed by 3
months of frequent and intermittent pain. (a) Contrast-enhanced CT scan of the upper abdomen shows a sac-
like mass of proximal jejunal loops (J). In this case, CT did not show the inferior mesenteric vein, which is a
landmark for left PDH. (b) CT scan obtained 30 mm below a shows a horseshoelike configuration of collapsed
jejunal loops (arrowheads) and dilated mesenteric vessels (arrow) between the pancreas (P) and stomach (S)
without mass effect. At laparotomy performed 7 hours after CT, the herniated jejunal loops were viable with no
gangrene.
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anomaly. Right PDH occurs most frequently in
cases of a nonrotated small intestine and a nor-
mally or incompletely rotated colon. According to
the extent of malrotation, right PDH is associated
with location of the superior mesenteric vein to
the left of, and ventral to, the superior mesenteric
artery and with absence of the normal horizontal
duodenum. Because the fossa of Waldeyer ex-
tends to the right and downward, directly in front
of the posterior parietal peritoneum, right PDH
develops into the ascending mesocolon with a
right colic vein anteriorly. The superior mesen-
teric artery and right colic vein are located at the
anterior-medial border of the encapsulated small
bowel loops and are a landmark for right PDH
(Fig 7) (30).

Transmesenteric Hernia

Anatomy
The small bowel mesentery is a broad, fan-shaped
fold of peritoneum that suspends the loops of the
small intestine from the posterior abdominal wall
(1,22). The two layers of peritoneal reflection
form the mesentery, which extends from its origin
at the ligament of Treitz to the right toward the
ileocecal valve (Fig 1, D).

Nearly 35% of transmesenteric hernias occur
during the pediatric period and are probably
caused by a congenital mechanism. Mesenteric
defects are usually 2–5 cm in diameter and are

Figure 7. Right PDH in a 31-year-old man with sudden onset of severe diffuse abdominal pain. (a) Con-
trast-enhanced CT scan of the upper abdomen shows a saclike mass of fluid-filled bowel loops (S), most of
which were jejunal and proximal ileal loops. (b) CT scan obtained 30 mm below a shows the encapsulated
bowel loops herniated through the fossa of Waldeyer (W), which is located behind the superior mesenteric ar-
tery (arrowhead) just below the transverse portion of the duodenum (D). I � ileal loops. (c) CT scan of the
lower abdomen shows the superior mesenteric artery (arrowhead), which is displaced anteriorly by the en-
trapped bowel loops. Dilated and converging vessels (arrows) are seen in the mesentery; dilated ileal loops (I)
are seen in the left midabdomen. (d) Diagram (coronal view) of the surgical findings shows that the fossa of
Waldeyer (light gray area) is 10 cm in diameter. At laparotomy performed 2 hours after CT, 350 cm of strangu-
lated small intestine, located 70 cm from the ligament of Treitz, was found. Because the withdrawn bowel loops
were purple, jejunostomy was performed without resection.
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located close to the ligament of Treitz or the ileo-
cecal valve (2,3). Three etiologic hypotheses have
been proposed for congenital mesenteric defects:

(a) partial regression of the dorsal mesentery,
(b) fenestration during the developmental en-
largement of an inadequately vascularized area,
and (c) an ileocecal mesentery with considerable
and rapid lengthening in fetal life (32). In adults,
most mesenteric defects are probably the result of
surgery, trauma, or inflammation.

Features
Transmesenteric and transmesocolic hernias ac-
count for 8% of all internal hernias (1–3). Be-
cause of the absence of a limiting hernial sac, me-
chanical SBO usually occurs in cases of transmes-
enteric hernia (Fig 8), and it is impossible to

Figure 8. Transmesenteric hernia in a 36-year-old woman with lower abdominal pain of 10 days duration.
She was treated conservatively for 20 days by means of decompression with a nasogastric tube or long intestinal
tube, intravenous fluids, and antibiotics because of an undiagnosed SBO. However, the SBO developed despite
treatment. (a) Contrast-enhanced CT scan of the midabdomen shows dilated and fluid-filled small bowel loops
(S) and crowded and stretched vessels (arrow). (b) CT scan of the pelvis shows crowded and converging vessels
(arrow) at the hernial orifice. (c) Image obtained with enteroclysis performed through the intestinal tube shows the
SBO (arrow). (d) Diagram (coronal view) of the surgical findings shows that approximately 180 cm of strangulated
ileum (arrows), located 5 cm from the ileocecal valve, was herniated through the mesenteric defect (arrowheads). At
laparotomy, a segment of gangrenous ileum was resected. (e) Intraoperative photograph shows the hernial orifice,
which is oval and 4 cm in diameter.
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differentiate closed-loop obstructions caused by
herniation through the mesenteric defect from
those caused by prolapse of the intestine under
adhesive bands. A volvulus may further compli-

cate the process and cause rapid hernial strangu-
lation and intestinal gangrene (Fig 9) (1,3,32). A
transmesenteric hernia usually manifests in asso-

Figure 9. Transmesenteric hernia in a 12-year-old girl who experienced 36 hours of diffuse abdominal pain
and sudden development of cramps. Abdominal examination showed severe distention and tenderness at the
midabdomen. Laboratory investigations revealed a hemoglobin level of 8.4 g/dL. (a) Nonenhanced CT scan of
the midabdomen shows diffuse mesenteric fluid and haziness (arrows) and mildly dilated small bowel loops.
The attenuation of the intraluminal fluid is increased (arrowheads) because red blood cells may have been re-
leased in the lumen. Laparotomy was performed 12 hours after CT. (b) Intraoperative photograph shows the
hernial orifice (arrow), which is 3 cm in diameter. Approximately 260 cm of small intestine, located 100 cm
from the ileocecal valve, was herniated through the mesenteric defect and twisted 360°; 230 cm was gangre-
nous and was thus resected.

Figure 10. Transomental hernia in a 76-year-old woman
with a 6-day history of lower abdominal pain. (a) Contrast-
enhanced CT scan of the pelvis shows a cluster of fluid-filled
small bowel loops (arrowheads) with poor or absent en-
hancement of bowel walls adjacent to the midabdominal
wall. The mesenteric vascular pedicle (arrow), which is
crowded and engorged with vessels, is observed at the her-
nial orifice. Laparotomy was performed 3 hours after CT.
(b) Diagram (coronal view) of the surgical findings shows
that the hernial orifice (arrow) is in the periphery of the
greater omentum. (c) Intraoperative photograph shows the
hernial orifice (arrowhead). Approximately 80 cm of ileum,
located 70 cm from the ileocecal valve, was herniated
through the defect; 55 cm was resected due to gangrene
(arrows).
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ciation with proximal small bowel dilatation,
with a transition zone to a normal or collapsed
intestine. Because the bowel mesenteric defect
itself is not visualized, observation of the clus-
tering of small bowel loops and abnormalities
of the mesenteric vessels plays an important
role in diagnosis of transmesenteric hernia. CT
shows that the mesenteric vascular pedicle is
characteristically engorged, stretched, and
crowded; in addition, converging mesenteric
vessels are located at the entrance of the hernial
sac (34) and there is displacement of the main
mesenteric trunk (9,10,32).

Transomental Hernia
Transomental hernias constitute approximately
1%–4% of all internal hernias. There are two
types: In the first type, herniation occurs through
a free greater omentum; this type is more com-
mon, and no sac is present. In the second type,
which is rare, herniation into the lesser sac occurs
through the gastrocolic ligament (33,35,36).

In the first type, the hernial orifice on the
greater omentum is located in the periphery near
the free edge (Fig 10) and is usually a slitlike
opening from 2 to 10 cm in diameter (1–4,37).
The cause of the omental defect has not been
identified, but it has been suggested that most
have a congenital origin, although inflammation,
trauma, and circulation may also cause omental
perforations. Small bowel loops, the cecum, and
the sigmoid colon are involved in this defect. The
clinical and radiologic findings are almost identi-
cal to those of transmesenteric hernias (Fig 11)
(1,3,38).

Pericecal Hernia

Anatomy
Embryologically, the anatomy of the cecal and
pericecal peritoneum is not determined until the
5th fetal month, when the migration of the midgut

Figure 11. Transomental hernia in a 78-year-old man with acute epigastric pain of 24 hours dura-
tion. At admission, the vital signs, laboratory values, and results of physical examination were normal
with the exception of mild epigastric pain. On the second hospital day, laboratory investigations
showed a white blood cell count of 20,300/mm3 (20.3 � 109/L). (a) Contrast-enhanced CT scan of
the midabdomen shows dilated and fluid-filled closed bowel loops (S) surrounded by massive ascites
(arrowheads). Engorged and crowded mesenteric vessels (arrow) are seen at the hernial orifice, which is
adjacent to the abdominal wall. Laparotomy was performed 2 hours after CT. (b) Diagram (coronal
view) of the surgical findings shows that the hernial orifice (arrow) is 3 cm in diameter with a firm and
fibrous edge. (c) Intraoperative photograph shows approximately 90 cm of gangrenous jejunal loops
(arrows), located 120 cm from the Treitz ligament, which were resected.
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is complete, with the cecum fixed in the right
colic fossa and resorption of the peritoneal sur-
faces (39,40). Four different pericecal recesses
formed by folds of the peritoneum have been re-
ported: the superior ileocecal recess, inferior ileo-
cecal recess, retrocecal recess, and paracolic sulci
(Fig 12) (3,39,40,42).

The superior ileocecal recess is bounded in
front by the vascular fold of the cecum and be-
hind by the ileal mesentery. The inferior ileocecal
recess is bounded in front by the ileocecal fold,
above by the posterior ileal surface and its mesen-

tery, to the right by the cecum, and behind by the
upper mesoappendix (22). The retrocecal recess,
the largest of the four recesses, is bounded anteri-
orly by the posterior wall of the cecum, posteri-
orly by the posterior abdominal wall, superiorly
by the reflection of the visceral peritoneum coat-
ing the posterior wall of the cecum, and medially
and laterally by two cecal folds of the peritoneum
(40). Paracolic sulci are lateral depressions of the
peritoneum investing the cecum. These recesses
may be absent or rarely extend posterior to the
cecum, forming pockets large enough to admit
several fingers (42).

Figure 12. Drawing (coronal view) shows the lo-
cations of pericecal recesses. 1 � superior ileocecal
recess, 2 � inferior ileocecal recess, 3 � retrocecal
recess, 4 � paracolic sulci. (Adapted and reprinted,
with permission, from reference 41.)

Figure 13. Pericecal hernia through the retrocecal recess in an
84-year-old man with colicky right lower quadrant pain and
vomiting of 48 hours duration. He underwent an appendectomy
at 54 years of age. (a) Contrast-enhanced CT scan of the midab-
domen shows a cluster of encapsulated small bowel loops (ar-
rowheads) in the lateral aspect of the right paracolic gutter and
behind the ascending colon (A). Dilated and stretched mesen-
teric vessels (arrow) are seen within the cluster. (b) CT scan of
the lower abdomen shows beaking and collapsed bowel loops
(arrow) at the retrocecal recess (arrowhead). The ascending co-
lon (A) is displaced anteriorly. Laparotomy was performed 12
hours after CT. (c) Diagram (coronal view) of the surgical find-
ings shows that approximately 230 cm of gangrenous jejunum
and ileum (arrows), located 120 cm from the ligament of Treitz,
was herniated through the retrocecal recess (arrowheads). The
gangrenous bowel loops were resected. A � ascending colon.
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Furthermore, according to the literature
(43,44), supplementary recesses and fossae may
develop in the ileocecal area because of individual
variations in the processes of bowel rotation and
peritoneal fusion. These structures may also be-
come hernial orifices.

Features
Pericecal hernias account for 13% of all internal
hernias. In most cases, ileal loops herniate through
the defect and occupy the right paracolic gutter
(Fig 13). Clinical diagnosis is difficult because
clinical symptoms and physical examination usu-
ally indicate acute SBO, but in chronic incarcera-
tion diagnoses are confused with inflammatory
bowel disease, appendiceal disorders, or other
causes of SBO (4,39). In establishing the precise
preoperative diagnosis, delayed radiographs from
a small bowel series or barium enema examina-
tions are considered to be helpful when the pa-
tient’s condition permits these examinations
(1,3). The specific CT appearance of a pericecal
hernia is not established, and there are few cases
in the literature (40,42–44). In our two cases, CT
scans demonstrated a cluster of fluid-filled small
bowel loops (Fig 14) located lateral to the cecum

and posterior to the ascending colon. In addition,
a beaking appearance indicative of tethering at the
aperture of the peritoneal recess and dilatation of
small bowel loops with a transition zone were re-
vealed. On the basis of these CT findings, pericecal
hernia can be diagnosed with high certainty (40).

Sigmoid Mesocolon Hernia

Anatomy
The sigmoid mesocolon is a peritoneal fold at-
taching the sigmoid colon to the pelvic wall. The
apex is divided near the left common iliac artery
and serves as a potential site for an internal her-
nia. The intersigmoid fossa (Fig 1, G) lies behind
this apex of the V-shaped parietal attachment of
the sigmoid mesocolon. This pocket is found in
65% of autopsies and varies in size from a dimple
to a fossa admitting the fifth finger (1,3,22).

Features
Sigmoid mesocolon hernias account for 6%
of all internal hernias (1–3) and are divided into
three categories (45): (a) intersigmoid hernia,

Figure 14. Pericecal hernia through the paracolic sulci in
an 86-year-old man with a 10-day history of lower abdominal
pain and vomiting. He underwent an appendectomy at 56
years of age. (a) Contrast-enhanced CT scan of the lower
abdomen shows dilated small bowel loops (S) and a cluster
of fluid-filled small bowel loops (arrow). The ascending co-
lon (A) is displaced anteriorly, and ascites (arrowhead) is
seen in the right paracolic gutter. (b) CT scan of the pelvis
shows that the bowel loops of the oral aspect of the intestine
are dilated (arrowhead) and the bowel loops of the anal aspect
are collapsed (arrow). Laparotomy was performed 6 hours
after CT. (c) Diagram (coronal view) of the surgical findings
shows that approximately 20 cm of strangulated ileum (I),
located 130 cm from the ileocecal valve, was herniated through a
5-cm-diameter defect of the paracolic sulci (arrow); 10 cm of the
incarcerated ileum was resected due to gangrenous changes.
A � ascending colon.
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(b) transmesosigmoid hernia, and (c) interme-
sosigmoid hernia. Because preoperative differen-
tiation of the three hernia types involving the sig-
moid mesocolon is often difficult, the diagnosis is
confirmed only with surgical management in
most cases. Intersigmoid hernia, which is the
most common type, is herniation into a congeni-
tal fossa, the intersigmoid fossa, situated in the
attachment of the lateral aspect of the sigmoid
mesocolon. Transmesosigmoid hernia is incar-
ceration of small bowel loops through a defect in
the sigmoid mesocolon. This defect is oval and
ranges in diameter from 2 to 4 cm (1,3,45,46).
Transmesosigmoid hernia involves both layers of
the sigmoid mesentery and allows herniation of
the small bowel loops toward the left lower abdo-
men, posterior-lateral to the sigmoid colon. This
hernia is demonstrated to be without an actual
hernial sac (47,48). Intramesosigmoid hernia is
incarceration with a hernial sac through a con-
genital defect, present in only one of the constitu-
ent leaves of the sigmoid mesentery (Fig 15) (45).

Supravesical and Pelvic Hernias
The peritoneum follows the surfaces of the pelvic
viscera and walls (Fig 2) with differences between
the sexes.

Anatomy of the
Lesser Pelvis in Males
The peritoneum leaves the junction of the middle
and lower third of the rectum and passes forward
to the upper poles of the seminal vesicle and the
superior aspect of the bladder. Between the rec-
tum and bladder, the peritoneum forms a ret-
rovesical pouch. Lateral to the rectum, the perito-
neum forms right and left perirectal fossae, ante-
rior to which is the retrovesical pouch. The
anterior peritoneum covers the superior surface of
the bladder, forming a paravesical fossa on each
side (9).

Figure 15. Intramesosigmoid hernia in a 79-year-old man with
acute lower abdominal pain of 3 hours duration. CT was performed 4
days after conservative treatment with a nasogastric tube. (a, b) Con-
trast-enhanced CT scans of the pelvis (b obtained 20 mm below a)
show multiple dilated small bowel loops (S). A dilated inferior mesen-
teric vein (arrow) appears as a landmark at the edge of the inferior
mesentery. A saclike mass of incarcerated jejunal loops (arrowhead) is
located anterior to the left psoas muscle. Laparotomy was performed 4
days after CT. (c) Diagram (coronal view) of the surgical findings
shows that 20 cm of jejunum (J), located 230 cm from the ligament of
Treitz, was herniated into a defect (arrow) on the left side of the sig-
moid mesocolon. The defect was 3 cm in diameter and was located in
the anterior layer of the left side of the sigmoid mesocolon.
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Supravesical Hernia
The supravesical fossa is the area of the abdomi-
nal wall between the remnants of the median and
the left or right umbilical ligaments (49). The sac
may remain above the pelvis and form an external
supravesical hernia or pass downward and form
an internal supravesical hernia. Internal su-
pravesical hernias are divided into the following
three categories: (a) anterior, (b) right or left lat-
eral, and (c) posterior, which are based on whether
the course is in front of, beside, or behind the
bladder (50).

Anatomy of the
Lesser Pelvis in Females
Perirectal and paravesical fossae also appear in
females. At the lateral limit of the paravesical fos-
sae, the peritoneum invests the mesosalpinx,
round ligament, and broad ligament of the uterus.
The rectovesical pouch is divided by the uterus
and vagina into the vesicouterine pouch and rec-
touterine pouch (pouch of Douglas). The broad
ligaments extend from the sides of the uterus to
the lateral pelvic walls (Fig 16). The superior ex-
tent of the broad ligaments contains the fallopian
tubes. Immediately below the fallopian tubes, the
anterior and posterior peritoneal folds condense
to form the mesosalpinx. The mesosalpinx is

bounded by the fallopian tube superiorly, the
uterus medially, the ovary laterally, and the ovar-
ian ligament inferiorly. The lateral extent of the
broad ligament covers the ovarian vessels, form-
ing the infundibulopelvic ligament, which sus-
pends the ovary. The anterior leaf of the broad
ligament covers the round ligament of the uterus
and forms the mesoligamentum teres (9,51).

Hernia through the Broad Ligament
Hernias through a defect of the broad ligament
account for only 4%–5% of all internal hernias
(1,3,52). The herniated viscus is the small intes-
tine in more than 90% of cases. The typical pa-
tient with this hernia is a middle-aged woman
who has been pregnant and has no history of ab-
dominal surgery. More than 85% of these hernias
have occurred in parous women (51).

Broad ligament defects are classified as con-
genital or acquired. Congenital cases have an em-
bryologic basis due to a developmental peritoneal
defect around the uterus. Acquired defects are
due to surgical trauma, pregnancy and birth
trauma, perforations following vaginal manipula-
tion, and prior pelvic inflammatory disease (52).
A classification for the broad ligament has been
proposed on the basis of the anatomic position of
the defect: type 1 � defect caudal to the round
ligament, type 2 � defect above the round liga-
ment, and type 3 � defect between the round
ligament and the remainder of the broad ligament
through the mesoligamentum teres (53).

On the other hand, Hunt (54) classified two
types of hernia through the broad ligament. One
is the fenestra type, through a defect in the broad
ligament, and the other is the pouch type, with
herniation into an anterior or posterior aperture
of the broad ligament. The fenestra type, with
complete defects, may allow passage of small
bowel loops with potential hernial strangulation.
These are the most common cases. The pouch
type, with single-layer defects, may allow visceral
structures to enter and become entrapped in the
parametrial tissue (54,55). The following are the
characteristic CT appearances (56): (a) a cluster
of dilated small bowel loops with air-fluid levels in

Figure 16. Drawing (coronal view) shows the
anatomy of the broad ligament (B) and various
defects. F � fallopian tube, M � mesosalpinx,
O � ovary, R � round ligament. (Adapted and
reprinted, with permission, from reference 7.)
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the pelvic cavity and (b) bowel loops compressing
the rectosigmoid dorsolaterally and the uterus
ventrally (Fig 17).

Hernia through the Perirectal Fossa
We found no reports of internal hernias through a
defect of the perirectal fossa and only three re-
ports of internal hernias through the pouch of
Douglas in the English-language literature (57–
59). The pouch of Douglas is a peritoneal reflec-
tion between the uterus and the rectum, and its
depth varies extensively; an abnormally deep
pouch of Douglas may lead to a posterior perineal
hernia (59,60). These defects are believed to be
congenital without abnormality of the pouch of
Douglas or the pelvic floor musculature. In our
patient, approximately two-thirds of the circum-
ference of the antimesenteric ileal wall was in-
volved through a defect of the right perirectal

fossa in a Richter hernia (Fig 18). This peritoneal
defect was also believed to be congenital without
abnormality of the perirectal fossa or the pelvic
floor musculature.

Relationship of CT Findings to
Clinical Findings and Management

Internal hernias are uncommon and are rarely
preoperatively diagnosed because there are no
specific clinical symptoms. The most common
clinical presentation is bowel ischemia with some
degree of SBO. However, if hernias are easily re-
ducible, the clinical presentation may be intermit-
tent or transient. During asymptomatic intervals,
clinical or radiologic studies may reveal no abnor-
mality (9,10).

In acute-onset and high-grade SBO, some in-
vestigators have recommended direct surgical
exploration, whereas partial obstruction can ini-
tially be managed with conservative treatment

Figure 17. Hernia through the broad ligament in a 51-year-old woman, gravida 2, para 2, with acute lower
abdominal pain of 24 hours duration. She had no significant medical history. (a) Contrast-enhanced CT scan
of the pelvis shows dilated small bowel loops (S) and a cluster of dilated bowel loops with air-fluid levels (ar-
row) between the uterus (U) and rectum (R). Stenosis of an incarcerated bowel loop (arrowheads) can be visu-
alized because of the fat layer around the uterus; the C-shaped configuration of the bowel loop suggests a closed-
loop obstruction. (b) CT scan obtained 10 mm below a shows that the rectum (R) and sigmoid colon (S) are
compressed dorsolaterally and the uterus (U) is compressed ventrally. Arrow � cluster of dilated bowel loops.
(c) Image obtained with enteroclysis performed through a long intestinal tube shows an SBO (arrowhead).
Laparotomy was performed 11 days after CT. (d) Laparoscopic photograph shows viable distal ileal loops (I)
herniated from anterior to posterior through a defect in the left broad ligament (arrows). Resection was not
performed.
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(4,11,12). Nevertheless, even if the affected
bowel loops at the abnormal anatomic location
are not dilated and small internal hernias with
low-grade obstruction are detected, we recom-
mend that surgical colleagues use appropriate
care to decrease hernial strangulation. Examples
of such care include carefully monitoring the pa-
tient’s vital signs and physical examination results
or performing follow-up CT or gastrointestinal
studies enhanced with intraluminal contrast ma-
terial, including CT enteroclysis.

Conclusions
Understanding the anatomy of the peritoneal cav-
ity and the characteristic anatomic location of
each internal hernia, as well as recognition of the
characteristic CT findings, may assist in consider-
ation or identification of internal hernias in most
cases of SBO. Currently, multi–detector row CT
is most often recommended to detect the cause of
SBO and to facilitate diagnosis of a variety of in-
ternal hernias. Therefore, appropriate guidance of
surgical colleagues by radiologists may be essen-
tial to avoid irreversible damage to the bowel wall
and mesentery.
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