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The diagnosis of blunt diaphragmatic rupture (BDR) is difficult and 
often missed, leaving many patients with this traumatic injury at risk 
for life-threatening complications. The potential diagnostic pitfalls are 
numerous and include anatomic variants and congenital and acquired 
abnormalities. Chest radiography, despite its known limitations, may 
still be helpful in the early assessment of severe thoracoabdominal 
trauma and for detecting initially overlooked BDR or late complica-
tions of BDR. However, since the development of helical and multi-
detector scanners, computed tomography (CT) has become the refer-
ence standard; thus, knowledge of the CT signs suggestive of BDR is 
important for recognition of this injury pattern. A large number of CT 
signs of BDR have been described elsewhere, many of them individu-
ally, but the use of various appellations for the same sign can make 
previously published reports confusing. The systematic description 
and classification of CT signs provided in this article may help clarify 
matters and provide clues for diagnosing BDR. The authors describe 
19 distinct CT signs grouped in three categories: direct signs of rup-
ture, indirect signs that are consequences of rupture, and signs that 
are of uncertain origin. Since no single CT sign can be considered a 
marker leading to a correct diagnosis in every case of BDR, accurate 
diagnosis depends on the analysis of all signs present.
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Introduction
Diaphragmatic injuries are estimated to occur 
in 0.8%–8% of patients with blunt abdominal 
trauma (1–12). When a conservative approach 
to trauma management is taken, blunt diaphrag-
matic rupture (BDR) remains undiagnosed 
at initial presentation in 7%–66% of cases; in 
most such cases, the right hemidiaphragm is af-
fected. BDR may be missed for many reasons. 
The condition is often clinically silent or may be 
overshadowed by associated injuries. The diagno-
sis is easier when BDR manifests with complica-
tions, but complications may occur long after the 
initial trauma. Furthermore, radiologic image 
interpretation is difficult: The chest radiographic 
features of BDR are subtle and nonspecific, and 
a large number of signs observed at computed 
tomography (CT) have been described with vary-
ing appellations in the literature. Finally, there is 
a general lack of awareness on the part of both 
clinicians and radiologists about this condition 
(1,4,9,11,13–30). Unfortunately, diaphragmatic 
rupture does not resolve spontaneously, and the 
resultant complications may be disastrous (1). 
The keys to diagnosing BDR are a constant high 
degree of suspicion in every case of severe thora-
coabdominal trauma and knowledge of the vari-
ous CT signs of diaphragmatic rupture.

The article describes 19 CT signs of BDR that 
have been reported in the literature. The anatomic, 
embryologic, and pathophysiologic information 
necessary to recognize each sign and differentiate 
it from others is provided. Most of these signs are 
categorized as either direct or indirect, according 
to whether BDR is directly depicted on images or 
is indirectly evidenced by findings of herniation, 
loss of the border between the thorax and abdo-
men, or other abnormal but nonspecific features. 
A few signs that might fit into either of these two 
categories but that are considered to have an un-
certain origin or to be controversial are discussed 
separately. Because chest radiography often plays 
a role in the delayed detection of BDR and its 
complications, radiographic findings also are sum-
marized, and those that are highly suggestive or 
indicative of the diagnosis are described in detail.

Anatomic and  
Embryologic Considerations

The diaphragm is a musculotendinous sheet that 
separates the thoracic and abdominal cavities; its 
convex upper aspect faces the thorax, and its con-
cave inferior part faces the abdomen. It consists 
of peripheral muscle fibers that originate from 
the entire circumference of the lower thoracic 
inlet and converge into a central tendon (Fig 1). 
This muscular part comprises three groups of 
fibers described as sternal, costal, or lumbar, ac-
cording to the anatomic structure on which they 
insert peripherally. The central tendon is a thin 
but strong aponeurosis with a cloverleaf shape. 
The left and right hemidiaphragmatic domes 
rise lateral to the heart; in most people, the right 
dome is approximately one intercostal space 
higher than the left (1).

Three major orifices traverse the diaphragm: 
the aortic hiatus, the inferior vena cava foramen, 
and the esophageal hiatus. There may be variable 
diaphragmatic regions in which muscle fibers are 
deficient and have been replaced by areolar tis-
sue and where the thorax is thus separated from 
the abdomen only by the pleura, peritoneum, 
and fascia. These points of weakness are located 
in regions of embryologic development where 
groups of muscle fibers from different origins 
meet: the right and left sternocostal triangles 
(where the sternal and costal fibers meet) and the 
lumbocostal triangles (where the costal and lum-
bar fibers meet) (31–34). The presence of weak 
areas explains the frequent occurrence of chronic 
nontraumatic conditions such as the Bochdalek 
hernia, which must be borne in mind when as-
sessing the diaphragm in trauma patients (see the 
section on “Diagnostic Pitfalls at CT”).

A detailed review of the embryology of the dia-
phragm is not possible here; however, some char-
acteristics of the diaphragm that are directly re-
lated to embryologic development may influence 
the pattern of diaphragmatic rupture. Indeed, it is 
thought that the weak posterolateral areas of the 
diaphragm correspond to the zones in which the 
pleuroperitoneal membranes join with the sep-
tum transversum and the dorsal mesentery of the 
esophagus to close the pleuroperitoneal ducts in 
the 8th week of gestation (18,31,32).



RG  •  Volume 32  Number 2  Desir and Ghaye  479

Figure 1. Drawing of the diaphragm from the 
abdominal perspective shows the peripheral muscle 
fibers (reddish-brown) and central tendon (gray) 
surrounding three main orifices: the inferior vena 
cava foramen (1), esophageal hiatus (2), and aortic 
hiatus (3). The right and left sternocostal (green) 
and lumbocostal (blue) triangles are frequent sites of 
nontraumatic herniation. The areas of pleuroperito-
neal membrane fusion, at the posterolateral aspects 
of the diaphragm (yellow), are frequent sites of BDR, 
perhaps because of structural weakness.

Ruptures of the Diaphragm
Diaphragmatic rupture causes a loss of continuity 
in muscular and tendinous fibers of the mem-
brane, with resultant communication between the 
thoracic and abdominal cavities (1). BDR occurs 
with approximately the same frequency and in-
jury pattern in adults and children alike (20,35). 

The most common causes of diaphragmatic 
injuries are penetrating trauma from knife or 
gunshot wounds and severe blunt trauma from 
motor vehicle accidents, with the ratio of one to 
the other depending mainly on the geographic 
location and socioeconomic status of trauma 
patients (25,28,36). Patients with penetrat-
ing trauma nearly always undergo exploratory 
surgery, which facilitates prompt diagnosis and 
treatment of injuries. Patients with blunt trauma 
are more often managed conservatively, a fact 
that makes the diagnosis of BDR more difficult. 
Once diagnosed, BDR is best treated surgically to 
avoid complications (9).

Mechanism of Injury
Blunt diaphragmatic injuries result from consid-
erable force and most often occur in vehicular 
impact (90% of cases), a fall from a height, or a 
crushing blow (1,2,4,6,7,11). The exact mecha-
nism of BDR is not completely understood, 
but it is hypothesized that the pattern of blunt 
diaphragmatic injuries depends partly on the di-
rection of impact (1,2,4,37). A lateral thoracoab-

dominal impact results in distortion and antero-
posterior elongation of the chest wall, which may 
cause shearing of the diaphragm or avulsion of its 
attachments. In a frontal impact (eg, against the 
steering wheel of a car), an abrupt rise in intraab-
dominal pressure is transmitted to the diaphragm 
by the abdominal viscera (37,38). The timing 
of impact in the respiratory cycle as well as the 
position of the glottis may further contribute to 
the pleuroperitoneal pressure gradient (1,37). 
Other reported mechanisms include the sudden 
traumatic contraction of the diaphragm against a 
closed glottis (reflex contraction) and penetration 
of the diaphragm by a fractured or fragmented 
rib; the latter event may result in an atypical lo-
cation of BDR (ie, at the crus or the esophageal 
hiatus) (1,2,27,37).

Patterns of Injury

Left Side, Right Side, or Both Sides?—BDR 
occurs more often on the left side than on the 
right, with a mean left-to-right ratio of ap-
proximately 3:1 (range, 1.5:1 to 7:1) (2,3,6–
9,11,13,15,23,25,26,36–46). The greater 
frequency of occurrence of left-sided BDR is 
thought to result from multiple factors: the 
protective effect of the liver on the right side, 
an area of congenital embryologic weakness in 
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Figure 2. Right-sided BDR discovered incidentally in a 43-year-old woman 10 years after severe 
thoracoabdominal trauma due to a motor vehicle accident. Coronal (a) and sagittal (b) contrast-
enhanced reformatted CT images show herniation of part of the liver dome (*) into the thorax 
through a small anterior defect, which is evident from the focal constriction of herniated liver (collar 
sign) (arrowhead). A posttraumatic pseudoaneurysm with a diameter of 35 mm also was seen at the 
level of the aortic isthmus (not shown).

the posterolateral aspect of the left hemidia-
phragm, and the greater inherent resistance 
of the right hemidiaphragm relative to the left 
(11,14,18,37,47). BDR most frequently results 
from a laterally directed impact and usually 
occurs on the side receiving the impact; for 
example, in automobile accidents, BDR most 
often occurs on the side nearest the door (4,48). 
The predominance of left-sided BDR may also 
be related to the fact that in most countries con-
tributing to the medical literature about trauma 
the steering wheel is on the left side of the au-
tomobile (8,48). When the impact is frontal, 
BDR more often occurs on the left side, whereas 
when the impact comes from behind, BDR oc-
curs with approximately equal frequency on 
the left and right sides (4,48). Last, the pre-
dominance of left-sided BDR may be partly 
due to underdiagnosis of right-sided BDR (11). 
Indeed, radiologic signs are more subtle on the 
right side: The defect in right-sided BDR may 
be sealed by the liver, and herniation may there-
fore be delayed or absent. In addition, severe 
injuries to organs, which occur more frequently 
when BDR is right sided, might mask BDR and 
result in death even before diagnostic imaging 
can be performed (2,11). Cases of intraperi-

cardial and bilateral BDR are rare (less than 
1%–6%) (2,3,8,11,26,32,49,50).

Site and Size.—The location and extent of the 
diaphragmatic tears in BDR varies and has no 
fixed pattern; furthermore, most articles in the 
literature about BDR do not precisely describe 
the location and extent of the lesions (3,11). 
However, ruptures in the posterolateral area 
and extending centrally in a radial fashion, fre-
quently toward the angle between the pericar-
dium and the esophageal hiatus, are most often 
reported (2,3,5,37,38,47,51). Descriptions of 
transverse or central lesions and peripheral de-
tachment also can be found (3,32,47,52,53). 
Involvement of the esophageal hiatus is uncom-
mon; the distal esophagus generally remains 
intact even in cases of traumatic transdiaphrag-
matic gastric hernia. This fact accounts for the 
U-shaped nasogastric tube sign seen at chest 
radiography in some patients with BDR (see the 
section on “Findings at Chest Radiography”) 
(38,51).

Most tears in BDR are longer than 10 cm, 
whereas penetrating injuries to the diaphragm 
tend to be short (1–2 cm) (2,3,6,14,17,37). How-
ever, short tears also have been found in BDR; 
these are most often discovered incidentally during 
surgery or, lately, at imaging because of delayed 
complications (Figs 2–5) (7,37,54).
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Figure 3. Bowel strangulation in a 19-year-old woman with severe abdominal pain and sepsis 7 years 
after severe blunt trauma. (a) Sagittal contrast-enhanced reformatted CT image shows left-sided BDR, 
depicted as a 3-cm-long segmental diaphragmatic defect (arrowheads) through which a bowel loop (B) 
bulges into the thorax. The hernia is evident from the waistlike constriction of the bowel at the level of the 
diaphragm (collar sign). Thickening and hypoenhancement of the herniated bowel wall (arrow) are sug-
gestive of strangulation. The herniated abdominal contents are positioned against the posterior wall of the 
thorax (dependent viscera sign). (b) The collar at the base of the herniated bowel (arrowheads) is more 
difficult to detect on the axial CT image than on reformatted images in other planes. Bowel edema without 
ischemia was found at surgery. (Case courtesy of Mostafa El Hajjam, MD, Club Thorax, Paris, France.)

Figure 4. Cholecystitis in a 39-year-old woman with right pleu-
ral pain 15 years after trauma leading to right-sided BDR that 
went undiagnosed. (a) Axial contrast-enhanced CT image shows 
herniation of the liver (L), gallbladder (GB), abdominal fat, and 
bowel loops through the diaphragmatic defect. The bowel con-
tacts the posterior thoracic wall (dependent viscera sign). Note 
the severe thickening of the gallbladder wall (arrow). (b) Coronal 
contrast-enhanced CT image helps confirm herniation of the gall-
bladder and part of the liver into the thorax (herniation through 
a defect sign). Thickening of the gallbladder wall (arrow) is better 
depicted on this coronal image than in a. The patient underwent 
medical treatment for cholecystitis and was scheduled for surgery. 
(c) Preoperative sagittal T2-weighted MR image provides clear 
depiction of the herniated gallbladder with a normal appearance 
of the wall (arrow). Two biliary stones are visible, one in the gall-
bladder and the other embedded in the cystic duct (arrowhead). 
(Case courtesy of Mostafa El Hajjam, MD, Club Thorax, 
Paris, France.)
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tion may be promoted by an increased pleuroperi-
toneal pressure gradient secondary to a transient 
elevation in peritoneal pressure, which may occur 
in Valsalva maneuver, pregnancy, or additional 
abdominal trauma, or by a decrease in pleural 
pressure during deep inspiration (38,55).

Figure 5. Left-sided BDR complicated by bowel obstruction in a 30-year-old man 1 year after a traffic 
accident. (a) Chest radiograph shows a distended and air-filled bowel loop in the left hemithorax, more 
than 15 cm above the level of the right hemidiaphragm (elevated abdominal organs sign), with resultant 
mediastinal displacement toward the right side. (b) Abdominal radiograph shows air-fluid levels in the 
right upper quadrant and absence of air in the distal gastrointestinal tract, a finding suggestive of colonic 
occlusion. (c) Axial contrast-enhanced CT image at the level of the lower thorax shows distended and her-
niated colonic loops (CL) in direct contact with the collapsed left lung parenchyma (abdominal viscera 
abutting thoracic fluid or a thoracic organ sign) (arrowheads). As in a, the heart is displaced toward the 
right. (Case courtesy of Jacques Giron, MD, Club Thorax, Paris, France.)

Associated Injuries
BDR is associated with other life-threatening 
injuries in 44%–100% of cases and almost never 
occurs as an isolated injury (1,2,7,8,11,38). 
The most common injuries associated with left-
sided BDR are splenic injuries; with right-sided 
BDR, liver lesions are most common, but renal, 
aortic, cardiac, and osseous (spine, pelvis, rib) 
lesions also are frequently encountered (Fig 6) 
(1,8,11,12). Thoracic injuries such as rib fracture, 
pneumothorax, and pleural effusion are present 
in 90% of cases of BDR (2).

Complications
Spontaneous healing of diaphragmatic ruptures 
has never been reported. The normally nega-
tive pleuroperitoneal pressure gradient (7–22 
cm H20), along with continuous diaphragmatic 
motion, contributes to the persistence of the le-
sion (1,2,11,28). Because of negative intrapleural 
pressure, abdominal structures generally herniate 
into the thorax. Such herniation may be delayed 
for days or years (from 1 day to 48 years), which 
may make the diagnosis at chest radiography and 
CT more difficult; however, herniation occurs 
within 3 years in 80% of cases (1,5,28,55). The 
use of positive pressure ventilatory support at the 
patient’s admission overcomes the negative pleuro-
peritoneal pressure gradient, may thereby prevent 
or delay herniation, and thus may account for 
false-negative findings at initial imaging examina-
tions (6,45). However, in some patients, hernia-
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The most commonly herniated organs in cases 
of left-sided BDR are the stomach, colon, spleen, 
and omentum; in cases of right-sided BDR, the 
liver most often herniates (1,7,37,51). Hernia-
tion of the kidney, small intestine, and pancreatic 
tail is less frequent. Multiple organs are often 
involved in herniation. Life-threatening complica-
tions of herniation include the incarceration and 
subsequent occlusion of a hollow viscus (Fig 5) 
and necrotic ischemia of herniated organs, which 
may occur more frequently in small defects (1). 
Other reported complications of BDR include 
respiratory insufficiency, pneumonia, pleural effu-
sion and empyema, cardiac tamponade (in cases 
of pleuropericardial rupture), central venous 
obstruction related to herniation or to a marked 
mediastinal shift, and intrathoracic splenosis as-
sociated with splenic rupture (56,57).

Mortality
Short-term mortality due specifically to BDR is 
presumably low (11,36). However, among pa-
tients who have BDR, overall mortality resulting 
from other life-threatening injuries associated 
with BDR varies from 12% to 42% (1,3,4,6–
8,11,25,26,29,36,44,45,50). Therefore, BDR 
must be considered a marker of severe injury. If 
unrecognized, it may lead to delayed complica-
tions, for which the reported global mortality is 

30% (66% in the presence of strangulation of a 
hollow viscus) (9,28,36).

Imaging Evaluation and Findings
Because blunt abdominal trauma is usually con-
servatively managed and exploratory laparotomy 
is seldom performed, an accurate and noninva-
sive diagnostic technique is needed. Thus, CT 
has become the cornerstone of the diagnostic 
work-up for patients with blunt trauma, most of 
whom undergo a whole-body CT examination.

The results of numerous studies have shown 
poor accuracy in the diagnosis of BDR at con-
ventional CT performed with nonhelical scan-
ners (sensitivity, 0%–66%; specificity, 76%–99%) 
(2,9,18,23,36,41,45). However, diagnostic perfor-
mance improves with the use of helical CT (sen-
sitivity, 56%–87%; specificity, 75%–100%) and 
multidetector CT (sensitivity, 71%–90%; specific-
ity, 98%–100%) because of the higher quality of 
axial images and multiplanar reformatted images 
(13,15–17,43,54,58–60). Although the utility of 
multiplanar reformatted images in routine clinical 
practice was once debated, the increasing availabil-
ity of scanners and workstations that can complete 
the necessary processing with rapidity and ease 
seems to have silenced the controversy. Additional 

Figure 6. Left-sided BDR in a 60-year-old man after a motorcycle accident. (a) Axial contrast-en-
hanced CT image clearly shows both edges of the ruptured diaphragm (segmental diaphragmatic 
defect sign) (arrows). The anterolateral part of the diaphragm is thickened (thickening of the dia-
phragm sign) (arrowheads), and the spleen (SP) has herniated into the thorax (herniation through 
a defect sign). (b) Sagittal reformatted CT image shows that the spleen (SP) and abdominal fat are 
located above the diaphragm (arrowhead) and positioned dependently against the posterior thoracic 
wall (dependent viscera sign). Note the associated aortic rupture at the level of the isthmus (*).
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Figure 8. Normal anatomic variant in a nontrauma 
patient. Axial contrast-enhanced CT scan shows a nor-
mal appearance of indentations in the liver surface (ar-
rowheads), features produced by periodic diaphragmatic 
slips. The left hemidiaphragm is irregular, periodically 
thickened and nodular in some places (arrows) and much 
thinner in others, but there is no sign of herniation.

Figure 7. Normal anatomy. (a) Axial CT image provides good delineation of the diaphragm against the fatty 
layer along the liver (arrowheads) and crura (arrows). (b) Axial CT image obtained at a higher level in the same 
patient shows poor delineation of the diaphragm in the absence of an interposed fat layer between it and both the 
liver (arrows) and spleen (arrowhead). In the normal anatomy, both hemidiaphragms are dome shaped, and the 
abdominal structures are separated from the posterior chest wall by the costophrenic sulcus, which contains both 
lower lung lobes.

review of multiplanar reformatted images may aid 
in the recognition of some BDR signs, allow dif-
ferentiation between diaphragmatic lesions and 
peridiaphragmatic ones, and strengthen confi-
dence in a diagnosis of BDR (particularly right-
sided BDR), especially for less experienced readers 
(14,15,18,40,53,54,58,61). 

Most CT signs of diaphragmatic injuries are 
applicable also to magnetic resonance (MR) im-
aging. Although MR imaging has admitted limi-
tations for use in the acute trauma setting, it can 
play a valuable role in the evaluation of delayed 
manifestations or in patients whose CT examina-
tions are suboptimal (Fig 4) (62).

Several characteristics of the diaphragm may 
lead to confusion in the imaging work-up of 
trauma patients. First, the diaphragm may be 
difficult to visualize when it is in contact with 
soft-tissue organs, pulmonary lesions, or fluid. 
The most striking instances of this problem occur 
when the right hemidiaphragm directly contacts 
the liver (Fig 7). Lack of depiction of the dia-
phragm also may be due to its orientation parallel 
to the axial plane, a factor that adds to the useful-
ness of coronal and sagittal reformatted images 
(1). Second, the normal diaphragm may appear 
irregular or nodular, an appearance that may lead 
to diagnostic confusion. Various patterns of cos-
tal insertion and muscle fiber organization may 

produce diaphragmatic slips (periodic nodular 
scalloping of the diaphragm) (Fig 8), which may 
cause indentations in adjacent organs such as the 
liver or spleen (31,63).

Nineteen CT signs suggestive of BDR have 
been described in the English-language litera-
ture, many of them individually. This literature 
can be confusing, as there is no consensus about 
the appellation or classification of these signs, 
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and none of the signs described could serve as 
a diagnostic marker. To allow a more systematic 
consideration of the CT features of BDR, we 
propose the following general system of classifi-
cation: (a) direct signs of diaphragmatic injury 
(eg, a visible “hole” in the diaphragm); (b) indi-
rect signs that are related to the consequences 
of diaphragmatic rupture; and (c) signs with an 
origin that is uncertain or controversial. Because 
several signs in category b represent the same 
phenomenon, we propose the further subdivi-
sion of the group of indirect signs into those 
produced by the herniation of abdominal struc-

tures into the chest cavity and those related to 
the loss of delimitation between the thorax and 
abdomen (Table).

These 19 signs are described separately in the 
following sections. Each description includes a 
definition of the sign, explanation of the underly-
ing anatomic or pathophysiologic abnormalities, 
and discussion of any available sensitivity and 
specificity data for use of the sign in diagnosis of 
BDR. Potential diagnostic pitfalls associated with 
each sign also are described.

Classification, Description, and Appellations of 19 CT Signs of Diaphragmatic Rupture

Sign No. Sign Description Other Appellations

Direct Signs

1 Segmental diaphragmatic defect Abrupt discontinuity, direct visualization of injury
2 Dangling diaphragm …
3 Absent diaphragm Complete absence of visualization of the diaphragm, 

segmental nonrecognition of the diaphragm, indistinct 
hemidiaphragm

Indirect Signs Related to Herniation

4 Herniation through a defect …
5 Collar Hourglass constriction sign, mushroom sign (in hepatic 

hernia)
6 Hump …
7 Band …
8 Dependent viscera …
9 Sinus cutoff …

10 Abdominal content peripheral to the 
diaphragm or lung

…

11 Elevated abdominal organs Apparent elevation of hemidiaphragm

Indirect Signs Related to Loss of Border between Thorax and Abdomen

12 Abdominal fluid abutting a thoracic 
structure

…

13 Abdominal viscera abutting thoracic  
fluid or a thoracic organ

…

14 Pneumothorax and pneumoperitoneum …
15 Hemothorax and hemoperitoneum …

Signs of Uncertain or Controversial Origin

16 Thickening of the diaphragm Curled diaphragm sign
17 Diaphragmatic or peridiaphragmatic  

contrast medium extravasation
…

18 Hypoenhanced diaphragm Hypoattenuated diaphragm
19 Fractured rib Presumed laceration of diaphragm by rib, trajectory sign

Sources.—References 1, 9, 13, 14, 16, 17, 19, 20–24, 27, 30, 31, 47, 59, and 64.
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Figure 10. Left-sided BDR in a 25-year-old man after a motor vehicle accident. (a) Axial contrast-
enhanced CT scan shows the complete absence of the left hemidiaphragm (absent diaphragm sign). The 
stomach (ST) is in a dependent position and contacts the posterior thoracic wall (dependent viscera 
sign). (b) Sagittal reformatted CT image better depicts herniation of the stomach (herniation through 
a defect sign) and dependent viscera. A segment of the diaphragm not visible in a is seen here in its nor-
mal horizontal orientation (arrowheads), and the segmental diaphragmatic defect sign (arrows) is clearly 
visible. Note the direct contact between the stomach and lung (abdominal viscera abutting thoracic fluid 
or a thoracic organ sign).

Figure 9.  Left-sided BDR in a 42-year-old 
man after a motor vehicle accident. Axial con-
trast-enhanced CT scan shows a curvilinear 
flap extending away from the chest wall toward 
the center of the abdomen (dangling diaphragm 
sign) (arrow), a finding that represents the torn 
free edge of the left hemidiaphragm, the distal 
part of which appears thickened (thickening of 
the diaphragm sign). An air-filled bowel loop 
is seen peripheral to the diaphragm, within the 
pleural cavity (abdominal content peripheral to 
the diaphragm or lung sign) (arrowheads).

Direct CT Signs

Segmental Diaphragmatic Defect (Sign 1).—
The segmental diaphragmatic defect sign rep-
resents a focal and abrupt loss of continuity 
in the diaphragm (Figs 3, 6) (22,27). The free 
edge of the disrupted diaphragm demarcates 
the defect and may appear thickened because 

of muscle retraction or hemorrhage (see the 
section “Thickening of the Diaphragm [Sign 
16]”). A segmental diaphragmatic defect is 
more clearly depicted when it is small (Fig 3) 
or seen against a background of abdominal fat 
or aerated lung (27,36). The reported sensitiv-
ity of this sign for the overall diagnosis of BDR 
is 17%–80% (16.5%–66% for right-sided BDR, 
22%–87.5% for left-sided BDR), and the re-
ported specificity ranges from 90% to 100% 
(2,9,13–16,19,40,43,59). Lesions or consolida-
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tion at the lung bases and pleural or peritoneal 
effusion may mask a segmental diaphragmatic 
defect (9,15).

Because of the high prevalence of nontrau-
matic diaphragmatic defects in the general popu-
lation, the diagnosis of BDR should not be based 
on the presence of this sign alone (see the section 
on “Diagnostic Pitfalls at CT”) (9,33,63). The 
patient’s characteristics and the corresponding 
demographic data must be borne in mind during 
image interpretation; with regard to patient age, 
for example, BDR occurs more often in young 
males, whereas chronic nontraumatic diaphrag-
matic defects are seen more often in the elderly 
(4,6–8,25,26,38,63).

Dangling Diaphragm (Sign 2).—The dangling 
diaphragm sign is produced by the free edge of 
the torn diaphragm, which curls inward from its 
normal course, toward the center of the body, 
forming a comma-shaped or curvilinear structure 
with soft-tissue attenuation at a near right angle 
with the chest wall (Fig 9) (16). The dangling 
diaphragm sign is linked to the segmental dia-
phragmatic defect sign and may be associated 
with a local thickening of the diaphragm. The 
term dangling diaphragm was used to describe this 
sign in only one previously published study, in 
which the sign was found to have an associated 
sensitivity of 54% and a specificity of 98% for the 
diagnosis of BDR (16).

Absent Diaphragm (Sign 3).—The absent dia-
phragm sign is represented by the absence of part 
or all of the hemidiaphragm, without demonstra-
tion of a tear, in areas where the diaphragm is 
expected to be well demonstrated (ie, outlined 
by fat or air) (Fig 10) (13,22). The absent dia-
phragm sign is not generally seen in isolation but 
is usually associated with a large hernia. The re-
ported sensitivity of this sign for the diagnosis of 
BDR is 18%–43%, and its diagnostic specificity 
is 91% (13,43). Direct contact of the diaphragm 
with soft tissue or fluids may create a false ap-
pearance of an absent diaphragm (65).

Indirect CT Signs Related to Herniation

Herniation through a Defect (Sign 4).—The 
herniation through a defect sign is produced by 
the passage of abdominal organs or peritoneal 
fat into the pleural space or, more rarely, the 
pericardial space (Figs 2–6, 11, 12) (22,64). The 
reported overall sensitivity of this finding for the 
diagnosis of BDR is 50%–95% (8%–50% for 
right-sided BDR, 42%–91% for left-sided BDR). 
The reported specificity is 98%–100% (2,9,13–
16,40,43,59). The most common diagnostic 
mimics are congenital and acquired hernias.

Figure 11. Right-sided BDR in a 33-year-old man. 
Sagittal contrast-enhanced reformatted CT image 
shows herniation of the liver (L) into the thorax through 
a diaphragmatic defect (arrows) (herniation through a 
defect sign, segmental diaphragmatic defect sign). The 
diaphragmatic segments that remain in place are thick-
ened (arrowheads) (thickening of the diaphragm sign). 
The dome of the liver is located in a dependent position, 
against the posterior ribs (dependent viscera sign).
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Collar (Sign 5).—The collar sign corresponds to 
a waistlike constriction of the herniated structure 
at the site of the diaphragmatic rupture (Figs 2, 
3) (9,30). It may appear as a focal and sometimes 
subtle indentation of the herniated organ, espe-
cially on the right side in case of liver herniation. 
Although commonly better demonstrated on 
multiplanar reformatted images, it may occasion-
ally be the only finding on axial images that leads 
to recognition of the hernia (1). The overall sen-
sitivity of this sign for a diagnosis of BDR ranges 
from 16% to 63% (0%–50% for right-sided 
BDR, 37%–73% for left-sided BDR), with higher 
values when multiplanar reformatted images are 
included in the image review. Specificity is 98%–
100% (2,9,13,15,16,40,43,59).

Indentations in abdominal structures can be 
seen in other conditions also: The liver may ap-
pear indented because of a traumatic fracture or 
diaphragmatic slips (Fig 8) or because of respira-
tory motion–related artifacts (Fig 13). The collar 

sign also may be seen in congenital and acquired 
nontraumatic hernias of the diaphragm.

Hump and Band (Signs 6 and 7).—The hump 
and band signs both result from herniation of 
the liver through a right-sided diaphragmatic 
rupture (14). The hump sign is a variation of 
the collar sign on the right side, the term hump 
referring to the shape of the herniated liver lo-
cated above the level of the diaphragm (Figs 14, 
15). The band sign corresponds to a linear area 
of hypoattenuation that transects the herniated 
liver between the torn edges of the diaphragm 
(Fig 14). The origin of this bandlike feature is 
uncertain, but it is hypothesized to result from 
compression by the ruptured diaphragm and 
resultant hypoperfusion of the liver parenchyma 

Figure 12. Left-sided BDR in a 36-year-old man after a motor vehicle accident. (a) Axial contrast-
enhanced CT image shows thickening of the left diaphragmatic crus (arrow) in comparison with the right 
crus (thickening of the diaphragm sign). Abdominal fat and small bowel (arrowheads) are seen posterior 
and lateral to the spleen and the remaining part of the diaphragm (dependent viscera sign, abdominal 
content peripheral to the diaphragm or lung sign). (b) Coronal contrast-enhanced reformatted CT image 
at the level of the spleen shows thickening of the left crus (arrow). Parts of the stomach (ST), small bowel 
(SB), and omental fat (F) have herniated into the thorax and directly contact the collapsed lung (L) (her-
niation through a defect sign, abdominal viscera abutting thoracic fluid or a thoracic organ sign).

Figure 13. Motion artifacts in a patient with 
an intact diaphragm. Coronal contrast-en-
hanced reformatted CT image shows apparent 
collar (arrows) and band (arrowheads) signs 
of BDR, misleading appearances that actually 
resulted from respiratory motion.



RG  •  Volume 32  Number 2  Desir and Ghaye  489

Figures 14, 15. (14) Right-sided BDR in a 35-year-old man after a motor vehicle accident. (a) Coro-
nal maximum intensity projection image from contrast-enhanced CT shows herniation of the liver dome 
through a diaphragmatic rupture (hump sign), with a smooth collar sign (arrows) and a linear area 
of subtle hypoattenuation (band sign) (arrowhead) extending across the base of the defect. (b) Axial 
contrast-enhanced CT image shows an area of hypoattenuation (arrowheads) in the dome of the liver, a 
finding that might correspond to the band visible in a. (15) Right-sided BDR in an 80-year-old man af-
ter a motor vehicle accident. (a) Coronal contrast-enhanced reformatted CT image shows the dome of the 
liver extending more than 4 cm above the level of the left hemidiaphragm, producing a hump (elevated 
abdominal organs sign, hump sign). The arrow indicates the laterally displaced segment of the ruptured 
diaphragm. (b) Hepatic displacement and deformation are difficult to appreciate on the axial contrast-
enhanced CT image, and the dependent viscera sign is absent.

at the base of the hernia (14). The hump and 
band signs are well demonstrated on coronal 
and sagittal reformatted images but generally 
are only faintly seen on axial images because of 
the in-plane orientation of the band. Reported 
sensitivities are 50%–83% for the hump sign and 
33%–42% for the band sign. Specificities are not 
reported in the literature (14,40).

A particularly high apex of the right hemi-
diaphragm could easily be mistaken for a hump 
sign. To avoid this error, an attentive search 

should be made for an associated collar sign. 
In addition, the contours of the liver should be 
carefully examined; they are not as smoothly 
rounded in the presence of BDR as they are in 
the presence of an intact diaphragm. A pseudo 
band or pseudo collar sign also may result from 
a hepatic laceration, hepatic fracture, respiratory 
motion–related artifact, or diaphragmatic slips 
(Figs 8, 13).
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Figure 16. Left-sided BDR in a 61-year-old woman 
after a motor vehicle accident. Axial contrast-enhanced 
CT image shows a small bowel loop (arrow) in the left 
pleural space peripheral to the diaphragm (black arrow-
heads) (abdominal content peripheral to the diaphragm 
or lung sign). Peritoneal fat and bowel are in a depen-
dent position along the posterior left ribs (white arrow-
head) (dependent viscera sign). Herniated bowel and 
abdominal fat prevent normal layering of fluid (*) in the 
pleural cavity (sinus cutoff sign).

Dependent Viscera (Sign 8).—The dependent 
viscera sign represents direct contact between the 
herniated abdominal organs and the posterior 
chest wall, without interposition of the lung (59). 
Axial CT images at the level of the diaphragm 
normally show the liver on the right side and 
the stomach, bowel, and spleen on the left side, 
suspended in a medial position by the diaphragm 
and separated from the posterior chest wall by 
the lung within the costophrenic sulcus (Fig 7). 
The loss of diaphragmatic support after a rupture 
may cause the abdominal organs to fall into a 
dependent position against the posterior thoracic 
wall when the patient is supine (Figs 3, 4, 6, 10, 
11, 16). Thus, on the right side, the upper third 
of the liver or bowel will abut the posterior right 
ribs, and on the left side, the bowel or stomach 
will be in contact with the posterior left ribs (59). 
The reported overall sensitivity of this sign for 
the diagnosis of BDR is 54%–90% (33%–83% 
for right-sided BDR, 64%–100% for left-sided 
BDR). The reported specificity is 98%–100% 
(13,14,16,40,59). Some authors have emphasized 
that this sign has low sensitivity for the detection 
of small diaphragmatic ruptures, ruptures in an 
atypical location (eg, an anterior location), and 
ruptures associated with a large pleural effusion 
(17). A congenital hernia or hiatal hernia also 
may produce a dependent viscera sign.

Sinus Cutoff (Sign 9).—The sinus cutoff sign (sign 
9) is a variant of the dependent viscera sign that 
occurs in the presence of BDR with a pleural ef-
fusion. It is produced by the effect of herniated 
abdominal contents on the distribution of fluid 
in the posterior costophrenic sulcus. The herni-
ated structures may fall onto the posterior pleura 
(see the section “Dependent Viscera [Sign 8]”) 
and thus prevent the expected layering of fluid 
along the pleural cavity; the posterior costophrenic 
sulcus containing the effusion then appears to be 
interrupted or abruptly blunted medially or later-
ally by the herniated structures (Fig 16). This sign 
has been reported in only one article, and sensitiv-
ity and specificity statistics are not available (21). 
Congenital and hiatal hernias also may produce an 
appearance that resembles the sinus cutoff sign.

Abdominal Content Peripheral to the Dia-
phragm or Lung (Sign 10).—On axial images 
depicting the normal diaphragm, any structure 
external to the domelike upper contour is intra-
thoracic, whereas structures beneath or internal 
to the diaphragm are intraabdominal (22). Ab-
dominal organs or fatty tissue seen peripheral 
to the diaphragm or posterior to the crura rep-
resent herniation into the thoracic cavity (Figs 
9, 12, 16). No sensitivity or specificity statistics 
have been reported for this sign. Rarely, large 
pleural effusions may cause inversion of the dia-
phragm; in this condition, fluid and structures 
located peripherally to the diaphragm are in-
traabdominal and not herniated.

Elevated Abdominal Organs (Sign 11).—The el-
evated abdominal organs sign is produced by the 
displacement of abdominal structures cephalad, 
above the level of the hemidiaphragm contralateral 
to the side of the lesion on supine images (coro-
nal reformatted images, topographic CT images) 
(Figs 5, 15) (13,14,23). There is no consensus 
in the literature about a threshold measurement 
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Figure 17. Left-sided BDR in a 60-year-old 
man after a motor vehicle accident. Coronal 
contrast-enhanced CT image shows the presence 
of air in the pleural space (*) and peritoneal cavity 
(arrow) (pneumothorax and pneumoperito-
neum sign). Thoracic parietal emphysema is also 
seen. The stomach (ST) has herniated into the 
thorax and contacts the collapsed lung and peri-
cardial sac (abdominal viscera abutting thoracic 
fluid or a thoracic organ sign).

defining this sign or the procedure for measuring 
elevation: Nchimi et al (13,23) proposed that a 
right hemidiaphragmatic elevation of more than 5 
cm above the level of the left hemidiaphragm be 
used as a threshold for right-sided BDR, and that 
a left hemidiaphragmatic elevation of more than 
4 cm above the level of the right hemidiaphragm 
be used as a threshold for left-sided BDR. Rees 
et al (14) found a significant correlation between 
right hemidiaphragmatic elevation of 4 cm above 
the level of the left hemidiaphragm and right-sided 
BDR. The reported sensitivity of the elevated 
abdominal organs sign for the diagnosis of BDR 
overall is 50%–83% (40%–58% for right-sided 
BDR, 63.5%–71% for left-sided BDR), and its 
reported specificity is 89%–99% (2,13,14,16,40).

In isolation, this sign cannot be considered di-
agnostic of BDR. The potential diagnostic pitfalls 

are numerous: They include anatomic variants, 
eventration, phrenic nerve injury, gaseous disten-
tion of the gastrointestinal tract, partial lung col-
lapse, and subpulmonic effusion (24).

Indirect CT Signs  
Related to Loss of the Border  
between the Thorax and Abdomen
Indirect CT signs of BDR that are related to loss 
of the thoracoabdominal border are abdominal 
fluid abutting a thoracic structure (sign 12), ab-
dominal viscera abutting thoracic fluid or a tho-
racic organ (sign 13), pneumothorax and pneu-
moperitoneum (sign 14), and hemothorax and 
hemoperitoneum (sign 15).

Loss of the border between the thorax and 
abdomen allows fluid and air to pass from the 
thorax to the abdomen and from the abdo-
men to the thorax (9,24). Thus, the presence of 
blood and/or air in both the pleural cavity and 
the abdominal cavity after trauma is suggestive 
of BDR (Fig 17). Communication between the 
thorax and abdomen allows a herniated ab-
dominal organ to bathe in a pleural effusion or 
drift into direct contact with a thoracic organ, 
most frequently the lung (Figs 5, 10, 12). It 
also allows the passage of an abdominal effu-
sion into the pleural space, although this event 
is difficult to prove because it is rarely possible 
to differentiate an effusion with a pleural origin 
from one with a peritoneal origin. The presence 
of fluid on both sides of the injured diaphragm 
may mask a direct sign of rupture, such as a seg-
mental diaphragmatic defect (9,16,17,59). The 
simultaneous presence of signs 13 and 15 (ab-
dominal viscera abutting thoracic fluid or a tho-
racic organ, hemothorax and hemoperitoneum) 
is associated with a sensitivity of 20%–60% for a 
diagnosis of right-sided BDR and 36%–45% for 
a diagnosis of left-sided BDR, with a specificity 
of 95%–100% (13).

Fluid in both pleural and peritoneal spaces 
can be found in patients with chronic conditions 
such as hepatic hydrothorax or Demons-Meigs 
syndrome and in those undergoing peritoneal 
dialysis, as well as in those with BDR.



492  March-April 2012 radiographics.rsna.org

Figure 18. (a) Coronal contrast-enhanced reformatted CT image obtained in a 42-year-old 
man with blunt thoracoabdominal trauma from a motor vehicle accident shows diffuse thick-
ening (arrow) of the left hemidiaphragm and laceration of the spleen (SP). (b) Coronal con-
trast-enhanced reformatted CT image obtained a few hours later, as a massive left hemotho-
rax developed, shows a pool of extravasated contrast medium in contact with the diaphragm 
(arrowhead), a finding suggestive of BDR. At surgery, a lesion was found in a small branch of 
the superior diaphragmatic artery, with no evidence of BDR. The apparent diaphragmatic 
thickening in a was due to diffusion of a retroperitoneal hemorrhage. (Case courtesy of 
Mostafa El Hajjam, MD, Club Thorax, Paris, France.)

CT Signs of Uncertain  
or Controversial Origin

Thickening of the Diaphragm (Sign 16).—Ab-
normal thickening of the diaphragm is sometimes 
seen in the presence of BDR; the thickening may 
be smooth or nodular and focal or diffuse. This 
CT sign is thought to be caused by retraction of 
the leaves of the ruptured diaphragm (Figs 6, 9, 
11, 12) (19,20). When the thickened diaphragm 
is irregular or scalloped, the sign also might be 
described as the “curled diaphragm” sign (20). 
There is no consensus in the literature about the 
optimal site for measuring the thickness of the 
diaphragm, but the hemidiaphragmatic thickness 
is generally assessed visually in comparison with 
the contralateral hemidiaphragm at the same 
level. The reported overall sensitivity of thicken-
ing of the diaphragm for the diagnosis of BDR 
is 56%–75% (50%–100% for right-sided BDR, 
36%–68% for left-sided BDR). The reported 
specificity is 95% (13,19,40). Thickening of the 
diaphragm may be seen also in the presence of a 

partial rupture with associated edema or hema-
toma, or it may be simulated by diffusion of fluid 
or blood from the retroperitoneal space into the 
area around the diaphragm; thus, this sign is not 
always indicative of BDR (Fig 18) (13,19,33,66). 
Furthermore, there is substantial normal varia-
tion in the thickness of the crura or leaflets and 
the smoothness of the diaphragm in the general 
population, depending on individual character-
istics such as age and body habitus; for example, 
the diaphragm may appear nodular at peripheral 
insertions on ribs, and diaphragmatic slips or 
areas of muscle redundancy may be seen (Figs 8, 
19) (63). However, in trauma patients, thickening 
of the diaphragm in the absence of a retroperito-
neal contusion or infiltration is considered highly 
suggestive of BDR, particularly when it is associ-
ated with other CT signs of BDR (13).

Diaphragmatic or Peridiaphragmatic Contrast 
Medium Extravasation (Sign 17).—Arterial 
extravasation of contrast medium in or near the 
diaphragm may be suggestive of a diaphragmatic 
injury. The CT finding of diaphragmatic or 
peridiaphragmatic extravasation of the contrast 
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Figure 19.  Diaphragmatic slip in a nontrauma patient. (a) Axial CT image shows apparent thickening of the left 
hemidiaphragm (arrowheads), a finding suggestive of an in-plane diaphragmatic slip or redundancy of diaphragmatic 
muscle. (b) Coronal reformatted CT image clearly depicts a fold in the intact diaphragm (arrow) at the level at 
which a was obtained (horizontal white line).

medium is encountered predominantly in pen-
etrating injuries and is rarely reported in blunt 
trauma injuries (16,17). Furthermore, because 
it is not easy to distinguish between intrinsic 
diaphragmatic bleeding and bleeding from an 
adjacent organ, this sign must be considered 
nonspecific for BDR; nevertheless, its appearance 
may help focus attention on the diaphragm (Fig 
18). Although the overall sensitivity of this sign is 

only 0%–12%, its reported specificity is surpris-
ingly high (93%–98%), probably because of the 
limited number of patients in whom it has been 
observed (13,16,43).

Hypoenhanced Diaphragm (Sign 18).—Descrip-
tions of the hypoenhanced diaphragm sign on 
contrast-enhanced CT images are based on only 
one reported case of BDR (13). The hypoen-
hanced area in this patient was located at the 
level of the crus of the ruptured right hemidia-
phragm and was associated with nonrecognition 
of part of the diaphragm, thickening of another 
part, and hypoperfusion of the spleen and right 
kidney. The hypoenhancement of the diaphragm 
in this patient was believed to be indicative of 
devascularization.

Fractured Rib (Sign 19).—The fractured rib sign 
is present when a juxtadiaphragmatic costal bone 
fragment points toward the diaphragm and is 
suspected to have directly perforated it (Fig 20) 
(2,13,18,27). The fractured rib sign was first de-
scribed by Holland et al (27) and later referred 
to as “presumed laceration of the diaphragm by a 
fractured rib” in a study by Nchimi et al (13). A 
similar sign seen in cases of penetrating trauma, 
the trajectory sign, has been described as “the 
depiction of a missile or puncturing instrument 
trajectory” adjacent to or passing through the 
diaphragm (17). The reported sensitivity of the 

Figure 20. Right-sided BDR in a 56-year-old man 
after a motor vehicle accident. Sagittal oblique con-
trast-enhanced reformatted CT image shows a costal 
fragment (fractured rib sign) (arrow) abutting and 
pointing toward the deformed hepatic dome, with an 
associated liver contusion (*). The presence of BDR was 
confirmed at surgery.
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fractured rib sign is low; no specificity statistics 
have been reported (13). In patients with severe 
trauma, this sign should direct attention to the 
diaphragm; however, when seen alone, it cannot 
be considered diagnostic.

Diagnostic Pitfalls at CT

Congenital Hernias.—The most common type 
of congenital diaphragmatic hernia seen at CT is 
the posterior diaphragmatic hernia or Bochdalek 
hernia, which occurs either in the lumbocostal 
triangles or in the areas where the pleuroperi-
toneal membranes fuse, posterolateral to the 
diaphragm. This type of hernia is seen in approxi-
mately 6% of asymptomatic adults, most often 
on the left side. Most Bochdalek hernias that are 
discovered incidentally in adults are small and 
contain only abdominal fat; however, the hernias 
vary in size, and larger ones may contain an ab-
dominal viscus (Fig 21) (31,67).

Another common type of congenital dia-
phragmatic hernia is the anterior diaphragmatic 
hernia or Morgagni hernia, which results from a 
congenital defect of the anteromedial part of the 
diaphragm (sternocostal triangle) (31). Congeni-
tal hernias involving the central tendon (central 
diaphragmatic hernias) are rare (32).

Acquired Defects.—Acquired chronic defects 
known as diaphragmatic fenestrations or discon-
tinuities may be found in any region of the dia-
phragm but are most often located in its posterior 
aspect or at the crura (33,63,68). The prevalence 
of these defects increases with increasing patient 
age, and their size ranges from less than 1 mm 
to 1 cm or more in rare cases. These defects are 
responsible for the migration of fluid, air, and 
inflammatory and tumoral cells through the 
diaphragm.

A hiatal hernia is generally easily differentiated 
from this type of diaphragmatic rupture because 
of its characteristic anatomic features. However, 
the appearance of a very large hiatal hernia may 
cause confusion and lead to false-positive find-
ings of BDR (Fig 22).

Diaphragmatic Eventration.—Diaphragmatic 
eventration is an abnormal area of diaphragmatic 
relaxation and elevation, a condition that most 
often affects the left hemidiaphragm. The affected 

region may be thinned but remains intact. Paresis 
or paralysis of the left or right hemidiaphragm 
because of injury to the phrenic nerve is one of 
many possible causes of eventration.

Findings at Chest Radiography
Chest radiography is usually the initial imag-
ing test performed in trauma patients. Although 
most patients with severe thoracoabdominal 
trauma subsequently undergo body CT, chest 
radiography remains an important diagnostic 
test when CT cannot be performed for some 

Figure 21. Bochdalek hernias. (a) Axial contrast-
enhanced CT image shows bilateral abdominal fat 
herniation into the thorax (arrows). (b) In another pa-
tient, sagittal reformatted contrast-enhanced CT image 
shows asymptomatic partial herniation of the left kidney 
through the Bochdalek foramen.
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Figure 22. Large hiatal hernia in an 86-year-old man. (a) Axial contrast-enhanced CT image shows 
a large hiatal hernia that contains part of the stomach, colonic loops, and abdominal fat. The herniated 
abdominal contents contact the posterior thoracic wall and compress the posterior aspect of the carina. 
(b) Coronal reformatted CT image more clearly depicts herniation through the esophageal hiatus (ar-
row), with a thin but intact right hemidiaphragm (arrowheads). The CT features in this case mimic the 
dependent viscera and elevated abdominal organs signs of BDR.

reason or when clinical manifestations of dia-
phragmatic rupture are absent or delayed. It is 
therefore important that radiologists be familiar 
with suggestive or highly suggestive radiographic 
signs of BDR (23).

The diaphragmatic contours may appear 
abnormal at radiography in as many as 77% of 
patients with BDR, but abnormal contours of-
ten are deemed a nonspecific finding. BDR is 
missed in more than one-half of cases, particu-
larly when it affects the right hemidiaphragm 
(3,6,9,11,23,26,29,45,50,51).

Radiographic findings that are highly sugges-
tive or indicative of BDR include the presence 
of intrathoracic gastrointestinal tract air (Fig 
23) with or without an associated collar sign or 
air-fluid level above the expected level of the dia-
phragm, and an abnormal U-shaped course of 
the nasogastric tube with its tip projecting above 
the level of the diaphragm (6,51). An upper 
hemidiaphragmatic contour that rises more than 
4–6 cm above the level of the contralateral hemi-
diaphragm also is considered highly suggestive of 
BDR (Fig 5a).

Radiographic findings that are suggestive of 
BDR but are less diagnostically specific include 
obliteration or distortion of the diaphragmatic 
contours; mild (<4 cm) elevation of the pre-
sumed diaphragmatic shadow; a mediastinal 
shift toward the nonaffected side; and the 
presence of traumatic thoracic injuries such 

Figure 23. Left-sided BDR in a 19-year-old 
woman (same patient as in Fig 3). Chest 
radiograph shows obliteration of the left hemi-
diaphragmatic contour with elevation of gas-
containing structures from the gastrointestinal 
tract above the expected level of the left hemi-
diaphragm and a resultant slight mediastinal 
shift toward the right side.
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Figure 24. Chest radiograph shows features highly 
suggestive of left-sided BDR in a 55-year-old man: a 
markedly elevated left hemidiaphragm; basal consolida-
tion of the left lung; and a nasogastric tube deformed 
into a U shape, with its distal extremity located above 
the expected level of the left hemidiaphragm (arrows). 
Left-sided BDR was found at subsequent CT and con-
firmed at surgery.

as pneumothorax, pulmonary contusion, and 
multiple fractures of the ribs, spine, or both 
(2,3,5,6,23,51,69). Although these signs are 
nonspecific to BDR and may result from other 
traumatic or nontraumatic abnormalities at the 
lung bases, their observation at radiography 
should lead the radiologist to perform CT or re-
view previously acquired CT scans for evidence 
of BDR (Fig 24). Repeat chest radiography may 
aid in the detection of BDR because signs of 
rupture may not appear until associated lower 
parenchymal and pleural injuries have resolved 
or positive pressure assisted ventilation of the 
patient is terminated (2,18,29).

Conclusions
Knowledge of the various CT signs suggestive 
of BDR is important to improve the detection of 
this underdiagnosed pattern of traumatic thora-
coabdominal injury. The observation of two or 
more CT signs is associated with a substantially 
higher probability of the presence of BDR. Even 
signs with a low predictive value may alert the 
radiologist to the need to examine the diaphragm 
more closely for other features supportive of the 
diagnosis of BDR or the exclusion of that diag-
nosis. The accuracy of a diagnosis of BDR is in-
creased by the observation of multiple associated 
CT signs of rupture. Confidence in the diagnosis 
of BDR, especially for less experienced readers, 
may be increased by a review of multiplanar re-
formatted images.
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Page 479
BDR occurs more often on the left side than on the right, with a mean left-to-right ratio of approxi-
mately 3:1 (range, 1.5:1 to 7:1) (2,3,6–9,11,13,15,23,25,26,36–46).

Page 482 (Figure on page 483)
BDR is associated with other life-threatening injuries in 44%–100% of cases and almost never occurs as 
an isolated injury (1,2,7,8,11,38). The most common injuries associated with left-sided BDR are splenic 
injuries; with right-sided BDR, liver lesions are most common, but renal, aortic, cardiac, and osseous 
(spine, pelvis, rib) lesions also are frequently encountered (Fig 6) (1,8,11,12).

Page 482
Spontaneous healing of diaphragmatic ruptures has never been reported. The normally negative pleuro-
peritoneal pressure gradient (7–22 cm H20), along with continuous diaphragmatic motion, contributes to 
the persistence of the lesion (1,2,11,28). Because of negative intrapleural pressure, abdominal structures 
generally herniate into the thorax. Such herniation may be delayed for days or years (from 1 day to 48 
years), which may make the diagnosis at chest radiography and CT more difficult; however, herniation 
occurs within 3 years in 80% of cases (1,5,28,55). The use of positive pressure ventilatory support at the 
patient’s admission overcomes the negative pleuroperitoneal pressure gradient, may thereby prevent or 
delay herniation, and thus may account for false-negative findings at initial imaging examinations (6,45).

Page 495 (Figure 5 on page 482. Figure 23 on page 495)
Radiographic findings that are highly suggestive or indicative of BDR include the presence of intratho-
racic gastrointestinal tract air (Fig 23) with or without an associated collar sign or air-fluid level above 
the expected level of the diaphragm, and an abnormal U-shaped course of the nasogastric tube with its 
tip projecting above the level of the diaphragm (6,51). An upper hemidiaphragmatic contour that rises 
more than 4–6 cm above the level of the contralateral hemidiaphragm also is considered highly suggestive 
of BDR (Fig 5a).

Page 496
Knowledge of the various CT signs suggestive of BDR is important to improve the detection of this un-
derdiagnosed pattern of traumatic thoracoabdominal injury. The observation of two or more CT signs is 
associated with a substantially higher probability of the presence of BDR. Even signs with a low predic-
tive value may alert the radiologist to the need to examine the diaphragm more closely for other features 
supportive of the diagnosis of BDR or the exclusion of that diagnosis. The accuracy of a diagnosis of 
BDR is increased by the observation of multiple associated CT signs of rupture.


