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    Abstract  

  Diaphragmatic injuries are uncommon inju-
ries in the chest, thus they can easily be missed 
by the radiologist and surgeon. Therefore, a 
high index of suspicion is important for an 
early diagnosis and to avoid any complica-
tions. Multidetector computed tomography is 
the modality of choice for the diaphragmatic 
injuries. On MDCT, there are direct and indi-
rect signs of diaphragmatic injuries.  In this 
chapter we discuss the fi ndings associated 
with blunt as well as penetrating diaphrag-
matic injuries with an emphasis on the role of 
the radiologist in making the diagnosis.   

1      Introduction 

 Traumatic injuries to the diaphragm are caused by 
blunt or penetrating trauma, either to the chest or 
abdominal wall. Regardless of the etiology, these 
injuries require treatment to avoid the serious com-
plications of obstruction or strangulation of herni-
ated viscera. As nonoperative management 
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increases and fewer initially occult cases of dia-
phragmatic injury are diagnosed intraoperatively, 
the imaging diagnosis of these injuries has become 
increasingly more important (Fair et al.  2015 ). 
Despite the importance of recognizing these inju-
ries, detecting diaphragmatic injuries is still a diag-
nostic challenge for many radiologists and trauma 
surgeons (Reber et al.  1998 ; Hanna et al.  2008 ). 

 Penetrating diaphragmatic injuries are com-
monly caused by gunshot or stab wounds. There 
is no defi nite predilection for the side of dia-
phragmatic injury among victims of gunshot 
wounds (Patlas et al.  2015 ). Serious injuries from 
stab wounds are more common on the left than 
on the right, which is probably due to protective 
effect from the liver on the right hemidiaphragm, 
a greater proportion of right-handed assailants, 
and a relative underdiagnosis of subtle right dia-
phragmatic injuries (Patlas et al.  2015 ). 

 Surgery has long played a signifi cant role in 
the management of patients presenting with pen-
etrating thoracoabdominal injuries; however, 
selective nonoperative management is increas-
ingly recommended for these patients, with good 
outcomes in the setting of both blunt and pene-
trating traumas (Croce et al.  1995 ; Iochum et al. 
 2002 ; Como et al.  2010 ; Dreizin et al.  2015 ). 
There is a growing trend for conservative man-
agement of blunt traumatic patients. As nonop-
erative management of traumatic patients 
increases, it is possible that some diaphragmatic 
injuries which were once only identifi ed intraop-
eratively will only be detected radiologically or 
after complications of diaphragmatic injury arise. 
This trend in the shift of the management strategy 
will require a need for greater vigilance by radi-
ologists for subtle signs of diaphragmatic injury. 

 The radiologic detection of diaphragmatic 
injuries is diffi cult because many physicians are 
unfamiliar with the scope of diaphragmatic inju-
ries and their imaging fi ndings (Hanna et al.  2008 ; 
Desir and Ghaye  2012 ). Many imaging signs have 
been described for the detection of these injuries; 
however, some patients present with only one or a 
few of the many known signs. As such, being 
familiar with the radiologic signs of diaphrag-
matic injury is essential for the practicing radiolo-
gist, especially in the emergency setting. 

 Frequently, signifi cant or life-threatening tho-
racic and abdominal injuries can distract the radiolo-

gist from the more subtle fi ndings of diaphragmatic 
injuries. The key to a successful radiologic diagnosis 
of diaphragmatic injury is to have a high degree of 
suspicion based on clinical setting and to develop a 
familiarity with the classic imaging fi ndings of trau-
matic diaphragmatic injury (Guth et al.  1995 ). 

 Although some animal models suggest spon-
taneous healing of small diaphragmatic defects, 
there are no published reports of a human dia-
phragmatic injury healing without surgery 
(Shatney et al.  2003 ; Desir and Ghaye  2012 ). 
Physiologic negative intrathoracic pressures dur-
ing unassisted ventilation and the constant motion 
of the diaphragm likely impede healing of dia-
phragmatic injuries and can result in delayed her-
niation of intra-abdominal contents (Desir and 
Ghaye  2012 ). In cases of missed diaphragmatic 
injury, reports indicate potential for delayed com-
plications of visceral herniation with potential for 
obstruction or strangulation, with mortality of 
approximately 30–60 % in cases of visceral stran-
gulation (Murray et al.  1996 ; Desir and Ghaye 
 2012 ; Panda et al.  2014 ; Dreizin et al.  2015 ). 
Therefore, it is essential that these injuries be 
detected as early as possible.  

2     Anatomic 
and Developmental 
Considerations 

 The diaphragm is a thin musculotendinous sheet 
with a concave undersurface and apertures allow-
ing passage of transdiaphragmatic structures. 
The largest of these are the hiatuses of the infe-
rior vena cava, esophagus, and aorta. The caval 
hiatus is located at the T8–T9 intervertebral disk 
level to the right of the central tendon. The infe-
rior vena cava is adherent to its margin (Standring 
 2016 ). The esophageal hiatus is at the level of the 
tenth vertebral body. The esophagus is not 
directly continuous with the muscle of the esoph-
ageal hiatus (Standring  2016 ). The aortic hiatus 
is an osseo-aponeurotic aperture at the lower 
level of the twelfth vertebral body, passing out-
side of the diaphragmatic muscle fi bers adjacent 
to the vertebral column, and is not affected by 
their contraction (Standring  2016 ). 

 Congenital areas of weakness may be present 
between diaphragmatic muscle fi bers that insert on 
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the sternum and the ribs (sternocostal triangles) and 
between the fi bers that insert on the ribs and the 
lumbar vertebrae (lumbocostal triangles). These 
areas of weakness are likely responsible for non-
traumatic Morgagni and Bochdalek hernias 
(Thomas Sadler et al.  2003 ). In addition, the inter-
face between the embryologic septum transversum 
(originating anteriorly) and the pleuroperitoneal 
folds corresponds to potential areas of inherent 
weakness in the posterolateral diaphragm, which 
may be predisposed to rupture in the setting of high-
energy abdominal trauma (Desir and Ghaye  2012 ).  

3     Mechanism of Injury 

 In the USA, penetrating diaphragmatic injuries 
are twice as common as blunt diaphragmatic 
injuries (Fair et al.  2015 ). Penetrating injuries are 
due to knife and gunshot wounds and tend to 
result in smaller diaphragmatic injuries, typically 
on the order of 1 or 2 cm in length (Iochum et al. 
 2002 ; Desir and Ghaye  2012 ). The small size of 
the corresponding diaphragmatic defect may also 
lead to diffi culty directly appreciating these inju-
ries on imaging studies (Desir and Ghaye  2012 ). 
Because of the small size of defects generally 
seen in penetrating diaphragmatic injuries, her-
niation of abdominal contents is uncommon after 
penetrating diaphragmatic injury (Dreizin et al. 
 2015 ). Penetrating injuries may injure any organs 
or structures in line with the trajectory of the 
wound and as such may vary widely in  distribution 
(Iochum et al.  2002 ) but commonly involve liver 
and hollow viscus (Fair et al.  2015 ). 

 Penetrating diaphragmatic injuries from stab-
bings occur more frequently on the left than the 
right (Patlas et al.  2015 ). This is theorized to 
result from the higher number of right-handed 
assailants who face their victim at the time of 
injury (Panda et al.  2014 ). Another factor that 
may contribute to the relative frequency of left- 
sided penetrating diaphragmatic injuries is the 
protection which the liver provides and whose 
absence on the left results in areas of weakness in 
the left hemidiaphragm (Panda et al.  2014 ). 

 Blunt diaphragmatic injuries are most com-
monly the result of motor vehicle accidents, but 
other causes include falls and severe blows to the 
body. It has been proposed that multiple mecha-

nisms of injury may be involved in a blunt dia-
phragmatic injury, which may be differentiated 
by the direction of greatest impact at the time of 
injury. A frontal impact on the abdomen is pro-
posed to increase intra-abdominal pressure, 
resulting in subsequent upward force from intra- 
abdominal contents moving toward the relatively 
low-pressure thorax (Iochum et al.  2002 ; Desir 
and Ghaye  2012 ). Lateral impacts have been pro-
posed to injure the diaphragm through shear 
forces (Iochum et al.  2002 ; Desir and Ghaye 
 2012 ). Other factors such as fractured ribs or the 
phase of the respiratory cycle may also play a 
role in the mechanism of blunt diaphragmatic 
injury (Rees et al.  2005 ; Desir and Ghaye  2012 ). 
In contrast to the small size of penetrating dia-
phragmatic injuries, blunt diaphragmatic injuries 
tend to be large (>10 cm) (Iochum et al.  2002 ). 
Perhaps not surprisingly, left hemidiaphragmatic 
injuries are associated with splenic injuries, and 
right hemidiaphragmatic injuries are associated 
with hepatic injuries. 

 Diaphragmatic injury will essentially never 
occur in isolation. Penetrating diaphragmatic 
injuries are associated with liver injury (53.6 %), 
splenic injury (29.1 %), pulmonary injury 
(28.1 %), stomach injury (26.6 %), hemothorax 
(26.2 %), and pneumothorax (20.4 %) (Fair et al. 
 2015 ). Blunt diaphragmatic injuries are associ-
ated with pulmonary injury (48.7 %), splenic 
injury (44.8 %), liver injury (39.7 %), pneumo-
thorax (30 %), and hemothorax (21.5 %) (Fair 
et al.  2015 ). Other injuries commonly associated 
with blunt diaphragmatic injury include renal, 
aortic, cardiac, and osseous injuries, such as spi-
nal, pelvic, and rib fractures (Iochum et al.  2002 ; 
Desir and Ghaye  2012 ; Fair et al.  2015 ). The 
coincident injuries seen in association with blunt 
diaphragmatic injury, for instance, result in mor-
tality of approximately 12–42 % (Iochum et al. 
 2002 ; Desir and Ghaye  2012 ). 

 The proportion of left-sided to right-sided dia-
phragmatic injuries is higher after blunt trauma 
with frontal impact; however, relative numbers of 
right and left diaphragmatic injury are similar 
after posterior impacts (Desir and Ghaye  2012 ). 
Side impacts typically result in injury on the side 
of impact (Desir and Ghaye  2012 ). The increased 
frequency of left-sided blunt diaphragmatic inju-
ries is attributed to the protective effect of the liver 
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on the right hemidiaphragm and the vulnerability 
of an unprotected area of congenital weakness of 
the left diaphragm (Desir and Ghaye  2012 ). Some 
of the difference in frequency of left and right 
injuries may also be due to underdiagnosis of sub-
tle right-sided injuries (Killeen et al.  1999 ; Patlas 
et al.  2015 ). The left hemidiaphragm runs next to 
abdominal fat that makes its contour more visible, 
while the right hemidiaphragm may be diffi cult to 
distinguish from the higher- attenuation hepatic 
parenchyma (Killeen et al.  1999 ; Iochum et al. 
 2002 ; Desir and Ghaye  2012 ).  

4     Epidemiology 

 The relative frequency of penetrating and blunt 
diaphragmatic injuries varies, with signifi cantly 
higher numbers of penetrating injuries seen in 
several large studies (Hammer et al.  2014 ; Fair 
et al.  2015 ; Gao et al.  2015 ). Some smaller 
studies have included a greater number of blunt 
diaphragmatic injuries than penetrating dia-
phragmatic injuries, which may be due to their 
small sample size or possibly because the fre-
quency of gunshot wounds and stabbings is 
proportionally lower in their study populations 
(Panda et al.  2014 ; Leung et al.  2015 ). 

 Penetrating diaphragmatic injuries are more 
common among young men, with males making 
up 91.4 % of cases in the USA (Fair et al.  2015 ). 
The average age of US patients diagnosed with 
penetrating diaphragmatic injuries is 31 years 
(standard deviation of 13 years) (Fair et al. 
 2015 ). The relatively high proportion of men 
presenting with penetrating diaphragmatic 
injury is probably due to the fact that men are 
more likely than women to be involved in stab-
bings and shootings (Hanna et al.  2008 ). 
Penetrating diaphragmatic injuries are reported 
in 10–42 % of penetrating thoracoabdominal 
traumas (Spann et al.  1995 ; Bodanapally et al. 
 2009 ; Yucel et al.  2015 ). 

 Blunt diaphragmatic injuries are also more 
common among men (Fair et al.  2015 ). Men 
comprised 67.9 % of blunt diaphragmatic inju-
ries in a recent study of over 3700 diaphrag-
matic injuries in the USA, with an average age 
of 44 years (standard deviation of 19 years). 

Blunt thoracoabdominal trauma results in dia-
phragmatic injury in 0.8–8.0 % of cases 
(Iochum et al.  2002 ; Desir and Ghaye  2012 ). 
When compared to patients with penetrating 
diaphragmatic injuries, patients with blunt dia-
phragmatic injuries have longer stays in inten-
sive care, longer ventilator requirements, and 
higher mortality (19.8 % vs. 8.8 %) (Fair et al. 
 2015 ).  

5     Radiographic Evaluation 

 Even with the increasing use of MDCT imag-
ing, fi rst-line trauma imaging is usually a por-
table chest radiograph. There are numerous 
limitations of chest radiographs such as lack of 
patient cooperation, the use of portable equip-
ment, and suboptimal patient positioning 
(Iochum et al.  2002 ). Despite these factors, ini-
tial radiographic evaluation may successfully 
render a diagnosis of diaphragmatic injury. 
The sensitivity of initial radiographs has a 
wide range of reported values, from 17 to 65 % 
(Iochum et al.  2002 ; Patlas et al.  2015 ). The 
reported sensitivity of chest radiograph for 
right-sided diaphragmatic injuries (approxi-
mately 17 %) is lower than for left-sided inju-
ries (approximately 27–60 %) (Iochum et al. 
 2002 ). 

 The most valuable signs of diaphragmatic rup-
ture seen on chest radiography are defi nite visual-
ization of abdominal viscera above the diaphragm 
(with or without a focal constriction of herniated 
viscera as they pass through the violated dia-
phragm, the collar sign) and visualization of the 
tip of a nasogastric tube above the diaphragm 
(Gelman et al.  1991 ; Desir and Ghaye  2012 ). The 
sensitivity for an NG tube crossing the left dia-
phragm on chest radiograph has a sensitivity of 
approximately 44–64 % (Gelman et al.  1991 ; 
Guth et al.  1995 ). 

 Another fi nding that is highly suggestive of 
diaphragmatic injury is the unexplained elevation 
of a hemidiaphragm. In the setting of blunt 
abdominal trauma, a 4 cm elevation of either 
hemidiaphragm is correlated with injury to that 
hemidiaphragm; however, some authors suggest 
a higher cutoff of 6 cm from the contralateral 
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 diaphragm (Gelman et al.  1991 ; Guth et al.  1995 ; 
Desir and Ghaye  2012 ). 

 Unfortunately, most patients with a trau-
matic diaphragmatic injury present with non-
specifi c fi ndings on chest radiography, such as 
obscured outline of the injured hemidiaphragm, 
mild elevation of the affected hemidiaphragm, 
mediastinal shift to the contralateral side, and 
sequela of trauma such as effusions, pneumo-
thorax, or rib fractures (Gelman et al.  1991 ; 
Guth et al.  1995 ; Desir and Ghaye  2012 , Patlas, 
Leung et al.  2015 ). 

 If a patient cannot be imaged by CT (either 
because their condition is too unstable to allow 
transport to the scanner or due to a lack of avail-
ability of CT scanning), serial chest radiographs 
may be useful, especially after extubation (Gao 
et al.  2015 ). Because of the artifi cially increased 
intrathoracic pressures while undergoing positive 
pressure ventilation, herniation of intra- abdominal 
contents into the thorax may be delayed or pre-
vented until after extubation. For this reason, com-
parison between radiographs should be made from 
before and after cessation of positive pressure ven-
tilation when possible in patients unable to be 
imaged by CT (Gao et al.  2015 ). 

 Although chest radiographs may be diagnostic 
for diaphragmatic injuries, they are generally infe-
rior to CT images in their evaluation, with sensitiv-
ity not greater than 65 % (Gelman et al.  1991 ; Patlas 
et al.  2015 ). One potential pitfall in the diagnosis of 
diaphragmatic injuries by chest radiography is a 
normal-appearing (false- negative) radiograph in the 
setting of acute diaphragmatic injury, which may be 
present in 15 % of patients presenting with dia-
phragmatic rupture (Guth et al.  1995 ). 

 Differential considerations must be kept in 
mind when nonspecifi c fi ndings are present in the 
setting of acute thoracoabdominal trauma. 
Congenital hernias can also mimic traumatic her-
niation. Eventration of abdominal contents into 
the thoracic cavity can be mistaken for an acute 
fi nding if not recognized as nontraumatic. Other 
differential considerations for subtle abnormali-
ties on chest radiographs may include atelectasis, 
pleural effusion, hemothorax, pulmonary contu-
sion, pulmonary laceration, or phrenic nerve 
palsy (Gelman et al.  1991 ; Guth et al.  1995 ; 
Iochum et al.  2002 ).  

6     CT Evaluation 

 Evaluation with MDCT is increasingly common, 
as are powerful workstations which allow review 
of reformatted images in a timelier manner. The 
maturation of CT technology, including MDCT, 
has improved CT scan sensitivity for blunt dia-
phragmatic injury from approximately 60 % 
with conventional CT scans to 77–100 % with 
MDCT, with MDCT specifi city of approxi-
mately 93–98 % (Desser et al.  2010 ; Magu et al. 
 2012 ). The sensitivity of MDCT for penetrating 
diaphragmatic injuries is approximately 
73–100 %, with specifi city of approximately 
50–92 % (Bodanapally et al.  2009 ; Dreizin et al. 
 2015 ).  

7     CT Signs of Blunt 
Diaphragmatic Injury 

 Regarding blunt diaphragmatic rupture, Desir 
and Ghaye have classifi ed signs into three groups: 
direct, indirect, and signs of uncertain or contro-
versial origin (Desir and Ghaye  2012 ). Signs of 
blunt diaphragmatic injuries are described below 
using this classifi cation. 

  Direct signs of blunt diaphragmatic rupture 
include the following :

•     Visualized diaphragmatic defect  – A visualized 
defect of the diaphragm may demonstrate mus-
cular retraction and thickening of diaphragmatic 
muscular fi bers near the defect. A diaphrag-
matic injury is most easily visualized directly 
when air or fat abuts the diaphragm. This sign’s 
reported sensitivity and specifi city range from 
approximately 17 to 90 % and 90 to 100 %, 
respectively, in the setting of blunt trauma 
(Desir and Ghaye  2012 ; Hammer et al.  2014 ):

 –     Pitfalls : Eventration of the diaphragm may 
make the diaphragm imperceptible in some 
individuals (Desser et al.  2010 ). Fluid or 
soft tissue attenuation material (hemotho-
rax, pleural effusion, ascites, lung consoli-
dation, etc.) in contact with the diaphragm 
may obscure a true diaphragmatic injury; 
however, this may be less common when 
scanned by MDCT with a greater number 
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of detectors (Chen et al.  2010 ; Patlas et al. 
 2015 ). Additionally, approximately 6 % of 
asymptomatic adults will have evidence of 
nontraumatic diaphragmatic defects, which 
mimic a focal injury in the setting of acute 
trauma (Iochum et al.  2002 ).     

•    Dangling diaphragm sign  (Desser et al. 
 2010 ) – The appearance of this sign overlaps 
with visualization of a diaphragmatic defect, 
as described above. This less commonly 
described sign refers to visualization of the 
free edge of the torn diaphragm curling 
inwards on itself, which appears as a comma- 
shaped soft tissue structure. Thickening of this 
free fl ap of the diaphragm has also been 
reported. Sensitivity and specifi city of the 
dangling diaphragm sign are reported as 54 
and 98 %, respectively (Desser et al.  2010 ):
 –     Pitfalls : This sign’s pitfalls are similar to 

those of the visualized diaphragmatic defect.     
•    Absent diaphragm  – The diaphragm may be 

absent in the area of a diaphragmatic injury. 
When the diaphragm or a portion of the 
 diaphragm is not visualized after acute injury, 
abdominal contents are commonly herniated. 
Absence of the visualized diaphragm has a 
reported sensitivity and specifi city of 18–43 % 
and 91 %, respectively (Desir and Ghaye  2012 ):
 –     Pitfalls : This sign’s pitfalls are similar to 

those of the visualized diaphragmatic 
defect.    

  Indirect signs of blunt diaphragmatic rupture  
may be the only evidence to suggest a blunt dia-
phragmatic injury:  
•    Herniation through a defect  – Herniation of 

abdominal contents into the abdomen may 
occur in the setting of trauma or as the result 
of either congenital or acquired diaphragmatic 
hernias. Abdominal contents may herniate 
into either the pleural or, less likely, the peri-
cardial space. Reported sensitivity of herni-
ated abdominal contents after blunt trauma is 
higher on the left than on the right (42–91 % 
on the left, 8–50 % on the right), while speci-
fi city is reportedly at 98–100 % (Desir and 
Ghaye  2012 ):
 –     Pitfalls : Diaphragmatic hernias (e.g., 

Bochdalek or Morgagni hernias) are poten-

tial mimics of this sign, especially if prior 
imaging is not available to demonstrate the 
stable nature of the hernia.     

•    Collar sign  – This sign refers to a waist-like 
band constricting herniated abdominal con-
tents as they pass from the abdomen to the 
thoracic cavity through the sometimes-not- 
visualized diaphragmatic defect. This sign 
may be best appreciated on reformatted sagit-
tal or coronal images. Overall sensitivity and 
specifi city for blunt diaphragmatic injury are 
reported as 44–63 % and 98–100 %, respec-
tively, with sensitivity lower on the right 
(50 %) than on the left (78 %) (Killeen et al. 
 1999 ):

 –     Pitfalls : Prior trauma or diaphragmatic 
slips may result in atypical contours of 
abdominal organs and may be mistaken for 
a collar sign (Desir and Ghaye  2012 ). The 
collar sign may also be present in congeni-
tal or acquired hernias. Motion artifact has 
caused an artifactually narrowed appear-
ance of upper abdominal organs and the 
diaphragm, though this motion artifact is 
less likely with faster scan times.     

•    Hump and band signs  – These signs are a sub-
set of the collar sign, primarily used in evalu-
ating the right diaphragm. The “hump” being 
referenced is a focal outpouching of the liver 
which has herniated above the injured right 
diaphragm. The “band” refers to an area of 
hypoattenuation within the liver at the level of 
the diaphragmatic defect on contrast-enhanced 
studies (Rees et al.  2005 ). It is hypothesized 
that compression from the rim of the damaged 
diaphragm results in a rim of relative hypoper-
fusion of the liver at the site of herniation 
(Rees et al.  2005 ). Both the hump and band 
signs are best appreciated on coronal and sag-
ittal reformatted images. While specifi city for 
these signs has not been determined, sensitiv-
ity of the hump sign is reported to be 50–83 %, 
and sensitivity of the band sign is reported to 
be 33–42 % (Rees et al.  2005 ; Chen et al. 
 2010 ):
 –     Pitfalls : Similar to the collar sign, prior 

hepatic laceration or fracture or diaphrag-
matic slips may be mistaken for a positive 
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hump sign (Desir and Ghaye  2012 ). Also, 
because of their subtle nature when com-
pared to the collar sign, these signs may be 
missed if only axial views are reviewed. 
They are more apparent on sagittal and 
coronal reformatted images. A congeni-
tally high right hemidiaphragm may also 
mimic a hump sign.     

•    Dependent viscera sign  – When supine, the 
left hemidiaphragm normally suspends the 
stomach, spleen, and bowel above the poste-
rior chest wall, while the right hemidiaphragm 
normally suspends the liver away from the 
posterior chest wall, each separated by pos-
teroinferior portions of the lungs. When 
abdominal viscera are herniated into the pleu-
ral space, this support is no longer present, 
and the herniated abdominal contents can fall 
against the posterior chest wall (Cantwell 
 2006 ). In the setting of blunt trauma, sensitiv-
ity for this sign is reported as 54–90 %, with a 
reported specifi city of practically 100 % 
 (Bergin et al.  2001 ; Desser et al.  2010 ; Desir 
and Ghaye  2012 ):

 –     Pitfalls : Patients with congenital or hiatal 
hernias may demonstrate this sign without 
acute injury. This sign has been reported to 
have a low sensitivity for small ruptures, 
atypically confi gured or anteriorly located 
ruptures or when pleural effusion is present 
(Bergin et al.  2001 ; Cantwell  2006 ; Desir 
and Ghaye  2012 ).     

•    Abdominal contents peripheral to the dia-
phragm or lung  – When the normal contour of 
the diaphragm is well visualized, abdominal 
contents may be seen outside this contour. If 
abdominal contents are seen outside the nor-
mal contour of the diaphragm, they will have 
herniated into the thoracic cavity. Sensitivity 
and specifi city are not reported for this sign 
(Desir and Ghaye  2012 ):
 –     Pitfalls : In the unlikely situation that the 

diaphragm was inverted (such as from a 
large effusion), this relationship may be 
abnormal (Desir and Ghaye  2012 ).     

•    Elevated abdominal organs  – Because many 
processes may result in discrepancies of the 
apparent heights of the right and left hemidia-

phragm, unilateral elevation of abdominal 
organs into the thoracic cavity is insuffi cient 
to diagnose diaphragmatic rupture. When seen 
in conjunction with other features suggesting 
diaphragmatic rupture, elevation of abdominal 
organs into the thoracic cavity may help reas-
sure the correct diagnosis. Although other val-
ues have also been suggested, a signifi cant 
correlation has been shown between a 4 cm 
elevation of the right relative to the left hemi-
diaphragm and right-sided rupture. Overall 
sensitivity and specifi city for a 4 cm diaphrag-
matic asymmetry are reported to be 50–83 % 
and 89–99 %, respectively (Desir and Ghaye 
 2012 ):
 –     Pitfalls : Mimics of this sign may include 

phrenic nerve injury, atelectasis, or subpul-
monic effusion.     

•    Concomitant pneumothorax with pneumo-
peritoneum or hemothorax with hemoperito-
neum  – With the presence of either air or 
blood in both the thoracic and abdominal cavi-
ties, one should strongly consider diaphrag-
matic injury in the setting of trauma. Effusion 
or ascites may also pass between the thoracic 
and abdominal cavities in the setting of a dam-
aged diaphragm (Desir and Ghaye  2012 ):

 –     Pitfalls : It may be diffi cult to prove that the 
combination of pneumothorax with pneu-
moperitoneum or hemothorax with hemo-
peritoneum does not represent synchronous 
injuries within both cavities (Desir and 
Ghaye  2012 ).    

  Signs of uncertain or controversial origin:   
•    Thickening of the diaphragm  – Muscular 

fi bers of the diaphragm may retract and 
thicken after diaphragmatic injury. The thick-
ening of the diaphragm can vary in appear-
ance, and no standard measurements for 
diaphragmatic thickness are established. In 
the setting of blunt diaphragmatic injury, over-
all sensitivity has been reported as 56–75 %, 
and specifi city is reported to be approximately 
95 % (Desir and Ghaye  2012 ):
 –     Pitfalls : The diaphragm may be congeni-

tally thickened due to unequal distribution 
of muscular fi bers during embryologic 
migration. Additionally, blood or fl uid 
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accumulated near the diaphragm such as a 
retroperitoneal hematoma may mimic 
thickening of the diaphragm and incorrectly 
suggest a diaphragmatic injury (Nchimi 
et al.  2005 ; Desir and Ghaye  2012 ).     

•    Diaphragmatic and peridiaphragmatic 
extravasation of contrast  – Arterial contrast 
extravasation from the diaphragm is highly 
specifi c for diaphragmatic injury. Although 
sensitivity is low (reported between 0 and 
12 %), specifi city is reported between 93 and 
98 % (Nchimi et al.  2005 ; Desser et al.  2010 ):

 –     Pitfalls : This sign is nonspecifi c because 
extravasation of contrast can be diffi cult to 
localize to the diaphragm (and to exclude 
bleeding of adjacent organs) (Desir and 
Ghaye  2012 ).     

•    Fractured rib or ribs  – Rib fractures can sug-
gest injury to the diaphragm by their size, 
position, and location. The relative location of 
a rib fragment may indicate it has crossed the 
surface of the adjacent diaphragm. Sensitivity 
and specifi city of rib fractures in diagnosing 
diaphragmatic injury are unknown (Desir and 
Ghaye  2012 ).     

8     CT Signs of Penetrating 
Diaphragmatic Injury 

 In the setting of penetrating trauma, contiguous 
injury to organs above and below the diaphragm 
is the most useful and accurate sign, with sensi-
tivity and specifi city of 82–100 % and 82–83 %, 
respectively (Bodanapally et al.  2009 ; Panda 
et al.  2014 ; Dreizin et al.  2015 ). 

 Direct visualization of a diaphragmatic defect in 
the setting of penetrating trauma has a broad range 
of reported sensitivities (7–100 %) (Panda et al. 
 2014 ; Dreizin et al.  2015 ); however, specifi city is 
consistently high, reported in the range of 90–100 % 
(Bodanapally et al.  2009 ; Dreizin et al.  2015 ). 

 Thickening of the diaphragm near the area of 
penetrating injury, presumably due to retraction 
of muscle fi bers from the site of injury, has a 
reported sensitivity of approximately 48–83 %, 
with specifi city reported near 70 % (Bodanapally 
et al.  2009 ; Panda et al.  2014 ). 

 Although penetrating diaphragmatic injuries 
typically result in small diaphragmatic defects, a 
penetrating injury may result in a large diaphrag-
matic defect based on its trajectory. Any of the 
signs related to the larger blunt diaphragmatic 
injuries can be seen in the setting of a large 
defect. Because of this, signs related to hernia-
tion (collar sign, dependent viscera sign, hernia-
tion of abdominal contents into the thoracic 
cavity) tend to have low sensitivities and high 
specifi cities in the setting of penetrating trauma, 
as discussed below. 

 The collar sign also has low sensitivity in the 
range of 0–24 %, with specifi city reported near 
100 % (Bodanapally et al.  2009 ; Panda et al. 
 2014 ; Dreizin et al.  2015 ). 

 The dependent viscera sign may theoretically 
be seen in large defects associated with penetrat-
ing trauma, but was not reported in two recent 
studies (Bodanapally et al.  2009 ; Dreizin et al. 
 2015 ). 

 Sensitivity of herniation of abdominal fat or 
viscera into the thoracic cavity in the setting of 
penetrating trauma is approximately 7–17 %, and 
specifi city approaches 100 % (Bodanapally et al. 
 2009 ; Patlas et al.  2015 ). 

 Concurrent hemothorax and hemoperitoneum 
have a sensitivity of 50 % and a specifi city of 
95 % for penetrating abdominal injuries (Nchimi 
et al.  2005 ). 

 The reported sensitivity for the dangling dia-
phragm sign is 0–17 %, without reported speci-
fi city (Panda et al.  2014 ; Dreizin et al.  2015 ). In 
describing the dangling diaphragm sign, Desser 
et al. acknowledged that it would be less likely in 
penetrating trauma (Desser et al.  2010 ). 

 Active extravasation of contrast in or along the 
diaphragm has a sensitivity of 8 % and a specifi c-
ity of 100 % (Dreizin et al.  2015 ).  

9     Additional Pitfalls in CT 
Imaging 

 Although herniation of intra-abdominal contents 
is not needed to diagnose diaphragmatic injury, it 
does represent a potential complication of both 
blunt and penetrating diaphragmatic injuries. As 

A. Olsen et al.



131

was previously mentioned, herniation of abdomi-
nal viscera into the thoracic cavity can be pre-
vented or delayed due to positive pressure 
ventilation. Positive pressure ventilator assis-
tance is commonly needed as part of the support-
ive measures implemented after major trauma. 

 Additionally, herniation or eventration of 
abdominal organs such as the liver, spleen, or 
bowel through a thinned diaphragm may mimic a 
traumatic injury and should be correlated to prior 
imaging if available (Iochum et al.  2002 ). In 
cases of eventration, close examination of the 
margins of the diaphragm may demonstrate a 
faint line that corresponds to the thinned dia-
phragm overlying the eventrated organs.  

10     MRI Evaluation 

 The use of MRI in an acute trauma setting is usu-
ally impractical because of patient hemodynamic 
instability and resuscitative medical equipment 
incompatibility. MRI can be successfully used in 
cases of equivocal initial imaging in hemody-
namically stable patients, late presentation of a 
diaphragmatic injury, or suspicion of a chronic 
diaphragmatic injury (Killeen et al.  1999 ; 
Barbiera et al.  2003 ). 

 One benefi t of using MRI to evaluate the dia-
phragm is the ability to image directly in coronal 
and sagittal planes without needing to rely on 
reconstructions, as is the case with CT (Killeen 
et al.  1999 ; Iochum et al.  2002 ). Directly imaged 
sagittal and coronal planes allow appreciation of 
the contrast between the mediastinal or the 
abdominal fat and the low-signal band of the dia-
phragm itself. Diaphragmatic injuries can be 
diagnosed by visualization of diaphragmatic 
defects directly or by visualizing herniation of fat 
across the diaphragm. It has been suggested that 
T1 imaging in sagittal and coronal planes may be 
enough to clearly contrast the fat of the mediasti-
num and abdominal cavity to the hypointense 
band of the diaphragm and may be suffi cient to 
diagnose defects of the diaphragm 
(Shanmuganathan et al.  1996 ; Killeen et al.  1999 ). 

 As with CT, MR imaging signs of diaphrag-
matic injury include disruption of the diaphrag-

matic contour or intrathoracic herniation of 
abdominal contents, such as viscera or fat 
(Iochum et al.  2002 ; Barbiera et al.  2003 ). At 
least one small series has demonstrated the abil-
ity to diagnose diaphragmatic injuries as small as 
1 cm (Barbiera et al.  2003 ). 

 Many of the same fi ndings described in the 
above CT signs of diaphragmatic injury may 
apply equally well to MR imaging. Diaphragmatic 
discontinuity and herniation of fat or viscera have 
been commonly reported together in cases 
detected with MR imaging (Shanmuganathan 
et al.  1996 ; Barbiera et al.  2003 ). Any of the signs 
which rely on the physical relationships of the 
thoracic and abdominal organs (e.g., the collar 
sign, directly visualized defect of the diaphragm, 
herniation of abdominal viscera into the thoracic 
cavity, or diaphragmatic extravasation of con-
trast) may be equally applicable to MR and CT 
imaging; however, the sensitivity and specifi city 
of these signs in MR imaging have not yet been 
clarifi ed. In a small series of patients with equiv-
ocal imaging fi ndings, the sensitivity and speci-
fi city of MRI in detecting diaphragmatic injuries 
were both 100 % (Shanmuganathan et al.  1996 ).  

11     Ultrasound 

 Little has been published on the sonographic diag-
nosis of diaphragmatic rupture; however, there are 
case reports that suggest its potential during 
focused assessment with sonography in trauma 
(FAST) exams (Blaivas et al.  2004 ; Kirkpatrick 
et al.  2006 ; Gangahar and Doshi  2010 ). Findings 
during FAST or modifi ed FAST exams which have 
been demonstrated in the setting of proven trau-
matic diaphragmatic injuries include elevation of 
the diaphragm, poor diaphragmatic excursion, 
replacement of the expected sliding of the lung by 
the liver in the lower chest (liver sliding sign), or 
organs being either obscured or apparently absent 
on FAST exam due to anatomic distortions in the 
setting of herniation (Rip’s absent organ sign) 
(Blaivas et al.  2004 ; Kirkpatrick et al.  2006 ; 
Gangahar and Doshi  2010 ). No signifi cant statisti-
cal data on the sonographic diagnosis of diaphrag-
matic injury is available. 
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 Potential pitfalls with sonographic evaluation 
of the diaphragm in the acute setting include non- 
acute causes of diaphragmatic dysfunction and 
eventration of the diaphragm (Blaivas et al.  2004 ; 
Kirkpatrick et al.  2006 ). The nonvisualization of 
organs is also a nonspecifi c fi nding in ultrasonog-
raphy and can be attributable to other causes such 
as COPD, obesity, or dextrocardia (Gangahar and 
Doshi  2010 ). 

   Conclusion 

 Diaphragmatic injuries are caused by pen-
etrating and blunt trauma, both of which 
are frequently associated with additional 
traumatic injuries. Both radiologists and 
surgeons, especially in the setting of life-
threatening injuries, miss diaphragmatic 
injuries. A missed diaphragmatic injury puts 

a patient at risk of delayed injury and com-
plications such as strangulation, with poten-
tially disastrous consequences. Selective 
nonoperative management is becoming more 
common in management of both blunt and 
penetrating trauma. In order to ensure that 
diaphragmatic injuries are not missed, radi-
ologists should be familiar with the signs or 
diaphragmatic injury and should have a high 
degree of suspicion in the setting of blunt 
or penetrating trauma. Comparison to prior 
imaging may help differentiate chronic or 
congenital mimics of diaphragmatic injury. 
The proliferation of MDCT and increasing 
use of multiplanar reconstructions have also 
made the evaluation for diaphragmatic inju-
ries more accurate and reliable and should 
always be employed.

   

a b

  

    A 62-year-old man who was struck by a car: 
Computed tomography (CT) images demon-
strate the absence of the interposition of lungs 
between the upper abdominal contents and the 
chest wall consistent with the  dependent vis-
cera sign  (arrow). There is  intrathoracic her-

niation  of abdominal viscera as demonstrated 
by visualization of abdominal organs within the 
pleural space (circle). Additionally, coronal 
reconstructions demonstrate  elevation of left-
sided abdominal contents  above the left dia-
phragmatic dome (line)
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    A 62-year-old man who was struck by a car: 
Computed tomography (CT) image demonstrates 
the tear in the diaphragm results in a waist-like 
constriction of the stomach (image C arrow-

heads). These fi ndings are representative of the 
 collar sign . The patient’s CT fi ndings of a left 
diaphragmatic rupture were confi rmed at 
surgery

     

   

a b

  

    A 25-year-old who suffered a motor vehicle 
collision: CT images demonstrate a linear band 
of hypoattenuation through the liver, the  band 
sign  (images A and B, dashed line). Once again, 
we see abdominal organs located within the left 
pleural space (image A, circle) and the  dependent 
viscera sign  (image A, arrow). Abdominal con-
tents are located  above the level of the diaphragm  

(image B, arrowheads). The patient’s CT fi ndings 
of bilateral diaphragmatic rupture were con-
fi rmed at surgery. Bilateral diaphragmatic injury 
can occur in 5–8 % of cases of blunt trauma with 
diaphragmatic injury. Consequently, a careful 
inspection of the contralateral hemidiaphragm 
should be pursued once a diaphragmatic injury is 
found
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a b

  

    A 33-year-old in motor vehicle collision: 
Axial CT images demonstrate the  dangling dia-
phragm sign  as evidenced by the inward curling 
of the diaphragm from its normal course (images 

A and B, arrows). Additionally, there is  thicken-
ing  of the injured diaphragm (images A and B, 
arrows). The  collar sign  is also present (images A 
and B, arrowheads)

   

c d

  

    A 33-year-old in motor vehicle collision: The 
topogram demonstrates apparent elevation of the 
left hemidiaphragm (image C, dashed line). The 
coronal CT reformations confi rm  elevated 

abdominal organs  within the left thorax ≥4 cm 
above the level of the level of the right diaphrag-
matic dome (image D, dashed line). 
Diaphragmatic rupture was confi rmed at surgery
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a b

  

    A 47-year-old man stabbed in the left fl ank: 
Axial CT images demonstrate  contiguous injuries 
above and below the diaphragm  which raise the 
suspicion of diaphragmatic injury. There is a left 

hemothorax (image A, arrow), hemoretroperito-
neum with blood tracking along the gastrosplenic 
ligament (image B, arrow), and a focus of free gas 
abutting the spleen (image A, arrowhead)

   

a b

  

    A 34-year-old man with gunshot wound to the 
right chest: Axial CT images demonstrate a pul-
monary contusion (image B, circle), hemothorax 

(image A, arrow), and hepatic laceration (image 
A, arrowhead).  Contiguous injury  on both sides 
of the diaphragm suggests diaphragmatic injury
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    A 34-year-old man with gunshot wound to the 
right chest: Multiplanar reconstruction demon-
strates the  wound tract  (image C, dashed line) 
traversing the right hemidiaphragm with injuries 

on both sides of the diaphragm. This case illus-
trates the value of coronal images to fi nd the 
wound tract. The patient’s diaphragmatic injury 
was confi rmed at surgery

   

a b c

  

    A 21-year-old man with gunshot wound to the 
right chest: Axial CT image shows a liver laceration 
with active extravasation of contrast (image A, 
arrow) and an associated subcapsular hematoma. 
Axial lung windows demonstrate a pulmonary con-

tusion (image A, arrowhead) and trace pneumotho-
rax. Illustrative  wound tracts  of metallic shot pellets 
traverse the right hemidiaphragm. No diaphrag-
matic discontinuities are seen on CT, but these fi nd-
ings are consistent with diaphragm laceration
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    A 21-year-old man with gunshot wound to the 
right chest: Once again we see the benefi t of 
multiplanar reformations. Coronal images show 
that the  wound tract  (dashed line) courses 
through the right hemidiaphragm.  Contiguous 
injury  above and below the right hemidiaphragm 

was also demonstrated as lung injury from the 
bullet tract can be seen above the diaphragm 
(arrow) and active extravasation within the liver 
is seen along the path of the shot (arrowhead). 
Right diaphragmatic injury was confi rmed at 
surgery

   

a

c d

b
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    A 28-year-old man with a gunshot wound to 
the left upper quadrant: Axial images demon-
strate pulmonary contusion. The  bullet tract  
(images A and B, dashed line) traverses the left 
hemithorax and left upper quadrant. The  wound 
tract  (image C, dashed line) also courses inferi-
orly through the abdomen, and there is evidence 

of hemoperitoneum (arrowhead).  Contiguous 
injuries  above and below the diaphragm are con-
cerning for diaphragmatic injury. Sagittal refor-
mations show the  wound tract  (image D, dashed 
line) coursing from above the diaphragm into the 
abdomen. Left diaphragmatic injury was con-
fi rmed at surgery

     

    GSW with tract through the upper abdomen; 
image shows active extravasation from hepatic 

laceration (arrow) and below the left hemidia-
phragm (arrowhead)

     

    MVC with large right diaphragmatic defect, 
herniation of the liver into the left thorax, band, 
and collar signs      
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