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vast majority of the cases of DI are due to blunt trauma [2, 
3]. Blunt diaphragmatic injury (BDI) is estimated to occur 
in up to 5 % of trauma patients admitted to hospital [3]. In 
contrast, penetrating injuries, most commonly due to gun-
shot wounds (GSW), account for the majority of the trau-
matic diaphragmatic injuries in the United States [4]. The 
incidence of diaphragmatic injury in penetrating trauma is 
estimated at 10–15 % [5].

Unfortunately, diaphragmatic injury is an easily missed 
diagnosis. Currently, the lion’s share of patients with 
blunt trauma are managed using a conservative approach. 
There is also a growing trend toward conservative man-
agement of patients with penetrating injuries who have 
normal vital signs and no clinical indication for surgery. 
However, when a conservative approach is chosen, it is 
estimated that blunt diaphragmatic injury remains undiag-
nosed at initial presentation in 7–66 % of cases [6]. For 
penetrating DI, one study estimated that 7 % of cases can 
be occult [7].

There are multiple explanations for the suboptimal 
detection rate of diaphragmatic injury. There is an overall 
lack of awareness by clinicians and radiologists regarding 
this uncommon condition. No specific clinical signs of DI 
are known. In addition, diaphragmatic injury usually occurs 
in polytrauma patients and its presentation can be over-
shadowed by associated injuries, which have been reported 
in 52–100 % of patients in different series [8, 9].

From an imaging standpoint, the diagnosis of diaphrag-
matic injury can be challenging. Multiple signs have been 
described in the imaging literature. However, in a signifi-
cant proportion of cases, the diaphragmatic defect cannot 
be directly visualized and the radiologist has to rely on a 
combination of indirect signs. Furthermore, the defects in 
penetrating diaphragmatic injury are notoriously difficult to 
detect due to their small size (1–2 cm).

Abstract  Diaphragmatic injury is an uncommon trau-
matic condition. It can be easily missed due to a lack of 
awareness by both clinicians and radiologists. A high index 
of suspicion is required for the establishment of an early 
diagnosis and prevention of life-threatening complica-
tions. Multidetector computed tomography (MDCT) is 
the modality of choice for the detection of diaphragmatic 
injury. In this review article, we illustrate the MDCT 
appearance of blunt and penetrating diaphragmatic inju-
ries and emphasize the role of the emergency radiologist in 
detecting these entities.
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Introduction

Diaphragmatic injury (DI) was first reported by Sennertus 
in 1591. He described autopsy findings of gastric herniation 
through a diaphragmatic defect caused by a self-inflicted 
stab wound [1]. Today, diaphragmatic injury remains an 
uncommon traumatic condition. In Europe and Canada, the 
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Unfortunately, diaphragmatic injury does not heal spon-
taneously. A negative pleuroperitoneal gradient and contin-
uous diaphragmatic motion prevent healing of the lesion. 
Positive-pressure ventilation eradicates this gradient while 
the patient is intubated but with extubation after improve-
ment of the patient’s clinical status, herniation of abdomi-
nal organs into the thoracic cavity can develop. Eventually, 
small untreated diaphragmatic tears may increase in size 
and present symptomatically, sometimes years later [10]. 
Untreated patients can develop complications related to 
herniation. The stomach, colon, omentum and spleen are 
the most common herniated structures when the patient 
has a left-sided DI while the liver can herniate in cases of 
right-sided injury [6]. Herniated organs are at risk of incar-
ceration and ischemia with the potential for subsequent 
perforation.

Chest radiographs have poor accuracy for the detection 
of diaphragmatic injury. Correct preoperative diagnosis of 
DI was made on preoperative chest radiographs in only 39–
65 % of patients [3, 9, 11]. The results are worse in cases 
of injury to the right hemidiaphragm. Presently, multidetec-
tor computed tomography (MDCT) is the mainstay in the 
assessment of trauma patients. 64-section or higher MDCT 
scanners are able to acquire near-isotropic data sets. Mul-
tiplanar reformations (MPR) can be easily and quickly 
created on workstations. The advantages of MDCT make 
it ideally suited for the evaluation of the diaphragm and 
provide hope for a solution to the diagnostic conundrum of 
diaphragmatic injury.

Approach to the patient with suspected diaphragmatic 
injury

The detection of diaphragmatic injury requires a high index 
of suspicion. Clinical information regarding the mecha-
nism of injury is of paramount importance. Injury of the 
diaphragm should be considered when there has been a 
trauma with significant force. Car accidents are the most 
common cause of blunt diaphragmatic injury (90  %) [3, 
6, 12]. Occasionally, a fall from height or crushing blow 
can result in DI. The forces from impact lead to increased 
intraabdominal pressure with subsequent rupture of the 
diaphragm. Avulsion of the attachments of the diaphragm 
after a lateral blow to the chest wall and direct injury of 
the diaphragm by fractured ribs have also been proposed 
as mechanisms of injury [9]. Blunt diaphragmatic injury 
occurs more often on the left side due to congenital weak-
ness of the posterolateral area of the left hemidiaphragm 
and the protective effect of the liver on the right side. In 
addition, the steering wheel is located on the left side in the 
majority of countries, resulting in more left-sided injuries 
related to impact from the steering wheel. However, it is 

possible that right-sided injuries are underreported due to 
more subtle imaging findings and higher initial mortality 
related to associated injuries. Left-sided tears have been 
reported in 56–86  % of cases [8, 9], in comparison with 
right-sided injuries which are estimated to occur in 11–
39 % of cases. Bilateral tears are uncommon and appear in 
2.4–13 % of cases [9]. Large tears (more than 10 cm) are 
usually observed in BDI. Immediate herniation of abdomi-
nal organs into the thoracic cavity occurs in many cases of 
blunt diaphragmatic injury due to the typically large size 
of the defect. The presence of herniation helps identify the 
location of the diaphragmatic rent.

On the contrary to cases of blunt diaphragmatic injury, 
penetrating trauma causes DI by direct laceration. The 
resulting diaphragmatic rents are typically small. There-
fore, the majority of patients with penetrating diaphrag-
matic injury do not develop immediate complications 
related to herniation of abdominal organs [14, 15]. The her-
niation usually develops later if the diaphragmatic injury is 
missed during the initial assessment. Penetrating DI often 
occurs (42  %) in patients with wounds in the thoracoab-
dominal area defined by the nipple line superiorly and the 
costal margin inferiorly [4]. There is no predilection for a 
particular side in GSWs. Stab wounds usually penetrate 
the left hemidiaphragm due to the predominance of right-
handed attackers.

Despite its low sensitivity, chest radiographs can have 
a useful role in the initial imaging evaluation of patients 
with suspected diaphragmatic injury. Chest radiographs are 
routinely obtained on trauma patients during their initial 
triage. There is a proportion of patients who are too hemo-
dynamically unstable to undergo CT and are immediately 
taken for life-saving surgery. However, these patients usu-
ally still have radiographs before surgery. Careful inspec-
tion of the radiographs can demonstrate signs highly suspi-
cious for DI. They include the presence of gas-containing 
hollow viscera within the thoracic cavity and an abnormal 
course of the nasogastric tube with its distal end project-
ing above the diaphragm [16]. Moreover, a high position 
of a hemidiaphragm in comparison to the contralateral side 
(more than 6  cm) should alert imagers to the possibility 
of diaphragmatic injury. Nonetheless, most patients with 
DI show nonspecific signs on chest radiographs including 
obliteration of the diaphragmatic contour, mild elevation of 
the injured diaphragm, shift of the mediastinum to the con-
tralateral side, or evidence of additional traumatic thoracic 
injury (pneumothorax, pleural effusion, or rib fractures) 
[6]. Patients with diaphragmatic injury are quite often vic-
tims of severe polytrauma. Therefore, these nonspecific 
findings are frequently attributed to associated thoracic 
injuries. However, when these findings are present, the 
emergency radiologist should raise suspicion for diaphrag-
matic injury and advise the clinicians to carefully inspect 
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the diaphragm during surgery. The interpretation of chest 
radiographs in trauma patients requires significant expertise 
and emphasizes the essential role of the emergency radiolo-
gist embedded in the trauma bay.

Conventional CT had a low sensitivity for detection of 
diaphragmatic injury (ranging 14–61  %) and moderate 
specificity (76–99  %) [12, 17]. The invention of MDCT 
revolutionized trauma imaging and improved imaging 
detection of DI. A recent study demonstrated a sensitivity 
of 77 % and specificity of 98 % for MDCT in the detec-
tion of blunt diaphragmatic injury [18]. Dreizin et al. [19] 
reported a range of sensitivities from 73 to 100  % and a 
range of specificities from 50 to 92  % for the diagno-
sis of penetrating diaphragmatic injury using 64-section 
MDCT. The improved accuracy of MDCT in comparison 
to conventional CT can be explained by the acquisition of 
near-isotropic data sets and widespread use of multiplanar 
reformations. Unfortunately, the results of the clinical tri-
als can be difficult to reproduce in a busy clinical trauma 
practice. Nchimi et al. showed that only 50 % of blunt dia-
phragmatic ruptures had been diagnosed prospectively on 
the admission CT [20]. When the same cases were assessed 
retrospectively, the sensitivity of reviewers ranged from 
56.2 to 87.5  % Diaphragmatic injury remains a challeng-
ing radiological diagnosis requiring the expertise of a 
dedicated emergency radiologist. The visualization of the 
entire diaphragm can be an onerous task. The diaphragm 
may be imperceptible in areas of eventration [18]. The radi-
ologist should carefully assess axial images in addition to 
coronal and sagittal MPRs. Many trauma centres perform 

multiphase studies, scanning the chest in arterial phase 
and the abdomen and pelvis in portal venous and delayed 
phases. This approach provides the radiologist with the 
opportunity to assess the diaphragm for direct and indirect 
signs of diaphragmatic injury in different phases. Multipha-
sic imaging helps to ascertain the trajectory of injury due 
to better visualization of associated bleeding. Some indi-
rect signs like the band sign, described below, are better 
appreciated on coronal multiplanar reformations of images 
obtained in portal venous phase.

MDCT signs of diaphragmatic injury

There are numerous CT signs of diaphragmatic injury. A 
recent review by Desir et  al. listed nineteen signs of BDI 
[6]. The plethora of signs underscores the difficulties faced 
by the radiologist in trying to detect DI. The authors of 
the present review paper practice in leading European 
and North American level-1 trauma centers. We would 
like to focus on the signs that we find useful in our com-
bined experience of more than 50 years of interpretation of 
trauma imaging.

A segmental diaphragmatic defect or discontinuous dia-
phragm is a highly specific but non-sensitive sign of dia-
phragmatic injury. The sign represents an abrupt loss of 
diaphragmatic continuity (Fig. 1). As expected, higher sen-
sitivity (up to 90 %) was shown in cases of blunt diaphrag-
matic injury due to the typically larger size of the defects 
[15]. The sensitivity in penetrating injuries ranged 8–60 % 

Fig. 1   a Axial contrast-enhanced 64-MDCT in a patient with trau-
matic right diaphragmatic injury. There are multiple herniated small 
bowel (white arrowheads) and colonic loops (white arrows). Note the 
“dependent viscera” sign with small bowel loops abutting the poste-
rior ribs. b Coronal reformation in the same patient shows disconti-

nuity of the diaphragm (white arrows) and herniated colonic loops 
(white arrowheads). c Sagittal reformation in the same patient clearly 
demonstrates a diaphragmatic defect (white arrows) and herniated 
bowel loops (white arrowheads)
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[15, 19]. Not surprisingly, the sensitivity of MDCT for 
detection of segmental diaphragmatic defects was higher in 
cases when the left hemidiaphragm was injured. Defects in 
the right hemidiaphragm are more challenging to directly 
visualize due to an inherent lack of contrast between the 
diaphragm and liver [9]. A tear of the left hemidiaphragm 
is usually better appreciated due to the presence of intra-
abdominal and retroperitoneal fat adjacent to the under-
surface of the left hemidiaphragm (Fig. 2). Both hemidia-
phragms should be meticulously scrutinized on coronal and 
sagittal multiplanar reformations (Figs.  1b, 3) and com-
pared with the contralateral side due to the rarity of bilateral 
injuries. Chen et  al. noted a significantly lower incidence 
of diaphragmatic discontinuity in patients with hemothorax 
and suggested that diaphragmatic defects can be masked 
by blood [21]. However, their study was performed using 
4-section MDCT. Therefore, their ability to assess dia-
phragmatic discontinuity on reformatted images was lim-
ited by the presence of stepladder artifacts. The shortened 
acquisition time of 64-section MDCT scanners eliminates 
these artifacts and improves the quality of MPRs.

The specificity of the presence of a segmental defect 
ranges from 90 to 100 % in blunt and penetrating injuries 
[6, 17, 19]. Nevertheless, the presence of a segmental dia-
phragmatic defect alone can be seen in patients with con-
genital hernias and acquired nontraumatic defects (Fig. 4). 

Discontinuity of the posterior diaphragm is an anatomic 
variant described in 11  % of normal patients [22, 23]. 
Nontraumatic defects are typically located between the 
diaphragmatic crura and lateral arcuate ligaments and are 
encountered in elderly patients. Posterior diaphragmatic or 
Bochdalek defects are observed more often on the left side 
at the posterolateral location [6]. Usually, nontraumatic 
defects and congenital hernias have small openings and 
contain peritoneal fat. However, some congenital hernias 
can contain abdominal organs. Painstaking search for addi-
tional signs of diaphragmatic injury facilitates differentia-
tion between traumatic injuries and nontraumatic defects. 
Traumatic diaphragmatic injury will be seen in patients 
with severe polytrauma and multiple associated thoracic 
and abdominal injuries.

The dangling diaphragm sign was described by Desser 
et al. [18]. This sign is documented when the free edge of 
the torn hemidiaphragm curls inward toward the center of 
the body forming a curvilinear soft tissue density. The sign 

Fig. 2   Sagittal reformation of axial contrast-enhanced 64-MDCT 
shows a large left diaphragmatic defect (white arrows) with hernia-
tion of omental fat (white arrowheads) and the stomach (black arrow-
heads)

Fig. 3   a Axial contrast-enhanced 64-MDCT in a patient with a stab 
wound to the left posterolateral chest shows a small diaphragmatic 
defect. b Contrast reformation in the same patient confirms the dia-
phragmatic injury
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is better appreciated on coronal MPRs. Its sensitivity for 
the detection of DI is 54 % and specificity is 98 % [18].

Visualization of abdominal visceral or fat herniation into 
the pleural cavity is an important sign of diaphragmatic 
injury. The most common herniated organ on the right side 
is the liver (Fig. 5). Herniation of the rigid liver requires a 
diaphragmatic defect of sufficient size in addition to rup-
ture of the ligaments that keep the liver in place [9]. On the 
other hand, the hollow viscera and fat found within the left 
upper quadrant (Figs. 6, 7) are more mobile and deformable 

[15]. Therefore, the sensitivity of abdominal herniation on 
MDCT for right-sided blunt DI is 8–50 % versus 42–91 % 
for left-sided injury [6]. As stated above, herniation is not a 
sensitive sign of penetrating diaphragmatic injury. A recent 
study using 64-section MDCT reported sensitivities rang-
ing only 7–13 % [19].

A waistlike constriction of herniated viscera at the 
site of the diaphragmatic rent is called the CT collar sign 
(Figs. 5b, 6b, 8). The constriction can be suspected on axial 
images but is better assessed on coronal and sagittal refor-
mations. The sign has a sensitivity of 63  % and specific-
ity of 100 % for the diagnosis of the blunt diaphragmatic 
injury. The sign is more sensitive for detection of left-sided 
DI (78  %) than right-sided DI (50  %) [24]. The collar 
sign has high specificity (100 %) but very low sensitivity 
(0–7 %) in penetrating injuries [4, 19]. The radiologist has 
to consider that a collar sign can be seen in congenital and 
acquired nontraumatic diaphragmatic hernias and strive to 
corroborate this sign with additional evidence of diaphrag-
matic injury.

The ongoing challenge to detect right-sided injuries 
coupled with advancements in imaging technology, includ-
ing the routine use of multiplanar reformations, led to the 
description of two additional signs of right-sided injury - 
the hump and band signs [9]. It is much easier to assess 
these signs on sagittal and coronal reformations. The hump 
sign is a rounded herniation of hepatic tissue into the tho-
racic cavity (Fig. 5a). The sign can be misinterpreted as a 
high dome of the right hemidiaphragm on axial images. 
Therefore, the evaluation of a trauma CT cannot be con-
sidered complete without a review of the reformations. The 
band sign is a linear area of hypodensity through the liver 
at the level of the torn diaphragm. It has been suggested 

Fig. 4   Axial contrast-enhanced 64-MDCT in a patient after a motor 
vehicle accident shows a nontraumatic defect of the left hemidi-
aphragm. Meticulous review failed to identify any signs of diaphrag-
matic rupture or injury to other organs

Fig. 5   a Coronal reformation 
of axial contrast-enhanced 
64-MDCT shows hepatic herni-
ation due to right hemidiaphrag-
matic rupture. b The diaphrag-
matic defect (white arrows) is 
better appreciated on the sagittal 
reformation. Note the collar 
sign with waistlike constriction 
of the herniated liver
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that the band of low density is created as a result of com-
pression of the liver by the injured diaphragm with subse-
quent hepatic hypoperfusion. The band is almost imper-
ceptible on the axial images due to its in-plane orientation. 
When image acquisition is obtained during multiple phases 
of enhancement, the band is more conspicuous on the por-
tal venous phase. The radiologist should be cautious not 
to misinterpret the band sign as a linear hepatic laceration 
[21].

In healthy subjects, intraabdominal organs are always 
separated from the posterior chest wall by the costophrenic 
sulcus. In patients with DI, the abdominal organs are no 
longer supported posteriorly by the diaphragm. As a result, 
they fall to a dependent position, obliterate the sulcus, and 
abut the posterior ribs. This is referred to as the depend-
ent viscera sign [25]. The sign was originally described 
when the liver abutted the right posterior chest wall (Fig. 9) 

and the stomach and bowel abutted the left posterior ribs 
(Figs. 1a, 10). However, the sign can be documented when 
any intraabdominal organs lie in contact with the posterior 
ribs. The dependent viscera can be appreciated on axial 
images and sagittal reformations. It has a sensitivity of 
90 % and specificity of 100 % in cases of blunt DI [25], but 
is not helpful in cases of penetrating diaphragmatic injury 
due to the small size of the rents. Two recent studies of the 
MDCT performance for the diagnosis of penetrating inju-
ries were not able to detect any cases using this sign [4, 19].

Diaphragmatic thickening can represent retraction of the 
ruptured diaphragm (Fig. 11) or muscular hematoma [26]. 
It can be seen in complete tears requiring surgery as well 
as partial thickness tears. Nchimi et  al. reported that this 
sign was falsely positive in 8/163 patients due to the pres-
ence of associated retroperitoneal hematoma [20]. Hema-
toma tracking from splenic, liver or bowel injuries can also 

Fig. 6   a Coronal reformation 
of axial contrast-enhanced 
64-MDCT shows rupture of 
the left hemidiaphragm with 
herniation of the stomach 
(white arrowheads). b Sagittal 
reformation in the same patient 
demonstrates a collar sign

Fig. 7   a Coronal reformation 
of axial contrast-enhanced 
64-MDCT depicts a large left 
segmental diaphragmatic defect 
(white arrows) with herniation 
of small bowel loops (black 
arrows) and a colonic loop 
(white arrowheads). b Sagittal 
reformation in the same patient 
shows thickening of herniated 
small bowel loops (white arrow-
heads) and colon (white arrows) 
suggesting bowel ischemia
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cause diaphragmatic thickening. Nevertheless, the presence 
of diaphragmatic thickening without associated retroperito-
neal hematoma should be considered suggestive for DI [6, 
20]. The diaphragmatic thickness can be compared with the 
contralateral side. Bodanapally et al. [4] found a sensitivity 
of 48 % and specificity of 70 % for detection of penetrating 

injury. Nchimi et  al. reported a sensitivity of 36.3  % for 
detection of left-sided blunt injury and a sensitivity of 
100 % for right-sided blunt injury [20].

The constant search for new sensitive and specific signs 
of penetrating diaphragmatic injury led to the description 
of a new sign by Bodanapally et al.—the contiguous injury 
sign [4]. When a weapon penetrates the diaphragm, it cre-
ates a contiguous injury on both sides of the diaphragm. 
Of note, the diaphragmatic defect itself can be missed 
in these cases due to its small size. Injuries to organs on 
either side of the diaphragm implies a full-thickness 

Fig. 8   Sagittal reformation of axial contrast-enhanced 64-MDCT 
shows a left hemidiaphragmatic injury with herniation of the stom-
ach. There is marked constriction of the stomach at the site of the dia-
phragmatic rent (white arrows) illustrating the collar sign. The gastric 
herniation causes left basal atelectasis (black arrows)

Fig. 9   Axial contrast-enhanced 64-MDCT in a patient with rupture 
of the right hemidiaphragm shows the “dependent viscera” sign with 
the right lobe of the liver abutting the posterior chest wall (white 
arrows)

Fig. 10   Axial contrast-enhanced 64-MDCT depicts the “depend-
ent viscera” sign due to rupture of the left hemidiaphragm. A colonic 
loop (white arrows) abuts the left posterior chest wall. There is thick-
ening of the wall of the colonic loop related to ischemia

Fig. 11   Axial contrast-enhanced 64-MDCT demonstrates thickening 
of the right hemidiaphragm (black arrowheads) due to rupture. Note 
the abnormal contour of the herniated liver (white arrows)
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transdiaphragmatic injury. This is more applicable to low-
energy knife wounds, as opposed to high-energy gunshot 
wounds, which can cause secondary cavitations without 
direct penetration [4]. The sensitivity of the contiguous 
injury sign is 82–100 % and the specificity is 82–83 % [4, 
19]. A recent study of a large group of patients with dia-
phragmatic injury evaluated with MDCT demonstrated the 
ongoing challenge of prospective identification of DI [15]. 
The interpreting radiologists prospectively identified only 
47 % of the penetrating injuries. However, a retrospective 
review of the same group of patients showed a sensitivity 
of 83  % for detection of diaphragmatic injury using the 
contiguous injury sign. It is possible that the radiologists 
looked for diaphragmatic defects only during their prospec-
tive evaluation and tended to overlook the additional signs 
of injury. As with multiple signs described above, the con-
tiguous injury sign is better appreciated on MPRs.

A rent of the diaphragm disrupts the thoracoabdomi-
nal border and allows free passage of air and fluid from 
the thorax to the abdomen and vice versa. Therefore, the 
simultaneous presence of pneumothorax and pneumop-
eritoneum and/or hemothorax and hemoperitoneum are 
indirect CT signs of diaphragmatic injury [6, 17, 20]. The 
presence of both hemothorax and hemoperitoneum has a 
sensitivity of 50 % and specificity of 90 % for the detec-
tion of blunt diaphragmatic injury [20]. The simultaneous 
presence of blood on either side of the diaphragm should 
be regarded as a marker of severe injury and lead to a 
prompt assessment of the diaphragm as well as a search 
for the more sensitive signs of DI. It can be an onerous 
task because blood may mask segmental diaphragmatic 
defects [17, 18, 27].

Summary

Despite advances in imaging technology, diaphragmatic 
injury is still a challenging condition for prospective radi-
ological interpretation. Particularly with penetrating dia-
phragmatic injuries, direct visualization of a diaphragmatic 
defect can be impossible. Therefore, the radiologist must 
remember to look for indirect signs, such as the presence 
of contiguous injuries on both sides of the diaphragm. The 
radiologist must also pay special attention to multiplanar 
reformations, since many described signs of DI are bet-
ter appreciated on the reformations. 64-section or higher 
MDCT with its high resolution and better quality of multi-
planar reformations is the modality of choice for the evalu-
ation of trauma patients with this often life-threatening 
entity. In interpreting the imaging of a trauma patient, it 
is crucial for the radiologist to enquire about the mecha-
nism of injury and use the various MDCT signs to keep this 
uncommon condition in consideration.
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