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Abstract
Blunt diaphragmatic lesions (BDL) are uncommon in
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trauma patients, but they should be promptly recog-
nized as a delayed diagnosis increases morbidity and
mortality. It is well known that BDL are often overlooked
at initial imaging, mainly because of distracting injuries
to other organs. Sonography may directly depict BDL
only in @ minor number of cases. Chest X-ray has low
sensitivity in detecting BDL and lesions can be reliably
suspected only in case of intra-thoracic herniation of
abdominal viscera. Thanks to its wide availability, time-
effectiveness and spatial resolution, multi-detector
computed tomography (CT) is the imaging modality of
choice for diagnosing BDL; several direct and indirect
CT signs are associated with BDL. Given its high tissue
contrast resolution, magnetic resonance imaging can
accurately depict BDL, but its use in an emergency
setting is limited because of longer acquisition times
and need for patient’s collaboration.
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Computed tomography
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Core tip: Blunt diaphragmatic lesions (BDL) are unco-
mmon, but they should be promptly recognized as a
delayed diagnosis increases morbidity and mortality. We
herein discuss multi-modality imaging findings in BDL
and possible pitfalls in order to help the radiologist in
this sometimes-difficult diagnosis.
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INTRODUCTION

Blunt diaphragmatic lesions (BDL) represent a relatively
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Figure 1 Physiological weakness points of the diaphragm. This volume-
rendering reconstruction shows the most common sites of diaphragm rupture,
which are located in the postero-lateral area (red circles) and in the antero-
medial area (green circles) of each hemidiaphragm. Blunt diaphragmatic lesions
usually show radial course (dotted lines).

uncommon event, with estimated prevalence of 0.2%-7%
in patients admitted to an Emergency Department (ED)
because of blunt trauma!*™!, Although BDL are rarely life-
threatening by themselves in the acute phase, patients
suffering from BDL show high mortality rates, ranging
from 5% to 50%, because of associated abdominal,
thoracic and brain injuries™®. Every diaphragmatic lesion
should undergo surgical reparation as soon as possible
in order to prevent further complications, like intestinal
obstruction or respiratory distress, and to improve patient
outcome”’. Despite the need for an early diagnosis, BDL
remain undiagnosed at initial imaging in 7%-66% of the
cases®*®, mainly because of the presence of distract-
ing injuries. The aim of our work is to review imaging
findings and possible pitfalls in patients with BDL in order
to improve correct diagnosis rates.

Anatomical background and traumatic mechanisms

The diaphragm represents the anatomical landmark
between thoracic and abdominal cavities and serves
as the main muscle for respiration. Bilaterally, the dia-
phragm is composed by three main muscular groups,
originating from the lumbar vertebrae, from the inferior
border of the ribs and from the sternum, that converge
into a thin strong central tendinous sheet. Bilaterally, in
the sites where these muscular groups converge, the so-
called lumbo-costal triangles and sterno-costal triangles,
muscular fibers are replaced by thin areolar tissue, which
constitutes a physiological weakness point. Moreover, the
posterolateral area of each hemidiaphragm represents a
weakness point also being the site where, during the 8"
gestational week, the pleuroperitoneal membranes join
with the septum trasversum to close the pleuroperitoneal
hiatus.

BDL are usually the consequence of high-energy blunt
abdominal traumas that determine a sudden increase
in abdominal pressure™, and motor-vehicle collisions
represent the most common mechanism of injury. Abdo-
minal pressure is transmitted to the diaphragm that may
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crack in its physiological weakness points. Less common
traumatic mechanisms are represented by high-
energy lateral impacts that cause chest wall distortion
and subsequent diaphragm shearing, and by direct
lacerations from fractured ribs.

In the majority of cases BDL show a radial course,
starting from the postero-lateral areas of the diaphragm
and extending towards the central ones (Figure 1) for at
least 10 cm™?., The breakage flaps usually remain close
to each other during the early post-traumatic stages,
but afterwards they tend to move away because of
the difference between the positive intra-abdominal
pressure and the negative pleural space one that causes
intra-thoracic visceral herniation.

Left BDL are significantly more frequent than right
ones (2:1-7:1 ratios), probably because of the protective
effect of the liver on the right hemidiaphragm and of a
relative weakness of the left hemidiaphragm itself. This
difference might also be the consequence of a bias in
patient selection: Indeed, right BDL remain undiagnosed
at initial imaging with a significantly higher prevalence
than left ones!*”,

Clinical presentation, diagnosis and treatment

BDL are often asymptomatic in their acute phase, but
rarely occur as isolated injuries, as other life-threatening
lesions are associated in 50%-100% of cases. Splenic,
hepatic and renal injuries are the most commonly
associated abdominal lesions, whereas hemothorax,
pneumothorax and rib fractures are the most frequent
thoracic ones.

Intra-thoracic herniation of abdominal viscera re-
presents a near-invariable consequence of BDL, which
may manifest from few seconds to many months after
trauma. Intra-thoracic viscera herniation also represents
the premise for further complications like intestinal incar-
ceration, strangulation and occlusion, but also respiratory
insufficiency.

Being a clinical diagnosis of BDL virtually impossible,
imaging plays a central role for this goal. However; it is
well known that BDL often remains unrecognized at initial
imaging, mainly because of the presence of distracting
injuries, and may become manifest only later because
of complications™*, Delayed presentation is associated
with increased morbidity and mortality!>*®.

Treatment of BDL implicates laparotomy in the
majority of the cases, whereas laparoscopy and thora-
cotomy are less frequently performed™®. Laparotomy
is preferred in hemodynamically unstable patients and
in patients with associated intra-abdominal injuries!*!,
First of all the surgeon must carefully examine both
hemidiaphragms and, in case of intra-thoracic viscera
herniation, he must reposition the herniated viscera into
the abdominal cavity. The diaphragmatic rupture can
then be repaired by means of interrupted or continuous
non-absorbable sutures and, finally, a chest tube should
be placed in the affected pleural cavity. In case of large
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Figure 2 Chest X-ray findings in blunt diaphragmatic lesions. This antero-
posterior chest X-ray shows viscera herniation in the thoracic cavity (circle) in
association with costophrenic sulcus obliteration and distorted diaphragmatic
profile.

diaphragmatic rupture a prosthetic patch can be used for
closing the gap.

IMAGING OF BDL

Chest X-ray

Chest X-ray (CXR) is performed directly in the shock
room in the majority of patients admitted to the ED
because of blunt trauma”’. Given the acute setting and
the general conditions of the patients, CXR is usually
performed by means of a single antero-posterior pro-
jection with the patient lying supine.

CXR has an unsatisfactory accuracy in detecting
BDL; indeed, it may appear normal or it may show only
nonspecific changes in 20%-50% of the patients aff-
ected by diaphragmatic rupture!®?!, The only direct
sign of BDL at chest radiogram is represented by the
visualization of herniated bowel loops into the thoracic
cavity (Figure 2). Bowel loops herniation may be app-
reciated directly or indirectly, because of nasogastric tube
apex dislocation.

Some indirect signs might also be present, suggesting
the possibility of BDL, but their sensitivity is extremely
variable and their specificity is usually unsatisfactory. For
example, hemidiaphragm elevation is strongly associated
with BDL and previously published studies reported
diagnostic accuracies of about 60%*?, but its specificity
is extremely low, being often present in patients suffer-
ing from thoracic trauma. Other low-specificity signs
associated with BDL are costophrenic sulcus obliteration
and distorted diaphragmatic profile. In any case, the
comparison with pre-trauma scans, whenever available,
may increase the diagnostic performance by highlighting
eventual post-traumatic changes.

Ultrasound

Sonography, usually in the form of fast scan, represents
the first line imaging modality performed in the majo-
rity of blunt trauma patients admitted to the ED. At
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Figure 3 Sonographic findings in blunt diaphragmatic lesions. This
transversal ultrasound scan directly shows the ruptured right hemidiaphragm
(arrows) surrounded by thickened diaphragm edges (arrowheads). A good
acoustic window is present due to a large pleural effusion (a).

sonography the diaphragm can be recognized as a
curved hyperechoic structure, with a homogeneous
thickness, dividing the abdominal cavity from the thoracic
one.

If a good thoracic acoustic window is present (i.e.,
in case of large pleural effusions), in patients with large
diaphragmatic ruptures ultrasound may directly depict
the lesion as a focal interruption of the hyperechoic
diaphragmatic line (Figure 3). Floating diaphragm edges
and intra-thoracic visceral herniation may also be ob-
served®?, On the other hand, small diaphragmatic
lesions can be hardly identified and the interpretation of
diaphragmatic thickenings remains extremely debated.

Besides the direct visualization of the rupture, some
indirect sonographic signs have also been associated
with BDL. The impossibility of visualizing one or more
hypochondriac organs or the heart without any particular
technical factor able to explain it (the so-called “Rip’s
absent organ sign”®") in a patient admitted to the ED
because of a severe blunt abdominal trauma, as well
as the hypomobility of one hemidiaphragm in compari-
son to the other, should raise the suspicion of BDL. In
these cases, further examinations, and in particular
the performance of a contrast-enhanced multidetector
computed tomography (MDCT) scan, are mandatory.

MDCT

MDCT has nowadays become the imaging modality of
choice in trauma patients and also for diagnosing BDL.
Indeed, thanks to the technological developments that
lead to the introduction of multidetector scanners in the
clinical practice, CT offers high accuracy (61%-87%
sensitivity and 72%-100% specificity) in diagnosing
BDL™!, CT scans should be acquired with the patient
lying supine on the table, with the hands over its head
whenever possible; otherwise, the arms should be bent
over a pillow on his abdomen in order to reduce beam
hardening artifacts. The acquisition should be as fast as
possible in order to prevent motion artifacts™”’. Contrast
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Figure 4 Computed tomography findings in blunt diaphragmatic lesions - segmental defect. These 3 mm thick axial (A) and coronal (B) multiplanar
reconstructions show a segmental diaphragmatic defect (arrows) surrounded by diaphragmatic thickening that indicates muscle retraction (arrowheads).

Figure 5 Computed tomography findings in blunt diaphragmatic lesions - diaphragm non-visualization. These 3 mm thick axial (A) and coronal (B) multiplanar
reconstructions show a lack of diaphragm visualization, without the clear demonstration of a tear (arrows), associated with intra-thoracic viscera herniation (a).

material administration increases the conspicuity be-
tween different anatomical structures and, therefore,
it is useful in order to better delimitate the diaphragm.
Moreover, the evaluation of multiplanar reconstructions
on sagittal and coronal planes increases CT accuracy in
BDL detection™®**,

CT often allows to directly depict diaphragmatic
lesions as segmental defects; other direct signs of BDI
are diaphragm non-visualization, dangling diaphragm
sign and diaphragm thickening. Many different indirect
signs have also been associated with BDL, i.e., intra-
thoracic viscera herniation, dependent viscera sign,
collar sign and hump and band sign.

A segmental diaphragmatic defect (Figure 4) re-
presents the most commonly encountered sign of BDL,
with sensitivity values up to 95.7% in the most recent
Literature®®, The defect can be better appreciated on
multiplanar reconstructions performed perpendicular
to the tear than on axial images™". In the majority of
the cases, the defect is delimited by slightly thickened
diaphragmatic edges, as a consequence of edema,
intramuscular hematoma and muscle retraction. Att-
ention must be paid to physiological diaphragmatic
defects, which may be observed in up to 11% of healthy
population, with a prevalence that increases with age®”':
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In these cases, no edge thickening is observed. In
case of large diaphragmatic lesions, partial or complete
diaphragm non-visualization (Figure 5) represents
a relatively frequent event and it is almost always
associated with intra-thoracic viscera herniation. The
retracted diaphragm may be sometimes recognized at its
bone insertion. The sensitivity of this sign is not as high
as that of a simple diaphragmatic defect, but its specificity
approaches 100%. Intra-thoracic viscera herniation
(Figure 6) represents the direct consequence of the
difference between intra-abdominal and intra-thoracic
pressure, which brings the abdominal organs to hemniate
in the thoracic cavity if a large-enough diaphragmatic
lesion is present. Viscera herniation is more common
on the left than on the right side, because of the lack of
the protective effect of the liver. Herniation probability
increases parallel to tear extension. Intrapericardial
herniation represents a rare but potentially fatal event!.,

Diaphragm thickening (Figure 7) is usually present
in association with other signs of diaphragm rupture,
but it may also be the only finding of small BDL. In high-
energy blunt traumas, diaphragm thickness should
be always accurately compared with the contralateral
side in order to rule out a lesion. Diaphragm thickening
may be the consequence of muscular edema or
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Figure 6 Computed tomography findings in blunt diaphragmatic lesions - intrathoracic viscera herniation. These 3 mm thick coronal (A) and sagittal (B)
multiplanar reconstructions show intrathoracic herniation of abdominal organs and fat (a). This finding is often associated with diaphragm non-visualization or with

large diaphragmatic defects.

Figure 7 Computed tomography findings in blunt diaphragmatic lesions - diaphragm thickening. These 3 mm thick coronal (A) and sagittal (B) multiplanar
reconstructions show an abnormally thickened left hemidiaphragm (arrows), highly suspicious for blunt diaphragmatic lesions in a patients with multiple ribs fractures

and pneumothorax.

Figure 8 Computed tomography findings in blunt diaphragmatic lesions
- dangling diaphragm sign. This 3 mm thick multiplanar axial reconstruction
shows the free edges of a torn diaphragm as “comma-shaped” structures
(arrows) which curl inward, toward the center of the abdomen. This alteration
represents the so-called “dangling diaphragm sign”.

hematoma, but it may also be the indicator of a still-
closed diaphragmatic tear; therefore, this finding should
be always highlighted in the radiological report and, in
case of patients without any other indication for surgical
exploration, it must be strictly followed-up by means of CT.
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Anyway, some variability in diaphragmatic thickness may
be physiological™?.

The dangling diaphragm sign (Figure 8) was first
described by Desser et al”* in 2010 as the visualization
of the free edges of the torn diaphragm as comma-
shaped structures, which curl inward, toward the center
of the abdomen. It is usually associated with a segmental
diaphragmatic defect and diaphragm thickening. The
dangling diaphragm sign may be observed in only about
50% of the patients with BDL, but its specificity reaches
980/0[26,30,33].

The dependent viscera sign®*" (Figure 9) (also re-
ferred to as sinus cutoff sign®>) was first described by
Bergin et al®* in 2001 and is represented by an ano-
malous contact between abdominal viscera and posterior
chest wall, without the physiological lung parenchyma
interposition. It is the consequence of the loss of the
diaphragmatic support to the abdominal organs that,
therefore, in the supine position tend to lie dorsally.
It was particularly useful for BDL detection in the pre-
multiplanar reconstructions era.

The collar sign (also referred to as hourglass sign)
(Figure 10) is represented by a “waist-like” constriction
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Figure 9 Computed tomography findings in blunt diaphragmatic lesions - dependent viscera sign. These 3 mm thick multiplanar axial (A) and coronal (B)
reconstructions show the spleen (arrows) and the stomach (a) lying on the posterior chest wall, without lung parenchyma interposition. This alteration represents the

so-called “dependent viscera sign”.

Figure 10 Computed tomography findings in blunt diaphragmatic lesions - collar sign. These 3 mm thick multiplanar coronal reconstructions (2 different
patients, A and B) show intrathoracic herniation of the stomach (A, “a”) and of the right colic flexure (B, “a”). In both cases the herniated material shows a hourglass
shape as a consequence of the compression exerted on it by the ruptured diaphragm edges (arrows).

of the herniated viscera at the point of diaphragmatic
discontinuity and is typically observed in case of left
diaphragmatic lesions with gastric herniation. The hump
and band sign (Figure 11) is similar to the collar sign
and refers to the shape of the herniated liver in case
of right BDL. The hump shape is due to the squeezing
of the herniated liver above the diaphragmatic defect,
whereas the hypoattenuating band is thought to be the
consequence of local liver parenchyma hypoperfusion
because of diaphragmatic compression. It is best app-
reciated on sagittal and coronal reconstructions.

The radiologist must pay particular attention to the
above-mentioned signs in patients with parenchymal
organs lesions, rib fractures, pleural effusion, hemo-
thorax or hemoperitoneum.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) warrants higher tissue
contrast resolution than CT and enables to clearly depict
the diaphragm (Figure 12), but its use in an emergency
setting is limited by the longer acquisition times and by
the need for patient collaboration. Moreover, the original
advantage of MRI in comparison with CT in diagnosing
BDL, i.e., its multiplanarity, has been overwhelmed by

Baishidenge ~ WIR | www.wjgnet.com

824

the development of multidetector CT scanners. There-
fore, nowadays MRI should be considered a second
level investigation reserved to hemodynamically stable
patients with inconclusive findings at CT"®,

In order to better evaluate the hemidiaphragms,
MRI sequences should be acquired using cardiac and
respiratory gating. The examination can be simply
based on spin-echo T1l-weighted sequences, acquired
on the axial, sagittal and coronal planes, in which the
normal diaphragm appears as a continuous hypoin-
tense band surrounded by hyperintense abdominal and
subpleural fat™. In this setting, diaphragmatic discon-
tinuities as well as the other findings described for CT
may be accurately recognized”®**. Gradient-echo T1-
weighted sequences represent an alternative to SE ones
because of faster acquisition times, but chemical shift
artifacts may limit their value.

PITFALLS IN BDL EVALUATION

False negative cases

Slight alterations, like slight diaphragmatic thickenings
(Figure 13) or small diaphragmatic defects, may often
remain undiagnosed at initial imaging, especially if major
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Figure 11 Computed tomography findings in blunt diaphragmatic lesions - hump and band sign. These 3 mm thick multiplanar axial (A) and coronal (B)
reconstructions show a hypodense band that crosses the liver parenchyma in the site where it crosses the ruptured diaphragm (arrows), whereas the liver dome
expands above it. This alteration represents the so-called “hump and band sign” (a).

Figure 12 Magnetic resonance imaging apperarance of the diaphragm.
This TSE T2-weighted sagittal image shows the left hemidiaphragm as an
uniformly thin intermediate signal intensity band (arrows) between lung
parenchyma and intra-abdominal fat.

distracting injuries are present, and may manifest only
later because of complications. In the matter of facts, the
presence of severe thoraco-abdominal injuries should
point the radiologist’s attention to the diaphragm.

BDL diagnosis may be more difficult in patients
receiving mechanical ventilation, in particular if positive
pressures are adopted™”. Indeed, mechanical ventilation
reduces the difference between intra-abdominal and
intra-thoracic pressure, preventing abdominal viscera
herniation (Figure 14) and reducing lesion conspicuity.

False positive cases

Eventration (Figure 15) may involve an entire hemi-
diaphragm or only a part of it. In both cases muscle
continuity must be clearly recognizable and no abnormal
diaphragmatic thickenings must be observed; on the
other hand, in case of eventration the involved dia-
phragm is usually uniformly thinned.

Congenital hernias (Figure 16) are usually located
in the same areas where traumatic lesions occur and,
therefore, the differential diagnosis may be particularly
challenging. However, congenital hernias are usually not
associated with diaphragm thickening.
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Figure 13 False negative case of blunt diaphragmatic lesions. Three
millimeters thick axial CT images of the same patient, acquired after a
precipitation trauma (A) and two years later (B). Thickening of the antero-medial
part of the left hemidiaphragm (A, arrows) was overlooked at the first CT scan,
performed after a precipitation trauma. Two years later, a CT scan performed
because of epigastric pain showed intra-thoracic viscera herniation (B, “a”) as a
consequence of diaphragmatic rupture. CT: Computed tomography.

CONCLUSION

In the era of multidetector CT and of high quality
multiplanar reconstructions, the diagnosis of BDL
should be no more overlooked by radiologists working
in an emergency setting. Appropriate knowledge of the
common and less common signs of BDL and careful
evaluation of the diaphragm in patients with blunt trauma
should enable a timely and accurate diagnosis.
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Figure 14 Effects of mechanical ventilation on blunt diaphragmatic lesions. The antero-posterior chest X-ray, performed immediately after intubation and left
pneumothorax drainage (A) in a patient admitted to the ED because of severe motorbike accident, showed a double left diaphragmatic profile (circle), suspicious
for BDI. The finding was not confirmed at the subsequent CT, performed after the beginning of positive-pressure ventilation, and also the CXR performed 2 d later,
after pleural drainage removal (B) did not show any diaphragm alteration. Three days later, after estubation, the patient suffered respiratory insufficiency and left

pleural drainage was replaced in the suspicion of relapsing pneumothorax; subsequent CXR (C) clearly demonstrated the presence of BDI with intra-thoracic gastric
herniation (circle). BDI: Blunt diaphragmatic lesions; CXR: Chest X-ray; CT: Computed tomography; ED: Emergency Department.

Figure 15 Diaphragm eventration. A and B: Eventration may mimick blunt diaphragmatic lesions. In case of eventration diaphragm continuity (arrows) must always
be recongnizable and no abrupt thickness changes should be observed.

Figure 16 Congenital diaphragmatic hernia. CXR (A) and CT scan (B) of a 3-mo-old patient with congenital left diaphragmatic hernia (a). The diaphragmatic edges
are not thickened (arrows). CXR: Chest X-ray; CT. Computed tomography.
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