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Abstract
Purpose of Review This review describes the current role of
diagnostic and interventional radiology in the management of
solid organ trauma, particularly the role of non-operative
endovascular interventions such as angioembolization (AE).
We will also provide a brief highlight of interventions avail-
able for thoracic trauma.
Recent Findings There has been a paradigm shift over the past
2 decades in the management of solid organ injuries from
surgical management to non-operative management, especial-
ly in cases of minor injuries. Many factors, including the ad-
vances in multidetector contrast enhanced CT (MD-CECT)
imaging, demands of cost-effective healthcare, and innovation
of minimally invasive interventions with lower complication
rates than surgical laparotomy have all contributed to this
shift. Interventional radiology now plays a crucial role in the
management of solid organ trauma, focusing on less invasive
endovascular therapies. In addition, the grading and triaging
of patients with stable solid organ traumatic injuries has be-
come more reliant on MD-CECT findings.
Summary This review article highlights the common imaging
findings, grading systems, and most current management
guidelines for solid organ trauma with a brief highlight of
thoracic trauma.

Keywords Blunt abdominal trauma . Angioembolization .

Interventional radiology . Spleen . Liver . Non-operative
management

Introduction

Trauma is the leading cause of death in the USA for both men
and women under the age of 45 and is the fourth most com-
mon cause of overall mortality for all ages [1]. Blunt abdom-
inal trauma accounts for a large proportion of these mortalities
[1]. The amount of resources needed to care for these patients
as well as the economic burden which trauma places on our
healthcare system are substantial. In fact, trauma accounts for
approximately $80 billion per year in direct medical care costs
[1].

The diagnosis and management of trauma is complex, and
has evolved over the past century. In particular, the manage-
ment of hemodynamically stable patients has changed from
operative to non-operative management [2]. With the techno-
logic advances in imaging, particularly the advent of rapid
acquisition and high spatial resolution MD-CECT, radiology
now plays an ever increasing role in both the diagnosis and
management of solid organ trauma [3]. The solid organs are
very commonly injured during traumatic injuries, and the
most commonly injured solid organs in order from most com-
mon to least common are the spleen, liver, kidneys, and pan-
creas [4]. The American Association for the Surgery of
Trauma (AAST) grading system is based on MD-CECT find-
ings, and therefore the rapid and accurate interpretation of
MD-CECT is essential to patient care [5]. Like many other
disease entities, the complex nature of solid organ trauma
requires a multidisciplinary approach with rapid and effective
communication between all members of the healthcare team.
Because of the recent paradigm shift toward non-operative
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management in stable solid organ trauma, interventional radi-
ology (IR) now plays a major role in the management of these
patients. Image-guided vascular and non-vascular interven-
tions are effective minimally invasive treatment options for
certain select patients which have lowered failure rates for
non-operative management [6••, 7••].

Initial Workup and Imaging Modalities in Solid
Organ Trauma

In most large level 1 trauma centers, an algorithm is used to
triage patients with solid organ trauma. The most widely ac-
cepted algorithms are based upon the hemodynamic status of
the patient [6••, 7••]. If the patient is hemodynamically unsta-
ble or has diffuse peritonitis, the patient typically undergoes
chest X-ray, pelvic X-ray, and focused assessment with sonog-
raphy for trauma (FAST) prior to surgery [8]. The primary use
of the FAST exam is to screen for free intraperitoneal/
retroperitoneal free fluid and/or hemoperitoneum [9]. The
FAST exam is performed in the supine position using a 3.5–
5.0 MHz convex transducer. Four standard views are obtain-
ed: transverse subxiphoid, longitudinal view of the right upper
quadrant, longitudinal view of the left upper quadrant, as well
as transverse and longitudinal views of the suprapubic region
[9]. The minimum amount of free fluid which is able to be
detected on FAST exam is approximately 200 mL [10].

Hemodynamically stable patients will typically undergo
MD-CECT of the chest, abdomen, and pelvis (CAP) using
intravenous contrast (100–150 mL of low or iso-osmolar con-
trast). Imaging is typically performed in the portal venous
phase of contrast enhancement (65–80 s after the start of con-
trast administration) [11•]. If active contrast extravasation or
pseudoaneurysm is identified on the portal venous phase

images, an immediate delayed scan can be obtained to differ-
entiate between contrast extravasation and pseudoaneurysm
(Fig. 1). Abnormal enhancement from a pseudoaneurysm will
typically remain stable in size whereas active extravasation
will increase in density and size on the delayed phase images
[12]. If a patient has hematuria or there is high suspicion for
injury to the renal collecting system and/or ureters, a 5-min
post-contrast delayed imaging should be obtained. In cases of
pelvic fractures, hematuria, suspected bladder, or distal ureter-
al injury, a CT cystogram should be performed. It typically
involves administration of 300–500mL of dilute contrast via a
Foley catheter into the bladder. The extravasation of the con-
trast into the peri-vesicular or peri-urethral tissues help differ-
entiate between intra-peritoneal and extraperitoneal bladder
ruptures as well as localize the site of leakage [13, 14].

Hemoperitoneum

Traumatic solid organ injury is commonly associated with
hemoperitoneum. CT is more accurate than ultrasound in de-
tecting hemoperitoneum and localizing the source of bleeding.
On CT, the attenuation value of free intraperitoneal blood
typically ranges between 30 and 45 HU. In contrast, simple
free fluid has an attenuation value of 0–10 HU. On ultrasound,
acute hemoperitoneum is difficult to distinguish from simple
free fluid as the identification of internal echoes is very oper-
ator and machine dependent. Non-clotted blood tends to grav-
itate to dependent sites such as Morrison’s pouch or the pouch
of Douglas (recto-vesicle pouch in males) and flows freely
between peritoneal recesses. Therefore, the location of the
hemoperitoneum alone does not always correlate with the site
of injury. Localization of the source of hemorrhage is vital for
the management of solid organ trauma.

a b c

Fig. 1 Splenic injuries. a Axial image of a grade II splenic laceration
(black arrow) with contrast extravasation (open arrow) and
hemoperitoneum. b Celiac angiogram demonstrates active extravasation
from a superior branch of the splenic artery (arrow). c Splenic artery

angiogram after distal coil embolization of a superior branch of the
splenic artery demonstrates hemostasis without evidence of further
contrast extravasation
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The source of bleeding is not always conspicuous in cases
of solid organ trauma from the history and physical exam
alone. CT is particularly helpful to localize the site of bleed-
ing. Blood located adjacent to the site of injury tends to be
partially clotted, and is slightly hyperdense (45–70 HU) when
compared to non-clotted blood. This phenomenon termed the
sentinel clot sign is helpful in localizing the source of bleeding
in difficult cases [15]. On-going bleeding can be identified by
active contrast extravasation from MD-CECT images. The
site and extent of active extravasation play a more important
factor in clinical decision making than the actual volume of
hemoperitoneum. A large volume of hemoperitoneum does
not necessitate the need for emergent laparotomy [16]. One
pitfall in evaluating hemoperitoneum comes into play with
anemic patient in whom hemoperitoneum may measure less
than 20 HU. In such patients, it may not be possible to distin-
guish hemoperitoneum from simple fluid [17].

Splenic Injuries

The spleen is the most commonly injured solid abdominal
organ accounting for approximately half of blunt abdominal
injuries [18]. The spleen plays a vital role in immune function,
especially in the defense against encapsulated microorgan-
isms. Patients who undergo splenectomy are at risk for severe
infection and sepsis [19]. Therefore, non-operative manage-
ment has become the standard of care in hemodynamically
stable patients with splenic injuries. Non-operative manage-
ment has a success rate ranging from 80 to 90% [20]. The goal
is to preserve viable splenic function by avoiding splenecto-
my. Management of stable patients is heavily dependent on
CT findings. The AAST developed a grading system for
splenic injuries based on CT findings in 1989 and further
revised it in 1994. This grading system describes splenic lac-
erations and hematomas based on their size and location. A
splenic laceration is a well-defined linear or branching
hypodensity passing through the normally enhancing tissue.
Splenic lacerations are graded based upon their length: grades
I–II for lacerations less than or equal to 3 cm, and grade III for
lacerations greater than 3 cm (Fig. 1). Hematomas can either
be intraparenchymal or subcapsular. A subcapsular hematoma
appears as a crescentic low-density collection of blood be-
tween the splenic capsule and parenchyma. In comparison,
intraparenchymal hematoma is usually a round ill-defined
hypodensity within normal vascularized splenic parenchyma
(Fig. 2). Hematomas are also graded based upon their size.
Grade IV splenic injuries are defined as lacerations extending
into and involving segmental or hilar vessels resulting in
devascularization of greater than 25% of the spleen (Fig. 3).
Grade V injuries are the most severe and encompass shattered
or completely devascularized spleen. Grades IVand V injuries
are associated with high morbidity and mortality [21•]. A

major limitation of the AAST grading system is that active
extravasation and contained-vascular injury such as arteriove-
nous fistula (AVF) and pseudoaneurysm (PSA), are not taken
into account. An algorithm based upon contrast extravasation
that accounts for these abnormalities has been described by
the Canadian Association of Radiologists [22].

Angiographic evaluation and possible embolization is in-
dicated in hemodynamically stable patients with grades IVor
V injuries, active contrast extravasation, vascular injury such
as AVF or PSA, moderate hemoperitoneum, or evidence of
ongoing splenic bleeding [6••]. Successful angioembolization
of the bleeding splenic artery is effective in achieving hemo-
stasis in over 90% of cases of hemorrhagic splenic injury [23].
Another indication which has emerged over the last decade is
proximal embolization of the splenic arterial trunk in hemo-
dynamically stable patients with high grade injuries and no
evidence of hemorrhagic lesion on CT in order to reduce the
risk of secondary splenectomy. It has been shown that proxi-
mal embolization reduces the vascularization pressure within
the spleen allowing traumatic vascular injuries to heal, and
decreasing the splenectomy rate by 18% [24, 25].
Additionally, angioembolization can increase the nonopera-
tive salvage rate in patients with splenic trauma [6••].

During angiographic evaluation, celiac and splenic artery
angiograms should be performed using a Cobra or Simmons
catheter to select the celiac artery. The left gastric artery should
be identified as it is often an important collateral feeder vessel to
the spleen. The findings on the angiogram determine the most
effective technique used for angioembolization. For instance,
coil embolization of the proximal splenic artery is desired for
injuries with on-going active hemorrhage indicated by active
extravasation or intrasplenic contrast blush on the angiogram to
rapidly control hemorrhage. Proximal embolization can also be
performed in hemodynamically stable patients with clinical ev-
idence of on-going bleeding without contrast extravasation on
CT or angiography (Figs. 3 and 4). For proximal embolization,
the splenic artery should be embolized distal to the origin of the

Fig. 2 Splenic injuries. Axial CT image shows a large round hypodensity
compatible with a intraparenchymal splenic hematoma (asterisk)
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dorsal pancreatic artery in order to preserve collateral blood
supply to the spleen. A more distal selective embolization is
warranted (utilizing a coaxial microcatheter system) for PSA or
AVF. For distal embolization, care should be taken to place the
microcatheter as distal as possible before embolization to pre-
serve native arterial supply to the spleen [26–28, 29•]. It is
important to embolize both proximal and distal to the PSA or

AVF to prevent recurrent hemorrhage. Care should be taken not
to deploy coils within an acute traumatic PSA to minimize the
risk of expansion and rupture of the PSA. A meta-analysis
comparing severe complications requiring splenectomy follow-
ing angioembolization showed no statistical difference between
proximal and distal embolization. However, the rate of splenic
infarction not warranting splenectomy was shown to be higher

a b c

Fig. 4 Splenic injuries. a Axial CT image demonstrates an
approximately 5-cm splenic laceration (black arrows) with active
extravasation (open arrow) compatible with grade III splenic injury. b

Celiac angiogram failed to demonstrate contrast extravasation. c DSA
image demonstrates coil embolization of the main splenic artery

a b

c d

Fig. 3 Splenic injuries. a Axial
CT shows multiple lacerations
(black arrows), one that extends
into the splenic hilum compatible
with grade IV splenic injury. b
More superior axial image of the
spleen demonstrates
hemoperitoneum (star) and active
extravasation of contrast (black
arrow). c Celiac angiogram fails
to demonstrate active
extravasation of contrast. d
Splenic artery angiogram status
post proximal coil embolization
of the main splenic artery
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for distal embolization [30]. Proximal embolization is techni-
cally less challenging and less time consuming. Therefore,
proximal embolization is preferred in cases of active hemor-
rhage where time is of the essence [29•]. The utility of follow-
up CT following angiographic intervention is controversial. A
repeat CTmay be considered in high-grade injuries to assess for
delayed complications such as PSA or AVF.

Liver Injuries

The liver is the second most commonly injured organ in blunt
abdominal trauma with an incidence rate of 15–20% [31].
Although hepatic injuries are less common than splenic inju-
ries, hepatic injuries are the most common cause of death in
blunt abdominal [32]. An AAST grading system for hepatic
injuries has been described. Lacerations are the most common
imaging findings in liver trauma and are graded based upon
their depth (less than or equal to 3 cm for grades I–II, and
greater than or equal to 3 cm for grades III–V injuries)
(Fig. 5). Hepatic lacerations appear as well-defined linear or
branching hypodensities within the normally enhancing paren-
chyma. Hematomas can be subcapsular or intraparenchymal,
and are also graded based upon their size. Subcapsular hema-
tomas are well-defined crescenteric collections of hemorrhagic
fluid between the liver capsule and parenchyma. Parenchymal
hematomas usually appear as ill-defined areas of
hypoattenuation within the parenchyma. Grade IV injuries are
defined as parenchymal disruption of 25–75% in a single he-
patic lobe or parenchymal disruption of 1–3 segments (Fig. 6).
Injuries to the retrohepatic IVC or hepatic veins are also cate-
gorized as grade IV injuries. Parenchymal disruption of greater
than 75% in 1 lobe is categorized as a grade V injury. A com-
plete hepatic avulsion is considered a grade VI injury and has a
91.5% mortality rate [21•, 22]. Just as in splenic trauma, active

extravasation and contained vascular injuries are not accounted
for in the current AAST grading system [22]. Hepatic injury
may also lead to retroperitoneal hemorrhage if the injury ex-
tends into the bare area of the liver. The bare area of the liver is
located posteriorly, and is devoid of peritoneal lining [33].

The majority of liver injuries are managed non-surgically
with success rates ranging from 82 to 100% [7••]. Non-
operative management has a high success rate in liver trauma
as mentioned previously; however, complications are relative-
ly common for high-grade injuries. In fact, the complication
rate of grade III injury is 1% but increases to 21% for grade IV
trauma, and to 63% for grade V trauma. Major complications
include hemobilia, bile peritonitis, bilious ascites,
hemoperitoneum, abdominal compartment syndrome, missed
injuries, hepatic abscess, and delayed hemorrhage. Bile leaks
and bilomas are delayed complications that occur in approxi-
mately 3.2% of all hepatic injuries [7••]. On CT scan, they
appear as low attenuating fluid collections with a lower den-
sity than hematoma, and enlarge over time. Hepatobiliary
scintigraphy is an accurate test to detect bilomas and biliary
leaks [34]. These can be managed surgically or with image-
guided percutaneous drainage.

Typical indications for angioembolization include stable
patients with high-grade injury (AAST grade III or greater),
unstable patients following laparotomy and surgical packing
in order to reduce the risk of delayed hemorrhage, cases of
hepatic venous injury, and cases of AVF or PSA. Delayed
vascular complications such as AVF and PSA can be seen in
up to 20% of liver injuries [35]. AVFs appear as dilated tortu-
ous veins with early filling in the arterial phase. PSAs can be
seen as focal contained areas of contrast blush adjacent to
arteries onMD-CECT, and do not enlarge on delayed imaging
in contrast to active extravasation. Angioembolization
has been reported to be up to 83% effective in controlling
bleeding after blunt hepatic injury [7••]. When performing

a b c

Fig. 5 Liver injuries. a Axial CT demonstrates approximately 4-cm
laceration in the left hepatic lobe (black arrow) with associated
hemoperitoneum (black star) and active extravasation of contrast (white
arrow) compatible with grade III liver injury. b Celiac angiogram

demonstrates active a contrast blush from a tertiary branch of the left
hepatic artery. c DSA angiogram status post coil embolization of a
secondary/tertiary branch of the left hepatic artery demonstrates stasis
without further contrast extravasation
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angioembolization of the liver, it is important to first perform a
celiac angiogram carried out through the portal venous phase
to map out the anatomy and ensure normal hepatopetal flow.
Once the abnormality is identified, sub-selective catheteriza-
tion is performed using a coaxial microcatheter system to
embolize proximal and distal to the takeoff of the injured
artery. Typically coils are used for embolization; however,
gelfoam or particles can also be used [36, 37]. All attempts
should be made to identify and avoid embolization of the
cystic artery as non-target embolization of the gallbladder is
a common complication leading to gallbladder necrosis [36].
Contrary to the spleen, infarction of the hepatic parenchyma
after angioembolization is a much less common complication
as the liver has a dual blood supply. There is no consensus
regarding follow-up imaging after embolization; however, it is
generally recommended in high grade injuries to identity de-
layed complications such as AVF, PSA, and biloma.
Hepatobiliary scintigraphy and magnetic resonance imaging/
cholangiopancreatography (MRI/MRCP) can also be per-
formed to delineate biliary leaks.

Kidney Injuries

The kidney is the third most common organ injured in blunt
abdominal trauma occurring in approximately 1–5% of cases.
Hematuria is an accurate predictor of urinary tract injury
[38–40]. An AAST grading system also exists for renal trau-
ma ranging from grades I–V. The AASTclassifies renal injury
based on the type, size, and location of injury on CT. The
types of renal injuries included in the grading system are con-
tusions, hematomas (perirenal and subcapsular), lacerations,
major vascular injury, and avulsion of the renal hilum. A renal
contusion is a characterized as a focal area of decreased en-
hancement within the renal parenchyma. Renal hematomas

can either be subcapsular or perirenal. A subcapsular hemato-
ma appears as a crescentic hemorrhagic collection between the
renal capsule and parenchyma, and depending on the size may
exert mass effect upon the renal parenchyma. A perirenal he-
matoma is a hemorrhagic collection outside of the renal cap-
sule in the perirenal space. A perirenal hematoma is common-
ly associated with a laceration. Renal lacerations are well-
defined linear or branching hypodensities. A grade 1 injury
is classified as a contusion or non-expanding subcapsular he-
matoma. A grade II injury is a non-expanding perirenal hema-
toma confined to the renal retroperitoneum or a laceration
<1 cm. A grade III injury is a laceration >1 cm without injury
to the collection system. A grade IV injury is a laceration
which extends through the cortex, medulla, and collecting
system or injury to the main renal artery or vein with
contained hemorrhage. A grade V injury is a completely
shattered kidney or avulsion of the renal hilum with
devascularization [38–40, 41•].

Renal-collecting system injury should be suspected when
there is perinephric fluid identified measuring 0–20 HU.
Again, when renal injury is suspected, a 5-min delayed scan
should be obtained in addition to the portal venous phase scan
to evaluate for a renal collecting system and/or ureteral injury.
The presence of urinoma is confirmed when there is extrava-
sation of contrast-opacified urine into the perinephric space
[38, 39].

Renal vascular trauma typically manifests as laceration or
thrombosis of the renal artery or its branches leading to infarc-
tion (Fig. 7). An infarct manifests as a peripheral wedge-
shaped area of non-enhancement on MD-CECT images. The
most severe injury involves laceration or thrombosis of
the main renal artery which manifests on CT as non-
enhancement of the entire kidney and rapid cutoff of the main
renal artery at the level of occlusion. CT findings for injury to
the main renal vein include non-enhancement of the renal vein

a b c

Fig. 6 Hepatic injuries. aAxial CT demonstrates a large intraparenchymal
hematoma with an area of focal extravasation (arrow) compatible with a
grade IV hepatic injury. b Right hepatic artery DSA angiogram shows a

small area of active extravasation. cDSA angiogram post coil embolization
of the segment 7 branch of the right hepatic artery demonstrates stasis
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and persistent nephrogram on the affected side [42]. As in
splenic and liver injury, the AAST grading scale for kidney
injury does not account for active extravasation or PSA
(Fig. 8).

The vast majority (75–80%) of renal trauma are minor
injuries (grades I–III) and are managed conservatively.
Unstable patients or grade V injuries typically require emer-
gent surgical management. The goal of non-surgical

management is to avoid a nephrectomy and to preserve renal
function. Rapid diagnosis and treatment of renal trauma is
critical as renal ischemia lasting for more than 3 h can result
in tubular necrosis and permanent renal dysfunction [43].
Angioembolization is indicated in stable patients with AAST
grade III or greater. Distal superselective embolization can be
performed in cases of arterial laceration, AVF, and PSA using
either coils, gelfoam, or particles [44•]. Because the kidneys

a b

c d

Fig. 8 Kidney injuries. a Axial
CT image demonstrates a left
renal laceration measuring
approximately 1.3 cm (black
arrow) with an associated small
perirenal hematoma (asterisk)
compatible with a grade III renal
injury. bAxial CT 10 days later of
the same patient demonstrates a
contained-enhancing focus (black
arrow) in the region of the
laceration compatible with a PSA.
c DSA renal artery angiogram
demonstrates a pseudoaneurysm
(arrow) arising from a superior
pole distal branch of the renal
artery. d DSA renal artery
angiogram post coil embolization
proximal and distal to the PSA
demonstrates no further filling of
the PSA

b ca

Fig. 7 Kindney injuries. a Coronal CT demonstrates a renal laceration
(arrow) that extends to the renal hilumwith non-enhancement (infarction)
of the lower pole of the right kidney compatible with a grade IV injury. b
DSA selective angiogram of an anterior lower pole branch of the right

renal artery demonstrates active extravasation of contrast (arrow). c DSA
right renal angiogram post gelfoam embolization of distal lower pole
anterior branch of the right renal artery shows no evidence of further
contrast extravasation
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are an end organ without collateral supply, care should be
taken to embolize as distal as possible in order to preserve
renal function. A success rate of as high as 93% has been
reported for emergent cases [43]. Another technique imple-
mented by IR in renal trauma is renal stenting. Indications
for renal artery stenting are laceration, dissection, or occlusion
of the main renal artery. In cases of ureteral injury, percutane-
ous nephrostomymay be indicated to direct urinary flow away
from the site of injury, and thus to promote healing [44•].

Pancreatic Injuries

Blunt pancreatic trauma is relatively uncommon, accounting
for less than 2% of all abdominal injuries [45, 46]. Pancreatic
injuries occur most commonly from direct impact to the upper
abdomen which compresses the pancreas against the vertebral
column as in steering wheel and handle bar injuries [47].
Pancreatic injuries occur more commonly in the pediatric pop-
ulation as they have less protective peripancreatic fat. Clinical
signs and symptoms of pancreatic injury are often non-specif-
ic. The classic triad of leukocytosis, elevated amylase, and
upper abdominal pain is rarely encountered [48]. Pancreatic
injuries occur rarely in isolation and are commonly associated
with injuries to other solid abdominal organs. In fact, 90% of
pancreatic injuries involve at least one other organ [45]. The

body of the pancreas is the most common site of pancreatic
injury. In fact, approximately two-thirds of pancreatic trauma
involves the pancreatic body [49].

MD-CECT is used as the initial imaging modality in he-
modynamically stable pancreatic injuries. The sensitivity and
specificity of CT for pancreatic trauma has been reported to be
approximately 80% [50]. CT findings can be subtle, and range
from a small contusion to complete transection or comminu-
tion of the pancreas. A pancreatic contusion appears as a focal
area of hypoattenuation or decreased enhancement within the
parenchyma. A laceration is a linear or branching hypodensity.
A transection is a full-thickness laceration [50]. The most
severe injury is a comminuted or shattered pancreas.
Secondary findings include peripancreatic fat stranding,
peripancreatic fluid collections, fluid between the splenic vein
and pancreas, thickening of the anterior pararenal fascia on the
left, and hemorrhage [48]. An AAST grading system has been
described for pancreatic injuries. Grade I injuries include mi-
nor contusions without duct injury and superficial lacerations
without duct injury. Major contusions and lacerations without
duct injury constitute grade II injuries. Distal transection or
parenchymal injury with duct injury is classified as grade III
injury. Grade IV injury is proximal transection or parenchymal
injury involving the ampulla or bile duct. Finally, grade V
injury is massive disruption of the pancreatic head [51]
(Fig. 9).

a

c d

bFig. 9 Pancreatic injuries. a
Axial CT image demonstrates
subtle hypoattenuation of the
pancreatic body (arrow)
representing a contusion with a
small amount of peripancreatic
fluid (asterisk) compatible with a
grade I pancreatic injury. b Axial
CT image demonstrates a major
laceration of the pancreatic body
(arrow) without involvement of
the main pancreatic duct
compatible with a grade II
pancreatic injury. There is
associated peripancreatic free
fluid (asterisk). c Axial CT
imaged demonstrates transection
of the pancreatic tail (arrow) with
associated peripancreatic free
fluid (asterisk) compatible with
grade III pancreatic injury. d
Axial CT demonstrates
transection of the pancreatic body
and development of a large
pancreatic pseudocyst (asterisk)
representing a complication of a
grade IV pancreatic injury
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Early diagnosis and treatment is essential, as mortality as-
sociated with pancreatic injuries is approximately 20% [52,
53]. The integrity of the main pancreatic duct is the major
deciding factor for operative versus non-operative manage-
ment [50]. Grades I and II injuries are typically treated with
conservative management, whereas grade III and greater inju-
ries (typically associated with injury to the pancreatic duct) are
usually treated surgically [54]. In select cases, MRCP may be
used to evaluate the involvement and extent of injury to the
main pancreatic duct, especially in cases where there are
equivocal findings on CT. ERCP and stenting have also been
used in select cases [55]. Fistula formation is the most com-
mon complication of pancreatic trauma. Other complications
are pancreatitis, pseudocyst formation, abscess formation, and
duct strictures [49, 56]. The role of interventional radiology in
management of pancreatic trauma is limited and mainly in-
volves percutaneous drainage of peripancreatic fluid collec-
tions, pseudocysts, and abscesses.

Thoracic Trauma

Thoracic trauma is associated with a high rate of mortality, in
fact the overall mortality rate is approximately 10% [57]. The
most common mechanism for blunt chest trauma is injury
secondary to motor vehicle accident [58]. A wide spectrum
of injuries included under the umbrella of blunt chest trauma.
We will focus on injuries amenable to treatment by
angioembolization which include chest wall injuries with as-
sociated pleural and lung parenchymal injuries. Blunt chest
trauma is commonly associated with rib fractures which are
seen in approximately 50% of patients with blunt chest trau-
ma. Isolated non-displaced rib fractures are treated conserva-
tively and have low morbidity and mortality [59]. Displaced

rib fractures, however, are associated with pleural space and
lung parenchymal injuries. Pleural-spaced injuries include
pneumothorax and hemothorax. Pneumothorax is the collec-
tion of air in the pleural space, whereas, hemothorax is the
collection of blood in the pleural space. Hemothorax measures
higher density than simple fluid, typically between 35 and
70 HU. Hemothorax can originate from a variety of sources.
Lung parenchymal injuries include contusions and lacera-
tions. Pulmonary contusion represents alveolar hemorrhage
and appears as patchy consolidation with subpleural sparing
on CT. Pulmonary laceration is tearing of the pulmonary pa-
renchyma and appears as traumatic pneumatocele or
hematocele on CT [60].

Typically in isolated blunt chest trauma, a chest X-ray
is the first imaging modality performed in order to rule
out life-threatening injuries such as tension pneumotho-
rax in a timely fashion. CT is used for further evaluation
in hemodynamically stable patients, especially if chest
tube output exceeds 200 mL/h [61]. Hemodynamically
unstable are treated with emergent surgical thoracotomy.
In stable patients with displaced rib fractures and hemo-
thorax, careful evaluation for contrast extravasation is
recommended as these patients may benefit from
angioembolization of an intercostal artery (Fig. 10).
Angioembolization can also be performed in patients
with persistent hemothorax greater than 200 ml/h after
chest tube placement [62]. Typically, the femoral artery
is accessed, and thoracic aortogram is performed.
Selective catheterization of the injured intercostal artery
is performed using a Cobra or Sidewinder catheter to
look for active extravasation. Then superselective embo-
lization is performed with a coaxial microcatheter system
using either particles, coils, gelfoam, or a combination of
embolic agents.

a b c

Fig. 10 Thoracic trauma. a Axial CT image of the chest demonstrates a
small blush of contrast extravasation adjacent to the right lateral right fifth
rib (arrow) with an associated large hematoma in the posterolateral right
chest wall (star) compatible with an intercostal arterial hemorrhage. b
DSA selective intercostal artery angiogram demonstrates a small blush

of contrast extravasation arising from the lateral fifth intercostal artery
(arrow). cDSA intercostal angiogram status post coil embolization of the
right lateral fourth and sixth intercostal arteries as the fifth intercostal
artery was unable to be selected due to vasospasm or occlusion
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Conclusion

Trauma is a major cause of morbidity and mortality in the
USA and requires a multidisciplinary approach with
established protocols to streamline management of patients
with solid organ trauma. The major decision in management
of these patients is whether operative management is needed.
In hemodynamically stable patients, CT provides essential
information needed in order to guide management of these
patients. AAST classification helps in evaluating the severity
of injury and determining the further course of management.
However, the current AAST classification does not account
for active extravasation suggesting on-going active bleeding.
Non-operative management has become the mainstay of pa-
tients with low-grade injuries. Interventional radiology’s role
in management of patients with solid organ trauma is ever
increasing. Angioembolization is an effective minimally inva-
sive option in select patients with no indication for emergent
laparotomy.
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