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CT of Penetrating Abdominopelvic 
Trauma

Penetrating abdominopelvic trauma usually results from abdomi-
nal cavity violation from a firearm injury or a stab wound and is a 
leading cause of morbidity and mortality from traumatic injuries. 
Penetrating trauma can have subtle or complex imaging findings, 
posing a diagnostic challenge for radiologists. Contrast-enhanced 
CT is the modality of choice for evaluating penetrating injuries, 
with good sensitivity and specificity for solid-organ and hollow 
viscus injuries. Familiarity with the projectile kinetics of penetrat-
ing injuries is an important skill set for radiologists and aids in the 
diagnosis of both overt and subtle injuries. CT trajectography is 
a useful tool in CT interpretation that allows the identification of 
subtle injuries from the transfer of kinetic injury from the projectile 
to surrounding tissue. In CT trajectography, after the entry and exit 
wounds are delineated, the two points can be connected by placing 
cross-cursors and swiveling the cut planes obliquely in orthogo-
nal planes to obtain a double-oblique orientation to visualize the 
wound track in profile. The path of the projectile and its ensuing 
damage is not always straight, and the imaging characteristics of 
free fluid of different attenuation in the abdomen (including hemo-
peritoneum) can support the diagnosis of visceral and vascular inju-
ries. In addition, CT is increasingly used for evaluation of patients 
after damage control surgery and helps guide the management of 
injuries that were overlooked at surgery.

An invited commentary by Paes and Munera is available online. 
Online supplemental material is available for this article.
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After completing this journal-based SA-CME 
activity, participants will be able to:

	�Discuss the importance of ballistic 
kinematics and its role in image inter-
pretation.

	�Explain the importance of CT trajec-
tography in trauma CT image interpreta-
tion.

	�Identify imaging signs in peritoneal vio-
lation and hollow and solid visceral and 
vascular injuries.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
Trauma is an ongoing public health concern and is broadly cat-
egorized as blunt or penetrating. Both categories have predictable 
epidemiologic patterns with associated morbidity and mortality. 
Penetrating abdominopelvic trauma usually results from abdominal 
cavity violation from a firearm injury or a stab wound and is a lead-
ing cause of morbidity and mortality. Any object that can impale the 
body can result in penetrating trauma, but most of these injuries are 
caused by gunshots or firearms (1).

According to the Centers for Disease Control and Prevention, 
gun-related violence in the United States is associated with seven 
deaths every hour (2). This results in 645 deaths and 1565 emer-
gency department (ED) visits per week in the United States. These 
firearm injuries are highly lethal, accounting for 7% of premature 
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Basics of Ballistics

Overview of Ballistics
Ballistics is the science of projectiles, and a com-
prehensive understanding of penetrating trauma 
relies on a basic understanding of ballistics. 
Variables that determine initial projectile speed, 
flight characteristics, and the effects on a target 
are divided into different subfields (7). Internal 
and external ballistics are subfields concerned 
with events that occur before a projectile reaches 
a target. Terminal ballistics describes the effects 
of projectiles on a target, the sequelae of which 
are identified by radiologists at imaging. Here we 
describe features of internal, external, and termi-
nal ballistics in further detail.

Internal Ballistics
Internal ballistics describes the events before a 
projectile leaves a weapon (8). This subfield is 
concerned with the initial generation of projec-
tile kinetic energy, which is highly dependent on 
weaponry design and components. For a projec-
tile to generate velocity, reach a target, and inflict 
damage, it requires adequate initial kinetic energy 
transfer. Central to projectile kinetic energy is the 
following mechanistic equation: kinetic energy = 
(1/2) 3 (mass) 3 (velocity)2. The kinetic energy 
is proportional to the velocity squared, highlight-
ing the importance of velocity for an effective 
projectile (9). Different projectiles use different 
mechanisms to generate initial velocity. Injuries 
related to firearms are commonly encountered in 
clinical practice (2).

Firearms, including handguns, rifles, and 
shotguns, are barreled range weapons that propel 
projectiles with the action of expanding gas, and 
they are designed to be transported and operated 
by a single individual. A cartridge or round is the 
fundamental unit of firearm ammunition and 
contains a projectile, a propellant (eg, gunpow-
der), and a primer responsible for ignition, and 
these components are held together by a case 
(Fig 1, A) (10). 

Handguns and rifles typically eject a single 
projectile: a bullet. Shotguns, on the other hand, 
can fire either a slug, which is a single projectile, 
or multiple projectiles known as pellets or shot. 
Barrels provide a means for directional transfer 
of kinetic energy to projectiles. Barrels are rigid 
structures, typically made of alloy steel, with an 
opening on one end that facilitates kinetic energy 
transfer to projectiles (Fig 1, B). To further 
maximize energy transmitted to pellets or shot, 
wadding is positioned between the propellant and 
the multiple small projectiles.

On ignition, the propellent combusts, and gas 
expansion transfers kinetic energy to the projectiles. 

deaths before the age of 65 years (3). Penetrating 
abdominal trauma affects approximately 35% of 
patients admitted to urban trauma centers and 
1%–12% of those admitted to suburban or rural 
centers (4).

Before the advent of antibiotics and asep-
tic techniques, penetrating abdominal injuries 
were managed expectantly with poor outcomes. 
Improvements in aseptic technique during World 
War II increased survival in patients with pen-
etrating abdominal trauma. Today, hemodynamic 
instability along with evisceration and peritonitis 
are indications for urgent surgical exploration. 
However, with progress in trauma management 
and the availability of minimally invasive and 
noninvasive tools, nonoperative treatment is 
increasingly being pursued in hemodynamically 
stable patients (5). Currently, the imaging modal-
ity of choice for evaluation of hemodynamically 
stable patients with penetrating trauma is con-
trast-enhanced CT.

High-pitch CT scanners with improved z-axis 
and temporal resolution provide useful anatomic 
information and a reduced scan time, which are 
excellent for guiding initial patient treatment and 
for following patients who are treated nonopera-
tively (6,7). In this review, we explore the kinetics 
of penetrating objects, an approach to penetrating 
trauma, and patterns of hollow viscus and solid-
organ penetrating injuries. In addition, we discuss 
special considerations for performing imaging of 
pregnant patients with penetrating trauma and 
patients assessed after damage control surgery.

TEACHING POINTS
	� Pathologic conditions in trauma are the result of kinetic en-
ergy transfer from projectiles to human tissue and depend on 
the projectile mass and impact velocity, the tissue encoun-
tered, projectile composition and construction, the path of 
travel, and if the projectile continues after traversing tissue.

	� Suspicion for penetrating abdominopelvic trauma should be 
raised when encountering any skin wound within craniocau-
dal boundaries outlined anteriorly by the nipples to the groin 
crease and posteriorly from the scapulae tips to the gluteal 
skin crease.

	� The sentinel clot sign implies that the anatomic site of hemor-
rhage lies nearest the highest-attenuation portion of the clot.

	� For renal injuries, a laceration that approaches the collecting 
system should always be imaged in the delayed phase to as-
sess for urine leak, as it can upgrade an AAST grade to grade 
IV if a collecting system injury is present and may change the 
patient’s treatment.

	� For grading of traumatic abdominal aortic injury, a specific 
classification scheme is proposed by the Society of Vascular 
Surgery, in which less severe injuries may manifest with a flap 
(grade I) or intramural hematoma (grade II), and more severe 
injuries are characterized by a pseudoaneurysm (grade III) and 
rupture (grade IV).
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an important part in mechanisms of pathologic 
conditions in trauma.

Terminal Ballistics
Terminal ballistics is the subfield concerned with 
the effects of the projectiles on targets (8,10). 
Terminal ballistics may be referred to as wound 
ballistics if the target is a person (8). In many 
cases, the specifics regarding the type of weapon or 
ammunition, which can affect the degree of injury, 
are unavailable to clinicians. Nonetheless, patho-
logic conditions in trauma are the result of kinetic 
energy transfer from projectiles to human tissue 
and depend on the projectile mass and impact ve-
locity, the tissue encountered, projectile composi-
tion and construction, the path of travel, and if the 
projectile continues after traversing tissue (Fig 2).

The deposition of a projectile’s energy can 
have varying effects in different tissues. For ex-
ample, bone may fracture or result in a ricochet 
after being struck by a bullet. This may result in 
additional wound tracks due to the fragmenta-
tion of the projectile itself. Soft tissues lacerate 
if elastic limits are surpassed. A projectile can 
generate a permanent local cavity, but hydrostatic 
forces can cause more distant damage, including 
temporary cavities. These features can be identi-
fied at CT (12). 

Ultimately, weapon positioning and the initial ve-
locity are core elements in determining a projec-
tile’s path. Rifling, or helical grooves machined 
into the inner surface of a barrel, facilitates the 
generation of rotational kinetic energy, which is 
important for stabilizing projectiles during the 
flight (11).

External Ballistics
External ballistics is the science of projectiles in 
flight (9,11). Air resistance (or drag) is complex 
and can greatly affect a projectile from reaching 
the intended target. A critical component of air 
resistance is the projectile surface area. Features 
to stabilize the projectiles in flight are ultimately 
aimed at reducing surface area directed toward a 
flight path (9).

The deviation of the long axis of a projectile 
from the direction of flight is termed yaw, which 
in extreme cases, can result in tumbling during 
flight. This deviation of the long axis increases 
surface area and, in turn, drags. For firearms, 
as previously mentioned, rifling can impart 
rotational kinetic energy to bullets that can 
have a gyroscopic effect, maintaining a bullet’s 
long-axis orientation in the direction of flight. 
In addition, rotating bullets can exhibit preces-
sion and nutation. Precession is a change in the 
orientation of the rotational axis akin to the slow 
sweeping rotations seen in a spinning top. Con-
trast this with nutation, which is smaller nod-
ding or swaging changes in the axis of rotation 
(9). These kinematic characteristics also play 

Figure 1.  The cartridge or round, A, is the fundamental am-
munition for firearms and is composed of a projectile (bullet), a 
propellant, and primer held together with a case. Firing a pro-
jectile, B, requires a barrel to effectively transfer kinetic energy.

Figure 2.  Wound ballistics refers to terminal ballistics in tissues. 
Penetrating injuries, A, can generate temporary and permanent 
cavities. Trajectory and kinetics, including yaw or tumbling, B, 
and projectile deformation and fragmentation,C, within tissues 
can affect cavity dimensions.
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Like projectiles traveling outside the body, 
projectiles traveling inside the body can experi-
ence yaw, which increases the surface area directed 
toward the path of travel. Thus, more energy can 
be transferred to the target for a given length, 
and the wound cavity is widened. This concept of 
increased surface area to maximize the deposition 
of kinetic energy is the basis for projectile con-
figurations that deform, expand, or fragment (Fig 
2). For example, full metal jacket (FMJ) bullets 
exhibit minimal expansion compared with jack-
eted hollow point (JHP) bullets, which deform and 
fragment, thus imparting more kinetic energy in 
tissues (13). Radiologists should be mindful that 
ammunition for law enforcement and home de-
fense is often JHP, with the aim of maximal kinetic 
energy deposition; thus, bullet fragmentation can 
commonly be seen at imaging.

Being mindful of a projectile’s path is important 
because that is where most kinetic energy depos-
its and subsequent damage occur. The described 
basics of ballistics play a role in the imaging ap-
proach to and sequelae of penetrating abdominal 
trauma as discussed in the subsequent sections.

Preimaging and CT Protocol 
Considerations

Prehospital stabilization and expedient patient 
transfer are paramount for managing critical 
injuries in patients with penetrating trauma. Pre-
hospital mortality in abdominopelvic penetrating 
trauma is frequently secondary to exsanguina-
tion, and impaling objects should be left in place 
before cross-sectional imaging to rule out major 
vascular involvement (5,6). An impaling object 
involving a large artery may have a tamponade ef-
fect when left in place. Removing such an object 
may cause brisk hemorrhage that cannot be ad-
dressed outside of an operating room.

On arrival at the hospital, patients with pen-
etrating abdominopelvic trauma are primarily 
surveyed by using the ABCDE algorithm (airway, 
breathing, circulation, disability, and exposure). 
This includes a rapid evaluation of vital signs, 
level of consciousness (Glasgow Coma Scale), 
and wound location and documentation of all 
entry and exit wounds.

After the primary survey, the secondary survey 
is performed according to the Advanced Trauma 
Life Support (ATLS) protocol (14). In the 
trauma bay, a focused assessment with sonog-
raphy in trauma (FAST) examination is often 
performed to assess for free fluid and blood to 
direct patients to surgery when their condition is 
too unstable for CT evaluation (15). All hemody-
namically stable patients then undergo imaging 
according to the respective institutional protocol 
for CT.

Trauma CT Protocol
Regardless of institutional CT protocol variation, 
measures to optimize injury identification can be-
gin before the examination. At our institution, the 
trauma team typically marks the entry and exit 
wounds with an adhesive metallic BB. Contrast-
enhanced CT of the chest, abdomen, and pelvis 
is performed with the patient’s arms positioned 
above the head, if possible. We perform our 
standard trauma CT by administering 100 mL of 
nonionic iodinated contrast material at a rate of 
3–4 mL/sec with a fixed 70-second delay. 

The axial images are reconstructed with 
3-mm–thick sections and 2-mm overlap, with the 
option to reconstruct thinner sections as needed. 
Multiplanar reconstructions are generated in the 
sagittal and coronal planes by a technologist. 
Dedicated thoracolumbar spine reconstructions 
may be obtained from the body CT images to 
be reviewed separately. The images are reviewed 
in real time by a radiologist at the scanner in the 
presence of the trauma team. Additional delayed 
imaging may be performed, depending on abnor-
malities on the initial images, such as excretory 
phase images to evaluate for collecting system 
injury in renal trauma. Rectal contrast material 
and CT cystography are used only if indicated by 
the trauma mechanism or imaging findings.

Use of Enteric Contrast Material
The use of enteric contrast material in patients 
with trauma has garnered debate. Triple-contrast 
CT (combined intravenous, oral, and rectal 
contrast material) reportedly carries the advan-
tage of high specificity for helping diagnose bowel 
perforation as identified with enteric contrast 
material leak. Early research and practice cen-
tered on triple-contrast CT describe sensitivity 
and specificity of 97% and 98%, respectively, and 
it is considered 98% accurate for evaluation of 
peritoneal violation (16).

However, there are variable reference stan-
dards reported when characterizing triple-
contrast CT, and to our knowledge, there are 
no randomized studies (17). Disadvantages of 
triple-contrast CT are that it can significantly de-
lay care, may result in aspiration, and can obscure 
important findings such as vascular contrast ma-
terial extravasation. In addition, it increases the 
scan time in hemodynamically unstable patients 
or those who are transiently responsive to resusci-
tation. This may account for the decreased use of 
triple-contrast CT over time (18). 

In our practice, we use enteric contrast material 
as a problem-solving tool, typically after perform-
ing single-phase CT with intravenous contrast 
material and imaging in the portal venous phase 
(17). A recent meta-analysis demonstrated that 
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the use of enteric contrast material at CT does 
not provide diagnostic benefits. The researchers 
reported a pooled sensitivity of 83.8% and speci-
ficity of 93.8% among the enteric contrast mate-
rial group, compared to a sensitivity of 93% and 
specificity of 90.3% in the non–enteric contrast 
material group (19). The use of enteric contrast 
material in penetrating abdominopelvic trauma is 
still controversial and varies on the basis of institu-
tional preferences. Multi-institutional prospective 
studies may be needed to elucidate the value of 
enteric contrast material in imaging hemodynami-
cally stable patients.

CT trajectography has excellent sensitivity for 
penetrating rectal trauma, which can be further 
confirmed by administering rectal contrast mate-
rial. Although the leakage of rectal contrast mate-
rial is specific for rectal injury, it is insensitive for 
ruling out rectal injury, and therefore both CT 
trajectography and rectal contrast material can be 
used as problem-solving tools (20). 

Limitations exist in the use of rectal contrast 
material without bowel preparation that may 
alter the distensibility and opacification of more 
proximal colonic segments. The rectum and 
sigmoid usually have the best distensibility and 
opacification, and injuries in these segments are 
well delineated with rectal contrast material. 
Progressing proximally, the proportion of disten-
sibility and opacification decreases by a greater 
percentage (20).

Trajectory and Its Interpretation
Suspicion for penetrating abdominopelvic trauma 
should be raised when encountering any skin 
wound within craniocaudal boundaries outlined 
anteriorly by the nipples to the groin crease and 

posteriorly from the scapulae tips to the gluteal 
skin crease (21). Using this approach, the dia-
phragm should be included in the search pattern. 
Diaphragmatic injury is more commonly seen 
with adjacent organ injuries such as stomach and 
spleen injuries in left-sided wounds and liver in-
juries in right-sided wounds. However, this article 
does not discuss diaphragmatic injuries in detail.

Following the path of penetrating objects is a 
fundamental principle of penetrating trauma CT 
interpretation and is termed CT trajectography, 
also known as CT trajectogram (22,23). In the 
surgical literature, trajectography is mostly de-
scribed on the basis of axial CT, but there are ad-
vantages for evaluation with multiplanar oblique 
reconstructions (21). With the introduction of 
64-section CT scanners in 2004, the acquisition 
of near-isotropic datasets resulted in the acqui-
sition of the coronal and sagittal reformations, 
which allowed rapid evaluation of the retroperito-
neal vascular column along its long axis as well as 
diaphragm and spinal injuries. These multiplanar 
reformations also helped in the trajectory evalu-
ation in the nonstandard planes such as wound 
tracks with oblique orientations (22).

Evaluation should start at the skin surface 
with careful inspection of the subcutaneous fat 
for the bullet tract (Fig 3). Evaluation ends at 
the termination of the penetrating injury tract. 
Stranding in subcutaneous fat, bullet fragments, 
or beveling of the bone (inward for entry wounds 
and outward for the exit wounds) can sometimes 
be helpful if the sites are not marked with a me-
tallic marker (23). Fragmentation of bullets can 
occasionally create a “snowstorm” appearance at 
imaging, where the area over which the fragments 
are deposited widens as the distance from the 

Figure 3.  Lower chest and abdominal gunshot wound in a 27-year-old woman. A, B, Axial CT trajectograms depict the external BBs 
marking the entry wound in the right breast (arrow in A) and the exit wound in the dorsal left midback (arrow in B). After localizing 
the entry and exit wounds, the cut planes are swiveled obliquely in orthogonal planes to obtain a double-oblique orientation in which 
the wound track is visualized in profile. These points are used to create a curved multiplanar reconstruction. C, Curved multiplanar 
reconstruction from CT that was created along the pathway of the ballistic injury (dashed yellow arrow) demonstrates soft-tissue gas 
in the right breast (there was no intrathoracic or diaphragmatic violation), portal vein confluence extravasation centered in the grade 
V liver injury (orange arrow), and an L1 burst fracture (white arrow). The exit wound metallic marker (not shown) was located one 
section above that shown in C.
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entry site increases, and can sometimes be used 
to mark the entry wound (23). 

After the entry and exit wounds are delineated, 
the two points can be connected by placing cross-
cursors and rotating the cut planes obliquely in 
orthogonal planes to obtain a double-oblique 
orientation to visualize the wound track in profile 
(23). Commercially available software packages 
can help perform the multiplanar reformations in 
oblique and curved trajectories. Using a Cartesian 
coordinate system, it has shown strong interreader 
agreement in trauma-related findings (24–26).

Trajectography is specific but not sensitive, 
and trajectories should not be strictly extrapo-
lated on the basis of surface wounds, as trajectog-
raphy is subject to various pitfalls. Bullets often 
exhibit yaw and can ricochet, which can greatly 
alter trajectories (21,23). In addition, position-
ing the patient on the scanner with arms elevated 
can falsely truncate the trajectories and does 
not mimic the position of the patient when the 
trauma occurred (23). Breathing can alter the 
trajectories of the bullet, and breathing motion 
can induce artifact at CT, which may further 
change the trajectory interpretation (22,23).

Profiling the trajectory can help identify organs 
in the vicinity that may be subject to blast injury 
secondary to shock waves, which may not be read-
ily apparent at imaging (21). In addition, patients 
with trauma from firearms may have been shot 
multiple times, and interpreting physicians should 
be on alert for possible multiple tracts. After as-
sessing the projectile tract or tracts, the radiologist 
can then resume a normal CT search pattern for 
other injuries and incidental findings (21).

Imaging Signs of Peritoneal Violation: 
Depiction of Free Fluid

Depiction of free fluid or blood is the basis of the 
FAST examination and usually prompts surgi-
cal exploration or further imaging (15). Accurate 
characterization of free fluid is vital for trauma 
CT interpretation, as imaging features can help 
differentiate blood from less ominous findings.

Free fluid can be either simple, with attenu-
ation values ranging between –10 and 10 HU, 
or it can be hyperattenuating blood with attenu-
ation values ranging between 30 and 70 HU 
(clotted blood ranging between 45 and 70 HU 
and unclotted blood ranging between 30 and 45 
HU). However, in coagulopathic acute trauma in 
patients who are being aggressively resuscitated, 
these absolute values may pose a dilemma and 
therefore should be used with caution.

The simple fluid has characteristic locations 
in certain circumstances, usually seen in small 
volumes layering in the dependent portions such 
as the cul-de-sac, paracolic gutters, or Morison 
pouch (Fig 4). Trace free fluid in premenopausal 
women is often physiologic (21,27). However, 
trace free fluid in men can pose a diagnostic 
dilemma and in most cases warrants surgical 
exploration when there is additional evidence of 
the peritoneal violation. Trace free fluid in males 
with attenuation values less than 10 HU below the 
S3 level has been shown to not be associated with 
mesenteric or bowel injury, according to studies 
of patients with blunt trauma (27). However, in 
the presence of peritoneal violation and a trajec-
tory including the bowel or bladder, simple free 
fluid can be representative of extraluminal urine or 
bowel contents. Simple free fluid may also be dif-
ficult to interpret in patients with underlying heart, 
kidney, or liver disease leading to third spacing.

Hemoperitoneum is a more specific finding 
for ballistic injury in the peritoneal cavity. This 
may manifest with a sentinel clot sign or hema-
tocrit effect. The sentinel clot sign implies that 
the anatomic site of hemorrhage lies nearest the 
highest-attenuation portion of the clot (Fig 5a). 
Hematocrit effect refers to clotted blood layering 
dependently within the hemoperitoneum (blood-
clot level) (Fig 5b) (28). Hemoperitoneum may 
be missed in patients with anemia, who can have 
lower attenuation values of blood. Even in indi-
viduals without anemia, approximately 24% of pa-
tients can have regions of hemoperitoneum where 
attenuation values can measure below 30 HU. 

Figure 4.  Axial contrast-en-
hanced CT images of the abdomen 
and pelvis in a 56-year-old man 
with gunshot trauma to the abdo-
men show simple attenuating free 
fluid (arrow) in the dependent por-
tions, which are the cul-de-sac (a) 
and Morison pouch (b).
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Preexisting ascites (for example, in renal failure) 
can also enhance at delayed imaging because of 
transperitoneal excretion of iodine and can lead to 
high-attenuation ascites, leading to a misdiagnosis 
of hemoperitoneum (28).

The utility of pneumoperitoneum as an imag-
ing sign in penetrating trauma is imperfect, as air 
can gain access into the peritoneal cavity through 
the penetrating object’s tract. It is surprisingly 
uncommon in patients with peritoneal injury and 
is seen in only one-third of patients with docu-
mented intraperitoneal injury (but is not specific 
for visceral injury when present) (21).

Regional Injuries
Deposition of kinetic energy by penetrating ob-
jects, projectiles or otherwise, generates indirect 
or direct imaging findings. Direct signs are more 
specific and diagnostic for an injury, whereas in-
direct signs are more sensitive. In the subsequent 
sections, we provide examples of how different 
direct or indirect imaging findings for different 
abdominopelvic organ systems can aid in diag-

nosis. In any case, the most critical task when 
evaluating for injury in patients with penetrating 
trauma is determining the wound trajectory.

Hollow Viscera Injury
Injuries to hollow viscera are common in pen-
etrating trauma, occurring in 63% of patients 
(17). Identifying these injuries at CT can be chal-
lenging. Therefore, a high index of suspicion and 
familiarity with direct and indirect signs of bowel 
injury are critical.

Small Bowel and Colonic Injuries.—Direct signs 
of bowel injury include discontinuity of the bowel 
wall and mural hematoma. Focal discontinuity 
of the bowel wall is a highly specific (99%) sign 
of bowel injury but may be seen in only approxi-
mately 43% of patients with bowel injury (29). 
Often the focus of discontinuity is accompanied 
by adjacent pneumoperitoneum or mesenteric 
stranding, further emphasizing the injury (Fig 6). 
Focal wall thickening representing a mural hema-
toma is reported to be the most accurate sign of 

Figure 5.  Axial CT images of the abdo-
men and pelvis in a 38-year-old man with 
penetrating trauma to the chest and ab-
domen demonstrate two manifestations 
of hemoperitoneum with the sentinel clot 
sign (arrow in a) and the hematocrit effect 
(arrow in b).

Figure 6.  Axial CT images of the abdomen and pelvis with lung window (a) and soft-tissue window (b) in a 
24-year-old man who presented with a penetrating gunshot injury demonstrate pneumoperitoneum (blue ar-
rows in a) secondary to cecal injury, as demonstrated by focal bowel wall discontinuity (yellow arrow in b) with 
adjacent free air ( in b).
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bowel injury in the setting of penetrating trauma 
(sensitivity 74%, specificity 95%) (29). A focal 
bowel wall hematoma is often associated with 
adjacent mesenteric stranding or hematoma (Fig 
7). More diffuse bowel wall thickening is likely 
secondary to systemic volume overload from 
resuscitation or shock bowel from hypoperfusion 
rather than traumatic injury (30). 

Extraluminal leakage of oral or rectal con-
trast material is a highly specific but uncommon 
finding of bowel injury in penetrating trauma, 
occurring in only 14%–29% of bowel injuries 
(16,18,31,32). In addition to the low sensitiv-
ity of extraluminal contrast material leakage, 
administration of oral contrast material can lead 
to a potential delay in diagnosis, as it takes at 
least 30 minutes to opacify the small bowel after 
the administration of oral contrast material. To a 
lesser degree, the administration of rectal contrast 
material also delays imaging because of the time 
it takes to prepare and instill the contrast agent. 
Pneumoperitoneum is not a reliable sign of bowel 
injury in penetrating trauma, as intraperitoneal 

air is almost always introduced during peritoneal 
violation and limits specificity (16,31).

One of the most sensitive indirect signs of 
bowel injury is a wound tract extending adja-
cent to a segment of bowel, which is seen in 
69%–94% of patients with a bowel injury (Fig 8) 
(16,18,31). A wound tract that approaches close 
to a loop of bowel can also result in bowel injury 
secondary to a shock wave or a temporary cavity 
created by medium- and high-energy projectiles 
(21,33). This may result in a contusion or serosal 
injury without luminal perforation but still war-
rants surgical exploration and potential repair.

Anorectal Injury.—The indirect and direct signs 
of rectal injury are identical to those discussed 
for small bowel and colonic injury. As in other 
segments of the gastrointestinal tract, a projectile 
path through or adjacent to the rectum is the 
most sensitive direct sign of bowel injury (24). A 
focal wall defect is a highly specific but uncom-
mon sign of rectal injury, while mural hematoma 
is a highly accurate sign of injury (Fig 9) (29,34). 

Figure 7.  Gunshot injury in a 21-year-old man. Axial contrast-enhanced CT images of the abdomen and pelvis dem-
onstrate foci of gas within the subcutaneous fat, indicating the entry wound (yellow circle in a) and exit wound (red oval 
in b). In the path of the bullet trajectory (not double oblique orientation), there is evidence of bowel injury, as indicated 
by focal bowel wall thickening and surrounding stranding (yellow circle in b), which is magnified for clarity (inset in b).

Figure 8.  Bowel perforation in a 
29-year-old man with a penetrat-
ing stab wound by a knife. Axial 
CT image of the abdomen and 
pelvis (a) and sagittal reconstruc-
tion from CT (b) demonstrate the 
knife penetrating the mesentery 
and bowel. There is no question 
whether bowel or mesenteric 
trauma exists, even in the absence 
of free air. The bowel perforation 
was confirmed at laparotomy.
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Indirect signs include perirectal fat stranding and 
hematoma (34).

When evaluating anorectal trauma, there are 
important anatomic considerations that guide 
surgical management (Fig 10). The rectosig-
moid junction is defined by the confluence 
of the tenia coli muscles, which are located 
approximately at the level of the sacral promon-
tory. The anorectal junction is defined as the 
dentate line that is located approximately at the 
level of the levator ani at CT. The distal third 
of the rectum is extraperitoneal. The posterior 
portion of the upper two-thirds of the rectum 
is extraperitoneal, while the anterior portion is 
intraperitoneal (34). 

It is important to make the distinction of 
whether a rectal injury is intraperitoneal or extra-
peritoneal. Intraperitoneal injuries are commonly 
treated with primary surgical repair and fecal di-
version. On the other hand, extraperitoneal rectal 
injuries are often treated with fecal diversion only 
(24,25). Extraperitoneal rectal injuries are far 
more common, representing 93% of penetrating 
rectal injuries, with most occurring in the lower 
one-third of the rectum (24).

Mesenteric Injury.—Direct signs of mesenteric 
injury include narrowing or occlusion of mesen-
teric vessels, beading of the vessels, and active 
extravasation from mesenteric vessels. A pseu-
doaneurysm may be suggested by the beading 
or irregularity of the mesenteric vessels, which is 
seen in 39% of patients with mesenteric injury 
(35). Active extravasation from the mesentery 
has specificity approaching 100%, but sensitivity 
is limited to less than 20% for mesenteric injury 
(35). Active extravasation from the mesentery is 
an indication for emergent laparotomy. Active 
extravasation is often accentuated with delayed 

contrast phases by pooling of contrast material 
within a mesenteric hematoma (30).

Indirect signs of mesenteric injury include in-
tramesenteric free fluid or blood. Intramesenteric 
free fluid often appears in a triangular or polygo-
nal configuration as it interdigitates between the 
mesenteric leaves. Other indirect signs of mesen-
teric injury include fat stranding or mesenteric 
mistiness (35).

Urinary Bladder Injury.—Urinary bladder injury 
is relatively uncommon in penetrating trauma. 
Bladder injuries occur in approximately 4% of 
abdominal gunshot wounds (36). When there is a 

Figure 9.  Axial CT images with intravenous contrast material obtained before (a) and after (b) the administra-
tion of rectal contrast material in a 27-year-old man with penetrating rectal trauma from a foreign body show a 
transmural defect (red arrow) with a focal collection of free air (white arrow in a) that was confirmed with rectal 
contrast material, demonstrating extraluminal leakage through the defect in b.

Figure 10.  Diagram of anorectal anatomy dem-
onstrates the proximal aspect of the rectum, which 
is defined by the confluence of the tenia coli mus-
cles along the serosal aspect of the sigmoid colon 
(dashed line). The anorectal junction is at the den-
tate line (arrows), which is roughly inferred by the 
position of the levator ani muscle. Rectal anatomy is 
pertinent when interpreting CT images, as the level 
of injury may change management.
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concern for urinary bladder injury in penetrating 
trauma, the patient should be further evaluated 
with CT cystography (sensitivity and specific-
ity of 95% and 100%, respectively, for depicting 
bladder rupture, similar to those for conventional 
cystography) (37–40). Findings at single-contrast 
CT that should prompt evaluation with CT 
cystography include a wound track coursing near 
or through the bladder (direct sign) and unex-
plained free fluid in the pelvis, hemorrhage in 
the space of Retzius, and gross or microscopic 
hematuria (>25 red blood cells per high-power 
field), which are indirect signs (40,41).

At our institution, the protocol for CT cys-
tography is as follows. First, the patient is evalu-
ated for urethral injury. Signs of urethral injury 
include blood at the urethral meatus, suprapubic 
fullness, urinary retention, and high-riding pros-
tate. If there is any concern for urethral injury, 
a urologic consult is obtained, and the patient 
is evaluated with retrograde urethrography. Any 
attempt to pass a Foley catheter could worsen the 
urethral injury when present (39). Once a ure-
thral injury has been excluded, a Foley catheter is 
inserted, and the urinary bladder is drained.

Next, 350 mL of iodinated water-soluble 
contrast material that is diluted to 3%–5% with 
normal saline is instilled into the urinary bladder 
under gravity. The infusion continues until the pa-
tient reports severe discomfort due to bladder dis-
tention or the infusion stops dripping with gravity. 
Passive filling of the bladder (through antegrade 
excretion of contrast material that was intrave-
nously administered during CT) is not adequate 
to depict bladder rupture because of inadequate 
bladder distention. Axial CT is then performed 
from the level of the iliac crests to the level of the 
femoral lesser trochanters, utilizing 0.5–1-mm-
thick sections. Reformatted coronal and sagittal 
reconstructions are made. CT cystography is 
always performed after single-contrast CT to help 
avoid diagnostic uncertainty as to the source of 
intraperitoneal gas or contrast material (30).

At CT, bladder injuries are classified into five 
types (40). A type 1 injury is a bladder contusion 
that is characterized by the thickening of the uri-
nary bladder wall. A type 2 injury is an intraperito-
neal bladder rupture where extraluminal contrast 
material from the urinary bladder can be seen out-
lining loops of the bowel as well as in the paracolic 
gutters and the cul-de-sac (38,40). A type 3 injury 
is an interstitial bladder injury characterized by 
bladder wall thickening with intraluminal contrast 
material dissecting into the bladder wall without 
extension into the extraperitoneal or intraperito-
neal spaces. A type 4 injury is an extraperitoneal 
bladder rupture that can be further classified as 
simple or complex. In a simple extraperitoneal 

rupture, extraluminal contrast material is confined 
to the space of Retzius (Fig 11). In a complex 
rupture, the fascia is violated, and contrast mate-
rial may extend into the anterior abdominal wall, 
penis, scrotum, perineum, or thighs (38,40). A 
type 5 injury is a combined intraperitoneal and 
extraperitoneal rupture (40).

Appropriate classification of bladder injuries is 
important in directing management. Types 1 and 
3 injuries are managed conservatively, often with 
urinary drainage through a Foley catheter until 
the injury has healed. Type 4 injuries are initially 
managed conservatively with urinary drainage. If 
the injury fails to heal with conservative manage-
ment, surgical repair may be indicated. Indica-
tions for immediate surgical repair of a type 4 
injury include concomitant bladder neck injury, 
rectal or vaginal injury, open pelvic fracture, or 
fragments of bone projecting into the bladder. 
Types 2 and 5 bladder injuries require immediate 
surgical primary bladder repair (39,40).

Solid-Organ Injuries
Many patients with penetrating solid-organ inju-
ries (such as liver, spleen, kidneys, and pancreas) 
are in an unstable condition and can have other 
indications for laparotomy. However, with the im-
proved care in resuscitation and immediate avail-
ability of interventional vascular management, a 
subset of these solid-organ injuries can be man-
aged nonoperatively. Injuries to solid viscera are 
graded on the basis of the American Association 
for the Surgery of Trauma (AAST) injury scoring 
scale that was most recently revised in 2018 for 
spleen, liver, and kidney injuries (42) (Figs E1–
E4). While this grading scale relies on surgical 
evaluation, CT estimates for the surgical grade 
are concordant with these scales and therefore 
help in determining when nonsurgical manage-
ment can be pursued (21,42).

Because of the increasing utilization of nonsur-
gical management of solid-organ injuries, correct 
characterization in the CT report is of vital impor-
tance (42). For example, in liver trauma, radiolo-
gists should describe hepatic hematoma size as an 
approximate percentage of the surface area as well 
as its location (either intraparenchymal or subcap-
sular); laceration (usually seen as an ill-defined, 
linear, round, or ovoid region of hypoattenua-
tion at CT) measured in centimeters; number of 
involved liver segments; and relationship to major 
central veins (juxtavenous injury) (Fig 12). 

The 2018 addition of vascular injuries to 
the AAST grading of liver, spleen, and kidney 
injuries now allows a radiologist to more con-
fidently apply an injury grade. Vascular injuries 
include pseudoaneurysm, active bleeding, and 
arteriovenous fistula (42,43). In addition to 
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these descriptors, description in splenic trauma 
should state whether the trajectory approaches 
the splenic hilum and report any signs of vascu-
lar injury or shattered spleen (Fig 13). For liver 
and spleen injuries, advance one grade for mul-
tiple injuries up to grade III, and for renal injuries 
advance one grade for bilateral injuries up to grade 
III (42,43). For renal injuries, a laceration that 
approaches the collecting system should always 
be imaged in the delayed phase to assess for urine 
leak, as it can upgrade an AAST grade to grade 
IV if a collecting system injury is present and may 
change the patient’s treatment (Fig 14). Any renal 
injury in the presence of vascular injury or active 
bleeding contained within the Gerota fascia is 
considered a grade III injury (42,43).

Pancreatic injuries are difficult to delineate, 
and trajectography helps determine the presence 
of pancreatic injury. Any trajectory leading up to 
or traversing the pancreas is the most sensitive 
CT finding and requires exploration preopera-
tively even when other major surgical injuries 
are absent because of serious consequences 
associated with missed injuries. Observing linear 
lacerations through the pancreatic parenchyma, 
peripancreatic stranding or fluid, and the pres-
ence of duct disruption are more specific signs of 
pancreatic trauma (Fig 15) (21,42). Lacerations 

involving more than 50% of the pancreatic paren-
chyma are considered major lacerations, which 
suggest an underlying pancreatic duct injury and 
are higher grade. Pancreatitis, contusions, and 
lacerations involving less than 50% of the paren-
chyma are considered lower-grade injuries (44).

Vascular Injuries
Abdominopelvic vascular trauma is life threaten-
ing and, in the majority of cases, is associated 
with penetrating injuries. The mortality rate for 
these injuries is high, ranging between 20% and 
60%, with early deaths that are secondary to 
massive hemorrhage and late deaths that are at-
tributed to multisystem organ failure and shock 
(45–47). In contrast to blunt trauma, where vas-
cular injuries are seen 5%–10% of the time, pen-
etrating trauma due to stab and gunshot wounds 
results in vascular injuries in 10% and 20%–25% 
of the cases, respectively (48). The most common 
vascular injuries related to penetrating abdomi-
nal trauma involve the abdominal aorta, superior 
mesenteric artery, iliac arteries and veins, inferior 
vena cava, and portal veins (45).

Most penetrating vascular injuries occur 
because of laceration by the impaling object. In 
gunshot wounds, additional damage may occur be-
cause of the blast effect. The majority of abdominal 

Figure 11.  Extraperitoneal bladder injury in a 27-year-old man with a gunshot wound to the right buttock. Axial 
CT cystograms of the pelvis demonstrate a single bullet within the bladder lumen (yellow arrow in c). There is ex-
traperitoneal extravasation of contrast material from the bladder into the space of Retzius (white arrow in a–c). An 
extraperitoneal rupture can be seen in the left lateral wall of the bladder (blue arrow in d). The extraluminal contrast 
material is confined to the pelvic space, which is consistent with a type 4b injury. An intraluminal hematoma can 
be seen ( in b). The patient underwent surgical repair for this extraperitoneal bladder injury during a laparotomy 
for small bowel injury.
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Figure 12.  Description of various imaging features that may help in grading liver injury. Axial CT images depict 
hematoma (orange outline in A), active extravasation (arrow in B), laceration (green line indicating ruler in C), 
and juxtavenous injury (white arrow and dashed circle in D). The trajectory is superimposed (orange arrow and 
orange dotted line in D). IVC = inferior vena cava.

Figure 13.  Descriptors of imaging features of splenic injury that may help in grading the 
splenic trauma, in addition to what has been described with liver injury patterns. Axial CT im-
ages demonstrate a shattered spleen (a) and a traumatic pseudoaneurysm (arrow in b).
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vascular injuries manifest with either a through-
and-through transection of the vessel or partial-
thickness wall defects, which can result in either 
nonpulsatile (venous) hematomas or pulsatile and 
expanding (arterial) hematomas when explored 
surgically (48,49). Vascular transection is rarely 
seen at imaging, as most patients exsanguinate 
before they arrive at the trauma bay. Those that do 
arrive at the hospital are often too hemodynami-
cally unstable to undergo imaging and go straight 
to the operating room. In addition to hemorrhage, 
penetrating vascular trauma can result in arterial 
occlusion and end-organ damage, which may be 
remote from the site of trauma (48,49).

The imaging findings related to a vascular 
injury at CT may be classified as direct or indirect 

(Fig 16). Indirect signs, which are sensitive but less 
specific, include abnormalities of the perivascular 
tissues or end organs and include the presence 
of a perivascular hematoma or fat stranding and 
varying degrees of end-organ ischemia (50). Direct 
signs, which are more specific but less sensitive in 
the depiction of vascular trauma, include lacera-
tion with active hemorrhage, an intraluminal flap 
of tissue, thrombosis, pseudoaneurysm, caliber 
narrowing, presence of arteriovenous fistulas, and 
bullet embolism (50). Depiction of active extrava-
sation at CT is an important prognostic indicator, 
necessitating life-saving emergent surgery or inter-
ventional vascular treatment (51) (Fig 17). 

Bullet embolism is also an important direct 
sign of vascular trauma, the true incidence of 

Figure 14.  Collecting system injury in a 26-year-old woman with a penetrating injury to 
the left flank. (a) Axial contrast-enhanced CT image of the abdomen demonstrates multiple 
left renal lacerations with perinephric hematoma. One of these lacerations approaches the 
collecting system (arrow), which raises the concern for a collecting system injury. (b) Axial 
contrast-enhanced delayed phase CT image that was obtained for confirmation demonstrates 
excretion of the contrast material into the perinephric space (), which is a finding consistent 
with collecting system renal injury.

Figure 15.  Multiple gunshot wounds with pancreatic transection in a 40-year-old man. (a) Axial contrast-enhanced 
CT image of the abdomen and pelvis demonstrates pancreatic laceration (red arrows) with active extravasation (white 
arrow), indicating direct signs of pancreatic injury. (b) Axial contrast-enhanced CT image shows extensive peripancre-
atic stranding extending toward the splenic hilum (yellow arrows), which is an indirect sign of pancreatic injury.
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Figure 16.  Direct and indirect signs of vascular injury in four patients. (a) Axial contrast-enhanced CT image of the abdomen and 
pelvis in a 34-year-old woman with a gunshot injury to the right flank demonstrates hematoma (circle) abutting the right renal artery 
(arrow) with vasospasm, which is suggestive of low-grade injury. (b) Axial contrast-enhanced CT image of the abdomen and pelvis 
in a 25-year-old man with a stab wound to the posterior flank from a long knife demonstrates right renal laceration with perinephric 
hematoma and a focal outpouching from the right renal artery (arrow), which are consistent with pseudoaneurysm. (c, d) Axial 
contrast-enhanced CT images of the abdomen and pelvis in a 19-year-old patient with a gunshot injury to the left back demonstrate 
hematoma in the retroperitoneum with vascular injuries to the aorta and inferior vena cava (obscured by streak from bullets) with ac-
tive extravasation (arrow in d), suggesting vascular injury. (e) Axial CT image in a 27-year-old man with a gunshot injury to the right 
lateral abdomen (entry wound shown with solid orange oval) depicts a trajectory superimposed on the image (arrow) that traverses 
through the aorta and inferior vena cava, causing an arteriovenous fistula (dashed yellow oval).

Figure 17.  Gunshot trauma in a 20-year-old patient. A–D, Axial CT images demonstrate multiple gunshot pelvic fractures with resul-
tant large pseudoaneurysm (blue arrows) and active extravasation (yellow arrow) with blood extending into the right upper quadrant 
(arrowhead in D). E, Catheter angiogram demonstrates pseudoaneurysms (blue arrows) with areas of active extravasation (yellow 
arrow). Also note arterial spasm due to ongoing active bleeding (black arrows). F, Coronal three-dimensional volume-rendered im-
age demonstrates pseudoaneurysm (blue arrow) and active extravasation (yellow arrow) with blood extending into the right upper 
quadrant (arrowhead). 
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which is unknown in the civilian population (Fig 
18). During the Vietnam and Afghanistan-Iraq 
wars, the reported incidence of bullet embolism 
was 0.3% and 1.1%, respectively (52). Whenever 
one encounters a penetrating gunshot trauma 
case, the entry and exit wounds should match. If 
not, plain radiography can delineate any retained 
bullets and possible bullet embolization. One 
should suspect a bullet embolization phenom-
enon when the bullet is identified remotely from 
the trajectory. Various factors dictate the pathway 
of bullet embolization, including anatomy as well 
as the structure and physics of the projectile. Bul-
lets entering the descending aorta tend to embo-
lize into the lower extremities, causing peripheral 
vascular ischemia. Bullets entering the systemic 
veins usually end up in the heart or pulmonary 
circulation and can rarely embolize into the sys-
temic circulation if a patent foramen ovale exists, 
a phenomenon known as paradoxical embolism. 
Very rarely, there may be retrograde embolism of 
the bullet in the venous tributaries (53).

In addition, the blast effect or shock wave from 
gunshot trauma can cause vascular injuries similar 
to those incurred by blunt mechanisms (50). For 
grading of traumatic abdominal aortic injury, a 
specific classification scheme is proposed by the 
Society of Vascular Surgery, in which less severe 
injuries may manifest with a flap (grade I) or intra-
mural hematoma (grade II), and more severe inju-
ries are characterized by a pseudoaneurysm (grade 
III) and rupture (grade IV) (54). Grades I and II 
injuries are often managed with serial follow-up 
CT to document resolution within 48–72 hours, 
whereas grades III and IV injuries often require 
endovascular or open surgical management (54).

The major lifesaving strategy in any vascular 
trauma is bleeding control by using direct pres-
sure applied over or proximal to the site of injury. 

However, in abdominal vascular trauma, this is 
typically not possible. Therefore, timely manage-
ment of these vascular injuries is crucial, as any 
delay could have catastrophic consequences, 
including death. Since the advent of tools such as 
resuscitative endovascular balloon occlusion of the 
aorta (REBOA), the management of hemorrhagic 
shock and cardiac arrest in the prehospital setting 
has undergone a paradigm shift, as aortic control 
can now be achieved fairly quickly before the onset 
of arrest or irreversible shock (48). 

In the REBOA technique, the aortic balloon is 
placed via the femoral artery and inflated inside 
the aorta to control a distal site of bleeding as 
well as to raise the blood pressure until definitive 
surgical hemostasis is achieved. This can be done 
either fluoroscopically in an angiography suite or, 
with newer models, in the field or trauma bay of 
the ED without radiography. 

The absolute indication for REBOA is either 
suspected or confirmed bleeding below the level of 
the diaphragm in an adult who is in shock or has 
had a pulseless electrical activity cardiac arrest for 
less than 10 minutes. Radiologists should be famil-
iar with these catheters, as related complications 
are relatively uncommon, and once such patients 
are in a transiently hemodynamically stable condi-
tion, imaging is frequently performed to depict 
internal injuries. Access site complications such 
as pseudoaneurysms, vascular injury to the aorta 
with resultant thrombus formation, and distal em-
bolization and ischemia can be seen (55–58).

Special Considerations

Penetrating Trauma in Pregnant Patients
Penetrating trauma affects an estimated 3.27 per 
100 000 pregnancies and is less common than 
blunt trauma (59). Fetal mortality is substantially 

Figure 18.  Bullet embolism in a 19-year-old patient who presented to the ED with gunshot trauma and hemodynamic 
instability. A, B, Anteroposterior radiographic survey images obtained in the trauma bay before exploratory laparotomy dem-
onstrate a bullet projecting over the sacrum (arrow in B ). C, Supine radiograph that was acquired intraoperatively to reveal the 
position of the bullet after it could not be found in the pelvis shows that the bullet is embolized to the right ventricle (arrow). 
This imaging finding is direct evidence of vascular injury.
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higher in penetrating trauma compared with in 
blunt trauma (59,60). The primary goal of treat-
ing pregnant patients with trauma is ensuring the 
health of the mother, as her maintained health 
is directly linked to the health of the child. CT 
is the modality of choice owing to its availability 
and acquisition speed (61,62). Unless there is a 
compelling contraindication, intravenous con-
trast material should be used. In the vast majority 
of penetrating trauma scenarios, the benefits of 
radiation exposure in performing a whole-body or 
abdomen and pelvis CT outweigh the risks. While 
CT of the abdomen and pelvis can result in a high 
estimated fetal dose (up to 25 mGy), this value 
is still well below the recommended fetal expo-
sure dose limit of 50 mGy (61,62). Radiologists’ 
knowledge of radiation exposure may be helpful 
for ED physicians providing care to these patients.

Imaging after Damage Control Surgery
Patients with penetrating thoracic, abdominal, or 
other types of trauma and hemodynamic instabil-
ity often undergo immediate surgical exploration 
without imaging. Trauma surgeons may perform 
a limited exploratory laparotomy or a damage 
control surgery with the goal of stabilizing the pa-
tient, leaving the laparotomy incision open with 
the plan to reexplore after CT (63–65). 

Treating these patients can be particularly 
challenging because of postlaparotomy changes 
and packing material. CT often delineates inju-
ries that were missed at laparotomy, especially 
those involving the retroperitoneum. Imaging 
with intravenous contrast material is ideal unless 
there are compelling contraindications (64,65). 
When the radiologist protocols these CT exami-

nations, knowledge of the surgical findings is 
helpful, as some injury patterns may warrant an 
arterial examination and potentially excretory 
phase imaging as well if a renal injury is present.

At imaging, the laparotomy incision is often 
open with an overlying negative pressure dress-
ing. There may be abundant hyperattenuating 
packing material, and the bowel may be left in 
discontinuity (Fig 19). The open abdomen along 
with the space-occupying packing may cause 
increased difficulty in diagnosing mesenteric or 
bowel injuries with a high level of confidence. 
This is particularly the case with extraluminal 
gas, fluid, and blood that may be present postop-
eratively. Although these patients often undergo 
second-look surgeries, the search for surgically 
occult injuries is crucial, particularly in the retro-
peritoneum, for missed foci of active bleeding. 

Imaging manifestations related to the CT hy-
poperfusion complex may also manifest in these 
patients (64,65). Reported CT findings and 
definitions of hypoperfusion complex have varied 
throughout the years (63–65). When defining 
CT hypoperfusion complex as either a col-
lapsed inferior vena cava or having two or more 
vascular or visceral enhancement abnormalities 
present, the most frequent findings are shock 
bowel (thickening with submucosal edema and 
hyperenhancement) (41%–66%); renal corti-
cal hyperenhancement (56%–58%); diminished 
abdominal aortic diameter (35%–48%); gallblad-
der hyperenhancement (33%–46%); peripancre-
atic fluid (35%–44%); splenic hypoenhancement 
(30%–35%); heterogeneous hepatic enhance-
ment (11%–29%); and other less frequent find-
ings (66,67) (Fig 19).

Figure 19.  Multiple gunshot-related injuries in a 21-year-old patient who was taken to the operating 
room for initial exploratory laparotomy. Axial CT images reveal packing material (green arrow in a) with 
an open abdomen (yellow arrow in b). The image obtained after surgical exploration (b) demonstrates 
thickened bowel walls with hyperenhancement (red arrows), which are likely secondary to hypoperfu-
sion. A bleeding pseudoaneurysm (blue arrow in a) in hepatic segment 7 is demonstrated, which was 
subsequently coil embolized (not shown). Also note segmental liver infarctions (white arrows in a) and 
large-volume hematoma ( in a). This finding (bleeding pseudoaneurysm) was not appreciated at ex-
ploratory laparotomy.
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Conclusion
Timely identification of injuries secondary to 
penetrating abdominopelvic trauma can prevent 
poor patient outcomes. Familiarity with projectile 
kinetics aids in understanding injury mecha-
nisms, and following the tracks of penetrating 
objects can reveal the site of energy deposition 
and subsequent injury. Knowledge of the imaging 
features of the injuries acquired in penetrating 
trauma, including direct and indirect signs, aids 
in correct injury characterization, which is vital to 
clinical decision making.
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