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19.1  Introduction

The kidneys are two symmetrical retroperitoneal 
organs, wrapped in retroperitoneal fat and located 
at the sides of the lumbar spine; their upper pole 
is at the level of twelfth dorsal vertebrae, and the 
lower one is at the third lumbar vertebrae.

The right kidney is slightly moved in lower 
than the left kidney, for the presence of the liver.

A fibrous capsule wraps the kidney; the paren-
chyma is formed externally from the cortical part 
and an inner medulla part. The medial surface of 
the kidney has a concave incision called hilum, 
through which arteries, veins, and lymph vessels 
and ureter enter and exit.

The right kidney is related to the liver, right 
flexure of the colon, and duodenum. The left kid-
ney gets into relationship with the stomach, pan-
creas, duodenal-jejunal flexure and spleen, and 
colon (left flexure). They report, above, with their 

adrenal gland and posteriorly with the muscles of 
the back abdomen.

The kidney is involved in 8–10% of abdomi-
nal trauma cases, with 245,000 cases/year/world, 
and it is the most frequently injured organ in gen-
itourinary trauma (80%), followed by external 
genital organs, bladder, urethra, and ureter. The 
incidence of renal trauma is about 4.9 per 10,000 
of the population [1]. Three quarters of patients 
with renal trauma are male. In most of the cases, 
renal involvement occurs in blunt trauma 
(approximately 90%) [2–4]. The most common 
causes of blunt trauma are motor vehicle acci-
dents, followed by direct blow to the flank or 
abdomen during a fight, sport activities or an 
assault, and a fall from a height [5–7]. Car acci-
dents are associated with renal injuries in 43% of 
cases, whereas motorcycle accidents are more 
frequently associated with male external genital 
organs injuries and urethra; in this latter type of 
accidents, renal injuries occur in 28% of cases 
[8]. The incidence of renal injuries due to pene-
trating trauma, such as gunshot, stab wounds, or 
iatrogenic injuries during renal biopsies or other 
medical procedures, is low (approximately 10% 
of renal traumas) but could be associated with 
more severe renal damage and is frequently asso-
ciated with injuries to other organs [9–11].

There are predisposing conditions that can 
expose a blunt trauma patient to a kidney injury, 
including hydronephrosis, cystic diseases, horse-
shoe kidney, and nephroblastoma. Another factor 
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that exposes the kidney to traumatic injuries is its 
mobility on the pedicle that exposes it to stretch-
ing injuries.

In both blunt and penetrating trauma, multior-
gan involvement is common (80–90% of patients 
with penetrating trauma, 75% of those with blunt 
trauma). The associated lesions by frequency are 
lung contusion, 46%; splenic injury, 39%; liver 
injury, 34%; bone damage, 27%; adrenal injury, 
7%; and intestinal perforation, 4%. Especially in 
these cases of multiorgan involvement, contrast- 
enhanced CT is essential for a complete trauma 
evaluation.

Isolated renal trauma is rare and is usually 
classified as a minor injury [6, 12]. While blunt 
trauma may result in contusion or laceration of 
the parenchyma or the renal hilum due to sudden 
deceleration or a crush injury, penetrating ones 
produce direct damage on the parenchyma, the 
collecting system, or the vascular structures and 
involve the peritoneum [10, 13, 14]. Moreover, 
penetrating injuries are at higher risk of bacterial 
growth within the hematoma or urine leakage due 
to the non-sterile condition, and in some cases, a 
surgical debridement or a nephrectomy could be 
mandatory [15, 16].

Imaging assessment depends primarily on the 
hemodynamic status of the patient, because if the 
patient is hemodynamically unstable, an immedi-
ate damage control laparotomy is usually per-
formed. In case of stable patients, the imaging 
strategy depends on the mechanism of injury and 
on clinical and laboratory findings.

Renal trauma can occur with a quite wide range 
of severity; therefore, different kinds of treatment 
are needed. In the past two decades, important 
advances have been made in diagnostic imaging 
and in polytrauma patient management, and there-
fore the focus has slowly passed from a mainly 
surgical to a more conservative approach, since 
urgent surgical exploration often leads to nephrec-
tomy and endovascular embolization is gaining 
importance in treating ongoing bleeding [17].

Renal trauma management depends widely on 
lesion type and extension. The radiologist plays 
an essential role in distinguishing kidney lesions 
that need surgical or interventional treatment 
from the ones needing a conservative approach.

Nowadays, two main classifications exist, 
which are used for the management of traumatic 
renal injuries: the one developed by the American 
Association for the Surgery of Trauma (AAST) 
(Table 19.1), surgical-based, which grades the 
severity of renal injuries from 1 (minor contu-
sion) to 5 (shattered kidney), and the one pro-
posed by Federle, a CT-based classification, more 
popular among radiologists, which considers 
some aspects not included in the AAST grading 
system (Table 19.2) [18–22].

Of course these two classification systems 
present several overlaps and don’t include all the 

Table 19.1 American Association for Surgery of Trauma 
(AAST) renal injury classification

Gradea Type Description

I Parenchyma Microscopic or gross 
hematuria; urological 
studies normal (contusion)

Hematoma Non-expanding subcapsular 
hematoma

II Parenchyma Laceration <1 cm in depth, 
without collecting system 
rupture

Hematoma Non-expanding perirenal 
hematoma confined to 
retroperitoneum

III Parenchyma Laceration >1 cm in depth 
without collecting system 
rupture

IV Parenchyma Laceration with collecting 
system rupture

Vascular Main renal artery/vein 
injury with contained 
hemorrhage

V Parenchyma Shattered kidney
Vascular Avulsion of renal hilum 

that devascularized kidney

Obtained permission from Wolters Kluwer
aAdvance one grade for bilateral injuries up to grade III
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possible conditions; therefore, the communica-
tion between radiologist and surgeon is of vital 
importance to define the grade and severity of the 
kidney injury.

Moreover, the AAST classification is the most 
and widely accepted, and it’s based on accurate 
assessment at autopsy, laparotomy, or radiologic 
study. This grading system is widely used in the 
urological setting. Increasing grade correlates with 
the need for nephrectomy and dialysis and with 
mortality. Grades I through III can be managed 
conservatively as they heal spontaneously. Grades 
IV and V with collecting system disruption and 
vascular injury usually require intervention.

This classification has some limitations, like it 
does not consider vascular injuries associated 
with low-grade injuries. There are some proposals 
for changes, including a sub-stratification of the 
intermediate-grade injury into low-risk (likely to 

be managed nonoperatively) and high-risk cases 
(likely to benefit from angiographic embolization 
or surgery) [23]. Another suggestion is to com-
prise all collecting system injuries and segmental 
arterial and venous injuries in grade IV injuries, 
while including only hilar injuries (comprising 
thrombotic events) in grade V injuries [24].

As we have already said, the Federle classifi-
cation is based on CT findings; however, both 
classifications, although based on different crite-
ria, have common points and in fact agree that the 
most serious lesions are those involving the 
excretory system and/or the vascular one.

Conservative management has become the 
treatment of choice for the majority of renal inju-
ries, especially in blunt trauma [25, 26]. In par-
ticular, a nonoperative approach can be performed 
in hemodynamically stable patients with:

 – Grade I and II injuries
 – Most of grade III injuries
 – Grade IV with a devitalized fragment or with 

urinary extravasation
 – Grade V with unilateral main arterial injury, 

comprising unilateral complete blunt arterial 
thrombosis

In penetrating trauma a selective nonoperative 
management is generally accepted [27, 28]:

 – In stab wounds if the patient is stable and the 
site of penetration is posterior to the anterior 
axillary line

 – In gunshot injuries if they don’t involve the 
renal hilum or are accompanied by signs of 
ongoing bleeding, ureteral injuries, or renal 
pelvis lacerations with a successful outcome 
in approximately 50% of stab wounds and up 
to 40% of gunshot wounds [29, 30]

Nowadays angiography and embolization rep-
resent essential techniques in the nonsurgical treat-
ment of traumatic kidney lesions. Superselective 

Table 19.2 Federle classification

Category Type Injury

I Minor injury Renal contusion; intrarenal 
and subcapsular hematoma; 
minor laceration with 
limited perinephric 
hematoma without 
extension in the collecting 
system or medulla; small 
subsegmental cortical 
infarct

II Major injury Major renal laceration 
through the cortex 
extending to the medulla or 
collecting system with or 
without urine extravasation; 
segmental renal infarct

III Catastrophic 
injury

Multiple renal lacerations; 
vascular injury involving 
the renal pedicle

IV Ureteropelvic 
injury

Avulsion (complete 
transaction); laceration 
(incomplete tear)

Reproduced with permission from Razali MR, Azian AA, 
Amran AR, Azlin S (2010) Computed tomography of blunt 
renal trauma. Singapore Med J 51:468–473; quiz 474
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embolization has shown to increase significantly 
the chances to preserve the kidney and its function.

Embolization has a fundamental role in the 
conservative management of active bleeding, arte-
riovenous fistula, and pseudoaneurysm, and it 
seems to be most beneficial in the setting of high- 
grade renal trauma (AAST > 3).

In the management of high-grade renal trauma, 
embolization can be successful in up to 94.9% of 
grade III, 89% of grade IV, and 52% of grade V 
injuries and has decreased significantly nephrec-
tomy [31–33].

Indications to operative management are lim-
ited, reserving surgery in case of shuttered kid-
ney. The hemodynamic instability and the 
unresponsiveness to aggressive resuscitation due 
to renal hemorrhage are indications for surgical 
exploration, irrespective of the mode of injury 
[34, 35].

The exploration aims to control the hemorrhage 
and to save the kidney. Other indications are the 
mechanism of trauma; the presence of an expand-
ing perirenal hematoma, identified at exploratory 
laparotomy performed for associated injuries; and 
the presence of multiorgan involvement which led 
the patient to hemodynamic instability.

Endourological techniques are indicated for the 
management of persistent extravasation or 
urinoma.

Inconclusive imaging and a preexisting abnor-
mality or an incidentally diagnosed tumor may 
require surgery even after minor renal injury [36]. 
The overall exploration rate for blunt trauma is 
less than 10% [37] and may be even lower, as the 
conservative approach is increasingly adopted 
[38].

19.2  Radiological Diagnosis

The purpose of diagnostics imaging is to identify 
the renal lesion, to evaluate prognostic factors, and 
to give an indication of the patient’s management.

Currently the indications for the different 
diagnostic imaging modalities are controversial 
and depend on several things, such as the hemo-
dynamic status of the patient, on the presence of 
associated lesions, and on the type and locations 
of the trauma.

Unstable patients are immediately exam-
ined with FAST (focused assessment with 
sonography for trauma), an abdominal ultra-
sound (US) protocol performed bedside in the 
emergency room for the detection of free peri-
toneal fluid [39].

Patients involved in a high-energy accident, in 
stable condition or whose vital functions have 
been stabilized, are rapidly examined with a 
whole-body computed tomography (CT) [40].

The management of patients with mild-/low- 
energy trauma is controversial: the clinical pre-
sentation and the mechanism of injury are 
fundamental for the decision to immediately per-
form CT or assess the patient with sonography, 
conventional radiography, and clinical observa-
tion [41–44].

In 2014 the American Urological Association 
(AUA) released new guidelines, amended in 
2017 [45], for management of patients with a 
suspect of renal trauma.

CT with administration of intravenous con-
trast material is recommended in adults with 
blunt trauma and one of the following cases [2, 
10, 46, 47]:

 – Gross hematuria: represents the main initial 
indicator of a significant renal lesion, although 
it is not correlated with the degree of injury

 – Microscopic hematuria in the presence of 
shock (systolic blood pressure < 90 mmHg)

 – A mechanism of injury (e.g., rapid decelera-
tion or high-speed collisions)

 – A physical examination concerning for renal 
injury: contusion or flank ecchymosis, frac-
ture of the last ribs or thoracolumbar spine, 
and open wound of the abdomen, of the flank, 
or of the lower part of the thorax, in case of 
expanding mass of the flank that may be a 
hematoma or urinoma, regardless of the pres-
ence or absence of hematuria

 – In case of retroperitoneal fluid, nausea, vomit, 
or paralyzed ileum

A diagnostic evaluation is mandatory also in 
all cases of penetrating traumas, because in those 
situations there is a poor correlation between the 
presence of hematuria and the severity of the 
injuries [48].

S. Lucarini et al.
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Gross or microscopic hematuria is usually 
present in 95% of renal trauma, but its absence 
doesn’t preclude the presence of kidney injure, 
for example, it can be absent in 24% of patients 
with renal artery thrombosis, and in approxi-
mately 30% of urinary tract junction lesions, 
these lesions, moreover, are major injuries.

Although no exact indications have been given 
in the AUA 2014 guidelines for patients with 
penetrating renal trauma, the most accepted one 
is to perform a CT in the presence of hematuria or 
in a clinical suspect of a urinary tract lesion.

The Urogenital Trauma guidelines of European 
Association of Urology (EAU) released in 2013 
and updated until 2017 are similar to the AUA 
ones [2, 46].

Some authors affirm that patients with micro-
scopic hematuria and systolic blood pressure 
>90 mmHg have a very low risk of major renal 
injury (incidence of 0.2%) [48], so they could not 
require a diagnostic imaging evaluation.

Renal injuries, especially high-grade ones, 
seem to be more frequent in children, and these 
can also occur for minor trauma [49]; this is 
because of the anatomy of pediatric patient. In 
fact, the kidney in children is larger compared to 
the rest of the body, and it can maintain fetal lobu-
lation that could easier lead to parenchymal dis-
ruption; a child’s kidney is also less protected 
because it has less perirenal fat, and the abdominal 
wall thickness is less than that of the adult [37, 50].

In pediatric patients the diagnostic imaging 
choice is controverted. Due to the capability of 
children to maintain their blood pressure, instead 
of adults, some centers recommend a CT scan in 
case of suspected renal involvement in pediatric 
blunt trauma with any degree of hematuria fol-
lowing significant abdominal trauma.

In pediatric blunt renal trauma, CT is indi-
cated when the RBC value in the urine is >50 per 
HPF and in penetrating trauma when the RBC 
value in the urine is >5 per HPF [10].

19.2.1  Ultrasonography (US)

Ultrasound, just for its well-known advantages, 
which consist of low cost, lack of ionizing radia-
tions, and its portability with the possibility to be 

rapidly performed at patient’s bedside, among 
others, is the most largely available imaging 
modality in emergency department.

Apart from its use in the emergency room with 
FAST (focused assessment with sonography for 
trauma) to highlight the presence of hemoperito-
neum, ultrasound is often the first imaging of 
choice in evaluating a patient with localized low- 
energy trauma. In fact a standard ultrasound tech-
nique is able not only to detect free fluid but also 
to demonstrate a parenchymal lesion. In the spe-
cific case of kidney, the deep retroperitoneal posi-
tion and the body type of patient can influence the 
detection of the lesion; moreover, the operator’s 
experience and patient’s collaboration are other 
factors that may affect the outcome of the exam. 
For these reasons US demonstrates high sensitiv-
ity for the detection of free intra- abdominal fluid; 
in the same study, it is reported more than CT 
exam for small amount, but fairly low sensitivity 
(even below 50%) for the detection of abdominal 
solid organ traumatic lesions [51].

Some studies report that the US, practiced in 
an emergency environment, has very low sensi-
tivity in the detection of parenchymal renal injury 
(less than 22% in minor lesion) and perirenal col-
lections [51–55]. The American College of 
Radiologists (ACR) Renal Trauma guidelines 
consider US usually not appropriate in renal 
trauma [46]. It also cannot be a reliable diagnos-
tic tool for major vascular injuries and renal 
function.

Contrast-enhanced ultrasound (CEUS) in 
traumatic patients has been shown to be more 
sensitive than US for the detection of solid organ 
injuries, improving the identification and grading 
of traumatic abdominal lesions with levels of 
sensitivity and specificity similar to CT (up to 
95%) [56]. With CEUS is also easier demon-
strated even small amount of perirenal fluid and 
sometimes is possible to detect active bleeding. 
The principal limit of CEUS is the impossibility 
to evaluate the excretory phase, because micro-
bubbles are not excreted into the collecting sys-
tem; therefore, CEUS cannot demonstrate 
injuries to the urinary system: renal pelvis or 
 ureter [57–60].

For these reasons both basic ultrasound 
and CEUS may not be the only investigations to 
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evaluate a patient with trauma. Their role, espe-
cially that of CEUS, is to identify patients with a 
positive traumatic injury response and to send 
them a CT diagnostic completion test, differenti-
ating them from negative traumatic injury 
patients who, if in agreement with the clinic, can-
not continue the radiological diagnostic iter.

In this way it decreases the unnecessary radia-
tion exposure, using the US-CEUS as a screening 
tool to select patients who require a CT or not.

This is very important especially in selected 
series of patients, such as pediatric patients, 
young women in reproductive age, and low- 
energy trauma patients, or in the follow-up of 
stable patients with kidney injury [39, 41, 61].

An US exam is performed using a convex- 
array multifrequency 3.5–8 MHz probe. During 
the US exam, a parenchymal renal injury can be 
seen as a slightly hyperechoic area with no 
defined margins that may be difficult to detect in 
renal parenchyma. Often even in case of minor 
trauma a surrounding hematoma is visible, as 
well as a recent hyperechogeneous hematoma, 
which sometimes can be confused with renal 
parenchyma (Fig. 19.1).

Over time, hematoma loses its echogenicity, 
becoming hypo-anecdotal and decreasing its vol-
ume (Fig. 19.2).

Usually CEUS exam, in case of low-energy 
localized renal trauma or during a follow-up of 
known injuries, is performed using a convex- 

array multifrequency 3.5–8 MHz probe after a 
previous basal ultrasound. CEUS uses second- 
generation ultrasound contrast agents and needs 
dedicated software operating at low mechanical 
index.

Like any contrastographic examination, the 
informed consent of the patient is required.

After contrast agent administration with quick 
bolus, the renal cortex enhances immediately in 
arterial phase (10–30 s), very brightly and evenly, 
and the pyramids enhance diffusely from the 
periphery to the center over about 30 s. The homo-
geneous phase of the kidneys generally lasts 
2–2.5 min: this homogeneous phase (venous 
phase or nephrographic phase) is still the most 
effective for detection of traumatic injuries. At 
CEUS exam the injured area is detected as 
anechoic surrounded by normal strongly hyper-
echogenic renal parenchyma (Fig. 19.3). Perirenal 
or subcapsular hematoma is easily seen as perire-
nal hypo-anechoic zone, in case of subcapsular 
hematoma, with the typical imprint on the kidney 
profile (Fig. 19.4). In case of active bleeding, it is 
possible to detect in the injured area the hyper-
echoic spots. As we already said, it is impossible 
evaluate the excretory system [53, 60].

When a renal lesion is detected at US or CEUS 
complete, the examination of the patient per-
forming a CT with intravenous contrast medium 
is recommended.

Eco-color-Doppler imaging can be useful in 
monitoring vascular posttraumatic complications 

Fig. 19.1 Ultrasound shows injured left kidney, with a 
hyperechoic parenchymal area at the medium of the kid-
ney, corresponding to the lesion (arrow); there is a hyper-
echoic hematoma surrounding the kidney (arrowhead)

Fig. 19.2 Ultrasound shows a non-recent subcapsular 
hematoma, which appears as an hypoechoic mass com-
pressing renal parenchyma

S. Lucarini et al.
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such as pseudoaneurysms, arteriovenous fistulas, 
and arterial or venous renal thrombosis.

19.2.2  Multidetector Computed 
Tomography (MDCT)

With the technological development in the past 
two decades, contrast-enhanced MDCT has 
gained a central role in the evaluation of stable 
polytrauma patients, becoming the first choice 
examination. Integration of whole-body CT into 

the initial management of polytrauma patients 
significantly increases the probability of survival 
and a better prognosis [62].

CT can quickly and accurately identify and 
grade renal injury [63], can establish the condi-
tion of the contralateral kidney, and can demon-
strate injuries to other organs.

In the setting of renal trauma, multiphase CT 
allows the most comprehensive assessment of the 
injured kidney. The standard protocol consists in 
an abdominal pre-contrast acquisition from the 
diaphragm to the pubic symphysis, followed by a 
post-intravenous contrast exam in arterial phase 
(delay around 40 s) and venous nephrographic 
phase (delay around 80 s). A pyelographic phase 
(at 5–10 min or more) is practiced only in the sus-
pected urinary tract injury, e.g., in the presence of 
collections to differentiate an active bleeding 
from a urinoma (Fig. 19.5) [64, 65].

A volume of nonionic contrast medium of 
100–150 mL is injected at a rate of 2–4 mL/s 
through an 18–20-gauge needle.

Concerns regarding contrast media worsening 
outcomes via renal parenchymal toxicity are 
likely unwarranted, with low rates of contrast- 
induced nephropathy seen in trauma patients [66].

However, in practice, trauma patients usually 
undergo standardized whole-body imaging pro-
tocols; it may happen that, caused by critical 
patient’s condition, it is not possible to perform 
an excretory phase; and in this case if there is 
 suspicion that renal injuries have not been fully 
evaluated, repeating renal imaging when it is pos-
sible should be considered.

19.2.3  Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is not com-
monly used imaging modality in trauma patients, 
due to the time needed for examination, the dif-
ficulty to manage a traumatized patient in MR 
room, the limited access to the patient during the 
acquisition of imaging, the need for MRI-safe 
equipment, and the logistical challenges of mov-
ing a trauma patient to the MRI suite. Anyway 
the diagnostic accuracy of MRI in renal trauma is 
similar to that of CT with the benefit due to the 

Fig. 19.3 CEUS, axial view of the kidney, shows the 
renal injury as linear anechoic area. Note the small perire-
nal hematoma as a subtle fluid collection surrounding the 
kidney (arrowhead)

Fig. 19.4 CEUS shows a deep laceration of renal paren-
chyma (black arrow). Perinephric hematoma is seen as a 
hypoechoic fluid collection surrounding the kidney 
(arrowheads)
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lack of radiations exposure [67, 68]. Due to the 
lack of radiations, MRI can be useful, especially 
in the assessment of pediatric patients and young 
women, in cases in which the use of iodine con-
trast material is contraindicated or in follow-up 
of renal and urinary tract lesions, since with the 
administration of gadolinium the extravasations 
of urine can be visualized [69–71].

19.2.4  Urography, Angiography, 
and Scintigraphy

Intravenous urography is nowadays an obsolete 
imaging modality for the evaluation of renal 
trauma. It can be used only in rare situations, if 
the MDCT is not available or in the operating 

room, in hemodynamically unstable patients 
taken to the operating room without imaging, to 
confirm the contralateral renal function if 
nephrectomy is considered. The technique con-
sists of an injection of intravenous contrast 
(2 mL/kg) followed by a single plain film taken 
after 10–15 min [46, 72]. In doubt or positive 
cases, MDCT is anyway necessary once the 
patient is stable.

Angiography has only a therapeutic role in 
renal vascular lesions in stable patients. This 
topic will be treated in Chap. 22.

Kidney scintigraphy with Tc-99m glucohep-
tonate, Tc-99m mercaptoacetyltriglycine, or 
Tc-99m-diethylenetriamine penta-acetic acid can 
be useful in the follow-up of renal injuries, to coun-
sel the patient on the expected renal function [65].

a c

b

Fig. 19.5 CT exam in a patient with a urine leakage from 
pyelo-ureteral tract, with huge urinoma. (a) Arterial phase 
and (b) axial and (c) coronal MPR in excretory phase. 

Note the importance of the late excretory phase that 
allows to differentiate a perirenal collection, e.g., hema-
toma from urinoma

S. Lucarini et al.
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It can be used also in studying the renal func-
tion in patients with contraindications to contrast 
media or in very selected cases.

19.3  Renal Trauma Classification

Renal trauma management depends widely not 
only on the detection of renal parenchyma lesion 
but also on the presence of bleeding parenchy-
mal lesions or direct damage to the vascular 
peduncle or compromise of the urinary excretory 
system. The presence of these kinds of injury, 
detected at CT exam, completely changes man-
agement from nonoperative to operative. The CT 
exam with intravenous contrast medium can 
show accurately not only the presence of a renal 
injury and its grade but also can allow the identi-
fication of a preexisting renal condition mimick-
ing trauma and can explore the contralateral 
kidney and the presence of concomitant lesions 
of other organs.

Therefore the radiologist plays an essential 
role in the management of traumatic patient and 
regarding renal trauma distinguishing kidney 
lesions that need interventional/surgical treat-
ment from the ones needing only a conservative 
approach.

Since this manuscript is mainly intended for 
an imaging-based audience, we take into consid-
eration the Federle classification dividing trau-
matic renal injury in two principal categories of 
injury: minor and major—anyway the two princi-
pal classifications will be considered for the 
description of the different kidney lesion.

19.3.1  Category I: Minor Traumatic 
Lesions

This category comprises minor renal contusions 
and lacerations which don’t extend to the collect-
ing system or medulla, subcapsular hematomas 
with less than 1 cm or more than 1 cm of thick-
ness but without urinary excretal delay, and peri-
nephric hematomas without active bleeding 
comprised in the perinephric adipose space and 
small subsegmental cortical infarcts.

Category I corresponds in the AAST renal 
injury scale to grades I and II. It includes most of 
kidney injuries (75–85%), which generally are 
treated conservatively.

19.3.1.1  Imaging Findings

Renal Contusion
Contusion represents a self-limiting blood extrav-
asation (hematoma) in the renal parenchyma 
(grade I AAST; type I Federle). These minor 
injuries will spontaneous resolve and follow-up 
imaging is not required.

At an early US examination (within 1 h from 
trauma), it can appear as an oval or round hyper-
echoic area, with margins that after being unde-
fined at the beginning become more and more 
distinct; rarely it is large enough to lead to a mass 
effect, alter the cortical profile, or determine a dila-
tation of nearby chalices (Fig. 19.6). The echo-
genicity of renal contusions reduces in a few days 
until becoming isoechoic within 2 weeks, gener-
ally without leaving sequelae. Anyway contusion 
has to be suspected when a trauma patient presents 
hematuria without significant alterations or abnor-
malities of the urinary tract at US. On CEUS kid-
ney contusion lesion can appear as a hypoechoic 
area without clear delimitation [50, 53, 59, 71].

Fig. 19.6 Minor lesion: US shows the lower pole renal 
contusion as a non-well-defined inhomogeneous paren-
chymal (arrow); note the surrounding perirenal hematoma 
as a hyperdense collection (arrowheads), not compressing 
the renal profile
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Compared to US, MDCT is more sensible in 
detecting renal contusion. On unenhanced 
images, it may be slightly hyperdense (due to the 
accumulation of acute blood products); in 
enhanced phases contusion appears as an ill- 
defined hypoattenuating lesion. Sometimes renal 
contusions can be seen as focal areas of striated 
nephrogram and as hyperdense areas in the excre-
tory phase, due to small iodinated urine extrava-
sations in the intraparenchymal collecting 
system. These lesions have to be distinct from 
segmental infarction that is usually linear or 
wedge-shaped sharply defined non-enhancing 
areas [21, 64, 65, 73, 74] (Fig. 19.7).

Subcapsular Hematoma
Subcapsular hematoma is a collection of clotted 
blood situated under the renal capsule. It is quite 
rare due to the tight adherence of renal capsule 
and cortex (grade I AAST; type I Federle). On 

US it is seen at the beginning as hyperechoic len-
ticular lesion, which is distributed along the 
external kidney surface, confined between the 
cortex and the capsule, determining a compres-
sive effect on the renal parenchyma. Over time, it 
becomes a hypo-/anechoic lesion and reduces its 
thickness. On CEUS a subcapsular hematoma 
appears as a nonhomogeneous fluid collection 
without enhancement surrounding the kidney 
[41, 43, 53, 59].

On CT, acute hematomas are seen as a round 
or elliptical fluid hyperdense collection (>35–55 
UH) [21, 64] on unenhanced scan, with an oval or 
crescent shape which imprints the underlying 
renal parenchyma; if the fluid collection is of 
greater size, it can have a biconvex shape and 
causes a delay in the nephrographic phase 
(Fig. 19.8). The Federle classification, unlike the 
AAST, evaluates the presence of any delay or 
reduction of parenchymal vascularity due to 

a b c

Fig. 19.7 Renal contusion seen on MDCT. Unenhanced CT scan (a) shows an iso-hyperdense area, which is better 
delineated on post-contrast images (b) and coronal reconstruction (c) as a hypodense area

a b c

Fig. 19.8 Subcapsular hematoma seen on MDCT unenhanced scan (a) as a hyperdense area, without expanding signs 
on post-contrast images (b and c)

S. Lucarini et al.



419

hematoma compression. In case of a chronic and 
prolonged compression and distortion of the renal 
parenchyma and vessels, a reduction of the blood 
flow to the kidney occurs resulting in activation of 
the renin-angiotensin system with development of 
hypertension, also known as “Page kidney phe-
nomenon.” Surgical treatment of the renal com-
pression is indicated in these cases [21, 64].

Superficial and Deep Laceration
Superficial renal laceration (< 1 cm depth) is a 
tear of the renal parenchyma that involves only 
the cortical zone, often associated with contu-
sion. Instead a deep laceration (>1 cm depth) 
passes through the cortical zone extending to 
the medullary one. A laceration appears as 
irregular or linear parenchymal defects that 
may contain clot (grade I–III AAST; type I 
Federle) [74].

Superficial or deep renal lacerations appear as 
defects in the renal parenchyma without involve-
ment of the collecting system and typically 
resolve spontaneously, without the need for fol-
low- up imaging, especially in case of superficial 
laceration [21]. If it extends only to the renal cor-
tex, it is classified as AAST grade II, and if it 
goes until the medullar part, without comprising 
the collecting system, it is classified as AAST 
grade III and may need follow-up imaging.

On US it is difficult to observe, and it can be 
suspected if a subcapsular or perirenal hematoma 
is seen; it can be evident as a hyperechoic line or 
an undefined area of the kidney profile. On CEUS 
laceration is seen as a linear or branched 
hypoechoic streak, perpendicular to the surface 
of the kidney [59] (Fig. 19.9). The rapid enhance-
ment can generate questions of interpretation that 
can possibly be solved only with a second injec-
tion of contrast agent [75]. An injection of too 
high a dose of contrast media will have a negative 
effect due to the intense enhancement, potentially 
masking the presence of lacerations [61].

On MDCT it is seen as a hypodense linear or 
irregular streak on unenhanced scan; after con-
trast material administration, it is visualized as a 
less or unenhanced area; therefore, sometimes 
the differential diagnosis with a segmental or 
subsegmental infarct can be difficult (Fig. 19.10).

Perirenal Hematoma
Perirenal hematoma is a hemorrhagic extravasa-
tion in the perirenal adipose tissue, within Gerota’s 
fascia, which normally represents the result of a 
laceration of the renal capsule. Usually it is not 
creating a distortion of the kidney’s profile (from 
grade II AAST; type I Federle). This kind of find-
ing is treated conservatively. Sometimes the hema-
toma can be very large and dislocate the kidney.

a b

Fig. 19.9 (a) US shows a large perirenal hematoma (arrowhead); it isn’t appreciable the renal parenchymal injury. (b) 
CEUS demonstrates a deep parenchymal laceration at the lower pole of the kidney (arrow)
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Ultrasound is not sensible in distinguishing 
between acute hematoma and the perirenal fat tis-
sue density, since both are hyperechoic. On 
CEUS the adipose tissue shows a low enhance-
ment and can therefore be differentiated from the 
non-enhancing fluid collection.

On MDCT in basal phase, an acute perirenal 
hematoma is seen as a hyperdense collection 
more irregular in shape than subcapsular hema-
toma. The perirenal fascia can be thickened if it 
is infiltrated by the hematic collection [18, 65]. 
After contrast intravenous medium, the hema-
toma will be hypodense; in case of active bleed-
ing, hyperdense foci or pooling of contrast 
medium will be seen in the hematoma 
(Fig. 19.11).

Subsegmental Kidney Infarct
Subsegmental infarct is caused by traction or 
stretching and consequent thrombotic occlusion 
of an accessory, subsegmental, or capsular renal 
artery; it normally heals with a scar and doesn’t 
require treatment (no AAST grade, type I Federle).

On US examination no distinguishing signs 
are present. Eco-color Doppler instead can give 
important information regarding vascularization 
and can identify the infarcted area. With CEUS a 
wedge-shaped region of absent vascularization 
can be identified.

The main imaging technique is MDCT, which 
shows a small hypo-perfused parenchymal 
wedge-shaped area and hypodense and with 
well-delineated margins, more often seen on the 

a b

Fig. 19.11 Contrast-enhanced CT scans in arterial phase (a) and venous phase (b) show the lower pole parenchymal 
injury, with perirenal hematoma; in both arterial and venous phases, active bleeding is evident (arrows)

a b c

Fig. 19.10 Superficial laceration seen as a hypodense streak on post-contrast images (a), better visualized on 3D (b) 
and sagittal (c) reconstructions
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lower polar region, and compared with renal con-
tusions, it is more well defined and demarcated 
(Fig. 19.12) [18].

19.3.2  Category II: Major Traumatic 
Injuries

Renal injuries comprised in this category can 
necessitate an interventional/surgical approach; 
this category includes vascular injuries and/or 
deep laceration extending to collecting system or 
urinary tract injuries with iodate urine extravasa-
tion. AAST grade IV comprises lacerations 
affecting the collector system with urine outflow, 
renal pelvis laceration or complete ureteropelvic 
destruction, and arterial lesions or segmental 
veins; AAST grade V comprises renal vascular 
peduncle injury, devascularized kidney, venous 
thrombosis, and shattered kidney.

The management of these lesions is variable, 
in the majority of cases needing just conservative 
treatment but occasionally requiring surgical 
exploration depending on the hemodynamic sta-
tus and the evolution of the injury. Usually in 
case of devascularized kidney or shattered one, 
surgical management is requested.

19.3.2.1  Imaging Findings

Major Laceration
Major laceration of the renal parenchyma or 
incomplete renal fracture appears as deep cleft 

which runs through the renal cortex and medulla 
reaching the collecting system and can be associ-
ated to a hematoma and/or a urinary extravasa-
tion (urinoma) confined to the perirenal or 
pararenal fat tissue (grade IV AAST; type II 
Federle) [76, 77].

Major lacerations appear similar to minor lac-
erations but are wider, usually more numerous, 
and larger.

On CT exam multiplanar reconstructions can 
be useful in better visualizing the extension of the 
lacerations and their relationship with the collect-
ing system.

Major lesions usually are associated with an 
extensive perinephric hematoma, a blood collec-
tion which infiltrates the perirenal fat tissue and 
can have a mass effect and dislocation of the kid-
ney, altering the renal contour, the nearby mus-
cle, or the organ shape (such as the psoas muscle 
or the colon); it can also diffuse toward the 
abdominal aorta, becoming bilateral. If it tres-
passes Gerota’s fascia, it becomes a paranephric 
hematoma, with thickening of Gerota’s fascia 
(Fig. 19.13).

When in the case of kidney injury we find 
peripheral fluid, we must always ask ourselves 
what kind of fluid is it, blood or urine. An excre-
tory phase should always be performed to exclude 
an involvement of the collecting system and to 
demonstrate the presence of a retroperitoneal uri-
noma, a urine extravasation into the retroperito-
neum due to a laceration of the collecting system, 
or a transection of the ureteropelvic junction, 

a b c

Fig. 19.12 Segmental infarct of the kidney is seen as a wedge-shaped hypodense area on post-contrast images (arrow); 
the infarct is caused by dissection/thrombosis of the renal artery with is never opacified (star)
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causing lipolysis of the surrounding fat with 
resultant encapsulation of urine. In fact, when the 
laceration extends into the renal collecting sys-
tem, extravasation of excreted contrast material 
will be present on delayed views.

On B-mode US images, urinoma can be seen 
as a hypo-anechoic area surrounding the kidney, 
resembling a fluid collection.

On enhanced MDCT, as said before, the retro-
peritoneal urinoma can be visualized in the excre-
tory phase (at least 4–5 min after contrast media 
administration) due to the urine extravasation, 
markedly hyperdense (Fig. 19.14), although 
often a later scan can be needed (8–15 min from 
contrast media administration).

The management of this kind of lesions is 
variable, affected patients are usually treated 

conservatively, and there may be a need to place 
a stent, but occasionally require surgical explora-
tion depending on hemodynamic status and the 
evolution of the injury.

The presence of a voluminous perirenal 
hematoma or small blood clots can block the 
urinary extravasation right after trauma, lead-
ing to a non- immediate visualization of it; often 
it is then diagnosed in a CT scan performed 
after 6–12 h, the time in which the blood clot 
dissolves permitting the urine to exit. The 
patient with an expanding perinephric hema-
toma and a decrease in hematocrit often requires 
intervention.

When intense contrast enhancement occurs 
within a laceration or an adjacent hematoma dur-
ing the early phase of the CT examination, the 

a b

Fig. 19.13 Contrast-enhanced CT, axial scan (a), and sagittal reconstruction (b) show a deep laceration of the upper 
pole of the right kidney, associated with retroperitoneal hematoma
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diagnosis of traumatic false aneurysm or active 
hemorrhage should be considered. Active hemor-
rhage tends to track into surrounding tissues and 
has a linear or flame-like appearance, whereas 
false aneurysms tend to be more focal and 
rounded. Extravasation of vascular contrast 
medium appears with attenuation values of 
80–370 HU, is typically within 10–15 HU of the 
aorta or adjacent major artery, and is generally 
surrounded by lower-attenuation clotted blood. 
This finding is an important indicator that a 
patient may be about to pass from hemodynamic 
stability to decompensation. In one series, 38% 
of patients with this finding became hypotensive 
during or immediately after the CT examination. 
Patients in stable condition with active vascular 
extravasation should be referred for angiographic 
embolization [78–80].

The isolated urine extravasation doesn’t repre-
sent anymore an indication for surgical explora-
tion, reserved only to very extensive lesions, 
since most of urinary leaks tend to resolve spon-
taneously and need just a “watch-and-wait” 
approach. However, in 37% of cases, an endo-
scopic ureteral stent placement is needed 
 (nephrostomic catheter or ureteral double J); in 
other cases the urinoma can get infected due to 
the urinary stasis, needing a percutaneous 
drainage.

Follow-up CT or MRI may be necessary to 
assess interval change in the appearance of the 
injury [21, 71].

Segmental Infarct
Segmental infarct appears as a sharply demarcated, 
dorsal, or ventral segmental region of decreased 
enhancement of the parenchyma (type II Federle); 
it is present in approximately 10% of renal injuries 
and seen on MDCT as a wedge- shaped, sharply 
demarcated hypodense lesion involving the renal 
parenchyma, with a subcapsular basis and the apex 
toward the hilum; it is caused by a traumatic dissec-
tion and/or thrombosis of segmental vessels (AAST 
V) (see Fig. 19.12). Vascular thrombosis and a seg-
mental area of parenchymal infarction can be seen 
also with Doppler and with CEUS as feeling defect 
in the vessel or an area of anechoic parenchyma 
surrounded by the normally hyperechoic vascular 
parenchyma.

Management is usually conservatory, but if it 
involves more than 50% of the renal parenchyma, 
a surgical debridement is indicated.

19.3.3  Catastrophic Lesions

These lesions (type III Federle) consist in vascu-
lar injury involving the vascular pedicle (AAST 
V); they represent approximately 5% of all renal 
injuries and thus generally require an interven-
tional intravascular and/or surgical approach.

Part of this group is multiple severe lacera-
tions generating three or more devascularized 
fragments (shattered kidney) and arterial and/or 
venous vascular pedicle lesions.

a b c

Fig. 19.14 Axial CT scan in arterial (a) and excretory 
(b) phase and coronal reconstruction (c) show the deep 
laceration (arrowhead) seen as a hypodense cleft on post- 

contrast images (a); the excretory phase on axial (b) and 
better on coronal (c) plane show collective system involve-
ment with urine extravasation (arrows)
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For this category of lesions, the leading imag-
ing modality is MDCT with contrast media 
administration, due to its capability to visualize 
the active bleeding differentiating it from urine 
extravasation.

19.3.3.1  Imaging Findings

Shattered Kidney
The shattered kidney and renal pedicle avulsion 
represent some of the most severe renal injuries, 
since they determine a complete devasculariza-
tion of the kidney, leading to a nephrectomy.

The term shattered kidney refers to gross renal 
parenchymal disruption by multiple lacerations; 
these injuries are frequently associated with mul-
tiple areas of renal infarction [73].

In rare cases (hemodynamic stability, non- 
expanding perinephric hematoma, scarce or 
absent urine extravasation), an interventional 
approach can be attempted, with a vascular 
embolization and a percutaneous drainage of the 
hematoma.

On MDCT in a shattered kidney, the gland has 
lost its normal morphology and structure, with 
multiple deep clefts passing through the renal 
parenchyma and collecting system, creating devi-
talized fragments due to a lack of vascular sup-
ply; these non-enhancing segments may not be 
depicted because of the presence of a large peri-
nephric hematoma, which appears hypodense 
(Fig. 19.15). Within this hematoma, often foci of 
active arterial bleeding can be visualized as a 
patchy hyperdense area (with a density of 85–370 

HU; mean, 132 HU) that is best appreciated at 
dynamic contrast-enhanced CT.

Vascular Injury Involving the Renal Pedicle
The most significant vascular injury following 
blunt trauma is thrombosis of the main renal 
artery. The other vascular injuries comprise vein 
thrombosis and renal artery avulsion [81].

Deceleration forces dislocate the kidneys in 
the retroperitoneal adipose space, causing a 
stretching and tearing of the intima and the for-
mation of an intimal flap, which leads to the for-
mation of blood clots and arterial thrombosis; in 
blunt trauma, this rarely is complete. More often 
a segmental or subsegmental infarction occurs. 
The renal artery occlusion occurs in higher per-
centage of cases at the proximal-medial third of 
the kidney with a distal distribution.

On MDCT the non-visualization of the whole 
kidney, correlated to the absence of perinephric 
hematoma, should give the suspect of main renal 
artery thrombosis (Fig. 19.16) although other 
causes should be excluded, such as renal vascular 
spasm due to severe contusion, renal pedicle 
avulsion, or high-grade urinary obstruction. If the 
thrombus is detectable, it appears as an endovas-
cular filling defect, hyperdense on unenhanced 
CT images, and hypodense on enhanced scans. A 
“cortical rim sign” can be rarely observed (it usu-
ally is seen after at least 8 h), in which the periph-
eral cortex and renal capsule show a higher 
enhancement, as perfusion is maintained by the 
renal capsular artery (Fig. 19.17).

a b c

Fig. 19.15 Shattered kidney: multiple deep clefts 
(arrow) are identified on post-contrast images (a), (b) and 
(c); in the excretory phase in (c), an important involve-

ment of the collective system is seen, with abundant urine 
extravasation trough the clefts (star).
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If this kind of condition is depicted, the treat-
ment decision has to be chosen also keeping in 
mind a 2 h time limit for revascularization.

Renal vein thrombosis is a rare condition in 
blunt trauma; the vein is dilated and not com-
pressible during the ultrasound evaluation; in 
acute conditions, the thrombus is hypoechoic 
and difficult to visualize. In case of complete 
renal vein thrombosis, the eco-color-Doppler 
examination doesn’t show any flow, and several 
signs can be associated, such as kidney enlarge-
ment, the absence of intraparenchymal flow, 
and the presence of a collateral venous system 
at the kidney hilum. On MDCT an endovascu-
lar filling defect (in case of partial thrombosis) 
or absent filling (complete thrombosis) of the 
distended renal vein is seen, associated with 
nephromegaly, delayed nephrographic progres-
sion, reduced nephrogram (Fig. 19.18), or 
delayed excretion of contrast material into the 
collecting system due to the acute venous 
hypertension.

Fig. 19.16 Contrast-enhanced axial CT scan, arterial 
phase, shows the complete ischemia of the right kidney 
(white arrow), due to renal artery thrombosis (black 
arrowhead). Note the huge intraparenchymal hepatic 
hematoma (white arrowheads) and the subcutaneous 
emphysema (asterisk)

a b

c d

Fig. 19.17 Contrast-enhanced CT (a–d) demonstrates 
the absence of vascularization of most of the right kidney 
on post-contrast images (star), caused by thrombosis of 

the main renal artery seen as a filling defect (arrow) on the 
arterial phase (a and d)
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Avulsion of the renal artery is a rare life- 
threatening condition in blunt trauma, not often 
seen on CT, due to the hemodynamical instability 
of the patient; caused by tearing of the tunica 
muscularis and adventitia, it is associated with 
global renal infarction (seen on CT as a com-
pletely or largely devascularized kidney) (see 
Fig. 19.16) and large perinephric hematoma 
(mainly distributed medially to the renal hilum), 
with important contrast material extravasation 
between the kidney and the aorta, which becomes 
larger in the venous phase, with a higher density 
than the one of the aorta (active arterial bleeding). 
In case of renal vein avulsion, the perinephric 
hematoma is self-limiting due to the compression 
of the perirenal adipose tissue. Renal enhance-
ment is usually delayed and reduced, but uni-
formly present. In case of avulsion of the renal 
hilum, a total absence of  parenchymal enhance-
ment is found at MDCT and CEUS [61, 82].

19.3.4  Ureteropelvic Junction 
Injuries

This group comprises ureteropelvic junction 
injuries, a rare consequence of blunt trauma. In 
case of sudden deceleration and hyperextension, 
the relative mobility in the retroperitoneal space 
of the kidney compared to the aorta and vertebrae 
can cause traction and tension on the renal 
pedicle.

A predisposing condition is congenital or sec-
ondary obstructive uropathy, which causes 
chronic renal pelvis dilatation.

Keep in mind that in 30% of cases, these inju-
ries occur in the absence of hematuria and the 
diagnosis may be delayed.

This kind of damage is mentioned in 
Category IV of the Federle classification, cor-
responding to grade V of the AAST injury 
scale.

a b

Fig. 19.18 Contrast-enhanced CT, axial scan (a), and 
coronal reconstruction (b) show the filling defect in the 
left renal vein (arrows), due to partial thrombosis. The left 

kidney has a reduced parenchymal enhancement with 
respect to the right kidney
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The ureteropelvic junction can be completely 
transected (avulsion) or incompletely teared (lac-
eration). In these cases an excretory phase imaging 
is necessary to visualize correctly the injury; in 
fact in both situations, urine extravasation sur-
rounding the ureteropelvic junction is present (cir-
cumrenal urinoma), typically without hematoma, 
and the presence of contrast material in the ureter 
distal to the ureteropelvic junction helps differenti-
ate laceration from avulsion (Fig. 19.19). However, 
when neither CT nor intravenous urography 
unequivocally demonstrates ipsilateral ureteral 
filling, retrograde pyelography should be per-
formed [21].

Treatment of avulsion of the ureteropelvic 
junction is always surgical; laceration can also be 
treated in some cases conservatively with or 
without stent placement.

19.4  Other Nonclassified Renal 
Injuries

Contained vascular lesions such as pseudoaneu-
rysm and arteriovenous fistulae are lesions that 
can be identified on CT imaging, but are not clas-
sified in the AAST or Federle injury scale.

Pseudoaneurysm or false aneurysm occurs 
when all three layers of the arterial wall (intima, 
media, and adventitia) are disrupted and the blood 
pool is external to the vessel, without an own wall 
but contained by the surrounding connective 
tissue.

On eco-color-Doppler ultrasound, a pulsatile 
flow sign is seen within the lesion (with a swirl-
ing pattern), and documentation of the to-and-fro 
flow with spectral Doppler is essential to make 
diagnosis.

a

c d

b

Fig. 19.19 Renal pedicle injury: perirenal hematoma 
and inhomogeneous parenchyma are already seen on 
direct scan (a); on arterial phase (b) an incomplete vascu-
larization of the kidney is seen, with multiple deep clefts, 

better visualized on venous phase (c); in the excretory 
phase, the urine runs along the renal pelvis toward the ure-
ter, surrounding it (d) (arrow)
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On MDCT it is identified as a round or oval area, 
with a size between 5 mm and 5 cm, of vascular 
origin, and hyperdense in the arterial phase, next to 
the vessel, with a decrease in attenuation in the fol-
lowing post-contrast phases, similar to the aorta. 
This behavior is useful to distinguish it from active 
bleeding, which increases in size and retain a higher 
attenuation than the aorta on delayed imaging.

Pseudoaneurysms of the main renal artery 
branches may require embolization, in contrast to 
the ones of the main renal artery that require sur-
gical treatment by stent positioning.

An arteriovenous fistula is an abnormal con-
nection between an artery and a vein, which on 
eco-color-Doppler imaging may be visualized 
directly, with an abnormal high-velocity flow.

On MDCT it is seen as an early intensity of 
the renal vein, which is usually larger in diameter 
and lower attenuation on the parenchymal phase 
due to the “stolen effect” of the enhanced blood. 
Differential diagnosis with pseudoaneurysm can 
be difficult and only resolved by angiography.

19.5  Traumatic Injuries 
to Kidneys with Preexisting 
Abnormalities

A kidney with a preexisting abnormality is at 
increased risk for injury [83]. An underlying renal 
disorder may be first brought to medical attention 
because the severity of the patient’s symptoms is 
disproportionate to the degree of injury suffered.

Trauma to an abnormal kidney occurs more 
frequently in children than in adults. Such injuries 
include disruption of the renal pelvis or uretero-
pelvic junction in patients with hydronephrosis or 
an extrarenal pelvis intracystic hemorrhage or 
rupture of a renal cyst with or without communi-
cation with the collecting  system, rupture of a 
tumor, laceration of poorly protected ectopic or 
horseshoe kidneys (Fig. 19.20) [50, 53], and lac-
eration of fragile, infected kidneys.

CT provides more specific and clinically use-
ful information than excretory urography in this 
context [84].

19.6  Complications

Complication of renal injury mostly occurs 
within 1 month from the traumatic event with a 
wide range from 3 to 33% of all kidney injuries. 
Early complications include urinoma, urinary fis-
tula, infected urinoma or perinephric abscess, 
pseudoaneurysm, delayed bleeding, persistent 
hematuria, and hypertension.

Late complications include A-V fistula, hydro-
nephrosis, delayed hypertension, calculus forma-
tion, and chronic pyelonephritis.

Low-grade lesions usually resolve completely 
without complications, and high-grade lesions 
instead often result in the formation of one or 
more scars, which can be responsible of obstruc-
tive conditions, with urinary stasis, calculi, or 
infection.
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