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ABSTRACT

already in the operating room.(0 Ultrasonography (US) has

Renal injury is observed in 10 percent of cases
of abdominal trauma, and the majority (80
percent to 90 percent) of these are attributable
to blunt trauma. Intravenous urography and

also been found to be very useful in the early evaluation

ultrasonography of the abdomen were previously
the modalities of choice in the imaging of renal
injuries. However, computed tomography (CT)
is currently the imaging modality of choice in the
evaluation of blunt renal injury, since it provides
the exact staging of renal injuries. The purpose of
this article is to describe the CT staging of renal
injuries observed in blunt abdominal trauma
based on the Federle Classification and the
American Association for the Surgery of Trauma
renal injury severity scale.

of renal trauma, especially in the emergency room, as well
as for detecting haemoperitoneum. However, US may also

miss some types of renal injuries.c)
CT is currently the imaging modality of choice in

the evaluation of blunt renal injury. It can provide the
exact delineation and staging of the extent of the renal

injuries, and is superior to IVU, US and angiography.(28)
CT had also become the imaging method of choice for

the assessment of blunt trauma in most trauma centres.

However, CT needs to be performed in multiple phases
for a complete assessment of renal injuries. In certain
cases, a delayed CT may need to be repeated after 2-3
days in order to detect ureteropelvic injuries and other

complications. (9,10)
The indications for renal imaging in trauma patients
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INTRODUCTION
Renal injury is observed in about 10% of cases of
abdominal injury. However, the majority (80%-90%) of
renal injuries are attributable to blunt trauma,(1,2) while the
rest are due to penetrating renal injuries, commonly from
gunshot and stab wounds.(1,3,4) Renal injuries from blunt
trauma usually occur as a consequence of a direct blow
to the flank or from rapid deceleration.04) A direct blow

crushes the kidney, causing a laceration or lacerations

of the renal parenchyma and resulting in a subcapsular,
intrarenal or perinephric haematoma.(4) A deceleration
injury causes an acute tension on the renal pedicle,
resulting in the laceration of the renal vein or artery, an
intimal tear in the vessel causing thrombosis or laceration,
or an avulsion of the ureteropelvic junction (UPJ).(4)

Intravenous urography (IVU) was previously the
imaging modality of choice in the investigation of
renal injuries. However, it has been noted that IVU
fails to detect and accurately stage some types of
renal injurie s. (5) A limited IVU (one-shot intravenous
pyelography) may still be performed in the emergency
department in patients who are not stable enough to
undergo computed tomography (CT), or in patients

include gross haematuria, microscopic haematuria with
shock (systolic blood pressure [SBP] < 90 mmHg),
microscopic haematuria with flank bruising, lower
rib and lumbar spine transverse process fractures,
penetrating trauma, and a child with blunt trauma and
haematuria (> 50 red bloods cells/high power field).(")
In this article, we review the radiological classifications
of renal injuries in blunt renal trauma cases seen in
Department of
Hospital Tengku Ampuan Afzan, Kuantan, Malaysia.
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Federle Classification (imaging-based)0,8)

Category
I

J

Type

Injury

Minor injury

Renal contusion; intrarenal and subcapsular haematoma; minor laceration with
limited perinephric haematoma without extension in the collecting system or

medulla; small subsegmental cortical infarct
11

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)

Table II.The American Association for the Surgery of Trauma (AAST) renal injury severity scale.(2,")
Type

Description

Contusion
Haematoma

Microscopic or gross haematuria; urological studies normal
Subcapsular; not expanding with no parenchymal laceration

II

Haematoma
Laceration

Not expanding perirenal haematoma confirmed to be renal retroperitoneum
< 1.0 cm parenchymal depth of renal cortex with no urinary extravasation

III

Laceration

> 1.0 cm parenchymal depth

Grade*

of renal cortex with no collecting system rupture or

urinary extravasation

Vascular

Parenchymal laceration extending through renal cortex, medulla and collecting
system
Main renal artery or vein injury with contained haemorrhage

Laceration
Vascular

Completely shattered kidney
Avulsion of renal hilum which devascularises kidney

Laceration

IV

V

*Advance one grade for bilateral injuries up to Grade

III. Access

online at http://www.aast.org/injury/injury.html.

extravasation to be visualised.(11) In haemodynamically

CT CLASSIFICATION OF RENAL TRAUMA
There are several classifications of renal injuries, based
on either imaging or surgery. Federle Classification is
a widely used imaging -based grading system (Table
I),(") while the American Association for the Surgery of

unstable patients, or patients with Category II or higher

Trauma (AAST) renal injury severity scale is a commonly

injuries, CT of the abdomen may need to be performed

used urological surgical staging in renal trauma (Table
However, considerable overlapping is observed
in both classifications. Staging is important as it guides
surgeons and radiologists in the management of the
patient, although it is not absolute and needs to be tailored
for individual patients. Out of the nine cases that we have
identified, two (22%) cases were in Category I (minor
injury), three (33%) were in Category II (major injury),
and two (22%) were in Category III (catastrophic injury)
and Category IV (ureteropelvic junction injury) each.

This is important in detecting urine extravastion which

would indicate collecting system, ureteropelvic or bladder
injuries. The timing of the excretory phase may be delayed

until more than 10-20 minutes so as to allow more urine

2-3 days later to detect delayed complications, such as
urinoma, infected urinoma or expanding haematoma,
which may require intervention.(10) All these multiphasic
imagings of the renal system allow for appropriate and
complete assessment of the renal injuries.

For all the patients in this review, CT was performed

using a 4 -slice Siemens Somatom scanner with a slice
width of 10 mm, collimation of 2.5 mm, rotation time
of 0.75 seconds and table feed of 15 mm. For post
processing, the images were reconstructed at 3 mm.
Sagittal and coronal images were then acquired using
the maximum intensity projection technique, whenever
the need arises. For the purpose of this review, we

FEDERLE CLASSIFICATIONS
Category I

This category includes minor injury to the kidney such as

retrospectively reviewed the renal trauma cases from the

renal contusion, intrarenal and subcapsular haematoma,

CT registration records from December 2004 to April

minor laceration with limited perinephric haematoma

2006. In all, 14 cases of renal trauma were identified, but

without extension to the collecting system or medulla,
and small subsegmental cortical infarct. Category I
corresponds to Grade I and II of the AAST renal injury

five cases were excluded due to missing images, leaving
a total

of nine cases.
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Fig. I Category I: A 16-year-old boy with blunt abdominal trauma. (a) Axial CT image shows minor renal contusion (white arrow)
with mild perinephric haematoma (black arrows) in the right kidney. No extension into the medulla or collecting system is seen. (b)
Axial CT image in the excretory phase shows no contrast extravasation.

4
Fig. 2 Category I:A 23-year-old man with blunt abdominal trauma. (a) Axial CT image shows multiple renal contusions (white
arrows) in the right kidney. There is also associated subcapsular haematoma (black arrows). No extension into the medulla or
collecting system is seen. (b) Axial CT image in the excretory phase shows no contrast extravasation.

I
Fig. 3 Category II:A 33 -year-old man with blunt trauma. Axial
CT image shows major renal laceration with extension into the
medulla (white arrows) in the left kdiney. Minimal perinephric
haematoma is also seen (black arrows).

severity scale. Renal contusion is usually small and

Fig. 4 Category II: A 10-year-old girl who sustained blunt
abdominal trauma. Axial CT image shows major renal laceration
with extension into the medulla (arrows) in the left kidney.

appears as small nonenhancing areas within the renal
parenchyma without extension into the collecting system
(Figs. la & b). A small subcapsular haematoma appears
as a hypodense lesion flattening the renal capsule (Figs.
2a & b). No evidence of contrast extravasation would

conservatively. (1,8)

be seen in the excretory phase, since the collecting

This category consists of major injury of the kidney,

system is not involved (Figs. lb & 2b). Other findings

including major renal laceration through the cortex
extending to the medulla or collecting system, with or
without urine extravasation and segmental renal infarct.
Category II corresponds to Grade III of the AAST renal
injury severity scale. However, Grade III excludes the

would include small subsegmental cortical infarcts

(small wedge-shaped, well-defined hypodensity) and
limited perinephric haematoma. Category I injuries
usually constitute 75%-85% of all renal injuries in most

series.(28) These category I injuries are usually managed

Category II

A

Singapore Med

J

2010, 51(6)

471

-

Ri

-

Fig. 5 Category II: A 19 -year-old man with blunt abdominal trauma. (a) Axial CT image shows major renal laceration with extension
into the medulla and collecting system (arrows) in the right kidney. A large perinephric haematoma is seen (H). (b) Axial CT image
in the excretory phase shows contrast extravasation into the perinephric space (arrows).
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Fig. 7 Category Ill: A 19-year-old man with blunt abdominal
trauma. (a) Axial CT image shows truncation of the right renal
artery about cm after the aorta (arrow). This is associated
with a non-perfused right kidney (K). (b) A 3-D reconstructed
image shows a complete truncation of the right renal artery
with multiple fractures of the right transverse processes of the
lumbar vertebra.
I

Fig. 6 Category III: A 27 -year-old man with blunt abdominal
trauma. (a) Corona! reformatted CT image shows major renal
laceration through the midportion of the left kidney (arrows).
(b) Axial CT image shows massive perinephric haematoma
(arrows). (c) Corona! reformatted CT image shows a large
devitalised fragment in the lower pole of the left kidney (arrows).

cases with urinary extravasation or collecting system

rupture. Major renal laceration appears as a larger
hypodense lesion involving the renal cortex and extending

into the medulla and collecting system (Figs.

3

& 4).

If

the laceration extends through the kidney, it would

appear as a cleft extending into the collecting system
on reconstructed views, depending on the site of the
laceration. A large perinephric haematoma that appears
as a hypodense nonenhancing perinephric collection
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Fig. 8 Category IV:A 21 -year-old man with blunt abdominal trauma. (a & b) Axial and corona! reformatted CT images show major
renal laceration involving the medulla (arrows). (c & d) Axial and corona! reformatted CT images in the excretory phase show
laceration at the ureteropelvic junction (UPJ) as evidence by the leaking of contrast at the UPJ (arrows).
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Fig. 9 Category IV:A 10 -year-old boy with blunt abdominal trauma. (a)Axial CT image shows major laceration involving the medulla
(white arrow) with massive perinephric haematoma (H) and devitalised fragments (black arrow). (b) Axial CT image in the excretory
phase shows no contrast extravasation. (c & d) A repeat CT imaging was performed four days later due to shock. Axial CT images
show massive collection in the periureteric region (arrows), suggestive of ureteropelvic injury.

is associated with major renal laceration, and is more

Category III

extensive than in category I (Figs. 3 & 5a). If the collecting

Category III lesions are catastrophic injuries, which include

system is involved, there would be urine extravasation

multiple renal lacerations and vascular injury involving the

in the excretory phase (Fig. 5b). Other findings, such

renal pedicle. Category III corresponds to Grade IV of the

as segmental infarct (wedge-shaped, well-defined

AAST renal injury severity scale. Multiple renal lacerations

hypodense lesion involving the renal parenchyma), may

or a shattered kidney would appear as multiple clefts

also be observed. This usually comprises approximately

extending through the renal parenchyma and collecting

10% of renal injuries.(1,2) Management is variable; most

system (Fig. 6a). With a shattered kidney, devitalised

are treated conservatively, but occasionally, some may

fragments can occur due to a lack of vascular supply

require surgical intervention, depending on the evolution

(nonenhancing segments) (Figs. 6b & c). A devitalised

of the injury.(1'4) Due to this, category II patients need close

fragment may be obscured by a large perinephric

follow-up and observation.

haematoma (Fig. 6c), and a large perinephric haematoma
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would appear as a large hypodense perinephric collection

CONCLUSION

(Fig. 6a). If there are multiple devitalised fragments, severe

CT has a major role in the investigation of renal trauma and

impairment in renal excretion would be observed.

is currently the imaging modality of choice. Categorising

Vascular injury includes renal artery thrombosis,

the renal injuries according to the Federle classification

renal artery avulsion or renal vein thrombosis. Renal artery

or the AAST renal injury severity scale is very helpful

thrombosis results from severe deceleration that causes

in the management of injured patients. The majority of

tearing of the tunica intima. The intimal flap would cause

renal injuries do not require surgical intervention, and

thrombosis of the renal artery(12) On CT, global renal

conservative management has been universally accepted.

infarction with an abrupt termination of the proximal renal
artery (Figs. 7a & b) can be seen. The absence of perinephric
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Question
(a)
(b)
(c)
(d)

Regarding intraabdominal injury:
Renal involvement is seen in 50% of all cases.
The majority of renal injuries are due to blunt trauma to the abdomen.
A direct blow to the abdomen usually results in renal pedicle injury.
Injuries to the renal vessels only occur with penetrating abdominal trauma.
1.

True

False

Question 2. Indications for renal imaging in trauma cases include the following:
(a) Gross haematuria.
(b) Microscopic haematuria in a haemodynamically stable patient.
(c)

Penetrating injury to the loin.

(d) Presence of flank bruising and collection of free fluid seen in abdominal

ultrasonography.

Question 3. Regarding CT scanning protocol in renal trauma:
(a) It is performed in the corticomedullary and excretory phases.
(b) The corticomedullary phase is performed after 5 seconds of contrast injection.
(c) CT of the abdomen needs to be repeated 2-3 days later in all patients.
(d) Urine extravasation can be seen in the corticomedullary phase.
Question

4. The

following are the features of Category II Federle Classification of renal

injuries:
(a) Major renal laceration through the cortex.
(b) It extends to involve the medulla or collecting system.
(c) There must be associated urine extravasation.
(d) Segmental renal infarct.

Question 5. Regarding Category III Federle classification of renal injuries:
(a) It corresponds to Grade III of the AAST renal injury severity scale.
(b) The absence of perinephric haematoma is characteristic of renal artery thrombosis.
(c) Renal vein thrombosis is more common than renal artery thrombosis.
(d) Category III renal injuries account for about 20% of cases.
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