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Abstract                                                                                                                                                                                                                                                                                           

 The spleen is one of the organs most frequently injured in blunt abdominal trauma. Computed 
tomography (CT) scanning can accurately detect splenic injury and is currently the imaging modality 
of choice in assessing clinically stable patients with blunt abdominal trauma. The CT features of 
spleen injury include lacerations, subcapsular or parenchymal haematomas, active haemorrhage, 
and vascular injuries. We present a pictorial review of the spectrum of CT findings for blunt splenic 
injuries. This article will be a useful reference for radiologists and surgeons as CT scan is widely 
used for the assessment of splenic injuries and contributes to the current trend towards nonsurgical 
management of this injury.
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Introduction

 The  spleen  is  one  of  the organs most 
frequently injured in blunt abdominal trauma, 
accounting for up to 49% of all visceral injuries (1,2). 
Physical examination and laboratory data are often 
nonspecific in the diagnosis of splenic injury (3). 
Contrast-enhanced computed tomography (CT) 
scanning is currently the diagnostic imaging tool 
of choice for the assessment of haemodynamically 
stable patients with spleen injury due to its speed, 
widespread availability, diagnostic accuracy, and 
relatively noninvasive nature (4). CT scanning can 
also provide an accurate appraisal of coexisting 
abdominal injuries, such as injuries to the 
retroperitoneum and the abdominal wall, and can 
exclude the presence of lesions requiring surgery, 
such as bowel or pancreatic injuries (5). The use 
of CT scanning has influenced the current trend 
in the management of spleen injuries towards 
nonsurgical managements (6,7). Even though the 
decision to use a surgical intervention is usually 
based on clinical criteria rather than on imaging 
findings, data from CT scans frequently increase 
the diagnostic confidence of surgeons and play 
an important role in decreasing the frequency of 
unnecessary exploratory laparotomy (7,8). 
 Over a 2-year period (2008–2009) in our 
hospital, there were 44 cases of spleen injury 
out of 151 cases for which an abdomen CT scan 
was performed for blunt abdominal trauma. All 
of these spleen injury cases were retrospectively 
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reviewed. Of these 44 cases, 12 patients had Grade 
I injury, 9 patients had Grade II injury, 11 patients 
had Grade III injury, 4 patients had Grade IV 
injury, and 8 patients had Grade V injury. For all 
patients, the CT scans were performed using a 
4-row multislice Somatom Siemens Volume Zoom 
CT scanner (Siemens Medical Systems, Erlangen, 
Germany) with a 10-mm slice width, 2.5-mm 
collimation, 0.75-s rotation time, 15-mm table 
feed, and 3-mm reconstruction interval. Pre- and 
post-contrast scans were routinely performed. 
Patients received 2 mL/kg of intravenous contrast 
medium (iohexol 300 mg I/mL). Oral contrast 
agents were not routinely given. The post-
contrast scans were acquired during the portal 
venous phase, approximately 80 seconds after 
contrast injection. Multiplanar reconstruction 
(MPR) images in the sagittal and coronal planes 
were acquired when necessary. In this article, we 
present a spectrum of the CT findings for blunt 
splenic injuries. The spleen injury grading system 
was applied according to the classification system 
of the American Association for the Surgery of 
Trauma (AAST). 

CT Features of Blunt Splenic Injury 

 The major CT features of blunt splenic 
injuries are lacerations, a non-perfused region, 
subcapsular and parenchymal haematomas, active 
haemorrhage, haemoperitoneum and vascular 
injury. Lacerations and intraparenchymal 
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haematomas or contusions can be clearly observed 
using contrast-enhanced CT (Figures 1 and 2) (9). 
Subcapsular haematomas appear as an elliptic 
collection of low-attenuation blood between the 
spleen capsules and enhanced splenic parenchyma 
that causes the indentation or flattening of the 
underlying spleen margin. Free intraperitoneal 
blood in the perisplenic space does not cause 
this effect on the underlying spleen parenchyma 
(Figure 3) (4). 
 Haemoperitoneum can be accurately 
detected on a CT scan (10). When a patient is in 
the supine position, blood from the splenic injury 
passes via the phrenicocolic ligament to the left 
paracolic gutter and the pelvis. Blood can also 
pass into the right upper quadrant (Figure 4). 
Previously, the volume of haemoperitoneum 
has been considered to be a predictor of the 
need for surgery in patients with blunt splenic 
injury; however, recent reports have detailed the 
successful nonsurgical management of patients 
with a large amount of haemoperitoneum (11,12). 
Active haemorrhage appears  as an area of high 
attenuation on a CT image with Hounsfield units 
value ranging 85–350 due to extravasated contrast 
material (Figure 5) (13). Contrast extravasation 
occurs in approximately 17.7% of patients with 
splenic injury and is a significant predictor of 
nonsurgical management failure (2). 

Figure 1: Splenic laceration seen on contrast-
enhanced computed tomography scan 
as linear irregular hypodense area 
(arrow). It was proven intraoperatively 
in this 15-year-old boy who was 
injured when his motorcycle skidded. 
He had an uneventful recovery after 
splenectomy.

CT-based Injury Grading System 

 Various CT-based grading systems have 
been developed for the assessment of splenic 
injury, with the goals of standardising reporting, 
planning appropriate management, and enabling 
comparisons between institutions and studies. 
However, none of the grading systems correlates 
well with the need for surgical intervention 
(7,11,14). Recently, a better correlation between a 
newly proposed CT grading system and surgical 
intervention was achieved if important CT findings 
such as active haemorrhage, pseudoaneurysm, 
arteriovenous fistula, and the severity of 
haemoperitoneum were included in the grading 
system (15). Radiologists should be familiar with 
CT-based grading systems to facilitate research 
and communications with the surgeons. The 
most widely used CT grading system for splenic 
injury in trauma patients is based on the AAST 
scale (Table 1) (16). The injuries covered in this 
study were categorised as Grade I (Figures 6 and 
7), Grade II (Figures 8–10), Grade III (Figures 
11–13), Grade IV (Figure 14), or Grade V (Figures 
15 and 16). 

Figure 2: Parenchymal haematoma (arrow)       
seen on contrast-enhanced 
computed tomography scan as 
focal hypodense area within the 
enhanced splenic parenchyma with 
an intact capsule. This patient was 
injured in a motor vehicle collision 
and was managed conservatively.
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Table 1: Classification of splenic injuries as proposed by the American Association for the Surgery of  
Trauma (AAST), 1994 revision (16)

Grade Injury Criteria
I Haematoma Subcapsular, <10% of surface area

Laceration Capsular tear, <1-cm parenchymal depth

II Haematoma Subcapsular, 10-50% of surface area
Intraparenchymal, <5-cm diameter

Laceration 1-cm to 3-cm parenchymal depth that does not involve a trabecular vessel

III Haematoma
Subcapsular, >50% of surface area or expanding 
Subcapsular or intraparenchymal, ruptured 
Intraparenchymal, ≥5-cm diameter or expanding

Laceration >3-cm parenchymal depth or involving trabecular vessels

IV Laceration Laceration involving segmental or hilar vessels producing major 
devascularization of >25% of the spleen

V Laceration Completely shattered spleen
Vascular Hilar vascular injury that devascularizes the spleen

Advance one grade for multiple injury (up to Grade III)

Figure 3a: Subcapsular haematoma (arrow)  
seen as perisplenic collection 
that indents the underlying 
parenchyma.

Figure 3b: Perisplenic blood collection (arrow) 
seen as collection surrounding 
the spleen with no mass effect to 
adjacent parenchyma.
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Figure 6: Grade I spleen injury in a 17-year-old   
girl involved in motor vehicle accident. 
Coronal reformatted computed 
tomography showed a capsular tear 
less than 1 cm in the lower pole (arrow). 
She was managed conservatively with 
uneventful recovery. Note the minimal 
perisplenic collection.

Figure 4: Haemoperitoneum  from  splenic  
injury   in a 30-year-old man 
after being assaulted. Computed 
tomography scan showed massive 
haemoperitoneum (arrows) due to 
laceration at splenic hilum. This 
was confirmed intraoperatively with 
blood loss of 1L. There was no other 
intraabdominal injury.

Figure 5: Active haemorrhage from splenic 
injury seen as contrast extravasation 
(arrow) in 18-year-old boy injured 
after motor vehicle accident. Blood 
loss of 2L was noted intraoperatively 
and splenectomy was done for this 
patient.

Figure 7: Grade I spleen injury in a 35-year-old 
male injured in an industrial accident. 
Axial contrast-enhanced computed 
tomography scan showed subcapsular 
hemorrhage (arrow) less than 10% 
of surface area. He was managed 
conservatively and recovered well.
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Figure 10: Grade II splenic injury in a 30-year-old 
man after being assaulted. Computed 
tomography scan showed a 2-cm 
laceration at the hilum (arrow) which 
was confirmed intraoperatively.

Figure 9: Grade II splenic injury in a 14-year-old 
girl injured in motor vehicle accident. 
Computed tomography scan was done 
2 days after the accident demonstrated 
intraparenchymal haematoma (arrow) 
less than 4 cm in diameter with no 
capsular tear. Surgery was performed 
in this case for continuous blood loss. 
There were lacerations of left broad 
ligament with bleeding from branches 
of left ovarian artery (images not 
shown). Splenic capsule was intact.

Figure 8: Grade II splenic injury in a 13-year-old 
boy injured after a fight. Computed 
tomography scan showed subcapsular 
haematoma involving 30%–40% 
of splenic surface area (arrow). He 
was managed conservatively with 
uneventful recovery.

Figure 11: Grade III splenic injury in a 15-year-
old boy injured during football match. 
Axial contrast-enhanced computed 
tomography scan showed multiple 
lacerations and intraparenchymal 
haematoma (arrow). He was managed 
conservatively and recovered fully
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Figure 13: Grade III splenic injury in an 18-year-
old boy, injured when his motorcycle 
hit a buffalo. Axial contrast-
enhanced computed tomography 
scan showed a laceration at upper 
pole (arrow). Intraoperative findings 
confirmed a 6-cm laceration with 
haemoperitoneum of about 1L. 
Splenectomy was performed.

Figure 14: Grade IV splenic  injury  in  a  17-year-
old boy injured in motor vehicle 
accident. Coronal reformatted 
computed tomography showed 
multiple lacerations causing major 
devascularisation of the spleen. 
Splenectomy was performed for this 
patient.

Figure  12:  Grade III spleen injury in a 32-year 
old man injured in motor vehicle 
accident. Axial contrast-enhanced 
computed tomography scan 
showed multiple intraparenchymal 
lacerations with subcapsular 
haematoma (arrow).  Splenectomy 
was done with blood loss of 300 mL.

Figure 15: Grade V splenic injury in an 18-year 
old man after his motorbike hit 
a lorry. Axial contrast-enhanced 
computed tomography scan showed 
shattered spleen with large-volume 
haemoperitoneum which was 
confirmed intraoperatively. Note the 
focal high attenuation (arrow) due 
to active hemorrhage. Splenectomy 
was done for this patient.
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Figure 16: Grade V splenic injury in a 17-
year old boy involved in motor 
vehicle accident. Axial computed 
tomography showed non-perfusion 
of the spleen on this post contrast 
image. Perisplenic hyperdensity 
(short arrow) was due to contrast 
extravasation. He also had left renal 
injury (long arrow).

CT Features of Delayed Complications
 
 There are few complications related to 
splenic injury. Delayed complications of splenic 
injury occur at least 48 hours after the initial 
injury and include pseudocysts, abscesses, 
pseudoaneurysms, and delayed rupture (17,18). 
Delayed splenic rupture has been reported to 
occur in approximately 5%–6% of nonsurgically 
managed adults. Post-traumatic pseudocysts were 
reported in 0.44% of splenic injury patients (18). 
Splenic abscess formation is a rare complication 
of blunt trauma (Figure 17). However, as the trend 
towards nonsurgical management continues, this 
rare complication may become more prevalent. 
Post-traumatic splenic artery pseudoaneurysm 
is also a rare complication that may develop after 
splenic injury of any grade.

Role of Follow-up CT in Splenic Injury

 Follow-up imaging can provide valuable 
information about healing patterns (17,19). 
CT scanning demonstrates apparent complete 
healing of half of all splenic injuries after 6 
weeks. Complete healing of all grades is observed 
3 months after injury (20). However, this 
information has not been shown to significantly 
influence the management of the injury or affect 
patient outcome, and thus, follow-up CT scans are 
not currently recommended (18,21). 

Conclusion

 A shift towards nonsurgical management of 
blunt splenic injury in clinically stable trauma 
patients has been made possible by the widespread 
use of CT scanning as the initial imaging 
evaluation. CT scans accurately depict various 
patterns of splenic injuries and other associated 
surgically important findings. Knowledge of CT 
findings of spleen injury is important for both 
radiologists and surgeons for optimal patient 
care.
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Figure 17: Splenic abscess as a complication 
of splenic injury in a 43-year-
old man. He presented about 
1 week after trivial trauma due 
to persistent abdominal pain. 
Computed tomography scan showed 
intraparenchymal haematoma with 
multiple air pockets within; this was 
confirmed intraoperatively.
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