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abstract

introduction: The most widely used grading system for blunt splenic injury is the American 

Association for the Surgery of Trauma (AAST) organ injury scale. A few years ago a new grading 

system was developed. This ‘Baltimore CT grading system’ is superior to the AAST system in 

predicting the need for angiography and embolization or surgery. The present study assessed 

inter - and intraobserver reliability between radiologists in classifying splenic injury according 

to both grading systems.

methods: Computed Tomography (CT) scans of 83 patients with blunt splenic injury admitted 

between 1998 and 2008 to an academic Level 1 trauma center were retrospectively reviewed. 

Inter and intrarater reliability were expressed in Cohen’s or weighted Kappa values.

results: Overall weighted interobserver Kappa coefficients for the AAST and ‘Baltimore CT 

grading system’ were respectively substantial (kappa =0.80) and almost perfect (kappa= 0.85). 

Average weighted intraobserver Kappa’s values were in the ‘almost perfect’ range (AAST: 

kappa=0.91, ‘Baltimore CT grading system’: kappa = 0.81).

conclusion: The present study shows that overall the inter – and intraobserver reliability for 

grading splenic injury according to the AAST grading system and ‘Baltimore CT grading system’ 

are equally high. Because of the integration of vascular injury, the ‘Baltimore CT grading system’ 

supports clinical decision making. We therefore recommend use of this system in the classifica-

tion of splenic injury after blunt trauma.
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introDuction

The spleen is the most commonly injured solid organ in blunt abdominal trauma.1, 2 Contrast-

enhanced multidetector computed tomography  is the gold standard diagnostic examination 

for splenic trauma because of its speed, widespread availability, diagnostic accuracy, and 

relatively non invasive nature. The most widely used grading system for blunt splenic injuries is 

the American Association for the Surgery of Trauma (AAST) organ injury scale.3, 4 This grading 

system, first introduced in 1989, is based on anatomic disruption of the spleen, as found during 

laparotomy (Appendix 1). CT-based injury grading systems, derived from the AAST scale, also 

exist.5

Prior studies showed that grade of injury on the CT scan alone is a poor predictor for success-

ful outcome of nonoperative management (NOM).6-8 Recent evidence suggests that vascular 

injuries including active splenic haemorrhage (the so-called ‘contrast blush’), pseudoaneu-

rysms and post-traumatic arteriovenous fistulas are associated with an increased failure rate 

of NOM.9, 10 Furthermore, it was shown that the higher the grade of splenic injury according to 

the AAST, the greater the risk of vascular injury.11 To date, vascular injuries are not integrated 

in the AAST grading system. Therefore, in 2007 Marmery and colleague radiologists validated 

a new grading system for the classification of splenic injury 12 (Appendix 2). The presence of a 

contrast blush is a key factor in this grading system (further referred to as ‘Baltimore CT grading 

system’). The ‘Baltimore CT grading system’ is superior to the AAST system in predicting the 

need for angiography and embolization or splenic surgery in patients sustaining blunt splenic 

injury and therefore its use may be preferred over the AAST grading system.5

The objective of the present study is to assess inter- and intraobserver reliability between 

radiologists in classifying blunt splenic injury according to the AAST and ‘Baltimore CT grading 

system’.

Patients anD methoDs

All patients with blunt splenic injuries admitted between 1998 and 2008 to the level-1 trauma 

center of the Academic Medical Center, the Netherlands, were identified from the hospital’s 

trauma registry. The presence and quality of CT images, made during initial trauma screening 

in the shock room, were verified by a senior radiologist (LB).

Contrast-enhanced CT scans with 8 mm slices or thinner collimation and with images obtained 

during the portal-venous phase were selected.

computed tomography scanning (protocol)

CT scans were obtained on a 4 slice scanner (Sensation 4, Siemens Medical Solutions, Forcheim, 

Germany) before 2008 and a 64 slice scanner (Siemens Sensation 64) after 2008. Images were 
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acquired 70 seconds after intravenous administration of 100 ml contrast material (mainly 

Ultravist 300). The CT scans were independently scored by two senior radiologists (> 10 years 

of experience, observer 1 and 2) and one radiology resident (4 years of experience, observer 3) 

on a PACS system (Impax 4, 5, AGFA Gevaert, Belgium). The CT scans were scored twice with a 

time interval of ≥ 2 months. The scans were presented to the observers in a random order. Since 

observers could have been involved in initial trauma screening in the shock room of a number 

of the clinical cases included in the study, observers were blinded for patients’ name, identity 

number and his or her clinical course.

investigated Parameters

Splenic Injury was scored according to the ordinal grading systems of the AAST (Appendix 1) 

and the ‘Baltimore CT grading system’ (Appendix 2). AAST grades 1-3 and grades 4 and 5 were 

additionally dichotomized into low versus high grade splenic injury, respectively. This distinc-

tion is commonly applied in literature and has therapeutic implications. Since low reliability for 

scoring the presence (or absence) of a contrast blush can negatively influence the reliability of 

the ‘Baltimore CT grading system’, we additionally assessed the reliability of this parameter. The 

presence of a contrast blush was documented according to the following nominal categories: 

intraparenchymal (in the splenic parenchyma or subcapsular space) or intraperitoneal (into 

the peritoneum). A contrast blush was defined as a well-circumscribed, peri-splenic or intra-

parenchymal contrast collection that was hyperdense with respect to the rest of the splenic 

parenchyma.13 Lastly, we assessed if in our study population a relation was observed between 

the grade of splenic injury (scored according to the AAST grading system) and the presence of 

vascular injury. In addition to the presence and type of contrast blush, this includes the pres-

ence of pseudoaneurysms and post traumatic arteriovenous fistulas.

statistical analysis

Relevant patient characteristics (sex, age and Injury Severity Score) and the relation between 

vascular injury and splenic injury grade were summarized using descriptive statistics. For 

reporting vascular injury in relation to splenic injury grade, the mean value of the three 

observers (round 2) was calculated. Inter- and intraobserver reliability were expressed in Kappa 

coefficients. The Kappa statistic estimates the proportion of agreement among or within 

observers after chance agreement has been removed. Binary and nominal data were expressed 

in Cohen’s Kappa values, whereas ordinal data were expressed in weighted Kappa values. Aver-

age (weighted) Kappa values of pair of observations were considered as an overall index for 

concordance among or within observers.14

Kappa values were arbitrarily classified according to Landis and Koch 15 with values < 0 indi-

cating no agreement, 0 – 0.20 as slight, 0.21 – 0.40 as fair, 0.41 – 0.60 as moderate, 0.61 –0.80 as 

substantial, and 0.81 – 1 as almost perfect agreement. Statistical uncertainty of kappa of pair of 

observations was expressed in a 95% confidence interval.
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results

CT scans of 88 patients were analyzed. Five patients were excluded due to incomplete data. The 

study population consisted of 83 patients. 88% of the patients was male. Median age was 29 

years (range 17 – 86). Median Injury Severity Score was 24 (range 4 – 66).

interobserver reliability

The interobserver reliability values of all parameters are shown in Table 1. The overall Kappa 

coefficients for the AAST and ‘Baltimore CT grading system’ were substantial (kappa =0.80) 

and almost perfect (kappa= 0.85), respectively. The average Cohen’s Kappa for the presence 

or absence of a contrast blush was substantial (kappa =0.76). Average Cohen’s Kappa’s for the 

subtypes of blushes (intraperitoneal and intraparenchymal) were ‘substantial’ (kappa = 0.68; 

data not presented) and ‘fair’ (kappa = 0.41; data not presented) respectively.

In general, the point estimates of the Kappa values of the most experienced observers (observer 

1 and 2) were higher, indicating better interobserver agreement. The point estimates of the 

Kappa values of observer 2 against observer 3 were lower.  Appendix 3 shows where disagree-

ment was predominantly situated. 23 out of 34 CT scans graded as AAST splenic injury grade 3 

by observer 2 were graded differently by observer 3. 9 out of the 14 CT scans graded as AAST 

splenic injury grade 4 by observer 2 were graded as AAST splenic injury grade 5 by observer 

3. CT scans that were graded as splenic injury grade 4A by observer 2 according the ‘Baltimore 

table 1. Interobserver reliability: (weighted) Kappa values with 95% confidence intervals (n = 83 CT scans)

Overall Kappa a (weighted) Kappa of pair of observations
(95% confidence interval) 

AAST * 0.80  1,2: 0.83 (0.77 - 0.90)

2,3: 0.75 (0.65 - 0.84)

1,3: 0.81 (0.70 - 0.91)

AAST low vs high grade splenic injury ** 0.75 1,2: 0.74 (0.60 - 0.89)

2,3: 0.72 (0.57 - 0.87)

1,3: 0.78 (0.64 - 0.91)

‘Baltimore CT grading system’ * 0.85 1,2: 0.91 (0.87 - 0.95)

2,3: 0.79 (0.71 - 0.88)

1,3: 0.84 (0.77 - 0.91)

Contrast blush ** 0.76 1,2: 0.83 (0.70 - 0.96)

2,3: 0.69 (0.52 - 0.86)

1,3: 0.75 (0.59 - 0.90)

1: observer 1; 2: observer 2; 3: observer 3; 
*, ordinal data expressed in weighted Kappa values **, binary and nominal data expressed in Cohen’s 
Kappa values.
a, overall Kappa indicates the average (weighted) Kappa values of pair of observations 
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grading system’, was graded as grade 2 (n=3), grade 3 (n=4) or grade 4B (n=1) by observer 3. 

Interobserver Kappa values after a time interval of ≥ 2 months showed the same patterns (data 

not presented).

intraobserver reliability

Overall Kappa’s were in the ‘almost perfect’ range except for the presence of a contrast blush 

(substantial: kappa=0.77). Apart from the ‘Baltimore CT grading system’, the point estimates of 

the intraobserver agreements (Table 2) were higher compared to the interobserver agreements 

(Table 1). The intraobserver agreement of the third observer (resident) on the ‘Baltimore CT 

grading system’ was relatively low (kappa =0.66; 95% Cl: 0.45-0.88), whereas the first observer 

showed almost perfect intraobserver Kappa values ≥ 0.89 for all parameters.

Vascular injury

No post-traumatic arteriovenous fistulas and 3 pseudoaneurysms were detected on the 

CT scans. In 28 out of the 83 patients (33%) a contrast blush was detected. In 11 patients an 

intraparenchymal blush was present, in 14 an intraperitoneal blush and in three patients a com-

bination of both an intraparenchymal and intraperitoneal blush was observed. The number of 

patients with a contrast blush visible on CT scan in relation to the (total) number of patients 

with the corresponding grade of splenic injury increased from 0 out of the 10 (0%) patients 

with grade 1 splenic injury to 10 out of the 14 (71%) patients with grade 5 splenic injury. Figure 

1 depicts the different types of contrast blushes per grade of splenic injury.

table 2. Intraobserver reliability: (weighted) Kappa values with 95% confidence intervals (n = 83 CT scans)

Overall Kappa a (weighted) Kappa per observer
(95% confidence interval) 

AAST * 0.91  1: 0.96 (0.92 - 1.00)

2: 0.86 (0.80 - 0.92)

3: 0.91 (0.85 - 0.97)

AAST low vs high grade splenic injury ** 0.84 1: 0.95 (0.88 - 1.00)

2: 0.74 (0.59 - 0.90)

3: 0.83 (0.70 - 0.95)

‘Baltimore CT grading system’ * 0.81 1: 0.97 (0.84 - 0.98)

2: 0.80 (0.67 - 0.93)

3: 0.66 (0.45 - 0.88)

Contrast blush ** 0.77 1: 0.89 (0.78 - 0.96)

2: 0.73 (0.57 - 0.88)

3: 0.70 (0.53 - 0.86)

1: observer 1; 2: observer 2; 3: observer 3; 
*, ordinal data expressed in weighted Kappa values  **, binary and nominal data  expressed in Cohen’s 
Kappa values.
a, overall Kappa indicates the average (weighted) Kappa values per observer
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Discussion

The present study shows that overall the interrater reliability between radiologists in classifying 

splenic injury after blunt trauma is substantial for the AAST grading system and almost perfect 

for the ‘Baltimore CT grading system’.

A contrast blush, a sign of vascular injury, is a key factor in the ‘Baltimore CT grading system’. 

In this system the presence of a contrast blush is responsible for an upgrade of the splenic 

injury to grade 4, even in patients with splenic injury categorized as grade 1 or 2 according to 

the AAST system. Although interobserver reliability for the presence or absence of a contrast 

blush was accurate, additional analyses were performed for the different subtypes of contrast 

blushes because what really matters is how frequently or infrequently different observers come 

to clinically important different assessments. Possibly, more accurate scoring of mainly an intra-

parenchymal blush (Baltimore grade 4a) could result in a further improvement of interobserver 

reliability of the ‘Baltimore CT grading system’. Because of the low occurrence of arteriovenous 

fistulas and pseudoaneurysms, also scored as Baltimore grade 4a, these types of vascular injury 

were not entered into analysis.

The interobserver reliability of the AAST low versus high grade of splenic injury was not higher 

than the more detailed standard AAST and ‘Baltimore CT grading system. This is in contrary to 

our expectations because in theory a smaller number of categories facilitates the scoring pro-

cess for the observers.16 In the dichotomised AAST classification (low versus high grade splenic 

injury) observers make a distinction between severe and less severe splenic injury instead of 

choosing a grade that differs only slightly from the grade above or below.

The observers were consistent in their performance, reflected by high overall intraobserver 

Kappa’s for all parameters. However, point estimates of the Kappa values seem to indicate a 

n=10 n=19 n=28 n=12 n=14 

figure 1. Number of patients with a contrast blush visible on CT scan in relation to the AAST grade of 
splenic injury (n=83) 
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difference between the most experienced radiologist and the resident, mainly for the ‘Baltimore 

CT grading system’ and the presence of a contrast blush. Furthermore, the results of earlier 

research were confirmed showing that the higher the grade of splenic injury according to the 

AAST, the greater the risk vascular injury.11, 17 The most important advantage of the ‘Baltimore 

CT grading system’ is that it integrates vascular injury into the score. Awareness of the presence 

of vascular injury is important since a leading cause of death after trauma is exsanguination. 

Moreover, the presence of vascular injury is associated with higher rates of failure of NOM, 

which can be prevented by splenic artery embolization.10,  13 Several studies point out that 

angioembolization is reserved for those patients with active bleeding on admission CT scan 

and higher grade splenic injuries thus confirming that the presence of vascular injury is therapy 

guiding.18, 19

A number of limitations of this study need to be considered. First, CT scanning protocols 

changed during the study period. Although all images were of good quality (qualitatively poor 

images were excluded from the study), images of 2008 were qualitatively better because the CT 

scanner was replaced by a newer model.

Second, the sample size of three observers was small. Third, no time limits were set for evalu-

ation of the images. In an actual trauma situation time restraints could impair adequate scor-

ing, and will favour a more simple approach. Fourth, radiologists no time limits were set for 

evaluation of the images. In an actual trauma situation time restraints could impair adequate 

scoring, and will favour a more simple approach. Third, radiologists were more experienced in 

grading splenic injury according to the AAST system since it was introduced approximately 20 

years ago and is widely used whereas the ‘Baltimore CT grading system’ has only recently been 

introduced and still has to gain acceptance. This could have possibly influenced the results, in 

favour of the AAST grading system. Lastly, we did not establish the association between the 

two grading systems and the modality of treatment that was elected and the outcome. Future 

studies, should point out whether subcategories of blushes can be defined that are helpful to 

formulate a prognosis of nonoperative management. The characteristics of blushes that are 

likely to stabilize and eventually regress or disappear should be distinguished from blushes 

that require arterial embolization or surgery. A study about the prognostic value of a contrast 

blush in the hierarchy of treatment options, particularly in polytrauma patients, would be off 

considerable value.

conclusion

The present study shows that the inter- and intraobserver reliability for grading splenic injury 

according to the AAST grading system and ‘Baltimore CT grading system’ are equally high. 

Because of the integration of vascular injury, the ‘Baltimore CT grading system’ supports clinical 

decision making. We therefore recommend use of the ‘Baltimore CT grading system’ in the clas-

sification of splenic injury after blunt trauma.
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aPPenDix

appendix 1. American Association for the Surgery of Trauma Organ Injury Scale Spleen (1994 revision) [10] 

Grade Injury type Description of injury 

I Hematoma
Laceration 

subcapsular: <10% surface area
capsular tear: <1 cm parenchymal depth 

II Hematoma
Laceration 

subcapsular: 10%-50% surface area; intraparenchymal. <5 cm in diameter  
capsular tear. 1-3cm parenchymal depth that does not involve a trabecular vessel 

III Hematoma

Laceration  

subcapsular: >50% surface area or expanding; ruptured subcapsular or 
parenchymal hematoma; intraparenchymal hematoma >5 cm or expanding  
>3 cm parenchymal depth or involving trabecular vessels  

IV Laceration laceration involving segmental or hilar vessels producing major devascularisation 
(>25% of spleen) 

V Laceration 
Vascular 

completely shattered spleen 
hilar vascular injury with devascularized spleen

appendix 2. ‘Baltimore CT grading system’  [9]

Grade Criteria

1 Subcapsular hematoma < 1cm thick
Laceration < 1 cm parenchymal depth
Parenchymal hematoma < 1 cm diameter

2 Subcapsular hematoma 1-3 cm thick
Laceration 1-3 cm in parenchymal depth
Parenchymal hematoma 1-3 cm in diameter 

3 Splenic capsular disruption
Subcapsular hematoma > 3 cm thick
Laceration > 3 cm in parenchymal depth
Parenchymal hematoma > 3 cm in diameter 

4a Active intraparenchymal and subcapsular splenic bleeding
Splenic vascular injury (pseudoaneurysm or arteriovenous fistula)
Shattered spleen

4b Active intraperitoneal bleeding
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appendix 3. Cross-tabulations for observer 2 against observer 3 for the AAST grading system and 
‘Baltimore grading system’
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