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Abstract
Objectives Non-operative management (NOM) is increasingly utilised in blunt abdominal trauma. The 1994 American
Association of Surgery of Trauma grading (1994-AAST) is applied for clinical decision-making in many institutions.
Recently, classifications incorporating contrast extravasation such as the CT severity index (CTSI) and 2018 update of the liver
and spleen AAST were proposed to predict outcome and guide treatment, but validation is pending.
Methods CT images of patients admitted 2000–2016 with blunt splenic and hepatic injury were systematically re-evaluated for
1994/2018-AAST and CTSI grading. Diagnostic accuracy, diagnostic odds ratio (DOR), and positive and negative predictive values
were calculated for prediction of in-hospital mortality. Correlation with treatment strategy was assessed by Cramer V statistics.
Results Seven hundred and three patients were analysed, 271 with splenic, 352 with hepatic and 80 with hepatosplenic injury.
Primary NOMwas applied in 83% of patients; mortality was 4.8%. Comparing prediction of mortality in mild and severe splenic
injuries, the CTSI (3.1% vs. 10.3%; diagnostic accuracy = 75.4%; DOR = 3.66; p = 0.006) and 1994-AAST (3.3% vs. 10.5%;
diagnostic accuracy = 77.9%; DOR = 3.45; p = 0.010) were more accurate compared with the 2018-AAST (3.4% vs. 8%;
diagnostic accuracy = 68.2%; DOR = 2.50; p = 0.059). In hepatic injuries, the CTSI was superior to both AAST classifications
in terms of diagnostic accuracy (88.7% vs. 77.1% and 77.3%, respectively). CTSI and 2018-AAST correlated better with the
need for surgery in severe vs. mild hepatic (Cramer V = 0.464 and 0.498) and splenic injuries (Cramer V = 0.273 and 0.293)
compared with 1994-AAST (Cramer V = 0.389 and 0.255; all p < 0.001).
Conclusions The 2018-AAST and CTSI are superior to the 1994-AAST in correlation with operative treatment in splenic and
hepatic trauma. The CTSI outperforms the 2018-AAST in mortality prediction.
Key Points
• Non-operative management of blunt abdominal trauma is increasingly applied and correct patient stratification is crucial.
• CT-based scoring systems are used to assess injury severity and guide clinical decision-making, whereby the 1994 version of
the American Association of Surgery of Trauma Organ Injury Scale (AAST-OIS) is currently most commonly utilised.
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• Including contrast media extravasation in CT-based grading improves management and outcome prediction. While the 2018-
AAST classification and the CT-severity-index (CTSI) better correlate with need for surgery compared to the 1994-AAST, the
CTSI is superior in outcome-prediction to the 2018-AAST.
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Abbreviations
AAST-OIS American Association of Surgery of Trauma

Organ Injury Scale
AIS Abbreviated injury score
CPR Cardio-pulmonary resuscitation
CTSI CT severity index
GCS Glasgow Coma Scale
IQR Interquartile range
ISS Injury severity score
LOS Length of stay
NOM Non-operative management
OM Operative management
ROSC Return of spontaneous circulation
SD Standard deviation

Introduction

Advances in imaging techniques have led to the development
of multiple radiological classification systems for blunt splen-
ic and hepatic injuries [1, 2]. These are used as primary screen-
ing tools in early decision-making (operative [OM] vs. non-
operative [NOM] management) [3]. The refinement of CT
scanning is partially responsible for the increasing tendency
towards NOM in hemodynamically stable patients [4–8].
Despite their widespread use, only few of these classifications
have been adequately validated [9] and several studies have
proven CT findings inaccurate to determine management and
outcome [1, 10–12].

Currently, the most widely accepted scoring system is the
revised Organ Injury Scale (OIS) of the American Association
for Surgery of Trauma (AAST; Table 1) [13, 14]. Since its
initial publication in 1989, with first revision in 1994, it has
been regarded as the gold standard to classify traumas [1].
Despite frequent clinical use, the purpose of this classification
initially was to provide an anatomical description, rather than
to guide clinical pathways [1, 13, 14]. Low-grade AAST-OIS
lesions (I–III) are often considered non-severe and treated
with NOM, whereas high-grade lesions (>III) tend to lead
towards surgery. However, in a number of cases, hemody-
namically stable major injury patients can be successfully
treated non-operatively [15–18], while minor-grade lesions
with hemodynamic instability require OM. Therefore, in de-
termining the treatment strategy, the AAST-OIS should al-
ways be supplemented by hemodynamic status and associated
injuries.

The 1994-AAST revision does not include contrast media
extravasation or arterial pseudo-aneurysms, which studies
have shown to be a major factor for NOM failure [19, 20].
Hence, a novel CT-based classification system for splenic
injuries was presented in 2007 by Marmery et al [21]. This
CT severity index (CTSI) classifies splenic lesions into four
grades (I–IV) (Table 2), whereby non-bleeding splenic vascu-
lar injuries, including pseudo-aneurysm and arteriovenous fis-
tula, and intraparenchymal/intraperitoneal extravasation con-
stitute high-severity (grade IV) criteria. Compared with the
AAST-1994 classification, the CTSI proved to better predict
if patients needed splenic artery embolization or OM [21–23].
However, an adaption for liver injuries has so far not been
provided. In 2018, the AAST published an update for their
classification of spleen and liver injuries implementing imag-
ing features of contrast media extravasation to improve its
value for clinical patient management (Table 3) [24]. Both
the CTSI and 2018-AAST classifications have so far not been
independently validated.

This study therefore aims to evaluate an adapted hepatic
version of the CTSI regarding its predictive value in terms of
patient outcome and correlation with the need for operative
management. Furthermore, we compare and validate the
CTSI, 2018-AAST and 1994-AAST classifications in blunt
hepatic and splenic injuries to determine their value in clinical
management.

Materials and methods

All patients with blunt splenic or hepatic injuries admitted to
our hospital between 2000 and 2016 were retrospectively
evaluated. The study conforms to the STROBE guidelines
[25] and was approved by the institutional ethics board (pro-
tocol-number EK1034/2017), waiving the need for informed
consent.

In our centre, the vast majority of polytrauma patients re-
ceive contrast-enhanced, whole-body multidetector spiral CT
(MDCT) on admission. Patients in which only sonographic or
non-contrast-enhanced CT assessment had been performed,
e.g. due to contraindication for contrast media administration,
were excluded from the analysis. Primary MDCT-based trau-
ma evaluation is based on a designated protocol including
portal venous phase abdominal imaging. In the case of
suspected vascular lesion, additional image acquisition in ar-
terial or delayed phase follows. When patients had received

6571Eur Radiol  (2020) 30:6570–6581



recent external MDCT according to these standards before
referral to our centre, usually imaging was not repeated on
admission.

MDCTs were re-evaluated by a senior and junior radiolo-
gist, with more than 30 years of combined clinical experience.
Technically, 3.5- to 5-mm-thick transversal and 5-mm-thick
sagittal and coronal multiplanar-reformatted images were
reviewed on a picture archiving and communication system
(AGFA IMPAX; AGFA Health Care). Divergent findings
were jointly assessed and the final results decided by consen-
sus. Cases with non-existing trauma anamnesis (e.g. sponta-
neous splenic rupture) or where no lesion was found intraop-
eratively or on CT imaging re-evaluation were excluded.
Previous external surgical or interventional procedures prior
to initial radiographic assessment were also considered an
exclusion criterion.

Splenic and hepatic lesions were classified according to the
1994-AAST classification [13, 14], the 2018-AAST classifica-
tion [24], the CTSI for splenic injuries [21] and to a novel own
adaptation for hepatic injuries of the previously published
splenic CTSI (Table 2). Analogously, the hepatic CTSI scoring
system describes four grades of injury, with grade IV being
divided into two subgroups (IVa, IVb). According to the
CTSI, liver injuries up to grade III are graded following the
morphological criteria, in a similar way to the 1994-AAST
classification [13, 14]. Considering the differences between
spleen and liver dimensions, hepatic parenchymal injuries <

5 cm are classified as grade II. Parallel to the splenic CTSI,
intraparenchymal, subcapsular or intraperitoneal contrast ex-
travasations are graded as IVa/IVb, respectively. Hepatic vas-
cular injuries (pseudoaneurysm or arteriovenous fistula) or
completely shattered livers were considered grade IVa.

OM was defined as any abdominal surgical intervention
during hospital stay, whereas NOM included interventional
radiology (e.g. angiography, drainage), endoscopy (e.g. endo-
scopic retrograde cholangio-pancreaticography) and all non-
interventional medical therapies. Indication for primary OM
was suspicion of hollow-organ perforation or persistent hemo-
dynamic instability despite appropriate emergency fluid resus-
citation and coagulation management as previously described
[26]. Indications for secondary OM were recurrent instability
due to bleeding or abdominal septic complications.

Clinical data collected included patient age and sex, trauma
cause, accompanying extra-abdominal injuries, Glasgow
Coma Scale (GCS) score, initial management (NOM vs.
OM), failure of NOM and rate of secondary OM, in-hospital
mortality with cause of death and length of stay (LOS). The
injury severity score (ISS) was calculated by the addition of
each body regions’ abbreviated injury score (AIS) [27].

Statistical analysis

Data are presented as numbers and proportions, continuous
variables as mean with standard deviation (SD) or median

Table 1 Organ injury scale (OIS) of the American Association for Surgery of Trauma (AAST): 1994 revision

Spleen Liver

Grade Type Injury description Type Injury description

I Haematoma Subcapsular, < 10% surface area Haematoma Subcapsular, < 10% surface area

Laceration Capsular tear, < 1% parenchymal depth Laceration Capsular tear, < 1% parenchymal depth

II Haematoma Subcapsular, 10–50% surface area Haematoma Subcapsular, 10–50% surface area

Intra-parenchymal, < 5 cm in diameter Intra-parenchymal, < 5 cm in diameter

Laceration Capsular tear, 1–3 cm parenchymal depth that does
not involve a trabecular vessel

Laceration Capsular tear, 1–3 cm parenchymal depth that does not
involve a trabecular vessel

III Haematoma Subcapsular, > 50% surface area or expanding Haematoma Subcapsular, > 50% surface area or expanding

Ruptured subcapsular or parenchymal haematoma Ruptured subcapsular or parenchymal haematoma

Intra-parenchymal haematoma, ≥ 5 cm or expanding Intra-parenchymal haematoma, ≥ 10 cm or expanding

Laceration > 3 cm parenchymal depth or involving trabecular
vessels

Laceration > 3 cm parenchymal depth

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

Laceration Parenchymal disruption involving 25–75% of hepatic lobe
or 1–3 Couinaud’s segments within the single lobe.

V Laceration Complete shattered spleen Laceration Parenchymal disruption involving > 75% of hepatic lobe
or > 3 Couinaud’s segments within the single lobe.

Vascular Hilar vascular injury which devascularises spleen Vascular Juxtavenous hepatic injuries; i.e. retrohepatic vena
cava/central major hepatic veins

VI Vascular Hepatic Avulsion

Additional points:

Advance one grade for multiple injuries up to grade III
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Table 2 CT severity index (CTSI) for spleen and liver injury (AAST): CTSI

Spleen Liver

Grade Injury description Grade Injury description

I Subcapsular haematoma < 1 cm depth I Subcapsular haematoma < 1 cm depth

Laceration < 1 cm depth Laceration < 1 cm depth

Parenchymal haematoma < 1 cm diameter Parenchymal haematoma < 1 cm diameter

II Subcapsular haematoma 1–3 cm depth II Subcapsular haematoma 1–5 cm depth

Laceration 1–3 cm parenchymal depth laceration 1–5 cm depth

Parenchymal haematoma 1–3 cm diameter Parenchymal haematoma 1–5 cm diameter

III Laceration > 3 cm depth III Laceration > 5 cm depth

Parenchymal haematoma > 3 cm diameter Parenchymal haematoma > 5 cm diameter

Subcapsular haematoma > 5 cm depth

IVA Active intraparenchymal and subcapsular splenic bleeding IVA Active intraparenchymal and subcapsular splenic bleeding

Splenic vascular injury (pseudoaneurysm or AV-fistula) Hepatic vascular injury (pseudoaneurysm or AV-fistula)

Shattered spleen Shattered liver

IVB Active intraperitoneal bleeding IVB Active intraperitoneal bleeding

Table 3 Organ injury scale (OIS) of the American Association for Surgery of Trauma (AAST): 2018 revision

Spleen Liver

Grade Type Injury description Type Injury description

I Haematoma Subcapsular, < 10% surface area Haematoma Subcapsular, < 10% surface area

Laceration Capsular tear, < 1% parenchymal depth Laceration Capsular tear, < 1% parenchymal depth

II Haematoma Subcapsular, 10–50% surface area Haematoma Subcapsular, 10–50% surface area

Intra-parenchymal, < 5 cm in diameter Intra-parenchymal, < 10 cm in diameter

Laceration 1–3 cm parenchymal depth Laceration Capsular tear, 1–3 cm parenchymal depth,
< 10 cm length

III Haematoma Subcapsular, > 50% surface area Haematoma Subcapsular, > 50% surface area of ruptured
subcapsular or parenchymal haematoma

Ruptured subcapsular or parenchymal haematoma ≥5 cm intraparenchymal > 10 cm

Laceration > 3 cm parenchymal depth or involving trabecular vessels Laceration Capsular tear, > 3 cm parenchymal depth

Vascular Vascular injury with active bleeding contained
within liver parenchyma

IV Laceration Parenchymal laceration involving segmental or hilar vessels
producing > 25% devascularisation

Laceration Parenchymal disruption involving 25–75%
hepatic lobe or involves 1–3 Couinaud
segments

Vascular Any injury in the presence of a splenic vascular injury or active
bleeding confined within splenic capsule

Vascular Vascular injury with active bleeding breaching
the liver parenchyma into the peritoneum

V Laceration Shattered spleen Laceration Parenchymal disruption involving > 75% of
hepatic lobe

Vascular Any injury in the presence of splenic vascular injury with active
bleeding extending beyond the spleen into the peritoneum

Vascular Juxtavenous hepatic injuries; i.e. retrohepatic
vena cava/central major hepatic veins

Additional points:

Advance one grade for multiple injuries up to grade III

Vascular injury (i.e. pseudoaneurysm or AV fistula), appears as a focal collection of vascular contrast which decreases in attenuation on delayed
images

Active bleeding, focal or diffuse collection of vascular contrast which increases in size or attenuation on a delayed phase
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with interquartile range (IQR). Differences between injury
groups, radiological classification and treatment outcomes
are calculated using χ2 or Fisher’s exact test (< 5 cases per
group) for categorical variables and Kruskal-Wallis test for
continuous variables; normal distribution was assessed by
the Shapiro-Wilk test. The diagnostic ability of radiological
classifications stratified bymild versus severe injury to predict
mortality was assessed through diagnostic accuracy (propor-
tion of severe cases with mortality and mild cases without
mortality among all subjects), diagnostic odds ratio (DOR;
odds of severe injury in deaths divided by severe injuries in
survivors), positive predictive value (PPV; severe cases with
mortality among severe cases) and negative predictive value
(NPV; mild cases without mortality among mild cases).
Correlation between grading and therapeutic management
was calculated with Cramer’s V, with a level of > 0.250 indi-
cating strong correlation. For all tests, p values < 0.05 were
considered significant. SPSS 21.0 (IBM Corporation) and
OpenEpi 3.01 (www.openepi.com) were used for analysis.

Results

Patients, management and outcomes

Between 2000 and 2016, in total, 731 patients with radiolog-
ically or intraoperatively confirmed blunt splenic or hepatic
lesions were treated at our hospital. After the exclusion of
patients with pre-admission external surgical or interventional
treatment and cases with missing imaging files (n = 28), a total
of 703 patients were included in the analysis.

Patient characteristics are displayed in Table 4. In summa-
ry, 271 cases presented with splenic injury, 352 with hepatic
and 80 with hepatosplenic injury. The mean age was
32.9 years and 68.1% of patients were male; the main causes
of trauma were winter sports (33%) and car (22%) and motor-
cycle accidents (12.1%). The majority (85.8%) of patients had
polytrauma (ISS > 15). Cases with combined hepato-splenic
injuries were significantly more severely injured compared
with splenic or hepatic injuries in terms of GCS, ISS, associ-
ated extra-abdominal injuries (except facial injuries) and
haemoglobin levels on admission (all p < 0.05). This also re-
sulted in an increased LOS and in-hospital mortality in the
hepato-splenic injury subgroup. The overall mortality was
4.8%, most commonly due to intracranial hypertension
(32.4%) and sepsis (20.6%).

Primary NOMwas applied in 71.6% of patients with splen-
ic trauma, 94% of patients with hepatic and 73.8% with
hepato-splenic injury. Although NOM was successful in over
90% of cases in all subcategories, it was significantly more
often leading to secondary OM in splenic injuries (5.7%) and
hepato-splenic injuries (5.1%), than in patients with liver in-
jury only (1.8%; p = 0.037). In-hospital mortality was 10.9%

in primary OM patients and 3.6% in NOM patients
(p = 0.001). In OM cases, the mortality was 6.5% for splenic,
14.3% for liver and 23.8% for combined hepato-splenic injury
(p = 0.054). In NOM cases, in-hospital mortality was 2.6% for
splenic, 3.9% for liver and 5.1% for hepato-splenic injury
(p = 0.503).

Radiological injury severity grading

Radiological grading according to different classifications and
injury sub-groups is represented in Table 5. To facilitate com-
parison of the AAST classifications and CTSI, grade I–III
injuries were considered “mild”, whereas all injuries > grade
III were classified as “severe”. When graded according to the
1994-AAST classification, severe injuries were found in 24%
of patients with splenic injury, 19.9% with hepatic injury and
30.0% with hepato-splenic injury, whereas according to the
2018-AAST revision, severe injuries were recorded in 35.1%,
20.2% and 36.3%, respectively. Classified according to CTSI,
26.9% of patients with splenic, 7.1% with hepatic and 23.8%
with hepato-splenic trauma had severe injuries.

Figures 1 and 2 present grading re-arrangement when clas-
sifying patients according to the 2018-AAST and the CTSI
compared with the 1994-AAST. In splenic trauma, re-
classification to 2018-AAST resulted in changes of the indi-
vidual injury severity in 98 cases (28.1%) including 36 mild
injuries being upstaged to severe grades, while CTSI scoring
changed severity in 122 cases (40.0%) with 36 mild injuries
being upstaged to severe grades and 25 severe cases
downstaged to mild grades. In liver trauma, re-classification
to 2018-AAST resulted in changes in 8 cases (1.9%) including
upstaging of 5 mild injuries, while CTSI scoring changed
grading in 180 cases (41.7%) with 15 mild injuries being
upstaged and 65 severe cases being downstaged.

Prediction of outcome and correlation with
therapeutic management

As depicted in Fig. 3, severe splenic injuries according to
all classifications were associated with a higher in-
hospital mortality compared with mild injuries. The
CTSI showed a diagnostic accuracy to predict mortality
of 75.4% (95%CI 70.6–80.0, DOR 3.66 (95%CI 1.37–
9.82), PPV, 10.3%; NPV, 97.0%; chi2 p = 0.006), which
was comparable with the 1994-AAST (diagnostic accura-
cy 77.9% (95%CI 73.3–82.0), DOR 3.45 (95%CI 1.28–
9.28), PPV 10.5%, NPV 96.7%; chi2 p = 0.010). In this
regard, both were more accurate than the 2018-AAST
revision (diagnostic accuracy 68.2% (95%CI 63.1–72.9),
DOR 2.50 (95%CI 0.94–6.67), PPV 8.0%, NPV 96.6%;
chi2 p = 0.059). In hepatic injuries, the CTSI discriminat-
ed better in terms of mortality prediction (diagnostic ac-
curacy 88.7% (95%CI 85.3–91.3), DOR 2.61 (95%CI

6574 Eur Radiol  (2020) 30:6570–6581

http://www.openepi.com


0.84–8.16), PPV 12.1%, NPV 95%; chi2 p = 0.101), com-
pared with the 2018-AAST classification (diagnostic ac-
curacy 77.1% (95%CI 72.9–80.8), DOR 1.64 (95%CI
0.66–4.08), PPV 7.9%, NPV 95%; chi2 p = 0.286). The
predictive accuracy of the 1994-AAST grading was

limited, with no clinically relevant discrimination between
mortality rates of mild (5.5%) and severe (6.0%) hepatic
injury cases (diagnostic accuracy 77.3% (95%CI 73.1–
81.0), DOR 1.10 (95% 0.40–3.03), PPV 6%, NPV
94.5%; chi2 p = 0.860).

Table 4 Patient characteristics and injury details

All patients,
n = 703 (%)

Splenic injury,
n = 271 (%)

Hepatic injury,
n = 352 (%)

Combined splenic and hepatic
injury, n = 80 (%)

p value*

Male 479 (68.1) 211 (77.9) 204 (58) 64 (80) < 0.001

Age (mean; SD) 32.9 (18.0) 32.6 (18.0) 33.7 (18.1) 30.7 (17.3) 0.321**

Trauma cause (missing = 2) 0.017

Car accident 154 (22.0) 58 (21.4) 71 (20.3) 25 (31.3)

Motorcycle accident 85 (12.1) 34 (12.5) 39 (11.1) 12 (15)

Pedestrian or comparable occupational
accidents

33 (4.7) 8 (3.0) 20 (5.7) 5 (6.3)

Cycling accident 57 (8.1) 19 (7.0) 36 (10.3) 2 (2.5)

Winter sports 231 (33.0) 99 (36.5) 116 (33.1) 16 (20)

Fall from heights 74 (10.6) 25 (9.2) 36 (10.3) 13 (16.3)

Minimal trauma (e.g. in homely
environment)

45 (6.4) 24 (8.9) 17 (4.9) 4 (5)

Personal assault 2 (0.3) 1 (0.4) 1 (0.3) 0 (0)

Horse riding accident (or other animal
associated injuries)

20 (2.9) 3 (1.1) 14 (4.0) 3 (3.8)

GCS-Score on admission (missing = 15):
mean (SD)

13.0 (3.6) 13.2 (3.4) 13.1 (3.5) 11.6 (4.3) < 0.001**

GCS ≤ 8 (unconsciousness) 105 (15.2) 32 (12.1) 51 (14.7) 22 (27.8) 0.003

Injury severity score (ISS): median (SD) 27.0 (12.7) 25.0 (12.6) 27.0 (11.6) 34.0 (14.3) < 0.001**

ISS > 15 (definition of polytrauma) 603 (85.8) 197 (72.7) 330 (93.8) 76 (95) < 0.001

Associated extra-abdominal injuries (AIS
score ≥ 1)
Head or neck 263 (37.4) 84 (31) 140 (39.8) 39 (48.8) 0.007

Face 99 (14.1) 31 (11.4) 56 (15.9) 12 (15) 0.274

Chest 452 (64.3) 166 (61.3) 225 (63.9) 61 (76.3) 0.048

Extremities or pelvic girdle 335 (47.7) 120 (44.3) 166 (47.2) 49 (61.3) 0.027

External (skin and soft tissue) 443 (63) 149 (55) 229 (65.1) 65 (81.3) < 0.001

Haemoglobin on admission
(missing = 16): mean (SD)

115.7 (24.6) 117.7 (25.6) 116.5 23.4) 105.0 (23.6) < 0.001**

Thrombocytes on admission
(missing = 16): mean (SD)

193.8 (70.9) 192.6 (74.6) 197.0 (67.9) 183.7 (70.6) 0.113**

Length of hospital stay (days)
(missing = 4): Median (IQR)

14 (13) 13 (14) 13 (12) 19 (16) 0.004**

Mortality (in-hospital) 34 (4.8) 10 (3.7) 16 (4.5) 8 (10) 0.065

Cause of death (% of deaths) 0.236

Sepsis 7 (20.6) 3 (30) 4 (25) 0 (0)

Haemorrhagic shock 3 (8.8) 0 (0) 2 (12.5) 1 (12.5)

Intracranial hypertension 11 (32.4) 2 (20) 7 (43.8) 2 (25)

Multiorgan failure 5 (14.7) 1 (10) 2 (12.5) 2 (25)

Cardiac dysfunction/infarction 1 (2.9) 0 (0) 0 (0) 1 (12.5)

Arrived with CPR/no ROSC 5 (14.7) 2 (20) 1 (6.3) 2 (25)

Other/unknown 2 (5.9) 2 (20) 0 (0) 0 (0)

*All p values were calculated with chi-square-test or Fisher’s exact test except for ** (Kruskal-Wallis test). GCS, Glasgow Coma Scale; ISS, injury
severity score; AIS, associated injury score; IQR, interquartile range; SD, standard deviation; CPR, cardio-pulmonary resuscitation; ROSC, return of
spontaneous circulation
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Table 5 Radiological findings according admission CT scan stratified by injured organ

All patients
n = 703 (%)

Splenic injury
n = 271 (%)

Hepatic injury
n = 352 (%)

Combined splenic and hepatic
injury n = 80 (%)

Difference between
groups (p value)*

AAST (Moore) injury score 1994

Spleen < 0.001

0 354 (50.4) 0 (0) 352 (100) 2 (2.5)#

1 38 (5.4) 20 (7.4) – 18 (22.5)

2 65 (9.2) 44 (16.2) – 21 (26.3)

3 170 (24.2) 142 (52.4) – 28 (35)

4 47 (6.7) 41 (15.1) – 6 (7.5)

5 29 (4.1) 24 (8.9) – 5 (6.3)

Liver < 0.001

0 271 (38.5) 271 (100) 0 (0) 0 (0)

1 42 (6.0) – 33 (9.4) 9 (11.3)

2 91 (12.9) – 72 (20.5) 19 (23.8)

3 215 (30.6) – 177 (50.3) 38 (47.5)

4 66 (9.4) – 57 (16.2) 9 (11.3)

5 18 (2.6) – 13 (3.7) 5 (6.3)

AAST (Kozar) injury score 2018

Spleen < 0.001

0 354 (50.4) 0 (0) 352 (100) 2 (2.5)#

1 38 (5.4) 20 (7.4) – 18 (22.5)

2 62 (8.8) 43 (15.9) – 19 (23.8)

3 137 (19.5) 113 (41.7) – 24 (30.0)

4 58 (8.3) 50 (18.5) – 8 (10.0)

5 54 (7.7) 45 (16.6) – 9 (11.3)

Liver < 0.001

0 271 (38.5) 271 (100) 0 (0) 0 (0)

1 42 (6.0) – 33 (9.4) 9 (11.3)

2 91 (12.9) – 72 (20.5) 19 (23.8)

3 210 (29.9) – 176 (50.0) 34 (42.5)

4 74 (10.5) – 60 (17.0) 14 (17.5)

5 15 (2.1) – 11 (3.1) 4 (5.0)

CT severity index (CTSI)

Spleen < 0.001

0 354 (50.4) 0 (0) 352 (100) 2 (2.5)#

1 39 (5.5) 23 (8.5) – 16 (20)

2 77 (11.0) 54 (19.9) – 23 (28.8)

3 146 (20.8) 121 (44.6) – 25 (31.3)

4a 53 (7.5) 45 (16.6) – 8 (10)

4b 34 (4.8) 28 (10.3) – 6 (7.5)

Liver < 0.001

0 271 (38.5) 271 (100) 0 (0) 0 (0)

1 32 (4.6) – 24 (6.8) 8 (10)

2 138 (19.6) – 109 (31) 29 (36.3)

3 229 (32.6) – 194 (55.1) 35 (43.8)

4a 22 (3.1) – 20 (5.7) 2 (2.5)

4b 11 (1.6) – 5 (1.4) 6 (7.5)

*All p values were calculated with chi-square-test or Fisher’s exact test. AAST, American Association for Surgery of Trauma; # In two patients, no
splenic/hepatic injury was visible on CT but was detected intraoperatively in explorative laparotomy
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Focusing on the type of primary treatment, in patients with
splenic involvement (Fig. 4a), all three classification systems
showed a highly significant association with the need for ini-
tial operative management (all p < 0.001).However, the CTSI
and the 2018-AAST classification showed a stronger correla-
tionwith decision for OM (Cramer V = 0.446 and 0.484) com-
pared to the 1994-AAST classification (Cramer V = 0.390),
better discriminating between mild injuries (16% and 12.7%
OM, respectively) and severe injuries (62% and 58.9% OM,
respectively) compared with the 1994-AAST classification
(18.3% vs. 60.5%, respectively). The results calculated for
hepatic injuries (Fig. 4b) furthermore showed a stronger cor-
relation of the CTSI with the need for OM (mild vs. severe,
7.5% vs. 36.4%; Cramer V = 0.259; p < 0.001) compared with

the 1994-AAST (mild vs. severe, 6.9% vs. 21.4%; Cramer
V = 0.194; p < 0.001) and the 2018-AAST grading (mild vs.
severe, 6.1% vs. 23.6%; Cramer V = 0.239; p < 0.001).

Finally, a composite endpoint of either primary need for
OM or failure after primary NOM (secondary OM) was
analysed. The CTSI and 2018-AAST were superior to the
1994-AAST classification in terms of correlation of severe
injuries with the need for any operative treatment during the
whole hospital stay in both splenic as well as hepatic injury
patients (all p < 0.001). Classified according to CTSI, in
spleen trauma, 69% of severe cases compared with 19.1% of
mild cases underwent OM (Cramer V = 0.464) at any time
point, compared with 65.2% and 15.6% according to the
2018-AAST classification (Cramer V = 0.498). In contrast,

Fig. 2 Re-classification
according to the 2018-AAST
classification and the CTSI
compared with the 1994-AAST
grading for hepatic injury severity

Fig. 1 Re-classification
according to the 2018-AAST
classification and the CTSI
compared with the 1994-AAST
grading for splenic injury severity
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classified by 1994-AAST, 65.8% of severe and 22% of mild
cases (Cramer V = 0.389) needed OM. Regarding liver trau-
ma, 42.4% of severe and 9.3% of mild CTSI patients (Cramer
V = 0.273) compared with 30.3% of severe and 7.0% of mild
2018-AAST cases (Cramer V = 0.293) and 28.6% of severe
and 7.8% of mild 1994-AAST patients (Cramer V = 0.255) in
total underwent OM.

Discussion

Our study included > 700 patients with blunt splenic and he-
patic injury, treated at a central European trauma unit. With
more than 85% of cases classified as polytraumatic, 83% treat-
ed primarily with NOM and an overall mortality < 5%, this
cohort represents a solid basis for radiological evaluation
within a state-of-the-art environment. Re-evaluation of CT
images confirmed that the splenic CTSI incorporating contrast
media extravasation, as previously proposed [21], is compa-
rable with the 1994-AAST classification in terms of accuracy
to predict mortality but is correlating better with the need for

primary or secondary OM. With the evaluation of a modified
liver injury version of the CTSI, we furthermore showed that
this CT score facilitates enhanced outcome prediction and
management guidance in hepatic injuries. Finally—although
in a slightly different way compared with the CTSI—the
2018-AAST classifications for splenic and hepatic trauma al-
so incorporate contrast extravasations to better account for
vascular injury features [24]. The present study representing
the first to validate this update in an independent cohort shows
that the revised 2018 version was superior to the 1994-AAST
classification in terms of correlation with necessity for prima-
ry or secondary OM with comparable significance as the
CTSI. However, it was clearly inferior to the CTSI for the
prediction of mortality (Figs. 3 and 4).

We also analysed the differences between the 2018-AAST
and CTSI in terms of re-grading patients compared with the
1994-AAST (Figs. 1 and 2). Especially in cases with hepatic
injury, the 2018-AAST classification fails to provide more
accuracy in terms of mortality prediction, which is mainly
caused by patients being classified as severe due to large pa-
renchymal defects without contrast extravasation. Results of

Fig. 4 Primary operative
management rates according to
severity graded by CTSI, 1994-
AAST and 2018-AAST in splenic
injuries (a) and hepatic injuries
(b). P values were calculated with
chi-square test or Fisher’s exact
test. CTSI, CT severity index;
AAST-1994/2018, American
Association for Surgery of
Trauma 1994 and 2018
classification for splenic and
hepatic injuries

Fig. 3 In-hospital mortality
according to severity graded by
CTSI, 1994-AAST and 2018-
AAST in splenic injuries (a) and
hepatic injuries (b). P values were
calculated with chi-square test or
Fisher’s exact test. CTSI, CT
severity index; AAST-1994/
2018, American Association for
Surgery of Trauma 1994 and
2018 classification for splenic and
hepatic injuries
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the CTSI grading analysis suggest that primarily the presence
of intraperitoneal extravasation on CT constitutes the most
critical factor for mortality in blunt trauma patients.

Other studies [19–21, 23, 28] have previously shown that
the presence of splenic vascular injuries is a predictor of the
need for OM. More than 20 years ago, Schurr et al already
suggested that an intraparenchymal contrast blush on CT was
an important management consideration [20]. More recently,
Saksobhavivat et al have analysed the CTSI in 171 patients
with splenic injury suggesting that this score represented a
substantially better individual predictor of a successful obser-
va t ion than o the r fac to r s l i ke abdomina l AIS ,
hemoperitoneum volume or different vital and laboratory pa-
rameters on admission [23]. In contrast to our study, they did
not evaluate the value of the CTSI to predict mortality.

Regarding blunt liver injury, we present the first evidence
evaluating an adapted version of the CTSI. Concerning hepat-
ic contrast extravasation in general, a previous study from
Taiwan [29] conducted in the year 2000 examined the exact
location of a CT contrast blush. Although with limited study
power, they have shown that all patients with intraperitoneal
contrast media pooling became hemodynamically unstable
early after admission and required laparotomy, compared with
67% of cases with mixed intraparenchymal intraperitoneal
bleeding and 0% with isolated intraparenchymal extravasa-
tion. Although the utilisation rate of NOM has increased since
even in high-grade injuries, their findings are still in concor-
dance with our data, where 23% of CTSI IVa (bleeding within
the liver) patients compared with 82% CTSI IVb (intraperito-
neal bleeding) cases ultimately required OM at some time
during the hospital stay (p = 0.002). The findings in our splen-
ic injury patients are less pronounced with 62% of patients
with CTSI IVa requiring OM compared with 79% with
CTSI IVb (p = 0.092). In summary, consistent with previous
results, the presence and location of active extravasation on
MDCT in our series correlated with outcome and necessity of
OM management in both splenic as well as hepatic trauma
patients [19, 21].

Our study had several limitations, primarily owed to its
retrospective, single-centre design. At our hospital, all
polytraumatic patients are evaluated by an interdisciplinary
team and initial management is determined on consensus,
depending on injury severity and comorbidities with no
standardised internal algorithm currently in place. Another
limitation was the variability of MDCT protocols on admis-
sion imaging. In all cases, portal venous phase contrast en-
hancement abdominal MDCTs with multiplanar reformation
were performed. Selectively, arterial or LATE venous phase
enhancement imaging was obtained to gather additional in-
formation. A previous study showed that routine addition of
an arterial phase might further increase sensitivity in detect-
ing active haemorrhage [30]. Also, interobserver and
intraobserver variabilities of the CTSI/AAST were not

determined in our study. However, these were considered
almost perfect for the splenic CTSI in a previous Dutch
study with kappa values > 0.8 [31]. In our experience, com-
pared with the AAST classifications, the CTSI proved easier
application because it uses the same measurements for all or
low-grade injury types and it is usually faster to detect con-
trast extravasation than to speculate with percental parenchy-
mal involvement of high-grade injuries. Furthermore, as pre-
viously suggested, implementing a clinical algorithm for
routine angiography in high-grade patients could potentially
further decrease the rate of OM especially in splenic injury
patients and improve outcomes [26, 32]. Lastly, this cohort
represents a typical trauma population of a Central European
alpine centre with many male winter sports patients and
decreasing traffic accident injuries over the years [26].
Therefore, our findings may not directly translate to other
areas with different trauma mechanisms.

In conclusion, the implementation of contrast media ex-
travasation into injury severity gradings as proposed by
both the CTSI and the 2018-AAST classifications shows
substantial advantages over the previous 1994-AAST stag-
ing in regard to prediction of a necessity for operative
management in blunt splenic and hepatic injury patients.
However, the CTSI proved to better predict in-hospital
mortality compared with the 2018-AAST classification.
Because of its easy, fast and reproducible application, the
CTSI might currently substitute the AAST-OIS as the gold
standard screening tool in early management decision-
making processes of blunt liver and spleen trauma. Our
data suggest that further revalidation and fine-tuning of
the 2018-AAST classification seems advisable to facilitate
clinical applicability.

Acknowledgments We thank Prof. Georg Göbel from the Department of
Medical Statistics, Informatics and Health Economics, Medical
University of Innsbruck, for assistance with statistical analysis.

Funding information Open access funding provided by University of
Innsbruck and Medical University of Innsbruck.

Compliance with ethical standards

Guarantor The scientific guarantor of this publication is Stefan Stättner,
MD, FRCS (Eng), FEBS (HPB).

Conflict of interest The authors of this manuscript declare no relation-
ships with any companies whose products or services may be related to
the subject matter of the article.

Statistics and biometry One of the authors has significant statistical
expertise (Florian Primavesi).

Informed consent Written informed consent was waived by the
Institutional Review Board.

Ethical approval Institutional Review Board approval was obtained.

6579Eur Radiol  (2020) 30:6570–6581



Study subjects or cohorts overlap Some study subjects or cohorts have
been previously reported in:

FodorM et al Non-operativemanagement of blunt hepatic and splenic
injury: a time-trend and outcome analysis over a period of 17 years.
World J Emerg Surg. 2019 Jun 17;14:29.

Methodology
• retrospective
• observational study
• performed at one institution

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.
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