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Revised AAST scale for splenic injury (2018): does addition of arterial
phase on CT have an impact on the grade?
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Abstract
Purpose To determine whether an additional arterial phase (AP) leads to a change in the grade of splenic injury according to the
2018 revision of the AASTOrgan Injury Scale, which has incorporated vascular injuries into the grading system and also to study
its impact on management.
Methods In this retrospective study, 527 patients who sustained blunt abdominal trauma and had underwent dual-phase CT (AP
and portal venous phase (PVP)) fromDecember 2014 to October 2016 (23 months) were included. Two experienced radiologists
independently graded the splenic injury according to the revised system in 2 blinded ways (AP + PVP and PVP alone). Receiver
operator characteristic (ROC) curves were generated for grade of injury on both the phases for all splenic interventions.
Results Splenic injuries were detected in 154 patients, and splenic vascular injuries were detected in 52 of them. Of these, 22
vascular injuries were detected only on the AP, leading to a change in the grade of injury according to the new system in 18
patients. The AUC for ROC curves was generated for the grade of injury onAP + PVP vs. PVP alone for angioembolization (0.80
vs. 0.71, p value 0.002), and all splenic interventions (0.89 vs. 0.83, p value 0.003) showed higher AUC for AP + PVP.
Conclusion Addition of AP leads to a significant change in the grading of splenic injuries according to the revised grading system
due to increased detection of vascular injuries. Accurate classification of splenic injuries using additional AP would lead to better
triage of patients for splenic interventions or conservative management.
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Abbreviations
AAST American Association for the Surgery of Trauma
AE Active extravasation of contrast
AP Arterial phase
AUC Area under the curve
CVI Contained vascular injury
DSA Digital subtraction angiography
OIS Organ Injury Scale
PVP Portal venous phase
ROC Receiver operator characteristic

Introduction

The spleen is one of the most commonly injured solid
organs in blunt abdominal trauma. Being a highly vascular
organ, it can lead to severe internal hemorrhage causing
hemodynamic compromise even in patients with minimal
external injuries [1–3]. The management of solid organ
injury in hemodynamically stable patients has undergone
a paradigm shift from predominantly surgical to non-
operative management with or without angioembolization.
The high diagnostic accuracy of computed tomography
(CT) has led to its widespread use in the evaluation of
blunt abdominal trauma in identifying, characterizing,
and grading intra-abdominal injuries [4–6].

The Organ Injury Scale (OIS) published by the American
Association for the Surgery of Trauma (AAST) was based on
operative findings and has been widely used for grading
splenic and other solid organ injuries [7, 8]. The 2018 revision
of the OIS for the spleen, liver, and kidney was recently
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published by the AAST [9]. The 2018 revision has incorpo-
rated “CT diagnosed active bleeding or Active Extravasation
of contrast (AE) and Contained Vascular Injury (CVI), de-
fined as either a pseudoaneurysm or arteriovenous fistula.”
Irrespective of the degree of the parenchymal injuries, the
presence of AE/CVI would increase the grade of injury to
grade 4, if CVI and AE confined within the splenic capsule,
and to grade 5 if the AE extends beyond the splenic capsule
into the peritoneum (Table 1). The presence of AEs and CVIs
is associated with failure of non-operative management, and
the 2018 revision further highlights their importance.

Despite the routine use of CT in the evaluation of blunt ab-
dominal trauma, there is no clear consensus regarding the optimal
CT protocol and there is widespread variation in the protocols
used at various centers [10]. It has been well established that the
portal venous phase (PVP) images are the most important for
diagnosing parenchymal injuries in solid organs [11]. However,
the diagnosis of AE/CVI poses a challenge on PVP CT. Recent
retrospective studies have shown that a number of these vascular
injuries aremissed when only the PVP is used and suggested that
the addition of arterial phase (AP) improves the overall sensitiv-
ity of CT for detecting AE and CVI [12–15].

In the background of the recent incorporation of AE and
CVI in the 2018 revision of AAST scale, the improved sensi-
tivity of the AP for detecting AE/CVI may lead to upgrading
of splenic injuries and no studies have been published till date
analyzing the same. This study was performed to evaluate the
impact of adding AP to the CT protocol on the grading of
splenic injuries according to the revised system.

Materials and methods

This study was approved by the Institutional Review Board
(ref no. IESC/T-421), and the requirement for informed con-
sent was waived. We retrospectively reviewed the records of
all patients who presented to our level 1 trauma center from
December 2014 to October 2016 (23 months). All patients in
whom a splenic injury was diagnosed on CT and had
underwent a dual-phase CT (AP and PVP) were included.
As part of our institute protocol, a dual-phase CT was per-
formed on all patients in whom fluid was detected in the ab-
domen on screening FAST (Focused Assessment with
Sonography for Trauma) examination. Patients who had pre-
sented more than 48 h after the injury were excluded.

CT acquisition

All CT examinations were performed on SOMATOM
Definition AS (64 detector row scanner, Siemens Medical,
Forchheim, Germany) or SOMATOM Sensation scanner (40
detector row scanner, SiemensMedical, Forchheim, Germany).
All patients received a bolus of 100 mL of intravenous contrast
material (Iohexol—Omnipaque 350; GEHealthcare, Princeton,
NJ; containing 350 mg iodine per ml) at a rate of 4 mL/s
followed by a saline flush of 20 mL at 4 mL/s. A dual-phase
(AP followed by PVP) CTwas performed. Scans were acquired
using automatic bolus tracking with the region of interest (ROI)
set in the descending aorta just below the level of the diaphragm
and above the level of origin of the renal arteries, and the
threshold for initiation was set at 100 HU with a scan delay of
7 s. Following this, the PVP images were acquired with a stan-
dard delay of 35 s after the completion of AP (65–70 s from the
time of initiation of the injection of the contrast). A 5-min
delayed phase was not acquired in this study.

Patient management

Patient management was decided based on the hemodynamic
status of the patient. Patients who developed severe hypoten-
sion or were non-responders to fluid resuscitation were man-
aged with primary splenectomy. Patients who had recurrent
hypotension (defined as systolic blood pressure less than
100 mmHg, heart rate greater than 120 beats per minute after
initial response to fluids (transient responders)) were taken up
for angiography and embolization irrespective of the presence
of CVI or AE on the initial CT [16, 17]. The rest of the patients
were managed with non-operative management without
angioembolization.

DSA

DSA was done using GE Innova (GE Healthcare
Technologies, Waukesha, WI) in selected cases based on

Table 1 2018 revision of organ injury scale of AAST (American
Association for Surgery of Trauma) for spleen [14] (Recent changes
highlighted in italics)

Grade Imaging criteria

Grade 1 • Subcapsular hematoma < 10% surface area
• Parenchymal laceration < 1 cm depth; capsular tear

Grade 2 • Subcapsular hematoma 10–50% surface area;
intraparenchymal hematoma < 5 cm

• Parenchymal laceration 1–3 cm

Grade 3 • Subcapsular hematoma > 50% surface area; ruptured
subcapsular or intraparenchymal hematoma ≥ 5 cm

• Parenchymal laceration > 3 cm depth

Grade 4 • Any injury in the presence of a splenic vascular injury
or active bleeding confined within splenic capsule

• Parenchymal laceration involving segmental or hilar
vessels producing > 25% devascularization

Grade 5 • Any injury in the presence of splenic vascular
injury with active bleeding extending beyond the
spleen into the peritoneum

• Shattered spleen
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hemodynamic status. Initial selective splenic angiography was
done in anteroposterior position to look for CVI or AE. Non-
selective proximal splenic artery embolization was done with
endovascular coils if angiographic signs of CVI or AE were
not visualized on the initial splenic angiography, while selec-
tive embolization of branch artery was done using coaxial
microcatheter and microcoils if CVI or AE was visualized
on the initial splenic angiography.

Image analysis

The images were reviewed independently by two attending radi-
ologists (S.G., A.K., both with 12 years of experience in trauma
radiology), who were blinded to the clinical information and the
angiography findings. The images were analyzed in two blinded
ways—PVP alone and AP + PVP together for grading the splen-
ic injuries with an interim interval of 6 weeks between the two.
The grading of splenic injury was done according to the 2018
revision of theAAST. Separate gradeswere assigned in a blinded
manner on PVP and AP + PVP by both the radiologists. When
AP + PVP were analyzed together, PVP was used for the anal-
ysis of the parenchymal injuries and both the phases were used
for analyzing the presence of AE/CVI.

CVI was diagnosed when a well-circumscribed globular
area(s) of contrast material of attenuation similar to an adja-
cent contrast-enhanced artery was seen. AE was diagnosed
when a linear or irregular area of contrast material enhance-
ment with an attenuation value similar to or greater than that of
the aorta or an adjacent major artery was seen [9, 18–20].

Splenic angiography and surgery were used as the refer-
ence standard for confirming the diagnosis of CVI and AE in
patients who had undergone angiography or surgery as a part
of their management.

Statistical analysis

Inter-observer variability was assessed by calculating κ (Cohen’s
kappa) coefficient. κ values greater than 0.7 were considered to
indicate strong agreement, while those in the range of 0.4 to 0.7
were considered to indicate marginal agreement, and those less
than 0.4 were considered to indicate poor agreement. The differ-
ence in the grade of injury based on PVP alone and AP + PVP
was compared usingWilcoxonmatched-pairs rank-sum test, and
p values < 0.05 were considered to be significant.

Receiver operator characteristic (ROC) curves were
generated for the grade of injury on PVP alone, AP +
PVP combined for angioembolization, splenectomy sep-
arately, and for all splenic interventions combined using
non-parametric methods as described by DeLong et al.
[21]. The area under the curve (AUC) was calculated
with 95% confidence intervals and compared to test
for significant differences.

The sample size required was calculated assuming a power
of 0.8, a significance level of 0.05, and a ratio of 1:2 between
the positive and negative cases (the ones undergoing
angioembolization or surgery to the ones without) for non-
parametric analysis of the ROC curves and demonstrating a
significant difference in the AUCs. The minimum required
sample size was estimated to be 108 patients with splenic
injuries with at least 36 patients undergoing surgery or
angioembolization.

Results

Of the 527 patients who had sustained blunt abdominal injury
and had underwent a dual-phase CT, splenic injuries were
diagnosed on 164 patients. Of these, 10 were excluded (pre-
sented more than 48 h after the injury), and the remaining 154
patients (aged 18–87 years with a median age of 26 years)
were included. This included 131 males (85%), 23 females
(15%). The modes of injury in the 154 patients were road
traffic accidents (106 patients, 68.8%), fall from height (26
patients, 16.8%), assault (20 patients, 12.9%), and other
modes in the remaining 2 patients.

The grades of splenic injuries according to the 2018 revi-
sion of AAST as graded by both the reviewers for PVP, AP +
PVP combined are summarized in Table 2. The Cohen’s κ
coefficient for inter-observer variability was 0.97 (95% CI −
0.94 to 0.99) for PVP and 0.94 (95%CI − 0.90 to 0.97) for the
AP + PVP combined analysis.

Splenic vascular injuries (including both CVI and AE)
were identified in 52 of the 154 (33.7%) patients and included
24 CVI (46.1%) and 28 AE (53.9%) when the AP + PVPwere
analyzed together. Of these 52, 22 (42.3%; 17 CVI and 5 AE)
were identified only on AP, 4 (7.7%; all AE) only on PVP,
and the remaining 26 (50%; 7 CVI and 19 AE) on both AP
and PVP. There was a change in the grade of injury in 18
patients when the AP was reviewed along with the PVP be-
cause of the detection of vascular injuries not seen on PVP
alone (Fig. 1). This included 15 CVIs and 3 AEs. The 18
patients, in whom the grade was upgraded to grade 4, included
six with grade 2 and 12 with grade 3 injuries based on PVP
alone (Table 3).

Management

Of the total 154 patients, 25 (16.2%) underwent splenectomy
while 41 (26.6%) underwent non-operative management with
angioembolization and 88 (57.1%) were managed successful-
ly with observation alone (Table 4).

Among the 52 patients with splenic vascular injuries de-
tected on CT, 13 (25%) underwent splenectomy. When the
CVIs and AEs were analyzed separately, only one of the 24
patients (4.1%) with CVI underwent splenectomy, while 12 of
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the 28 patients (42.8%) with AEs underwent splenectomy (p
value < 0.001). The percentage of patients who underwent
angioembolization was significantly higher in those with
splenic vascular injuries on CT than in those with no vascular
injuries on CT (30 of 52 (57.6%) vs. 11 of 102 (10.8%), p
value < 0.001). Likewise, patients with higher grades of injury
(grade 4 or more) underwent angioembolization more fre-
quently than patients with low-grade injuries (40 of 80
(50%) vs. 1 of 74 (1.3%), p value < 0.001). One vascular
injury was detected on DSA in a patient which was not de-
tected on either the AP or the PVP by both the reviewers.

Of the 18 patients whose injuries were upgraded to grade 4
because of the detection of vascular injury on AP, 13 (72.2%)

underwent angioembolization, 2 (11.1%) underwent surgery,
and 3 were managed with observation.

Thirteen of these 18 (72.2%) vascular injuries were confirmed
with a reference standard, 11 on DSA, and 2 on surgery. In 2
other patients who underwent DSA, no vascular injury was de-
tected and there was severe spasm of the splenic vessels. The
remaining 3 (16.7%) were managed with observation as they
were hemodynamically stable throughout their course in the hos-
pital. All these 18 injuries would have been graded as low-grade
(grade 2/3) injuries if only the PVP was used.

The AUC for ROC curves generated for the AAST grade
(2018 revision) on PVP, AP + PVP combined for
angioembolization, and both splenic interventions showed

Fig. 1 Splenic pseudoaneurysm
detected only on the arterial phase
CT in a 40-year-old male who had
sustained blunt abdominal trau-
ma. Contrast enhanced axial arte-
rial phase CT (a) shows a contrast
filled outpouching within the
splenic parenchyma (arrow).
Corresponding axial portal ve-
nous phase image at the same
level (b) shows decreased con-
spicuity of the pseudoaneurysm
(arrow). Digital subtraction angi-
ography of the splenic artery (c)
of the same patient confirms the
presence of pseudoaneurysm (ar-
row), which was then coil
embolized (arrow head in d)

Table 2 Grade of splenic injuries
according to 2018 revision of the
AAST

Grade of injury
(AAST 2018 revision)

Portal venous phase Arterial and portal venous phase combined

(Reader 1) (Reader 2) (Reader 1) (Reader 2)

1 15 14 15 14

2 33 35 27 30

3 44 43 32 35

4 43 43 61 56

5 19 19 19 19

κ coefficient 0.97 (95% CI − 0.94 to 0.99) 0.94 (95% CI − 0.90 to 0.97)

CI confidence interval, AAST American Association for Surgery in Trauma
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statistically significant higher AUC for AP + PVP (Fig. 2).
There was no statistically significant difference in the AUC
for sp l enec tomy . The AUC fo r AP + PVP fo r
angioembolization and both splenic interventions combined
were above 0.8.

Discussion

The results of this study highlight the impact of AP in the CT
evaluation and grading of splenic injuries in the setting of
blunt abdominal trauma. Over 40% of the splenic vascular
injuries were detected only on the AP, and the addition of
the AP leads to a change in the grade of injury in 11.7% of
patients with splenic injuries.

In this study, vascular injuries were detected on CT in 34% of
patients with splenic injuries. Similar rates of splenic vascular
injuries were reported by Marmery et al. (86 out of 392, 22%)
and Uyeda et al. (54 out of 146, 36.9%) [12, 18]. In the current
study, 42.3% of the vascular injuries were detected only on the
AP. In a study byUyeda et al. on the role ofAP in splenic injuries

in blunt abdominal trauma, 25% (13 out of 52) of the vascular
injuries were detected only on the AP. If only the CVIs are
considered, in this study, 70.8% CVIs were detected only on
the AP which is similar to 13 out of 22 (59.1%) in the study by
Uyeda et al. [12]. Likewise, Boscak et al., Melikian et al., and
Atluri et al. have shown better detection of vascular injuries,
especially CVIs with the addition of AP [13, 14, 22].

A CVI results from injury to the intraparenchymal arterial
vascular branches in direct communication with the arterial
tree. Thus, contrast opacifies the CVI best in the AP and this
is further enhanced by the surrounding un-opacified parenchy-
ma. However, during the PVP, there is a relative washout of
contrast within the pseudoaneurysmwhich decreases its atten-
uation and increase in the attenuation of the surrounding pa-
renchyma which is now homogeneously opacified making the
pseudoaneurysm less conspicuous.

AE occurs when the pressure in the vessel exceeds that of the
surrounding tissues, and the rate of extravasation also depends on
the pressure gradient. Injury to peripheral higher-order branches
and relatively low pressure in the injured vessel secondary to
vasospasm would result in slower rates of extravasation, which

Table 3 Impact of additional
arterial phase on the grade of
splenic injuries

Grade of injury Arterial and portal venous phase combined Total

1 2 3 4 5

Reader 1

Portal venous phase 1 15 - - - - 15

2 - 27 - 6 - 33

3 - - 32 12 - 44

4 - - - 43 - 43

5 - - - - 19 19

Total 15 27 32 61 19 154

Reader 2

Portal venous phase 1 14 - - - - 14

2 - 30 1 4 - 35

3 - - 34 9 - 43

4 - - - 43 - 43

5 - - - - 19 19

Total 14 30 35 56 19 154

Table 4 Management of splenic injuries

Total splenic
injuries

Splenic vascular injuries
on CT

Splenic
CVI

Splenic
AE

Grade 3* or
higher

Grade 4* or
higher

No vascular injury on
CT

Splenectomy 25 13 1 12 25 23 12

Angioembolization 41 30 17 13 41 40 11

Conservative 88 9 6 3 46 17 79

Total 154 52 24 28 112 80 102

CVI contained vascular injury, AE active extravasation of contrast

*Grade of injury based on 2018 revision of AAST using arterial and portal venous phase combined
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may not be detected on the AP. But an increasing amount of
contrast extravasates until the time of acquisition of PVP,making
AEsmore apparent on PVP [19, 23]. In a few patients, AEswere
detected only on AP. This could be due to the progressive dilu-
tion of extravasated contrast making it iso-dense to the surround-
ing parenchyma, masking them on the PVP.

The current study shows the impact of the addition of AP to
the CT protocol on the 2018 revision of the AAST [9]. The
splenic injury was classified to a higher grade (grade 4) in
11.7% of the patients due to the detection of vascular injuries
on AP, and 83.3% of them had underwent some form of

splenic intervention. There is no similar published data to this
effect. The combination of AP + PVP having larger AUC
suggests that the additional AP would help better predict the
need for splenic interventions in a patient with splenic injury.
None of the patients in the current study had an AE extending
beyond the confines of the splenic capsule that was detected
only on AP (grade 5). This could likely be attributed to the
absence of surrounding enhancing parenchyma that could po-
tentially obscure their detection on PVP.

Factors like the rate of injection of contrast, the time of ac-
quisition of the AP, and the heterogenous enhancement of the

Fig. 2 Receiver operating characteristic (ROC) curves for splenic
angioembolization (a), splenectomy (b), and both combined (c) for the
grade of splenic injury according to the revised AAST on arterial phase
(AP) + portal venous phase (PVP) combined and portal venous phase

(PVP) alone with respective area under the curves (AUC). Significant
difference seen in the AUC for splenic angioembolization (a, p value
0.002) and both interventions combined (c, p value 0.003)

52 Emerg Radiol (2021) 28:47–54



spleen in the arterial phase are potential confounding factors in
the study. A uniform protocol of 4 mL/s was used in this study.
Bae et al. observed that an increase in rate of injection of contrast
(up to 10 mL/s) steeply increases the magnitude of peak aortic
enhancement [24]. Soto et al. had suggested rates of 3–5mL/s to
be used in the setting of blunt abdominal trauma [25]. An early
AP CT is usually used for the study of the abdominal arterial
tree, while a late AP is used in the evaluation of hyper-vascular
hepatic masses. In the setting of trauma, late AP is used in some
centers using a split bolus technique and a single acquisition
[26]. Atluri et al. in their study demonstrated that the mean time
from opacification of the aorta to pseudoaneurysm was 1.32 s in
15 out of 20 splenic pseudoaneurysms on angiography, thus
favoring the use of an early AP in the trauma setting [22].
Heterogenous enhancement of the splenic parenchyma on the
AP could lead to the appearance of hyperdense areas that could
mimic a vascular injury [27]. There are no published studies thus
far that describe CT features to reliably differentiate the two.

This study has a few limitations. Firstly, patient management
was not randomized. Hence, the actual clinical outcome of dif-
ferent forms of management could not be ascertained. Also, a
relatively small number of patients underwent angioembolization
(26.6%). The mere presence of vascular injury was not consid-
ered an indication for angioembolization. The clinical status,
especially the hemodynamic status, was taken into account be-
fore deciding the management. Patients with vascular injuries
who were managed conservatively without angioembolization
were hemodynamically stable throughout the hospital course.
The need for angioembolization was decided on a case-by-case
basis based on the clinical parameters. Since all the patients did
not undergo angiography or surgery, the reference standard for
the diagnosis of vascular injuries was not available in all patients,
leading to a verification bias.

To conclude, this study not only reiterates that the addition
of AP significantly increases the detection rate of splenic vas-
cular injuries on CT but also shows that it leads to significant
changes in the final grade on the organ injury scale of AAST
according to the 2018 revision. Accurate classification of
splenic injuries to appropriate AAST grades using additional
AP could lead to better and prompt triage of patients for splen-
ic interventions or conservative management.
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