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PURPOSE

We have described unidentified bright objects of spleen (UBOS), a hitherto undescribed en-
tity, as hyperdense areas on arterial phase (AP) computed tomography (CT) seen in relation
to splenic lacerations and are isodense to the normal parenchyma on portal venous phase
with no correlate on digital subtraction angiography (DSA). UBOS mimic splenic vascular in-
juries like active contrast extravasation and pseudoaneurysm and need to be differentiated
from them as it would have implications on patient management. We undertook this study to
identify CT features of UBOS that can differentiate them from splenic vascular injuries and to
calculate their diagnostic accuracy.

METHODS

This retrospective study was approved by the institutional ethical committee and the need for
informed consent was waived. Patients with splenic injury who had undergone dual-phase CT
and DSA were included. All the lesions that were hyperdense on AP were evaluated for their
outline, their relation to the adjacent/parallel margins of a laceration (margin sign), string of
beads appearance, and the presence of adjacent normal parenchyma (adjacent parenchyma
sign). The Hounsfield unit (HU) of the lesion and the aorta on the AP were also noted. The di-
agnostic accuracy of various signs for distinguishing UBOS from splenic vascular injuries was
calculated using DSA as the reference standard.

RESULTS

Of 48 patients, 5 were excluded due to suboptimal quality of the examination or a time dif-
ference of more than 6 hours between the CT and DSA. A total of 54 hyperdense lesions were
detected on AP in 43 patients. These were classified as vascular injuries (pseudoaneurysm,
n=11; active contrast extravasation, n=11) and UBOS (n=32) based on DSA. The margin sign,
string of beads appearance, and ill-defined outline had high specificity (95%, 86%, and 82%,
respectively) but low sensitivity (50%, 65%, and 63%, respectively). The adjacent parenchyma
sign had a moderate sensitivity and specificity of 84% and 77%, respectively. ROC analysis
showed that a difference of 50 HU between the aorta and the lesion had a high sensitivity and
specificity of 88.9% and 90.6%, respectively, with an area under the curve of 0.90.

CONCLUSION

An attenuation difference of over 50 HU between the aorta and the lesion and the presence
of normal adjacent parenchyma had the highest diagnostic accuracy, while an ill-defined out-
line, string of beads appearance, and margin sign had high specificity but low sensitivity for
differentiating UBOS from splenic vascular injuries.

evaluation of blunt abdominal trauma across centers, arterial phase (AP) CT is in-

creasingly being used as part of the evaluation (1-3). AP is usually acquired as a part
of whole-body (chest and abdomen) CT angiography followed by a portal venous phase
(PVP) acquisition of the abdomen (4-7). AP has been shown to increase the sensitivity of
CT for the detection of splenic vascular injuries like pseudoaneurysms (6-9). These appear
hyperdense relative to the surrounding parenchyma on AP, leading to better detection rates
on AP. However, due to poorly understood mechanisms, the splenic parenchyma shows het-
erogeneous enhancement in the arterial phase (10-14). This is further exaggerated in the
presence of parenchymal injuries like laceration following blunt abdominal trauma leading

Q Ithough there is a wide variation in the computed tomography (CT) protocol for the
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to the appearance of hyperdense areas on
AP which may masquerade as intraparen-
chymal pseudoaneurysms or active extrav-
asations.

We describe unidentified bright objects
of spleen (UBOS) as hyperdense areas seen
in relation to splenic lacerations on AP CT
which are isodense to the normal paren-
chyma on PVP with no abnormal correlate
on digital subtraction angiography (DSA).
As most splenic vascular injuries are hyper-
dense on AP and some of them isodense on
PVP, these UBOS closely mimic splenic vas-
cular injuries (Fig. 1).

The 2018 revision of the organ injury
scale for splenic injuries by the American
Association for Surgery in Trauma (AAST)
has incorporated CT-diagnosed vascular
injuries into the grading system. The grade
of injury is upgraded to grade 4/grade 5 if
there are associated splenic vascular inju-
ries irrespective of the grade of parenchy-
mal injuries (15-17). Hence, it is imperative
to accurately diagnose the splenic vascular
injuries on CT and to differentiate UBOS, a
previously undescribed entity, from splenic
vascular injuries, as it would have implica-
tions on the grading of injury and further
management.

There are no studies describing such an
entity or its imaging features. We undertook
this retrospective study to describe CT fea-
tures of UBOS and to identify features that
can differentiate UBOS from pseudoaneu-
rysms or active extravasations and test their
diagnostic accuracy.

* In this retrospective analysis, we have de-
scribed a new entity “unidentified bright
objects of spleen” (UBOS) which are seen in
the setting of blunt abdominal trauma on the
arterial phase CT and lack a described histo-
pathological or angiography correlate.

* UBOS closely mimic splenic vascular injuries
like active contrast extravasation and pseu-
doaneurysms.

* Adifference of over 50 HU between the aorta
and the lesion and the presence of normal
adjacent parenchyma have the highest diag-
nostic accuracy for differentiating UBOS from
vascular injuries.

* Radiologists should be aware of this poten-
tial radiological pitfall while analyzing splenic
injuries and note that these can be differen-
tiated from splenic vascular injuries with the
above-described signs with reasonable accu-
racy.

Figure 1. a, b. lllustration depicting the imaging features of unidentified bright objects of spleen (UBOS)
and pseudoaneurysm: UBOS (a, asterisk) show ill-defined outline, normal adjacent parenchyma, string
of beads appearance due to multiple adjacent lesions, the presence of lesions on adjacent/parallel
margins of laceration. Also, UBOS show no communication with the arterial and is less bright than
the adjacent arteries (depicting lesser HU). Pseudoaneurysm (b, asterisk) shows a well-defined lesion
with no adjacent normal parenchyma in direct communication with an artery. Brown shaded area
represents a laceration with intraparenchymal hematoma.

Methods

This retrospective study was approved
by the institutional ethics committee (Ref
no. [ESC/T-421) and the need for informed
consent was waived. A retrospective search
of patient records at our level 1 Trauma Cen-
ter during the period from October 2014 to
March 2017 (30 months) was done. All pa-
tients who had sustained a splenic injury
following blunt abdominal trauma and had
undergone a dual-phase CT (AP followed by
PVP) and splenic digital subtraction angiog-
raphy (DSA) as part of their management
were included. Exclusion criteria were poor
quality of selective splenic angiogram and
more than 6 hours between CT scan and
DSA.

CT acquisition

All CT examinations were performed on
SOMATOM Definition AS (64 detector row
scanner, Siemens Medical) or SOMATOM
Sensation scanner (40 detector row scan-
ner, Siemens Medical). As a part of our pro-
tocol, a dual-phase CT (AP followed by PVP)
is performed only in patients over 18 years
of age. This was acquired after injecting a
bolus of 100 mL of intravenous contrast ma-
terial (lohexol, Omnipaque 350, GE Health-
care; 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 using automatic bolus
tracking technology. The region of interest
(ROI) was placed in the descending aorta
just below the level of the diaphragm and
above the level of origin of the renal arter-
ies and the threshold for initiation was set
at 100 HU. Following this, the PVP images
were acquired with a standard delay of 35
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seconds after the completion of AP (65-70 s
from the start of contrast injection).

Digital subtraction angiography

DSA was performed on the GE Innova
(GE Healthcare Technologies) in all patients.
Initial celiac artery angiogram was followed
by selective splenic angiography which was
performed in an anteroposterior projection
to look for vascular injury or active contrast
extravasation. As a part of our institution
protocol, in patients with grade 3 splenic
injury with significant hemoperitoneum
on CT or with grade 4/5 splenic injury, non-
selective proximal splenic artery emboli-
zation was performed with endovascular
coils even if pseudoaneurysms or active
extravasations were not detected on the
initial splenic angiography. Selective embo-
lization of the branch artery was done us-
ing coaxial microcatheter and micro-coils if
pseudoaneurysms or active extravasations
were detected on the initial splenic angiog-
raphy.

Arterial phase analysis

One radiologist (12 years of experience
in trauma radiology) who was blinded to
all the clinical information and the findings
on DSA reviewed the AP of all the patients
at our console with multiplanar reconstruc-
tions. The AP was reviewed for the presence
of any lesion that was hyperdense to the
surrounding parenchyma. Both qualitative
and quantitative features were noted. Qual-
itative features included the outline (well
defined/ill-defined) of the lesion, its relation
to the margins of the laceration, and its re-
lation to surrounding normal parenchyma.
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Quantitative features included the size of
the lesion (three dimensions in orthogonal
planes), the attenuation values (HU) of the
lesion, and aorta at the same level. Three
circular regions of interest (ROls) were
drawn and a mean of the values was used.
A minimum area of 1 cm? was used for the
ROIs of the aorta. For the ROIs of the lesion,
the area varied depending on the size of the
lesion, and care was taken to draw the ROls
to include at least two-thirds of the central
portion of the lesion in each ROI.

Comparison with reference standard DSA
A second radiologist (12 years of experi-
ence in trauma radiology), who was blind-
ed to all the clinical information and the CT
findings, independently reviewed all the
DSA images. Selective splenic angiography
was used as the reference standard for the
diagnosis of vascular injuries. The selective
splenic angiograms were reviewed for the
presence of vascular injuries and the find-
ings were characterized as normal, pseudo-
aneurysm, or active extravasation.

In patients with multiple hyperdense le-
sions on AP, a third radiologist (5 years of
experience in trauma radiology) correlated
the DSA images with coronal reformatted
AP CT images to identify the lesions corre-
sponding to the vascular injuries seen on
DSA.

The hyperdense lesions seen on AP with
no abnormal correlate on DSA were labeled
UBOS. The lesions were classified into two
groups for further analysis: UBOS group
with a normal angiogram and vascular in-
jury (VI) group with pseudoaneurysms or
active extravasations on angiogram.

Statistical analysis

All statistical analysis was performed us-
ing IBM SPSS Statistics for Windows, Version
22.0, IBM Corp. For the qualitative features,
chi-square test was applied to test the dif-
ference between the two groups, and the
diagnostic accuracy of the imaging features
was also calculated. For quantitative fea-
tures, unpaired Student’s t-test was used
to test for a significant difference between
the two groups. The difference in HU of the
aorta and the lesion was calculated for both
groups. Area under the curve (AUC) for re-
ceiver operating characteristic (ROC) curves
were calculated to determine the optimal
HU difference that could be used for differ-
entiating UBOS from splenic vascular inju-
ries.

Results

A total of 48 patients who had sustained
a splenic injury due to blunt abdominal
trauma and had undergone a dual-phase
CT and a splenic angiography during their
stay in the hospital were identified. Five
of them were excluded (time difference
between the DSA and CT > 6 hours, n=4;
poor quality of AP CT due to significant
motion-related artifacts impairing proper
interpretation, n=1). Hence, a total of 43
patients comprising 34 males (79%) and 9
females (21%) were analyzed (age range,
18-63 years; mean age, 32.9 years). Road
traffic accident was the most common
mode of injury (n=31, 72.1%), followed by

fall from height (n=8, 18.6%) and physical
assault (n=4, 9.3%).

Hyperdense AP lesions were seen in 29 of
43 patients (67.4%); 7 patients had 2 lesions
each, and 9 patients had 3 lesions each. Thus,
atotal of 54 AP hyperdense lesions were iden-
tified. On DSA, vascular injuries were identi-
fied in 22 patients which included 11 pseudo-
aneurysms and 11 active extravasations. DSA
did not reveal any vascular injury correspond-
ing to the other 32 AP hyperdense lesions and
hence were labeled as UBOS (Fig. 2).

There was no significant difference in de-
mographic factors (age, sex, mode of inju-
ry) or clinical characteristics (hemodynam-
ic status, Glasgow coma scale, associated

48 patients

5 excluded:
4 - time gap between CT

43 patients

and DSA >6 hours;
1 - suboptimal quality

14 patients - no

29 patients - 54

AP hyperdense AP hyperdense
lesions lesions
22 vascular 32
injuries on DSA Normal on
(11 PA, 11 AE) DSA
Vascular injury UBOS
group group

Figure 2. Flowchart shows the study groups. CT, computed tomography; DSA, digital subtraction
angiography; AP, arterial phase; PA, pseudoaneurysm; AE, active extravasation; UBOS, unidentified

bright objects of spleen.
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injuries) between patients with UBOS and
vascular injuries.

The quantitative and qualitative char-
acteristics of the lesions on AP were com-
pared between the UBOS and VI groups.
The results of the qualitative imaging signs

in both groups are presented in Table 1; the
measures of diagnostic accuracy of each of
the signs are presented in Table 2.

An ill-defined outline was present in 20 of
32 lesions (63%) in the UBOS group, while it
was seen in only 4 of 22 lesions (18%) in the VI

Table 1. Summary of diagnostic performance of the various qualitative imaging features

DSA . DSA

S — Presence on adjacent or I A —
Outline UBOS VI  Total parallel margins UBOS VI  Total
Il defined 20 4 24 Present 16 1 17
Well defined 12 18 30 Absent 16 21 37
Total 32 22 54 Total 32 22 54
Normal adjacent 7DSA 7DSA
parenchyma UBOS VI  Total String of beads appearance UBOS VI  Total
Present 27 5 32 Present 21 3 24
Absent 5 17 22 Absent 1 19 30
Total 32 22 54 Total 32 22 54

DSA, digital subtraction angiography; UBOS, unidentified bright objects of spleen group (normal DSA); VI, vascu-
lar injury group (pseudoaneurysm or active extravasation on DSA).

Table 2. Measures of diagnostic accuracy of the imaging features

AP features Sensitivity (%) Specificity (%) PPV (%) NPV (%)  Accuracy (%)

Outline 62.5 81.8 59.2 83.3 70.4
(43.7-78.9) (59.7-94.8) (45.0-72.4) (66.5-92.7)

Normal adjacent 84.4 77.3 84.4 77.3 81.5

parenchyma (67.2-94.7) (54.6-92.2) (71.1-92.2) (59.6-88.7)

Presence on adjacent or 50.0 95.5 94.1 56.7 68.5

parallel margins (31.8-68.1) (77.1-99.9)  (69.6-99.1) (47.8-65.3)

String of beads 65.6 86.4 87.5 63.3 74.1

appearance (46.8-81.4) (65.1-97.1)  (70.4-95.4) (51.0-74.1)

HU of aorta - HU of lesion 88.9 90.6 93.6 86.9 90.4

(cutoff 50 HU) (74.9-98.0) (70.8-98.9)  (79.4-98.2) (86.9-95.2)

AP, arterial phase CT; PPV, positive predictive value; NPV, negative predictive value; HU, Hounsfield units.

Figure 3. a-c. Typical features of UBOS in 3 different patients (a—c): normal adjacent parenchyma (thin arrows), string of beads appearance (arrowhead),

group, resulting in a low sensitivity and high
specificity (63% and 82%, respectively) (Fig. 3).

Normal adjacent parenchyma was seen
in 27 of 32 lesions (84%) in the UBOS group
and 5 of 22 lesions (22.7%) in the VI group,
leading to a sensitivity of 84% and specifici-
ty of 77%. Location on the adjacent or paral-
lel margins of a laceration was presentin 16
lesions (50%) in the UBOS group and only
1 lesion (4.5%) in the VI group, leading to a
high specificity of 95%, but a low sensitivi-
ty of 50%. Similarly, the string of beads ap-
pearance was seen in 21 lesions (65.6%) in
the UBOS and only 3 lesions in the VI group
leading to a high specificity of 86% and a
moderate sensitivity of 65%.

Among the quantitative features, the
mean size was smaller and attenuation on
AP was less in the UBOS group. However,
there was significant overlap in these val-
ues, with no significant difference between
the two groups (mean size, 14 mm in VI
group vs. 6 mm in UBOS group, p = 0.34;
mean attenuation, 320 HU in VI group
vs. 273 HU in UBOS group, p = 0.1). This is
demonstrated in the box and whisker plot
for attenuation values of the lesions in the
two groups (Fig. 4).

There was a significant difference be-
tween the two groups when the difference
in HU between the aorta and the lesion was
measured (mean attenuation difference, 40
HU in the VI group vs. 117 HU in the UBOS
group; p = 0.001). ROC analysis showed
that the optimal cutoff for differentiating
between the two groups was 50 HU (Fig.
5). An attenuation difference of over 50 HU
between the aorta and the lesion (Youden
index) showed high sensitivity and spec-
ificity (88.9% and 90.6%, respectively) for

the presence of lesions on adjacent/parallel margins of a laceration (open arrows). All these lesions were isodense on portal venous phase and splenic
angiography did not show any vascular injury (not shown).
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Figure 4. Box and whisker plot of the attenuation values of the vascular injuries and the UBOS shows
a significant overlap of the values between the 2 groups although the mean attenuation was lower in
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Figure 5. Receiver operating characteristic curve for difference in attenuation between aorta and lesion.

detecting UBOS, with AUC of 0.896 (95%
confidence interval, 0.776-0.964).

Discussion

UBOS is a hitherto undescribed radio-
logical entity that mimics splenic vascular
injury on AP CT. There is no histopatholog-
ical correlate described thus far. Hence, we
consider it to be a radiological pitfall of AP
CT in the CT evaluation of splenic trauma.

Microscopically, a splenic laceration shows
hemorrhage and neutrophilicinfiltrate at the

site of laceration with congestion of the sur-
rounding red pulp (18). These focal areas of
congestion of the red pulp likely exacerbate
the heterogeneous splenic parenchymal en-
hancement on AP CT leading to focal hyper-
dense areas along the edges of a laceration.
We postulated that UBOS represent these ar-
eas of congestion of the red pulp adjacent to
a laceration. Thus, we postulated that UBOS
are more likely to be ill-defined, present ad-
jacent to one another, along the edges of a
laceration, unlike a pseudoaneurysm which

is usually well defined and usually surround-
ed by a hematoma with no normal surround-
ing parenchyma.

Among the qualitative features, the pres-
ence of ill-defined outline and the presence
in relation to the margins of a laceration
had the lowest diagnostic accuracy. How-
ever, the latter showed a very high speci-
ficity (95.5%) and positive predictive value
(94.1%). Hence, the presence of a lesion
in relation to the margins of a laceration
would help in diagnosing UBOS with great-
er certainty (Fig. 6).

Among the quantitative features, there
was a significant overlap in the size and
the absolute attenuation of UBOS and VI
groups. The former could be attributed to
the wide range of size of pseudoaneurysms
that can be seen in the trauma setting (2-18
mm in this study), while the latter could be
attributed to the variation in the hemody-
namic status of the patients. Although all
patients were imaged with the same pro-
tocol, there could be variations in the heart
rate, blood pressure, and degree of periph-
eral and splanchnic vasoconstriction, thus
altering the contrast dynamics.

Hence, we used the attenuation of the
aorta as an internal reference standard and
the difference in attenuation between the
aorta and the lesion was calculated. The
optimal cutoff based on ROC curve analysis
was estimated as 50 HU. A pseudoaneu-
rysm is in direct continuity with arterial vas-
cular tree and hence its attenuation value
on CT would match that of the aorta (19).
However, UBOS, which are likely areas of
congestion with no direct continuity with
the vascular tree are expected to have low-
er HU than aorta on CT.

There are a few limitations to this study.
First, DSA done within 6 hours was used as
a reference standard. Severe vasospasm of
the affected vessel, intermittent contrast ex-
travasation, or spontaneous thrombosis of
the vascular injury (small vessels) during the
time interval between the CT and the DSA
can lead to a false negative DSA (20, 21). Sec-
ond, this was a retrospective analysis. Hence,
a direct effect on patient management could
not be assessed. Third, as an institution pro-
tocol, dual-phase CT is performed only in pa-
tients over the age of 18. Thus, the presence
or absence of UBOS in the pediatric popula-
tion cannot be ascertained.

In conclusion, we described a new entity,
unidentified bright objects of spleen, seen
in the setting of blunt abdominal trauma on
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Figure 6. a—f. Typical UBOS in 2 different patients: patient 1 (a-c, thin arrows); patient 2 (d-f, thick arrows). An ill-defined AP hyperdense lesion on the
arterial phase (a, d) in relation to the margin of a laceration, which was isodense on the portal venous phase (b, e). Selective splenic angiogram (c, f)
showed no vascular injury in the patients.

AP CT, which lacks a described histopatho-
logical or angiography correlate. We also
described features to differentiate these
from vascular injury and presented their di-
agnostic performance. A difference of over
50 HU between the aorta and the lesion
and the presence of normal adjacent paren-
chyma had the highest diagnostic accuracy,
while an ill-defined outline, string of beads
appearance and the margin sign had high
specificity but low sensitivity for differenti-
ating UBOS from splenic vascular injuries.
Radiologists should be aware of this radio-
logical pitfall while analyzing splenic inju-
ries in the trauma setting. Differentiating
UBOS from true splenic vascular injuries is
possible with the above-described features
with reasonable accuracy.
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