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The spleen is the most commonly injured organ after blunt abdominal trauma.

Nonoperative management with splenic arterial embolization (SAE) is the current
standard of care for hemodynamically stable patients. Current data favor the use of
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The spleen is the most commonly injured solid organ
following blunt abdominal trauma.' Arteriographic
hemostasis of the spleen was initially described in 1981
by Sclafani as an adjunctive procedure to improve the
success of surgical repair and/or salvage.2 The high rate of
mortality associated with postoperative sepsis and recog-
nition of the immunologic role of the spleen compelled the
need for splenic preservation techniques.> Accordingly,
nonoperative management (NOM) is the current standard
of care in hemodynamically stable patients with blunt
splenic injury (BSI). While some aspects remain contro-
versial, splenic arterial embolization (SAE) is an integral
adjunct to NOM.

In this review, the authors describe the most recent
evidence informing the clinical indications, techniques,
and complications for SAE.

Clinical Indication

A high index of suspicion is required for the timely diagnosis
and triage of splenic injury. Most commonly, splenic injury is
a result of blunt force following a motor vehicle collision.
Hemodynamically unstable patients are predominantly
treated with operative management and may be evaluated
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proximal and coil embolization techniques in adults, while observation is suggested in
the pediatric population. In this review, the authors describe the most recent evidence
informing the clinical indications, techniques, and complications for SAE.

with focused assessment with sonography in trauma exam
and/or diagnostic peritoneal lavage to confirm the presence
of intraperitoneal hemorrhage.

Hemodynamically stable patients are routinely offered
computed tomography (CT) for the assessment of BSI
severity. Anatomical classification of injury severity by CT
findings is widely determined by the American Association
for the Surgery of Trauma (AAST) scale* (~Table 1). The
most recently revised 2018 AAST guidelines incorporate
vascular injury (i.e., active extravasation, pseudoaneurysm,
arteriovenous fistula) into the imaging criteria for grade IV
visceral injury.” The sensitivity, specificity, and accuracy of
CT have been reported to be as high as 81, 90, and 83%,
respectively, predicting the need for SAE.®’ As not all
actively bleeding injuries are detected by CT, splenic angi-
ography may be indicated in high-grade visceral injury—
however, this decision must be weighed against complica-
tions of angiography.

The World Society of Emergency Surgery (WSES) has
recently proposed a new classification system that considers
both hemodynamic status and AAST score as a more com-
prehensive assessment of injury severity® (~Table 2). How-
ever, the clinical impact of either classification system has
yet to be definitively demonstrated.
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Table 1 American Association for the Surgery of Trauma
classification scheme for splenic trauma

Grade | - Subcapsular hematoma <10% surface area
- Parenchymal laceration <1 cm depth
- Capsular tear

Grade Il - Subcapsular hematoma <10-50% surface area
- Intraparenchymal hematoma <5 cm
- Parenchymal laceration 1-3 cm depth

Grade lll | - Subcapsular hematoma >50% surface area
- Intraparenchymal hematoma >5cm

- Parenchymal laceration >3 cm depth

Grade IV | -Vascular injury or active bleeding confined within
splenic capsule

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

Grade V | -Shattered spleen
- Vascular injury or active bleeding extending

beyond splenic capsule

Table 2 WSES classification scheme for splenic trauma

WSES | (minor) Stable AAST I-1I
WSES Il (moderate) Stable AAST Il
WSES Il (moderate) Stable AAST IV-V
WSES IV (severe) Unstable Y

Abbreviations: AAST, American Association for the Surgery of Trauma;
WSES, World Society of Emergency Surgery.

In addition to severity of BSI, CT is important in revealing
additional injuries that may necessitate operative manage-
ment as well as in serving as a baseline study for follow-up
imaging. This is especially important, as delayed splenic
vascular complications after NOM of BSI are common, with
a reported incidence as high as 23%.°

Banerjee et al demonstrated that despite wide practice
variation at level I trauma centers, centers with higher rates
of SAE use have higher spleen salvage and lower NOM
failure rates.’® In general, AAST grade I-II injuries are
observed and grade IV and V injuries are managed with
SAE. The management of grade III injuries is debated. A
systematic review of 23 studies published in 2017 by
Crichton et al demonstrated that while SAE significantly
reduced the failure of NOM in patients with grade IV and V
BSI, it has minimal effect in those with grade I to III
injuries.'

Techniques and Controversies

Standard angiographic technique is used. Femoral or radial
access is obtained and the celiac artery is selected with a
curved (Cobra C2 or Rosch Celiac RC2) or reverse-curved
catheter (Simmons, SOS, or visceral selective). Celiac angiog-
raphy is performed to evaluate for collateral flow to the
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spleen. Subsequently, the splenic artery is catheterized for
embolization. Depending on the level of tortuosity and angle
of origin, a microcatheter may be required for secure access,
but may limit the ability to obtain diagnostic angiography.
Position of the catheter tip for embolization may be in the
main splenic artery (proximal) or in distal branches (distal).
The evidence comparing distal versus primary embolization
is limited and remains controversial.

Angiographic Findings

Vascular injury presents as a variety of angiographic find-
ings on splenic angiography. For good quality diagnostic
digital subtraction angiography, the arterial, parenchymal,
and venous phases of contrast should be imaged and
correlated with available cross-sectional imaging to con-
firm location of injury. Angiography is best performed
through a 5-Fr catheter, as the contrast volume limita-
tions of a microcatheter reduce the quality of angiography
in this high-flow territory. Focal pseudoaneurysms are
most commonly seen, with free extravasation more rarely
observed. Other findings include arteriovenous fistulae,
which are associated with a high rate of failure of emboli-
zation, vessel truncation, and widespread, multifocal pete-
chial contrast pooling associated with parenchymal defects
(~Fig. 1).

Embolization Technique

Proximal embolization is performed by occluding the
midportion of the main splenic artery with the goal of
decreasing perfusion pressure within the spleen while
allowing for continued blood supply via collateral vessels
(=Fig. 2). The dorsal pancreatic artery and the pancreatica
magna should be identified on angiography, and emboli-
zation performed between these two branches to avoid
devascularization of the pancreas and ischemic pancreati-
tis. Distal embolization is performed by occluding flow as
distally and close to the injury as possible (~Fig. 3). The
goal of distal embolization is to focally devascularize at
the location of the injury while preserving splenic artery
patency.

Coils and Gelfoam are the most common agents
employed in SAE. Gelfoam traps platelets as it travels
with blood within vasculature to both physically occlude
flow and promote thrombus formation. It is subsequently
absorbed by macrophages and allows for restoration of
vessel patency.'? Alternatively, coils are permanent but
can be placed more accurately into a predetermined loca-
tion, though they have been criticized for migrating when
undersized to the vessel. Although maintaining vessel pa-
tency is an appealing feature, data suggest that Gelfoam is
associated with a higher rate of life-threatening complica-
tions compared with coil embolization. Gelfoam is reported
to increase the risk of rebleeding and infarction, as it often
occludes distal and collateral vessels.'> Furthermore, air
injected with Gelfoam can increase the risk of aerobic
infection.'?

A meta-analysis of 15 retrospective cohort studies pub-
lished in 2011 by Schniiriger et al reported that both
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Fig. 1 A 50-year-old man who fell from 20 feet. (a) Axial CT of the abdomen and (b) coronal CT of the abdomen showing extensive splenic

contusion/laceration with perisplenic hematoma consistent with a grade IV injury. (c) Early-phase splenic angiography. (d) Late-phase splenic
angiography demonstrating multiple segmental perfusion defects, correlating to known splenic lacerations. Faint petechial contrast pooling in
the region of the parenchymal defect. (e) Postembolization angiography following Gelfoam embolization from the distal main splenic artery

with resultant sluggish flow and peripheral vascular pruning.

proximal and distal techniques had similar rates of infarc-
tions and infection requiring splenectomy, but distal embo-
lization resulted in higher rate of segmental infarctions not
requiring splenectomy.'> A more recent meta-analysis of 23
studies published in 2017 by Rong et al suggested that
proximal embolization reduced severe complications (de-
fined as any complication meeting the Clavien-Dindo grade
IV classification, i.e., life-threatening complication requiring
intensive care) and complications requiring surgical man-
agement.'* Proximal embolization has also been considered
by some authors to be more favorable as it often requires a
shorter procedure time, decreasing the chance of patients
becoming unstable in the interventional suite and reducing
radiation exposure in these patients, who tend to be youn-
ger.* However, proximal embolization is also criticized as it
leads to permanent occlusion of the splenic artery and

precludes further angiographic management if rebleeding
occurs. For many operators, distal embolization is reserved
for cases in which there is focal, limited injury to the spleen
that is readily identifiable on angiography and readily acces-
sible in a relatively stable patient.

Complications

A recent 9-year retrospective study by Corn et al com-
pared the complication rate of BSI between laparotomy,
embolization, and observation. The operative group had
the highest complication and mortality rates of 50.7
and 26.3%, respectively. The embolization group had the
lowest complication and mortality rates of 5.3 and 2.6%,
respectively. Of note, the patients in the operative and
embolization groups had similar splenic injury grades,
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Fig. 2 A 24-year-old individual involved in pedestrian-automobile collision. (a) Axial CT showing an arterial blush in the lateral spleen (arrow)
adjacent to multiple vessels suggestive of a pseudoaneurysm. (b) Splenic angiography showing extravascular contrast at multiple sites. (c)

Delayed imaging on angiography shows contrast pooling (arrow on one such collection), representative of multifocal pseudoaneurysms. (d)
Angiography posttreatment. Given the multifocal findings, it was determined to embolize the spleen proximally using multiple coils beyond the

dorsal pancreatic artery. Complete vascular occlusion demonstrated.

but patients in the operative group had more severe
hemoperitoneum.’?

Postprocedure Management

Patients should be actively followed up by the interventional
radiology team to anticipate and manage potential compli-
cations in collaboration with surgical and intensive care
teams. Postembolization patients remain at risk for rebleed-
ing, necessitating hemodynamic monitoring and observation
for signs and symptoms of bleeding. Immunization of post-
embolization patients is controversial. However, literature
does suggest that immune function of the spleen is preserved
following embolization.'®

Special Considerations in Pediatric Trauma

Recent data demonstrate high splenic salvage rates with the
use of SAE as an adjunct to NOE in adult patients.'” A
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retrospective study of children with BSI over a 10-year
period at a level I trauma center published in 2015 by
Bansal et al suggests that there were no statistical differ-
ences in the need for splenectomy, transfusion, or length in
stay between SAE and NOM even in the presence of contrast
blush.'8

Conclusions

Cumulative evidence suggests that NOM with SAE should be
prioritized and widely accepted as the standard of care, with
the caveat that children may be more likely to benefit from
watchful waiting. Proximal embolization is the preferred
approach with multifocal or large territory parenchymal
injury, or in patients with hemodynamic instability that
precludes longer procedures. Distal embolization may be
beneficial in patients with focal, angiographically evident
injury to preserve access for future intervention and mini-
mize global splenic ischemia.
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Fig.3 A29-year-old maninvolved in motor vehicle crash. (a) Axial CT abdomen and (b) coronal CT abdomen showing small focal laceration along
the superior medial aspect of the spleen with extravasation of contrast (arrow). (c) Celiac angiography. (d) Splenic angiography demonstrating a
pseudoaneurysm along the medial aspect of the spleen with active extravasation into the peritoneum (arrow). (e) Embolization of a distal splenic
artery branch supplying the pseudoaneurysm was performed with multiple coils and small aliquots of Gelfoam slurry resulting in no flow seen
past the area of embolization, no evidence of remaining pseudoaneurysm or extravasation.
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