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Splenic trauma: endovascular treatment approach
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Abstract: The spleen is a commonly injured organ in blunt abdominal trauma. Splenic preservation,
however, is important for immune function and prevention of overwhelming infection from encapsulated
organisms. Splenic artery embolization (SAE) for high-grade splenic injury has, therefore, increasingly
become an important component of non-operative management (NOM). SAE decreases the blood
pressure to the spleen to allow healing, but preserves splenic perfusion via robust collateral pathways. SAE
can be performed proximally in the main splenic artery, more distally in specific injured branches, or a
combination of both proximal and distal embolization. No definitive evidence from available data supports
benefits of one strategy over the other. Particles, coils and vascular plugs are the major embolic agents used.
Incorporation of SAE in the management of blunt splenic trauma has significantly improved success rates
of NOM and spleen salvage. Failure rates generally increase with higher injury severity grades; however,
current management results in overall spleen salvage rates of over 85%. Complication rates are low, and
primarily consist of rebleeding, parenchymal infarction or abscess. Splenic immune function is felt to be
preserved after embolization with no guidelines for prophylactic vaccination against encapsulated bacteria;
however, a complete understanding of post-embolization immune changes remains an area in need of further
investigation. This review describes the history of SAE from its inception to its current role and indications
in the management of splenic trauma. The endovascular approach, technical details, and outcomes are
described with relevant examples. SAE is has become an important part of a multidisciplinary strategy for

management of complex trauma patients.
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Introduction who had undergone splenectomy prompted re-evaluation

. . . . . of splenic injury management (4,5). Pre-operative
Origins of splenic endovascular intervention for trauma P ury & (4,5) P .

endovascular techniques using temporary balloon-occlusion
and gelatin sponge embolization of the splenic artery had

been performed in that era as an adjunctive procedure

The spleen is one of the most commonly injured organs
in blunt abdominal trauma (1-3). As such, efficient

and effective management of traumatic splenic injury
is imperative in decreasing morbidity and mortality.
Historically, the most common treatment of traumatic
splenic injury was operative management with splenectomy.
However, in the 1970s, an observed increase in infection
rates from encapsulated bacteria in pediatric patients
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before splenectomy. A natural extension of this experience
was implementation of splenic artery embolization (SAE) as
a spleen-salvaging treatment for non-operative management
(NOM) of splenic trauma. The technique was first described
by Sclafani in 1981 in his report on four cases of traumatic
splenic injury illustrating the use of gelatin sponge, steel
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Figure 1 Schematic drawing of the splenic artery and associated collaterals. The main splenic artery [1] is a branch of the celiac artery

providing direct flow to the spleen. The splenic artery gives rise to major pancreatic branches, the dorsal pancreatic artery [2] and the

greater pancreatic artery or pancreatica magna [3], which form anastomoses with the transverse pancreatic artery [4] originating from the

gastroduodenal artery [5]. This system is a source of collateral supply to the distal splenic artery with proximal splenic artery embolization.

Additional collaterals arise from the gastroepiploic arcade: right gastroepiploic artery [6] to the left gastroepiploic artery [7], and the left

gastric artery [8] to the short gastric arteries [9].

wool coils, and vasopressin infusion in the treatment of
splenic trauma (6). The goal of SAE is to reduce flow in
the main splenic artery to achieve hemostatic control while
preserving lower pressure collateral flow to the parenchyma
(Figure 1). Since that time, mounting data has continued
to identify splenectomy as a risk factor for severe infection
from encapsulated bacteria, known as overwhelming post-
splenectomy infection (OPSI), supporting the spleen’s
role in infection prevention (7-11). In combination with
proliferation and advancement of endovascular techniques,
SAE has now become a more widely used treatment in the
management of traumatic splenic injury (1,12-15).

Operative vs. non-operative management of splenic trauma

The decision to operate on the patient with blunt
abdominal trauma is heavily based on initial clinical
presentation. Patients who present in shock or with
hemodynamic instability despite resuscitative efforts are
typically triaged for emergent splenectomy (16,17). For
the hemodynamically stable patient, NOM is considered
the current standard of care for splenic trauma (18-20).
Imaging assessment is paramount in characterizing
and grading splenic injury and potentially determining
management. Patients who are hemodynamically stable
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are typically evaluated with contrast-enhanced computed
tomography (CT) of the chest, abdomen, and pelvis
(2,16,17). The addition of arterial phase contrast imaging
has been observed to increase sensitivity of detecting
pseudoaneurysms or contained vascular injuries; however,
the need for routine use of arterial phase imaging has been
questioned due to the number of scans obtained for blunt
abdominal trauma and the relatively small percentage for
which this may actually affect clinical management when
identifying splenic injury (21-23). If imaging reveals a
more pressing injury necessitating immediate surgical
intervention (e.g., transection of the spinal cord requiring
emergent decompression), treatment of a splenic injury is
often delayed and further management is determined by the
patient’s clinical course (17).

The most widely used splenic injury grading system was
developed by the American Association for the Surgery
of Trauma (AAST) and includes various imaging-based
criteria regarding type, size, and location of injury (24,25).
The grading system was recently revised in 2018 to include
additional criteria concerning splenic vascular injury,
such as imaging evidence of contrast extravasation (25).
Currently, splenic injury of AAST grade III or higher, or
evidence of active extravasation of contrast, splenic vascular
injury (e.g., pseudoaneurysm), and/or large intraperitoneal
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blood volume on imaging are all potential indications to
proceed with angiographic evaluation and embolization in
hemodynamically stable patients (16,26-28). Indeterminate
imaging findings, such as irregular or focal areas of
hyperattenuation, may necessitate further clarification via
conventional angiography depending on clinical findings
or ongoing resuscitation needs (2,26). Some debate exists
regarding the reliability of CT in accurately characterizing
splenic injury and, although limited, there is evidence
showing a stronger correlation of angiographic findings
with ultimate patient outcomes (29). However, catheter
angiography has inherent risks and limitations, particularly
in cases of major trauma or polytrauma, and contrast-
enhanced CT remains the diagnostic test of choice in
hemodynamically stable patients who have sustained blunt
abdominal trauma (21,30).

SAE in management of splenic trauma

There is inconsistency in the literature regarding the
classification of SAE as part of NOM, or as a distinct
treatment entity (1,18,31). Whether NOM includes
SAE needs to be considered in assessing comparative
outcomes and complication rates for splenic trauma. The
decision to proceed with angiography does not necessitate
proceeding with SAE. If angiography reveals active
bleeding, arteriovenous fistula (AVF), pseudoaneurysm, or
extensive parenchymal injury in the setting of significant
hemoperitoneum, embolization is generally indicated
(16,28). In the absence of these positive angiographic
findings, some experts advocate for empiric embolization
based on initial CT findings while others feel clinical
evidence of active hemorrhage (such as dropping
hematocrit) should guide the decision to embolize; however,
no studies have directly compared these two approaches
(26,28,32). A severely injured spleen that may not be
actively bleeding at angiography, however, remains at high
risk for delayed rupture if CT shows evidence of high-
grade injury (27,33-37). The authors, therefore, advocate
for a multidisciplinary approach with the trauma team that
factors patient risk, findings on CT and clinical parameters
on the relative merits of embolization given CT findings of
a high-grade (III-V) injury.

In patients with known splenic injury, but without an
imaging-based indication for angiographic evaluation (e.g.,
injury grades I-II), clinical course and status primarily
dictate management. In this population, indications to
proceed with angiography include hemodynamic lability,
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ongoing transfusion requirements, and evidence of
delayed bleeding (e.g., abrupt drop in hematocrit) (16,38).
Generally, most delayed bleeding will occur within the
hospital setting while patients are under observation. In one
prospective study, only 1.4% of patients with blunt splenic
injury managed nonoperatively required readmission
for splenectomy within 180 days of discharge (39). Of
these, 63.6% of readmissions for splenectomy occurred
within the first seven days of discharge and almost 80%
occurred within three weeks of initial injury, highlighting
the relatively acute nature of splenic injury (39). Patients
with blunt abdominal trauma are often highly complex
and management is influenced by institutional protocol,
experience of the surgical and interventional teams, and
underlying patient comorbidities (28). The decision
to proceed with SAE ultimately requires a thoughtful,
multidisciplinary approach.

Technique
Access and angiography

Percutaneous common femoral artery access is traditionally
obtained for visceral angiography and selective celiac artery
catheterization using a 4- to 5-French curved catheter
with or without a vascular sheath at the access site. The
radial artery has additionally been described as a successful
alternative access site, though it requires the use of
dedicated access devices and longer catheters (Figure 2) (40).
Radial access may be a good option for patients with pelvic
trauma, those that require a pelvic binder, have existing
femoral lines, or are obese (40,41).

The starting 4- to 5-French catheter can be used to
selectively catheterize the splenic artery. In the setting
of celiac stenosis, a highly tortuous splenic artery, or by
operator preference, a coaxial microcatheter may be helpful
for selective catheterization of the splenic artery. Celiac
and splenic artery angiography is performed to study the
vascular anatomy, collateral splenic perfusion, and splenic
parenchyma (Figure 3). Angiographic evaluation should be
tailored to assess the splenic artery size, tortuosity, location
of the major pancreatic artery branches, and the presence of
celiac artery collaterals to the spleen, including from the left
gastric artery, gastroepiploic arteries, and pancreatic artery
branches (Figure 3) (42). This assessment helps to plan the
embolization and reduce risk of non-target embolization
or ischemia. It is important to identify major proximal
pancreatic branches, particularly, the dorsal pancreatic
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Figure 2 DSA image of the splenic artery before (A) and after (B) distal embolization with metallic coils (asterisk) demonstrates catheter
access via transradial artery approach (arrows). Arrowhead denotes area of parenchymal injury with contrast extravasation (Image courtesy of
Dr. Ramsey Al-Hakim).

Figure 3 DSA images demonstrating active hemorrhage in the inferior splenic pole (asterisk) before (A) and after (B, C) combined distal and
proximal coil embolization (X). Typical anatomy of the celiac trunk is demonstrated with trifurcation into the common hepatic artery [1], left
gastric artery [2], and splenic artery [3]. The common hepatic artery gives rise to the proper hepatic artery [4], which divides into the right
[5] and left hepatic arteries [6]. The gastroduodenal artery [7] branches into the pancreaticoduodenal [8] and right gastroepiploic arteries [9].

The splenic artery gives rise to the short gastric [10], left gastroepiploic [11], and dorsal pancreatic artery [12].

artery. The dorsal pancreatic artery has a variable origin,
but typically arises from the proximal main splenic artery
(Figures 1,3) (42,43). Variant visceral or intestinal arteries that
originate from the splenic artery should also be identified to
avoid non-target embolization (44-46) (Figure 4).

Embolization strategy

The goal of SAE for trauma is to reduce high-pressure
arterial flow to the injured site to facilitate hemostasis
and decrease the risk of delayed rupture. Embolization
can be performed proximally (in the main splenic artery)
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(Figures 5,6), distally (in peripheral arterial branches within
the splenic parenchyma) (Figure 7), or as a combination of
both (Figure 8). The ideal location of embolization has been
the subject of prior retrospective study without conclusive
demonstration of a superior method, as all methods have
been observed with similar clinical success rates (47,48).
Theoretical advantages of proximal embolization may
include less procedural and fluoroscopy times, with the
risk of limited options to access the artery for repeat
embolization if needed. Theoretical advantages of distal
embolization include maximal preservation of splenic tissue
and the potential for reintervention if needed, with risks
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Figure 4 DSA image of the celiac trunk (A) demonstrating a replaced right hepatic artery (arrow) off of the proximal splenic artery

(arrowhead). Selective catheterization of the replaced right hepatic artery (B) shows distal parenchymal enhancement of the liver (asterisk).

Figure 5 Coronal contrast-enhanced CT image (A) showing splenic rupture with intraparenchymal hematoma (asterisk) causing mass

effect on the adjacent left kidney (arrow) in a patient with blunt abdominal trauma; (B) subsequent DSA image of the celiac trunk revealed

multifocal hemorrhage (arrowheads); (C) post-embolization DSA image demonstrated hemostatic control with proximal coil embolization

(asterisk). Note reconstituted perfusion to the spleen via pancreatic and short gastric artery collaterals (arrows). Arrowhead indicates the

dorsal pancreatic artery.

including ongoing bleeding from missed splenic injuries or
creation of peripheral splenic infarcts.

The principle behind proximal embolization is a
reduction in main splenic artery perfusion pressure,
allowing clot formation and hemostasis, while preserving
lower pressure collateral flow to the spleen and, thus,
splenic function (49-51). To illustrate the effect of SAE
on distal perfusion pressure, blood pressure in the splenic
artery was measured before and after transient proximal
balloon occlusion in seven patients with traumatic splenic
injuries (Figure 9) (50). The average reduction in systolic
blood pressure was 75 mmHg (61% average reduction).
It was noted that in one patient with celiac stenosis and
robust vascular collaterals to the distal splenic artery, the
reduction only measured 40 mmHg (28%). Excluding this
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patient from the group, the average systolic blood pressure
reduction was 81 mmHg (67%) (50). While demonstrating
the association between perfusion pressure and SAE,
this study also suggests potential limitations for proximal
embolization in select patients with underlying celiac axis
stenosis and/or robust collateral flow to the spleen.

For proximal embolization, it is important to deploy
coils or plugs distal to major proximal pancreatic branches,
such as the dorsal pancreatic artery (43,49). A location
within the mid-distal main splenic artery beyond the
dorsal pancreatic artery is thought to be safe in order to
reduce the risk of non-target embolization of the pancreas
and resulting pancreatitis or pancreatic necrosis (52-55).
Embolization between the dorsal pancreatic artery and
great pancreatic artery, or pancreatica magna, preserves
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Figure 6 Contrast-enhanced axial (A) and coronal (B) CT images demonstrate a laceration through the mid-spleen (arrow) with

intraparenchymal hemorrhage (arrowhead) and surrounding hematoma (asterisk). Subsequent angiographic evaluation in arterial (C) and

parenchymal (D) phases confirmed parenchymal hemorrhage (asterisk) and splenic laceration (arrow). Post-embolization DSA images of the

splenic artery (E) and celiac trunk (F) demonstrate significantly decreased flow after proximal splenic artery embolization with metallic coils

(X). Note the preserved distal flow to the spleen via the dorsal pancreatic artery to the greater pancreatic artery in (E, arrows), and via the

short gastric arteries in (F, arrows).

pancreatic supply while maintaining a collateral pathway
to the spleen. Compared to distal embolization, proximal
embolization has been observed with fewer complications
such as rebleeding, infarction, cyst and abscess formation, as
well as reduced rates of contrast induced nephropathy (47).
Distal SAE has additionally been demonstrated to be
effective for focal lesions (56-59) (Figures 7,8). A co-axial
microcatheter is advanced into the distal splenic arteries
to the site of injury for selective embolization. Small
pseudoaneurysms of distal splenic artery branches may
be effectively treated with embolization of the feeding
branch or the proximal main splenic artery. In the setting
of a pseudoaneurysm involving the main splenic artery
or a large branch artery, embolization across the site of
injury can prevent retrograde perfusion of the injury
site from collaterals (60-63). A combination of distal
and proximal embolization may be effectively utilized to
address the primary site of extravasation, but also to reduce
overall splenic artery pressure to minimize risk of delayed
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rupture (64) (Figure §).

Embolization materials

SAE has been performed using a variety of embolic agents.
The most commonly used materials are metallic coils,
vascular plugs, and gelatin sponge. Glue and polymer
particulate embolic agents are thought to increase the
risk for splenic infarction by causing embolization at the
parenchymal level, and are primarily reserved for splenic
reduction, as for hypersplenism (16,65). Coils and injected
gelatin sponge have been observed to have similar clinical
success rates, with possibly higher complication rates
observed with gelatin sponge (47).

Coils come in a variety of configurations; larger coils
compatible with catheters having an inner diameter (ID) of
0.0387-0.035,” with available diameters generally from 3 to
20 mm, and micro-coils compatible with microcatheters with
an ID of 0.0187-0.025”, with available diameters from 1 to
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Figure 7 Contrast-enhanced axial (A) and coronal (B) CT images demonstrate a splenic laceration (arrow) and subcapsular hematoma

(asterisk) with a focus of active extravasation (arrowhead). Subsequent angiographic evaluation in arterial (C) and parenchymal (D) phases

confirmed active hemorrhage (arrowhead) beyond the parenchymal borders (open arrowheads) into the subcapsular space. Fluoroscopic spot

image of distal splenic artery embolization with metallic coils (E) via microcatheter system (open arrows). Post-embolization DSA image of

the celiac trunk (F) shows achievement of hemostasis with preservation of perfusion to the inferior splenic parenchyma (asterisk).

32 mm. Multiple coils are typically needed to achieve cross-
sectional vascular occlusion and hemostasis. Additionally,
coil migration is a known risk and can be a source of
complications (66,67). Coils may be oversized by 20-25%
of the target vessel diameter, particularly if the arteries are
vasoconstricted in the setting of hemodynamic shock or
vasopressor use (68). Detachable or pushable coils can be
used at the discretion of the operator. Detachable coils offer
such advantages as increased control of coil positioning, coil
stability and packing density, but typically at a substantially
greater cost compared with pushable coils (68-70).

The use of vascular plugs, such as the AMPLATZER
vascular plug (AVP) (St. Jude Medical, Inc., St. Paul,
Minnesota, IL, USA), can provide cross-sectional vascular
occlusion with a single device (71-76) (Figure 10). With these
devices, the target site must be a relatively straight vessel
segment, and oversizing by 30-50% of the target vessel
diameter is recommended (73). A non-tapered 4-French
sheath or a 5-French guide catheter (ID 0.056”) is required
for AVP and AVP 2 delivery (device diameters of 3-8 mm).
Larger diameter AVP and AVP 2 devices are available
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with maximal diameters up to 16 and 22 mm, respectively.
However, as a result, the delivery catheter size and ID
should be matched to the device specifications per the
manufacturer recommendations. This presents a potential
delivery system limitation in the setting of celiac stenosis, or
in highly tortuous splenic arteries. The AVP 4 device can be
delivered via a non-tapered 0.038” ID diagnostic catheter
with adequate wall strength. The maximal diameter of the
device is 8 mm, making it suitable for arteries no greater
than 5-6 mm in diameter (72,73).

The IMPEDE® Embolization Plug (Shape Memory
Medical Inc., Santa Clara, CA, USA) represents another
device that could be potentially used for rapid occlusion
of the splenic artery. The device features a shape memory
polymer plug in combination with an anchor coil. The plug
is designed to promote rapid conversion and organization
of thrombus. Device diameters range from 6-12 mm and
require a catheter ID range from 0.038-0.070”. While the
company has noted use of this device in splenic trauma, no
report of this device in the setting of SAE for trauma has
been published to date (77).
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Figure 8 DSA image of the celiac artery branches (A) demonstrates inferior splenic artery pseudoaneurysms (arrows). Selective
catheterization DSA image of the splenic artery (B) demonstrates multifocal parenchymal injury (arrowheads). Pseudoaneurysm was
treated with distal coil embolization (C, open arrowhead) and decreased flow for hemostatic control of multifocal hemorrhage was achieved
with proximal embolization (D, asterisk). Postprocedural DSA images in arterial (E) and parenchymal (F) phases demonstrate embolized
pseudoaneurysm (open arrowhead) and decreased flow to areas of prior hemorrhage (arrowheads). Note the preserved flow to the spleen via
preserved collaterals.

Two additional devices are currently available that
are deliverable through a microcatheter, with unique
advantages for use in the setting of distal embolization or in
tortuous main splenic arteries. The Penumbra® occlusion
device (POD®, Penumbra Inc., Alameda, California, USA),
can be deployed via a microcatheter and has been shown to
be effective in SAE (71). The device is designed to occlude
medium sized vessels from 4-8 mm, and consists of rigid
pre-formed loops followed by a long soft coil. It is advanced
through the microcatheter like a coil, and is intended to

Systolic pressure drop (%)

10 effectivvely form a plug in the target vessel. The POD
o] requires the use of 0.025” ID microcatheter. Another
Before After such device, the MVP™ Microvascular plug (Medtronic,

Minneapolis, MN, USA) consists of a nitinol cage covered
by a polytetrafluoroethylene (PTFE) membrane at the
proximal aspect, affording the ability to be mechanically
occlusive and not entirely reliant on thrombosis (Figure 11).

Figure 9 Systolic pressure drop (percent) in the main splenic
artery before and after proximal splenic artery occlusion in seven
patients. Adapted with permission from (50).
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Figure 10 DSA image of the splenic artery after proximal embolization (A) with the AMPLATZER vascular plug (AVP) (St. Jude Medical,
Inc., St. Paul, Minnesota, IL, USA) (arrow). Note persistent perfusion through the plug immediately after deployment. (B) Subsequent

DSA image of the celiac trunk demonstrating delayed occlusion at the level of the plug (arrow) with collateral perfusion to the spleen via

pancreatic branches and the gastroepiploic arcade (Image courtesy of Dr. Teodora Bochnakova).

Figure 11 DSA of the splenic artery before (A) and spot fluoroscopic image after (B) proximal embolization with MVP™ Microvascular
plug (Medtronic, Minneapolis, MN, USA) (arrow) deployed through a 5-Fr catheter coaxially advanced through a sheath (arrowheads) (Image

courtesy of Dr. Masahiro Horikawa).

The MVP comes in four models with nominal diameters
of 3, 5, 7, and 9 mm, and can be used in vessel diameters
of 1.5-3, 3-5, 5-7, and 7-9 mm, respectively. The smaller
models are delivered via microcatheters with 0.021” and
0.027” ID, and the larger models through standard 4-
and 5-French catheters (78). It is important to size these
devices carefully to the target vessel. Under-sizing can lead
to inadequate wall apposition, and oversizing can cause
pleating in the PTFE membrane due to lack of sufficient
expansion of the nitinol cage resulting in channels for
continued blood flow and incomplete occlusion.

Outcomes
Technical and clinical success rates of SAE

Observed technical success rates for SAE, defined as
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complete occlusion of the selected artery, are very high,
ranging from 90-100% (1,79,80). Reports of clinical
success rates, defined as adequate hemostasis and splenic
salvage, have ranged from 70-100%), with no difference
appreciated between proximal and distal embolization
techniques (1,6,16,32,47,48,66,67,81-87). A multicenter
retrospective review of 140 patients with a mean AAST
score of 3.5 showed an 87% overall clinical success rate,
with 83% success rates for AAST grade 4 and 5 injuries (67).
Notably, including SAE as part of NOM has demonstrated
improved outcomes compared to observation alone for
the management of AAST grade 4 and 5 injuries (83,85).
Haan ez al. reported success rates of 83% for grade 4 and 5
injuries with SAE compared to 67% and 25%, respectively,
with observation alone (85). A meta-analysis and systematic
review by Crichton ez 4/. had similar findings for grade 4
and grade 5 injuries with clinical failure rates of 8-13% for
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Table 1 Failure rate of non-operative management strategies by
AAST injury grade

AAST injury Observation Splenic artery embolization
grade failure rate (%) failure rate (%)

| 4.30 16.70

Il 9.10 4.30

11l 19.90 17.70

vV 43.70 17.30

Vv 83.10 25

From (87).

Table 2 Complications of splenic artery embolization for trauma

Major complications
Hemorrhage
Abscess
Infarct
Renal impairment

Minor complications
Infarct
Coil migration
Pseudocyst
Pleural effusion
Pancreatitis
Renal impairment
Fever

From (58,66,67,80).

SAE versus 43-75% for observation alone (83).

In grade 3 injuries, retrospective reviews have also
demonstrated a higher success rate with SAE compared
to observation alone, 92% for SAE and 80% for
observation (85). However, more recent literature suggests
a similar failure rate between SAE and observation
alone for grade 3 injuries, 13-17% (83,87). Some of
this heterogeneity may be related to intrinsic ambiguity
about grade 3 classification. Grade 3 injuries represent
an intermediate risk stage between the lower grades 1-2
that are usually successfully managed with observation
alone, and the higher grades 4-5 that have consistently
shown to benefit from the incorporation of SAE (Tuble I).
Arguably, with the current AAST grading scheme which
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automatically upgrades injury to grade 4 in the setting of
“splenic vascular injury,” e.g., contained focal extravasation
or pseudoaneurysm, the true risk of grade 3 injury may be
more difficult to ascertain, as lesions previously potentially
classified as grade 3 would be reclassified as grade 4
in the modern era. Thus, with grade 3 injury, patient-
specific factors including clinical status, hematocrit levels,
hemoperitoneum, and ongoing resuscitation needs should
be part of a multidisciplinary consensus strategy to guide
the decision to embolize (32,67,83-86,88).

Complications from SAE

Complications from SAE have been reported with a wide
range of incidence (7uble 2). Major complications range
from 0 to 29% and minor complications range from 5% to
62% (58,66,67,79,80). A multi-institutional retrospective
review of 140 patients showed an overall complication
rate of 36% with a 20% major complication rate and 23%
minor complication rate (67). No significant difference in
overall complication rate has been demonstrated between
proximal and distal embolization (66,67,79,85). Recurrent
intra-abdominal bleeding was the most common major
complication and occurred in 11% of patients requiring
either repeat embolization or splenectomy (67). Use
of gelatin-sponge embolic material has been observed
to potentially contribute to increased rebleeding rates
compared to coil embolization (58). Bleeding rates may
also be related to additional unrecognized and untreated
injuries (67). Additionally, prominent collateral arteries and
coagulopathy may contribute to bleeding after proximal
embolization. Less common major complications include
splenic abscess, which was observed in 4% of patients,
and large infarcts which occurred in 1.4% (67). Partial
splenic infarction, defined by <25% of splenic parenchymal
involvement, is the most common minor complication
(48,67,82,89). In a retrospective review by Haan ez al.,
partial splenic infarction occurred in 21% of patients (67).
While infarction was more commonly seen after distal SAE
than proximal SAE (27% vs. 19% of patients), the overall
number of infarctions was incompletely evaluated as not
all patients had follow up imaging (67). Coil migration is
an uncommon minor complication and has been reported
~2% of patients (67,85). Post-embolization syndrome is
a recognized occurrence and typically presents with left
upper quadrant pain, fever, and nausea (16,32). Many other
adverse events including pleural effusion, pancreatitis,
pseudocyst, pneumonia, and ARDS which have been
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reported after blunt splenic trauma have not been shown
to correlate with any particular management strategy (84).
Of note, gas within the splenic parenchyma after SAE
is often an incidental finding and may not be infectious
(32,67,89,90). A retrospective review found that only 2 of
12 SAE patients with splenic infarction and associated gas
had evidence of infection (90).

Infection complications and SAE

Although observational studies demonstrate an overall
lower risk of infectious complications compared to
operative management, some authors have suggested higher
infection rates after NOM with SAE compared to NOM
without SAE (7,91). A recent, large-scale retrospective
analysis querying the Nationwide Readmissions Database
showed significant incidence of early infection and
readmission rates for infection (including surgical site
infection, sepsis, and conglomeration of all recorded
infections) following SAE compared to NOM alone (91).
However, this study is limited by patient heterogeneity and
greater proportions of higher-grade injury in the cohort
undergoing SAE. A prospective 2012 study provided some
clarity by further stratifying management into NOM, SAE,
splenorrhaphy, and splenectomy (7). SAE showed lower
rates of early infection (including intraabdominal abscess,
wound infection, UTI, pneumonia, and sepsis) compared
with both splenectomy and splenorrhaphy, supporting
the use of SAE as a spleen-preserving treatment. A large
retrospective study examining 2,746 patients at up to 300
Levels I and II trauma centers in the Trauma Quality
Improvement Program, a robust national database
endorsed by the American College of Surgeons, examined
outcomes of NOM specifically for high grade (grades IV-
V) splenic injury (33). This study examined outcomes after
2013, when SAE and blood transfusion requirements were
officially recorded in the database. The study found NOM
to be equally effective for high-grade splenic injury as
immediate splenectomy, with significantly lower infection
rates. In addition, delayed splenectomy for failed NOM did
not result in worse outcomes, but rather had a significantly
lower in-hospital mortality rate. Use of SAE reduced
the probability of failure of NOM in high-grade splenic
injury by 63% (33). Given the variability in patient factors
combined with overall limited data, thorough knowledge of
indications, contraindications, and scope of interventional
techniques is essential to provide the most appropriate
treatment.
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Preservation of splenic function after SAE

Preservation of immune function is an important
consideration favoring SAE over splenectomy. As mentioned
above, the spleen provides an immune response to
encapsulated bacteria and unfamiliar antigens (16,82,88,92).
Several studies suggest that splenic immune function is
preserved after SAE, both in pediatric patients and adults
(16,82,88,92). Immune function has been tested by measuring
general blood counts, immunoglobulin levels, T, B, and
NK cells, Howell-Jolly bodies, as well as antibody response
to the PPV-23 vaccine after SAE (82,88,92). There is some
evidence to suggest routine staining for Howell-Jolly bodies
may not be sufficiently sensitive to predict hyposplenism (93).
A functional imaging technique to assess splenic function
includes Tc-99m tagged heat-damaged autologous
erythrocytes for nuclear scintigraphy, and remains the
current gold-standard for splenic function (93).

A systematic review of splenic function after
embolization concluded that splenic function is preserved,
with no observed case of OPSI (94). Malhotra et a/. further
validated this conclusion by showing that a specific subtype
of CD4+ T cells was preserved after SAE, similar to that
seen in healthy patients (95). Moreover, preserved immune
function has been demonstrated at long term follow up (92).
A review of 11 patients under the age of 17 who had SAE
for trauma showed no difference in immune function
between the SAE group and an age/gender matched control
group at an average of 4.6 years; immune function was
determined by comparing CBC, total IG A, G, and M, IgM
and IgG antibodies to specific pneumococcal serotypes,
Howell Jolly bodies, and splenic length (92). Of note,
SAE has been observed to correlate with higher rates of
infection relative to NOM alone, suggesting a possibility
of compromise in immune function in addition to peri-
procedural infection directly related to SAE (91). This
infection risk and its etiology, however, remains uncertain.
Some authors recommend prophylactic vaccination in
cases where >50% of the splenic parenchyma has been
embolized (96); however, there are no universal consensus
guidelines regarding antibiotic prophylaxis or vaccination
following SAE in trauma. Nevertheless, optimal work up for
splenic function after SAE remains an incompletely defined
clinical parameter.

Follow-up after SAE

There is currently no consensus regarding the need for
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follow-up imaging or long-term management following
SAE. The basis of post-hospitalization management and
follow-up imaging revolves around the risk of delayed
splenic rupture in the short term, and monitoring of
splenic function in the long term. A retrospective study
of 475 blunt splenic injury patients managed with
either observation alone or with SAE found that 6% of
patients had imaging findings of active extravasation or
pseudoaneurysm on follow up CT imaging at 48 hours (97);
however, the authors did not stratify the result between
patients who received embolization and those who did
not. While most of these findings were seen in higher
grade injuries, about 20% occurred in grade 1 or grade 2
injuries (97). By contrast, a separate retrospective study
in which 57 asymptomatic patients received routine post-
procedure imaging between 0 and 11 days, 96.4% had no
new clinically significant findings (98). The new findings
noted were increased abdominal fluid in two patients,
both of whom were managed with observation (98). Of 18
patients who received follow up imaging based on clinical
symptoms, 8 had significant findings and 4 had NOM
failure (98). Neither of these studies stratified patients
who received SAE from those managed with observation
alone. Follow-up CT at 48 hours may be useful for early
identification of splenic pseudoaneurysm and active
extravasation; however, further routine imaging may not
be of clinical value unless based on the presence of new or
worsening symptoms.

In the Splenic Injury Outcomes Trial, a multi-
institutional study by the AAST, patients were followed
at 30, 90, and 180 days. The risk of splenectomy was only
0.3% after 180 days (99). A separate review of 26 patients
who received follow-up at a mean time of 26 months
after embolization did not show any interim medical
consultations, hospitalizations, procedures related to
rebleeding, or other embolization-related complication
(32,82). The data on this issue is mixed, however, as a large
retrospective study using the Nationwide Readmissions
Database indeed found higher rates of readmission for
infectious complications after SAE at both 30 days and
up to one year after initial hospitalization compared to
NOM alone (91). Nevertheless, the risk of delayed rupture
after SAE is therefore likely low and long-term follow-up
specifically for this event may not be necessary.

Conclusions

SAE is an effective management strategy for blunt splenic
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trauma in hemodynamically stable patients with AAST
grade III-V injuries and those with findings of contrast
extravasation, vascular abnormality (e.g., pseudoaneurysm),
and hemoperitoneum. Diagnosis is based on the AAST
grading system using imaging criteria on initial contrast
enhanced CT. SAE may be performed with either a
proximal, distal, or combined proximal and distal approach
to reduce splenic arterial inflow and perfusion pressure,
facilitate hemostasis, and reduce the risk of delayed splenic
rupture. Each of these techniques have similar technical
and clinical success rates and comparable complication
rates. Metallic coils are commonly used for embolization;
however, vascular plugs and other embolic devices
may be considered in the appropriate clinical settings.
Splenic immune function seems to be preserved after
SAE; however, whether there remain higher post-SAE
infection risks and the etiologies of these infections remain
uncertain.
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