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Abstract

Purpose The objective of our study was to retrospectively
compare the outcomes of non-operative management
(NOM) and splenic artery embolization (SAE) in the
management of hemodynamically stable patients with
splenic injuries.

Materials and Methods In a 5-year period, 109 patients
were recorded; 60/109 were treated with NOM and 49/109
with SAE. For each patient, the following parameters were
assessed: Glasgow coma scale, injury severity score,
American Association for the Surgery of Trauma splenic
injury grade, transfusion requirements, hemoglobin level,
presence of a splenic vascular lesion (SVL) and amount of
hemoperitoneum (Bessoud scale). Different SAE tech-
niques (proximal, distal, combined) with different
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materials were employed. Clinical success was defined as
spleen conservation at 30 days; failure was defined as
spleen re-bleeding within 30 days, requiring splenectomy.
Student’s ¢ test or Chi-square analysis and the Kaplan—
Mayer curve were used to analyse each group’s results and
compare them with those of the other group.

Results In the SAE group, AAST splenic injury grade was
higher and serum hemoglobin levels were lower. The SAE
group had significantly more SVL and hemoperitoneum
compared to the NOM group. The clinical success rate was
not significantly different between groups (NOM = 95%,
SAE = 87.8%; p = 0.16). Sixty-six percent of NOM fail-
ures were related to inadequate patient selection, while
67% of SAE failures were due to technical/procedural
issues.

Conclusion Our study observed a high splenic salvage rate
with the use of SAE as an adjunct to NOM, and suggests
that it may be further improved with appropriate patient
selection and an improved embolization technique.

Keywords Non-operative management - Splenic
artery embolization - Blunt trauma - Angiography -
Spleen

Introduction

Abdominal trauma injuries are frequent and carry signifi-
cant mortality and morbidity [1]. The spleen is involved in
about 32% of abdominal injuries [2]. Over the last
40 years, management of splenic injuries has evolved from
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a mainly surgical approach, to what was called “non-op-
erative management” (NOM), aimed at spleen conserva-
tion in hemodynamically stable patients, on account of the
long-term risks of splenectomy [3-5]. The term NOM is
employed in this study as synonymous with observation.

Splenic artery embolization (SAE), first proposed by
Sclafani [6], was employed to reduce the incidence of
recurrent bleeding leading to hemodynamic instability. We
will therefore use these terms separately, in this retro-
spective analysis, differently from other authors who
include SAE in the NOM policy [7-14].

The role of SAE in the management of blunt splenic
injury is debated, as studies of similar patient populations
have reported opposite results. Three main issues are a
matter of debate: selection criteria for SAE and NOM,
embolization technique and material used [3].

Selection criteria for SAE are controversial [15-17].
Although most authors agree in considering splenic vas-
cular lesions (SVL) as an indication for SAE, there is still
no consensus on the inclusion of Grade III lesions in the
embolization protocol [18]. What embolization technique
(proximal versus distal) should be employed and what
materials should be used are debated, as will be further
discussed below [12, 19, 20].

Outcome data on NOM in blunt splenic trauma are
predominantly from studies from large trauma centers in
the United States and it is not known if these results can be
translated to European centers with lower activity volumes
[13]. In Europe, NOM and SAE are probably underutilized,
with high variability between centers, but epidemiologic
data are lacking.

This retrospective study aims to review the experience
of non-surgical management in blunt splenic traumas in a
European trauma center by comparing two groups of
patients: one treated with NOM and one with SAE.

The objectives of the study are as follows: (1) to assess
the overall success rate of non-surgical management of
splenic injuries following blunt abdominal trauma; (2) to
evaluate the success rates of SAE and NOM; (3) to com-
pare the two populations of patients (NOM and SAE); (4)
to identify and describe risk factors associated with clinical
and/or radiological failure of NOM and SAE.

Some management suggestions are proposed based upon
the results.

Materials and Methods

The study included patients with blunt splenic trauma
treated by non-surgical management at an Italian trauma
center, between December 2008 and December 2013.

In the setting of the study, patients with trauma and
suspected splenic injury underwent clinical examination

and focused abdominal sonography for trauma (FAST) and
were managed according to a clinical algorithm, published
in 2014 by Tugnoli et al. [21].

Hemodynamically stable patients underwent a total-
body CT scan: a 4-slice scanner was used from December
2008 until June 2013, and a 64-slice scanner until the end
of the study. The CT protocol consisted of a pre-contrast
scan followed by post-contrast acquisitions obtained in the
arterial phase (using a bolus tracking system) and venous
phase at 65 s, using a contrast volume of 2 mL/kg and
injection speed of 3—4 mlL/s.

The following splenic lesions, in the absence of other
associated injuries requiring laparotomy, were selected for
non-surgical treatment: Grade I-II lesions without associ-
ated SVL were selected for NOM; lesions Grade IV and V
underwent SAE; patients with Grade III lesions were
evaluated case by case and the final decision was made by
the trauma surgeon. SVL was diagnosed in the presence of
pseudoaneurysm, arteriovenous fistula or active bleeding
[22] and considered an indication for SAE.

NOM consisted in bed rest for the first 4872 h with
clinical and laboratory surveillance, including serial blood
tests (complete blood count) and clinical observation
(GCS, Sp02, heart rate, respiratory rate, blood pressure)
every 6 h during the first 72 h.

SAE procedures were performed by a team of eight
interventional radiologists, with between 1 and 22 years of
experience. An anteroposterior selective arteriogram of the
splenic artery was obtained using a 4Fr or 5Fr catheter
(Simmons or Cobra). Super-selective catheterization of
distal splenic artery branches, when required, was per-
formed using coaxial microcatheters. Different SAE tech-
niques (proximal, distal, combined) and different embolic
materials were used, on the basis of the type of lesion
found at diagnostic angiography and on operator experi-
ence (see Table 1).

CT scan was usually repeated when hemoglobin levels
declined (indications on a case by case basis, according to
the whole clinical picture) when complications were sus-
pected and in routine follow-up for high-grade lesions (IV—
V), usually on the 5th day.

The following patient demographics were retrospec-
tively collected: sex, age, trauma mechanism, clinical
parameters at presentation (sp O2, heart rate, blood systolic
pressure, hemoglobin), Glasgow Comal Scale (GCS),
Injury Severity Score (ISS) [23], transfusion requirements,
mortality, complications, intensive care unit and length of
hospital stay.

CT and angiographic images were re-evaluated jointly
by a senior interventional radiologist and a radiology res-
ident in their last year. Any discordance that arose was
resolved by a second expert. Splenic lesions were classified
according to the American Association for the Study of
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Table 1 Embolic materials

Material Diameter x length mm Indication
Platinum coils, 0,038 inches 12 x 300, 10 x 120, 8 x 300, 6 x 300, 8 x 120, Proximal
6 x 120 embolization

Spi®—Balt Extrusion, Montmorency, France

Platinum coils, fibered, 0.018 inches

Vortex®—Boston Scientific Corporation, Natick, USA
Platinum coils, fibered, 0.035 inches

2D Helical ®—Boston Scientific Corporation, Natick, USA
Inconel coils, fibered, 0,035 inches

MReye®—COOK Incorporated Group, Bloomington, Indiana,
USA

Gelatin sponge

Spongostan®—Johnson and Johnson, USA
Sintethic glue (N-2-butil-cianoacrylate)
Glubran®, GEM, Italy

3 x22,4x42,5 %58

Distal embolization

6 x 40,7 x 40,9 x 60 Proximal
embolization

6 x 50,7 x 50, 8 x 50, 10 x 50 Proximal
embolization

Distal embolization

Distal embolization

Trauma grading system [24]. The presence and the type of
SVL were recorded.

Hemoperitoneum was classified in four grades, accord-
ing to the scale proposed by Bessoud et al. [25]: 0, absence
of hemoperitoneum; 1, hemoperitoneum in the perisplenic
and/or perihepatic region and/or Morrison’s pouch; 2,
Grade 1 plus hemoperitoneum in one or both paracolic
gutters; and 3, Grade 1 or 2 plus hemoperitoneum in the
pelvis.

The clinical success of both NOM and SAE was defined
as spleen conservation at a clinical re-evaluation at
30 days; failure was defined as spleen re-bleeding within
30 days, requiring splenectomy.

In the case of proximal embolization, the technical
success of SAE was defined as complete interruption of
direct blood flow in the middle third of the splenic artery
[7]. In case of distal embolization, success was defined as
the occlusion of the injured intrasplenic arterial branch
with resolution of bleeding.

Unplanned increases in the level of care, prolonged
hospitalization, permanent adverse sequelae or death were
defined as major complications, according to the Quality
Improvement Guidelines for Percutaneous Transcatheter
Embolization of the Society of Interventional Radiology.

Statistical analysis was performed using Medcalc soft-
ware (© 2017 MedCalc Software bvba—Belgium). Patient
demographics of the two study groups were compared
using Student’s ¢ test and Chi-square analysis. A value of
p < 0.05 was considered statistically significant.

The sensitivity, specificity, predictive values, and
accuracy of the pre-intervention CT in detecting SVL in the
SAE group were calculated based on the results of arteri-
ography, according to Marmery et al. [26].
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The retrospective study was authorized by the hospital’s
ethics committee.

Results
Study Population: Baseline Data

One hundred and sixty-eight patients with blunt splenic
trauma treated during the study period were identified; 59
patients underwent laparotomy and splenectomy in the first
24 h of hospitalization and were not included in the present
analysis; in 57 cases, the reasons for surgery were linked to
the severity of the picture, in two cases to morphological
peculiarities (extreme tortuosity of the splenic artery;
stenosis of the celiac trunk).

The remaining 109 patients, treated non-surgically with
NOM (n = 60, 55%) or SAE (n = 49, 45%), were included
in our study.

There were 68 males and 41 females, with a mean age of
47 £ 21 years. The mean AAST grade of splenic injuries
was 2.2 +09. The average hospital stay was
12.5 + 7.9 days.

Differences Between NOM and SAE

The baseline characteristics of the two groups are shown in
Table 2.

There were 60 patients in the NOM group, of which 21
(35%) were AAST Grade 1, 28 (47%) Grade II, and 11
(18%) Grade III. In five patients, the retrospective CT
analysis identified signs of SVL (one case of intrasplenic
bleeding and four pseudoaneurysms).
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Table 2 Patient characteristics

NOM group (n = 60) SAE group (n = 49) p value

of the two study groups (NOM

and SAE) are compared Age (years £ sd) 45 £ 21 49 £+ 20 0.2596
Sex (males/females) 37/23 32/17 0.6949
GCS (mean + SD) 14 +24 141 £26 0.881
Serum hemoglobin (mean + SD) 12.7 £ 0.9 1.7 £2 0.0091
AAST? (mean = SD) 1.8 £ 0.7 2.8 +0.8 < 0.0001
Hemoperitoneum grade” (mean + SD) 1.1 £ 1.1 1.8 £ 1.1 0.0037
Contrast extravasation on CT 1 13 0.0001
Pseudoaneurysm on CT 4 21 < 0.0001
Transfusions (yes/no) 4/56 7142 0.1890
ISS (mean £+ SD) 16.6 £ 10 173 £ 8 0.7096
Clinical success (rate and no of patients) 95% (57) 87.8 (43) 0.1696

Causes of injury included 58 motor vehicle crashes, 19 accidental falls, 11 pedestrian injuries, 9 falls from
heights, 6 bicycle accidents, 4 sports-related injuries and 2 assaults. Associated traumatic lesions were
present in 78% (n = 85) of the study population, and included: rib fractures (62%), pulmonary contusions
(35%), spine fractures (30%), pelvic fractures (21%), facial fractures (15%), lower-limb fractures (13%),
brain injuries (12%), upper-limb fractures (11%), kidney injuries (8%), and liver injuries (5.5%)

Significant p values in boldface

#According to the American Association for the Surgery of Trauma grading system

®According to the classification proposed by Bessoud et al.

There were 49 patients treated with SAE. Four (8%)
patients had AAST Grade I injuries, 10 (20%) Grade II, 26
(53%) Grade 111, and 8 (16%) Grade IV. One patient was
impossible to classify due to CT artifacts. Ten of the 26
patients with Grade III injury displayed no SVL.

Most of the patients (35/49, 71%) underwent angiogra-
phy within 24 h of hospitalization because of SVL on CT
scan at admission. The remaining patients (14/49, 29%)
were treated between 2 and 21 days later, following sub-
sequent imaging conducted when bleeding was suspected,
which showed an SVL not previously present or detected.

As for the technical approach used, 13 patients were
treated with distal embolization; coils were used in five;
synthetic glue in three: gelatin sponge in four; coils and
synthetic glue in one patient.

There were 28 patients treated with proximal coil
embolization.

The remaining eight patients were treated with a com-
bined technique of distal and proximal coil embolization
(n=7) and distal synthetic glue with proximal coils
(n=1).

In the SAE group, AAST and hemoperitoneum grades
contrast extravasation and pseudoaneurysms were signifi-
cantly higher, while serum hemoglobin levels lower
(Table 2).

The pre-intervention CT in the SAE group yielded the
following diagnostic values for detecting vascular injuries:
sensitivity 89%; specificity 71%; PPV 89%; NPV 71%; and
diagnostic accuracy 84%.

Success Rate

The overall clinical success rate of non-surgical treatment
(NOM and SAE) was 91%.

There was no significant difference in the clinical suc-
cess rates of the two groups (NOM = 95%, SAE = 87.8%;
p =0.16). The technical success of SAE was 90%
(n =44).

Analysis of failures and complications

NOM failed in three patients, whose characteristics are
shown in Table 3. In two of these patients, the retrospec-
tive analysis of CT scans revealed a small pseudoaneurysm
(< 3 mm). In the third patient, CT scan artifacts did not
allow excluding small vascular lesions.

Clinical failure of SAE was observed in six patients
(Table 4).

Technical failure of SAE was observed in five cases of
proximal embolization, all characterized by lack of inter-
ruption of blood flow in the angiogram at the end of the
procedure. Two technical failures were associated with
clinical failures.

No major complication was observed. Minor compli-
cations included 13 splenic infarctions from distal
embolization techniques, which involved < 50% of the
spleen (symptomatic in two cases). There were five splenic
infarctions from proximal embolization, two of which
involved more than 50% of the organ. In two cases distal
coil migration occurred, without complications.

@ Springer
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Table 3 Characteristics of

Hemoperitoneum (0-3)

AAST (I-V) CE PSA  Outcome

Patient  Age and Sex
NOM failures

1 S8 F 0

2 27M 3

3 73 F 3

1 No  Yes Splenectomy, death
I No No Splenectomy
il No  Yes Splenectomy

CE contrast extravasation on CT, PSA pseudoaneurysm on CT, AAST American Association for the Surgery

of Trauma splenic injury grade

Table 4 Characteristics of SAE clinical failures

Patient AAST PSA on CE on PSA on CE on Embolization Material Technical Outcome
CT CT angiography angiography Technique failure

1 3 No Yes No Yes Distal Gelatin No Splenectomy
sponge

2 2 Yes No Yes No Distal Gelatin No Splenectomy
sponge

3 3 No Yes No Yes Prox Coils Yes Splenectomy

4 3 No Yes Yes Yes Prox Coils Yes Splenectomy

5 3 Yes No Yes No Prox Coils No Splenectomy

6 * Yes No No Yes Prox Coil No Death

The patient six had synchronous bleeding from spleen and clavicle fracture that were embolized at the same time. She died 2 days after the

procedure of multiorgan failure, caused by hemorrhagic shock

CE contrast extravasation, PSA pseudoaneurysm, AAST American Association for the Surgery of Trauma splenic injury grade

*AAST grade at admission not assessable (artifacts)

Discussion

In the context of a shift toward conservative treatment of
spleen injuries, which ranged in our hospital from about
27% in 1989-2001 to 65% at the time of the present study,
the overall success rate with non-surgical management
(NOM and SAE) was high and in line with the 90% rates
published in the literature [27].

The clinical success rate was 95% for NOM and 87:5%
for SAE and the salvage rate was not significantly different
(p = 0.16) despite the fact that patients in the SAE group
had significantly higher AAST, hemoperitoneum grade and
SVL (Table 2).

The success rate of NOM, in the high range in the
current literature (85-94%) is likely to be related to the
relatively low SAE threshold: in fact 70% of patients with
Grade III lesions were treated with embolization. Man-
agement of Grade III lesions is very controversial: some
studies support embolization [14, 28] while other authors
report no significant benefits [3, 29]. Our finding is in
agreement with the analysis of Banerjee, suggesting SAE
in grade III lesions [28].

Rajani [9], Davis [30] and Dent [31] suggested that SAE
associated with NOM can improve the clinical success rate,
while Harbrecht [32], Duchesne [33], and Smith [17] saw
no improvement in splenic salvage rate. In our study,
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patients in the SAE group had significantly higher severity
compared to patients in the NOM group, while success
rates were similar. This indirectly suggests that emboliza-
tion allowed us to achieve a high rate of success, in
agreement with other reports [9, 30, 31].

In this study, all cases of Grade IV AAST injuries (8
patients) were treated with SAE (Fig. 1), 4/8 with proximal
embolization and 4/8 with a combined technique, with a
100% clinical success rate.

There were no patients with Grade V injuries in our
study. This may be due to a potential underestimation of
high-grade injuries, as the definition of a “shattered
spleen” is quite subjective.

There are some papers comparing the efficacy of prox-
imal versus distal splenic embolization [25, 34, 35], how-
ever, in our opinion, this comparison is misleading because
the two techniques are indicated in different situations,
according to the type and setting of the lesions.

If technically feasible, distal embolization usually pro-
vides safer hemostasis (no collateral flow) and should be
preferred when there are only one or two target lesions on
angiography.

Proximal embolization is usually chosen when there are
no targetable or defined lesions, in high-grade spleen
trauma, in the presence of multiple vascular injuries in
different segments of the spleen, and when distal
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Fig. 1 A post-traumatic splenic lesion grade IV treated with SAE.
A CT at the admission show a laceration extended to hilar region with
a major devascularization and a contrast blush (arrowhead). The

embolization is not possible because of technical or
anatomical issues.

Reports on combined embolization are scant [18]. In our
experience, combined embolization can be considered
where a dominant distal lesion, such as a large pseudoa-
neurysm or a focus of contrast extravasation, is associated
with a diffusely damaged spleen that angiographically
corresponds to a coarse and irregular mottled pattern in the
arteriogram [36]. In these cases, we treated the lesion with
the highest bleeding risk using distal embolization, then
added proximal embolization to minimize the risk of a
delayed spleen rupture (Fig. 2).

Synthetic glue was safely and successfully used to treat
four patients (three distal embolizations and one with

Fig. 2 Selective splenic angiography A heterogeneous enhancement
of the spleen suggestive of multiples contusions and a vascular injury
with active leak of contrast medium (arrow). B Post-procedural

patient was treated by distal and proximal embolization. B The
control CT at one month show a significant resorption of the
hematoma

combined technique). We were not able to find other ref-
erences to the use of synthetic glue in traumatic spleen
lesions, although this material is reported to have been
successfully used in hypersplenism [37].

Three failures occurred in the NOM group: the retro-
spective review of the CT images found a small pseudoa-
neurysm in two cases; their proportion is similar to the rate
reported by Davis [30]. In one of our patients, a second CT
on day 4 demonstrated a large pseudoaneurysm and a
subcapsular hematoma that prompted an emergency
splenectomy. The second patient developed delayed sple-
nic rupture on day 6, with hemorrhagic shock and death,
despite emergency splenectomy (Fig. 3).

splenic arteriogram shows successful combined embolization with
coils in the proximal splenic artery (arrowhead) and in the distal
branch (arrow)
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Fig. 3 Failure of NOM. A Female, 58 years, accidental fall. CT at
admission shows a grade II splenic injury with a millimetric
pseudoaneurysm (open arrow). B 6 days after admission CT shows

Fig. 4 Technical failure of SAE. A Female, 65 years, accidental fall
with rib fractures. CT at admission shows a Grade 3 splenic lesion
with signs of active bleeding (arrowhead). B Diagnostic angiography
confirms the presence of active contrast extravasation (arrowhead).

In both cases, identification of the pseudoaneurysm
would have been an indication for embolization. Our
observation suggests that a small pseudoaneurysm should
not be underestimated, in contrast with Thompson and
Michailidou who suggest a cutoff of 1 and 1.5 cm for
embolization [38, 39].

An accurate CT study is therefore essential to exclude
even small vascular lesions; in cases of artifacts, as we
observed in the third NOM failure, we suggest repeating
the exam after 48 h.

There were six clinical failures in the SAE group. In two
cases, gelatin sponge was used as the sole embolizing
agent. While some recent studies reported a higher rate of
complications associated with the use of resorbable
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the evolution to a laceration with signs of active bleeding. The patient
died after emergency splenectomy for multiple organ failure due to
hemorrhagic shock

C angiographic control after proximal SAE shows distal dislocation
of the coils with insufficient reduction of blood flow. Ultrasound
follow-up at 2 days showed an increase of the splenic vascular injury;
splenectomy was performed

embolization agents, with a success rate not lower than the
one obtained using coils [35, 40], our data are in agreement
with other authors who suggested a high risk of re-bleeding
associated with resorbable agents [41-43].

In two cases, proximal embolization failed to achieve
complete obstruction of blood flow (Fig. 4). Proximal
embolization can be a challenging technique, especially for
less experienced operators, due to frequent migration
toward the hilum of the first coil deployed. The ideal
arterial segment to embolize is between the dorsal pan-
creatic artery and the great pancreatic artery [7]. The
choice of coils is critical: a high radial force and the right
size are needed because the splenic artery is a high-flow
vessel [44]. The first coil deployed should be oversized so
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that it does not completely expand but instead forms a
scaffold that blocks the next coil.

Of the six cases of SAE failure described, there were
four Grade III injuries, one Grade II injury and one which
could not be evaluated on CT (artifacts). In contrast to van
der Vlies, the failure rate was not related to AAST grade
[13].

In two recent studies, major complications associated
with SAE ranged from 14 to 28.5% [45, 46].

We did not observe any major complications such as
splenic abscess or pancreatitis. Minor splenic infarctions,
which were almost always asymptomatic, were observed in
all patients treated with distal embolization and did not
require treatment.

CT imaging was essential in selecting patients and
deciding how they should be treated. In this study, the
specificity of CT imaging in the detection of vascular
injury was 71%, which is slightly lower than the fig-
ures published by Marmery [26]. The use of an older
generation scanner (4 slices) during the early period of our
study may explain this difference.

Our study has several limits: It is a retrospective
observational study and the number of cases is limited
(although one of its interesting feature is that it reports on
results obtained in a relatively small center, similar in size
to those in European countries rather than the large units
found in North America). The two groups were non-ran-
domized and baseline differences are significant; however,
the aim of the study was to evaluate a personalized
approach to blunt splenic injury, and to identify ways that
results could be improved.

Our study can therefore add to current knowledge on
non-surgical management of blunt splenic trauma, first of
all providing data from an European trauma center, sec-
ondly providing more details on the debated topic on how
to perform SAE and what materials to use; the analysis of
failures underlines the importance of an accurate inter-
pretation of CT, without neglecting small initial lesions,
and of a rigorous technique for SAE.

Conclusions

Our study confirms a high splenic salvage rate obtained by
combining SAE and NOM.

In the setting of an overall success rate in line with the
best results reported in the literature, our study suggests
that focusing on patient selection for NOM, and careful
implementation of embolization techniques will further
improve the outcome of treatment for blunt splenic trauma.
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