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Background: The purpose of this study was to evaluate the splenic salvage rate with
angioembolisation in the non-operative management (NOM) of blunt splenic injury.

Methods: We conducted a retrospective analysis of patients presenting to our Level I trauma
centre with computed tomography (CT)-confirmed splenic injury following blunt trauma and
in whom angioembolisation was utilised in the algorithm of NOM. Data review included CT
and angiography findings, embolisation technique and patient outcomes.

Results: Between January 2005 and April 2010, 60 patients with splenic injury following blunt
trauma underwent NOM, which included splenic artery embolisation (SAE). All patients
included in the study required a preadmission. CT scan was used to document the American
Association for the Surgery of Trauma (AAST) grade of splenic injury. The average injury grade
was 3.0. The non-operative splenic salvage rate following SAE was 96.7% with statistically
similar salvage rates achieved for grades II to IV injuries. The quantity of haemoperitoneum and
the presence of a splenic vascular injury did not significantly affect the splenic salvage rate. The
overall complication rate was 27%, of which 15% were minor and 13% were major.

Conclusion: SAE is a safe and effective treatment strategy in the NOM of blunt splenic injury.
The quantity of haemoperitoneum, the presence of vascular injury and embolisation technique
did not significantly affect the splenic salvage rate.

Introduction

At our institution, haemodynamically stable patients with blunt splenic injury are managed non-
operatively with the goal of preserving splenic function by avoiding splenectomy. In blunt splenic
trauma, non-operative management (NOM) generally includes bed rest, limited oral intake and
close clinical and biochemical observation. However, high failure rates, necessitating splenectomy,
have been reported for observational NOM alone in patients with American Association for the
Surgery of Trauma (AAST) grades III to V splenic injuries and those demonstrated to have
vascular injuries.!** Splenic artery embolisation (SAE) has increasingly been utilised as an adjunct
to NOM in order to improve splenic salvage rates.?*%7

Patients with suspected splenic trauma who are candidates for NOM should have a contrast-
enhanced computed tomography (CT) scan to evaluate and grade the extent of injury.* CT can
accurately assess the severity of splenic injury using the AAST grade, estimate the volume of
haemoperitoneum, characterise vascular injuries and help direct appropriate therapy.>*

The primary purpose of this study was to determine the splenic salvage rate in the NOM of blunt
splenic injury. The secondary purpose was to evaluate the complications of SAE.

Research method and design

All patients admitted to our level I trauma centre, between January 2005 to April 2010, who underwent
SAE for blunt splenic injury, were retrospectively reviewed. Patient demographics included age and
sex. By study design, all patients included in the analysis required documentation of splenic injury on
an admission CT scan. All pre-procedure CT scans were retrospectively reviewed by an interventional
radiologist and a program-year 4 radiology resident for evidence of a vascular injury (i.e. arteriovenous
fistula [AVF], pseudoaneurysm [PA], vessel truncation and active extravasation of intravenous [IV]
contrast), estimation of the volume of haemoperitoneum and determination of AAST injury grade.
Significant haemoperitoneum was defined as blood extending beyond the perisplenic recesses. If a
post-procedural CT scan was obtained, it was reviewed for evidence of a complication, including
splenic infarction, abscess formation, pleural effusion and persistent or new vascular injury.
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The splenic angiograms and procedural notes were reviewed
for the findings that necessitated embolisation, the SAE
technique and the embolic agent used. The SAE technique
consisted of main SAE (Figure 1), selective distal branch
vessel embolisation (Figure 2) or a combined main and distal
SAE (Figure 3). The technique and embolic agents used for
the SAE were at the discretion of the performing interventional
radiologist.

The primary outcome of the study was splenic salvage,
defined as the percentage of patients not requiring
splenectomy. Splenic salvage rates were analysed, taking
into consideration the AAST injury grade, quantity of

haemoperitoneum and the presence of a vascular injury.
Failure of NOM was defined as the need for abdominal
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surgery during hospital admission regardless of the
indication.

Post-procedure, patients were assessed clinically for
evidence of complications. Follow-up CT examination was
performed in patients with clinical deterioration at the
discretion of the referring physician. Complications were
stratified into major and minor categories based on the 2010
Society of Interventional Radiology Quality Improvement
Guidelines for Percutaneous Transcatheter Embolisation.’
Minor complications included post-procedure pain and
endovascular coil migration. Major complications included
death, splenic infarct involving greater than 25% of the
splenic parenchyma, post-procedural abscess formation,
persistent or new vascular injury and left pleural effusion.

FIGURE 2: Fluoroscopic images demonstrating: (a) angiography of the main splenic artery with a splenic contusion and pseudoaneurysm formation and (b) coil embolisation

of both the proximal main and distal (black arrow) splenic branches.
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FIGURE 3: Fluoroscopic images demonstrating: (a) angiography of the main splenic artery showing pseudoaneurysm and arteriovenous fistula formation in the lower pole

of the spleen and (b) combined distal and proximal coil embolisation.

Descriptive statistics were performed and validated by a
statistician at our institution.

Ethical considerations

Formal ethics approval was obtained from the Institutional
Ethics Review Board.

Results

During the study period, there were 67 patients who
underwent SAE for blunt splenic trauma. Seven patients
did not have an available pre-procedure CT (these were
performed at peripheral rural centres from which the patient
was subsequently transferred) and thus were excluded from
the data analysis. Therefore, a total of 60 patients were
included in the study (46 males and 14 females) with a mean
age of 36 years (ranging between 15 to 88 years).

On pre-procedural CT, there were 8 grade II, 44 grade III and
8 grade IV splenic injuries. In the study cohort, there were no
patients with either an AAST splenic grade I injury or a grade
V injury. Forty-three patients presented with a significant
haemoperitoneum and 31 patients had evidence of a vascular
injury (Table 1). Four patients had a PA involving one branch
vessel and active extravasation of IV contrast from a separate
branch vessel.

The chosen SAE technique was at the discretion of the
performing interventional radiologist at the time of the
procedure: 54 patients were treated with a proximal SAE
(53 with coils and 1 with an Amplatzer plug) and 6 patients
underwent combined selective distal and main SAE.
Selective embolisation was performed either with coils
alone or coils in combination with N-butyl cyanoacrylate
glue. No exclusive selective distal embolisation was
performed (Table 2).
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TABLE 1: Splenic injury grades and vascular injuries.

Injury type Variable Number of patients (n)
AAST splenic injury grade | 0
1l 8
1]} 44
\% 8
Vv 0
Vascular injury Haemoperitoneum 43
Pseudoaneurysm 15
Extravasation 18
AVF 2

AAST, American Association for the Surgery of Trauma; AVF, arteriovenous fistula.

TABLE 2: Embolisation technique.

Treatment Treatment detailsk Number of patients
Embolic agent Coils 58
Coils and N-butyl 1
cyanoacrylate glue
Amplatzer device 1
Splenic artery embolisation ~ Main splenic artery 54

Main and selective artery

Selective artery 0

Overall, the splenic salvage rate following SAE was 97%. In
16 patients with grade II and grade IV splenic injuries, there
was a 100% splenic salvage rate. In 44 patients with a grade
I injury, there was a 95% splenic salvage rate.

Of the 60 patients, 40 (67%) progressed to further assessment
with a CT examination post-embolisation. Two patients failed
NOM, one of whom required subsequent abdominal surgery
for haemodynamic instability from multiple concurrent
abdominal injuries and the other required splenectomy because
of a splenic abscess. Both patients had grade III splenic
injuries and were treated with proximal SAE. Both patients
also had evidence of a vascular injury at presenting CT, one
with active extravasation of IV contrast and the other with a
PA (Figure 4). Both patients had significant haemoperitoneum
at the time of presentation.
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The overall complication rate of SAE per patient in our study
was 27%, with 16 of the 60 patients having at least one
complication. In total, there were 19 complications in 16
patients, with 14 patients having one complication each, one
patient having two complications and one patient having
three complications. Of the complications, 10 were major and
nine were minor. The most common major complication was
a left pleural effusion, occurring in four patients following
SAE, one of whom required chest tube placement for
symptomatic relief. The most common minor complication
was distal migration of a main splenic artery coil, occurring
in seven patients. The patient with three complications had a
distal coil migration that was further complicated by a post-
procedure splenic infarct and subsequent abscess formation
(Figure 5). There was one death following SAE, but this was
not directly related to the procedure but because of other
injuries (Table 3).

Discussion

The spleen is the most frequently injured solid organ in blunt
abdominal trauma.!® For many years, splenectomy was the
preferred method of treatment for traumatic splenic injury;
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however, because of the risk of fatal post-splenectomy sepsis
and impaired resistance to infection with encapsulated
organisms, many trauma physicians began seeking alternative
management strategies.” Over the past several decades,
there has been a shift in the approach to blunt splenic injury,
with NOM now preferred for haemodynamically stable
patients.**>%7 This generally consists of various observational
strategies including bed rest, limiting oral intake, serial
haemoglobin and/or haematocrit levels and regular physical
examinations.® In 2000, the multicentre Eastern Association
for the Surgery of Trauma (EAST) trail, demonstrated
an overall observational NOM failure rate of 10.8%.'
Significantly, higher failure rates were demonstrated with

TABLE 3: Outcomes of splenic artery embolisation.

Outcomes Complications Patients

Minor complications ~ Pain
Coil migration
Major complications Death
Infarct (>25%)
Abscess

Artery dissection

AP P W R NN

Pleural effusion

FIGURE 4: Vascular injuries in two patients who failed NOM management with splenic artery embolisation: (a) Patient 1: contrast-enhanced axial CT shows active
extravasation of IV contrast (white arrow) beyond the splenic margin and (b) Patient 2: fluoroscopic image from selective splenic artery angiogram shows splenic artery

pseudoaneurysm (black arrow).

CT, computed tomography.

FIGURE 5: Complications included coil migration, splenic infarction and splenic abscess: (a) Fluoroscopic image shows distal migration of main splenic artery embolisation
coil (arrow), (b) contrast-enhanced coronal CT shows non-enhancement of the superior pole of the spleen consistent with splenic infarct and (c) contrast-enhanced axial

CT shows rim enhancing splenic abscess (circle).
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grades III-V splenic injuries and with vascular injuries. SAE
as an adjunct therapy to observational NOM continues to
gain favour as multiple studies have demonstrated improved
non-operative splenic salvage rates, especially in those
patients at risk of failing observational management.>*>6712
The use of SAE for blunt splenic injury was first described in
1995 by Sclafani et al.* Since then, there have been several
retrospective studies analysing the efficacy of transcatheter
SAE with success rates ranging from 75% to 100%.>*57

This study further contributes to the existing literature that
SAE is an effective management strategy for blunt splenic
injury and can achieve excellent salvage rates, even for higher
grade splenic injuries and vascular injuries.> The overall
splenic salvage rate was 96.7% (including a salvage rate of
96.2% for grades III and IV injuries), which is comparable
with other published studies.>**¢7 In our study, there were no
patients with grade V injuries.

Multiple studies have indicated that the presence of a
splenic vascular injury increases the failure rate of NOM.?%1
In our study, 31 patients had evidence of a vascular injury
on either their pre-procedure CT or on catheter angiography
(Table 2). Both patients who failed NOM had evidence of a
vascular injury: one had a PA and the other had active
extravasation of IV contrast. Both patients were treated by
main SAE. The quantity of haemoperitoneum was also
assessed, being significant if blood extended beyond the
splenic bed. Both patients who failed NOM had a significant
quantity of haemoperitoneum on their pre-procedure CT.
There was, however, no statistically significant correlation
between the quantity of haemoperitoneum and the splenic
salvage rate.

There remains debate in the literature regarding the optimal
technique for SAE in the setting of trauma.®!*'3!* Described
approaches include main SAE, superselective embolisation
of an injured distal splenic artery or a combined main and
distal SAE. Embolisation of the proximal splenic artery
allows for reconstitution of distal arterial flow via short
gastric, gastroepiploic and pancreatic arteries.'** Proximal
embolisation reduces the arterial pressure in the splenic
parenchyma, allowing the spleen to heal and reducing the
risk of re-bleeding.” In cases of significant focal arterial
injury demonstrated by angiography, a distal branch vessel
embolisation is often preferred, excluding it from the
circulation and reducing the risk of ongoing haemorrhage.™
A 2004 study by Haan et al. demonstrated statistically
equivalent efficacy rates with either a main approach or a
distal approach, but a statistically higher failure rate if a
combined embolisation was performed.® A 2011 systematic
review by Schniiriger et al. was inconclusive in determining
whether proximal or distal SAE should be performed to
avoid significant re-bleeding." In our study, there was a
100% splenic salvage rate for patients undergoing main
and distal SAE.

Complications after SAE were relatively frequent, occurring
in 16 of the 60 patients (27%). The overall major complication
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rate was 8 of 60 patients (13%). The 2010 Society of
Interventional Radiology Quality Improvement Guidelines
for Percutaneous Transcatheter Embolisation list overall
major complication rates of 8% — 22%, with a suggested
threshold of 15%.° Other studies list overall complication
rates of up to 38% and major complication rates ranging
from 0% to 28.5%.5"'*15 The most common major
complication in our study was the development of a post-
procedural left pleural effusion seen in four patients,
followed by partial splenic infarction in three patients. One
patient died after SAE, but this was secondary to multiple
other severe traumatic injuries rather than the sequelae of
the embolisation procedure. One patient developed a large
splenic infarct (involving an estimated 50% of the
parenchyma) and a subsequent splenic abscess that was
treated by splenectomy. Minor complications occurred in 9
of 60 patients (15%) and included post-procedure pain in
two patients and clinically silent distal migration of
intended proximal coils in seven patients. Of note is that
detachable coils were not yet available during the study
period. Although our complication rates are slightly high,
they do still correlate with other studies.

Of the 60 patients in our study cohort, 16 patients (27%) failed
initial observational NOM based on clinical deterioration or
CT findings of vascular injury, who then went on to delayed
(at least 48 h post-admission) but successful SAE. Of these
patients, 12 had a grade IIl injury, 2 had a grade Il injury and
another 2 had a grade IV injury. This further corroborates the
findings from the 2014 study by Miller et al. that all patients
with grades III-V injuries should proceed directly to SAE to
reduce NOM failure rates.®

Limitations of the study

Limitations of this study include that it is a single-centre
retrospective analysis and no patients with grade V injuries
were referred for SAE. Another limitation with respect to
the assessment of post-procedure complications is that not
every patient had a follow-up CT examination.

Conclusion

Our retrospective study contributes to the existing literature
that SAE is an effective and safe therapy to improve splenic
salvage rates in patients with high AAST grade splenic and
vascular injuries because of blunt abdominal trauma.
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