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Abstract The objective of our study was to evaluate the role
of splenic artery embolization (SAE) in the management of
traumatic splenic injuries. From September 2008 to September
2010, a total of 67 patients underwent nonoperative manage-
ment (NOM) for blunt splenic injuries. Twenty-two patients
were excluded from the study because of associated significant
other organ injuries. Twenty-five patients underwent SAE
followed by NOM (group A) and 20 patients underwent stan-
dard NOM (group B). Improvement in clinical and laboratory
parameters during hospital stay were compared between two
groups using Chi-square test and Mann–Whitney test. SAE
was always technically feasible. The mean length of the total
hospital stay was lower in the groupA patients (5.4 vs. 6.6 day,
[P00.050]). There was significant increase in hemoglobin and
hematocrit levels and systolic blood pressure (SBP) in groupA
patients after SAE, whereas in group B patients there was
decrease in hemoglobin and hematocrit levels and only slight
increase in SBP (pre- and early posttreatment relative change
in hemoglobin [P00.002], hematocrit [P00.001], and SBP
[P00.017]). Secondary splenectomy rate was lower in group
A (4 % [1/25] vs. 15 % [3/20] [P00.309]). No procedure-
related complications were encountered during the hospital
stay and follow-up. Minor complications of pleural effusion,
fever, pain, and insignificant splenic infarct noted in 9 (36 %)

patients. SAE is a technically feasible, safe, and effective
method in the management of splenic injuries. Use of SAE
as an adjunct to NOM of splenic injuries results improvement
in hemoglobin, hematocrit levels, and SBP. SAE also reduces
secondary splenectomy rate and hospital stay.
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Introduction

During the past 3 decades, there have been major changes in
the management of traumatic splenic injuries. Increased sus-
ceptibility of patients to infections after splenectomy—in par-
ticular, the risk of fatal postsplenectomy sepsis—has motivated
trauma physicians towards splenic preservation procedures [1].
As a result, in most trauma care centres, non-operative man-
agement (NOM) is now believed to be the treatment of choice
in hemodynamically stable patients regardless of the severity of
the injury. However, this standard of practice is based only on
prospective non-comparative studies, retrospective studies with
control subjects, or retrospective analyses, for which there are
wide variations in the reported rates (2–52 %) of NOM failure.
Some investigators have shown increased risk of failed NOM
for injuries of higher CT grade or if the CT reveals active
contrast extravasation [2–8]. Judicious use of SAE as an ad-
junct for patients with blunt splenic injury avoids unnecessary
surgery and expands the scope of NOM [9].

Purpose of Study

The purpose of our study was to prospectively evaluate the
role of splenic artery embolization (SAE) in the non-surgical
management of traumatic splenic injuries.
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Patients and Methods

Patients

This prospective study was conducted after obtaining ethical
clearance from our institutional ethical committee. From
September 2008 to September 2010, a total of 67 patients
underwent NOM for blunt splenic injuries. Twenty-two
patients were excluded from the study because of associated
significant other organ injuries. Twenty-five patients under-
went SAE followed by NOM (group A) and 20 patients
underwent standard NOM (group B).

Imaging

Contrast enhanced computed tomography (CECT) was per-
formed on a 40 slice MDCT scanner (Somatom Sensation,
Siemens, Erlangen, Germany). All splenic injuries were grad-
ed according to the AAST organ injury scale (Table 1) [10]
(Fig. 1).

Management

After the CECT scan, a team was made (including both radiol-
ogists and surgeons) to decide the choice between SAE and
standard NOM. CECT findings (grade of splenic injury, vas-
cular injury, degree of hemoperitoneum), clinical and laborato-
ry parameters (systolic blood pressure [SBP] at presentation,
hemoglobin and hematocrit, RBC transfusion requirement)
were taken into consideration for making a final decision.
The patients who had relatively higher AAST grade of splenic
injury (grades IV and V) and evidence of vascular injury on
CECT scan were preferentially taken for SAE.

Splenic Artery Embolization

SAE was performed in the angiography suite. Vascular access
was made through the right femoral artery. After securing
vascular access, anteroposterior celiac and selective splenic
arteriogram was obtained. Main splenic artery was selectively
cannulated using 5-French catheter; tip of the catheter placed
at least beyond the origin of the dorsal pancreatic artery.
Whenever necessary, a coaxial 3-French microcatheter (SP,
Terumo) was used for cannulation. Embolization was per-
formed using 0.035-inch coils or 0.018-inch microcoils
(Cook) in the splenic artery. In case of proximal SAE, the
coils or microcoils were placed just distal to dorsal pancreatic
artery (Fig. 2). Super selective distal embolization was per-
formed with coils or microcoils as distally as possible, in a
small arterial branch that supplies the segment in which ex-
travasation/pseudoaneurysm was noted. Gel foam was also
used in selected cases after placement of coils. The emboliza-
tion end point was the complete absence of opacification of
the splenic artery distal to the coils. Any complication occur-
ring during the procedure was recorded. Patients were kept on
conservative management after SAE.

Group B patients were kept on conservative management
without surgical or angiographic intervention if they remained
hemodynamically stable.

Hospital Stay

For both the groups of patients, notes were made for the
amount of blood transfusion and total intravenous fluid re-
quired, hemoglobin and hematocrit levels, need for surgical
exploration, duration of ICU and hospital stay, and mortality if
any. In the SAE group patients, treatment-related complica-
tions were also noted.

Follow-up

The patients who underwent SAE were followed up after
1 month of discharge from hospital. During their visit,
detailed clinical history, including pain, fever, and any in-
fection, was taken. Repeat CECT scan was done in all the
patients (Fig. 3). Notes were made for resolution of lesions,
splenic infarction, collection, and abscess. A well-defined
fluid density cystic lesion seen in the region of previous
injury was considered resolving hematoma/collection. For
resolution of lesions, imaging response was classified into
three categories—complete, near complete, and partial re-
sponse (Table 2). Percentage of imaging resolution was cal-
culated by comparing the injuries seen on baseline images and
follow-up CECT scan. Splenic infarct was also classified into
two groups—significant infarct (involving >25 % of splenic
volume) and insignificant infarct (involving <25 % of splenic
volume).

Table 1 Organ injury scale for the spleen, according to the AAST

AAST grade Splenic injuries

I Hematoma: subcapsular, <10 % of surface area

Laceration: capsular tear, <1 cm of parenchymal depth

II Hematoma: subcapsular, 10–50 % of surface area

Intraparenchymal hematoma, <5 cm in diameter

Laceration 1–3 cm in parenchymal depth not
involving a parenchymal vessel

III Hematoma: subcapsular, >50 % of surface
area or expanding

Ruptured subcapsular or parenchymal hematoma

Intraparenchymal hematoma, >5 cm in diameter

Laceration of >3 cm parenchymal depth or involving
trabecular vessels

IV Laceration of segmental or hilar vessels producing
major devascularization (>25 % of spleen)

V Completely shattered spleen

Vascular hilar injury that devascularized spleen

Advance one grade for multiple injuries to same organ up to grade III
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Statistical Analysis

Statistical analysis was performed by our institution statisti-
cian using standard software. AAST CT grade, presence of
active contrast extravasation, grade of hemoperitoneum, total
hospital and ICU stay, total intravenous fluid, and RBC trans-
fusion requirement were compared using the Student’s t test or
Chi-square test in patients undergoing SAE followed byNOM
and standard NOM. Pretreatment and posttreatment relative
change in hemoglobin level, hematocrit level, and SBP were
compared usingMann–Whitney test. A P value of 0.05 or less
was considered significant. The end point of the statistical
analysis was the comparison of the secondary splenectomy
rate in the two groups of patients. Secondary splenectomy was
defined as a splenectomy performed after an initial decision of
NOM had been made.

Results

Group A consisted of 25 patients (21 male and 4 female, mean
age 24.64 with range 5–60, mean ISS 19.2 with range 9–43,

mean AAST grade 3.32 with range 2–5) with splenic injuries
who were managed by SAE followed by NOM, and group B
consisted of 20 patients (17 male and 3 female, mean age 24.95
with range 13–45, mean ISS 14.9 with range 10–27, mean
AAST grade 3 with range 3) who were treated by standard
NOM. There was a significant difference in group A when
compared with group B with respect to the active contrast
extravasation (32 % [8/32] vs. 0 % [0/20], respectively [P0
0.01]) as patients with evidence of vascular injury on CECT
scan were preferentially taken for SAE. SAE was always
feasible without immediate procedure-related complications.

On comparing the two groups (Table 3), the total intravascu-
lar fluid and RBC transfusion requirements (during hospital
stay) were not statistically significantly different despite a trend
toward lower requirements in group A. The mean length of ICU
stay was lower in the group A patients (0.72 vs. 0.85 day, P0
0.797). The mean length of total hospital stay was also lower in
the group A patients (5.4 vs. 6.6 days, P00.050). There was a
significant increase in hemoglobin and hematocrit levels and
SBP in group A patients, whereas in group B patients there was
a decrease in hemoglobin, hematocrit levels and only a slight
increase in SBP (pre- and posttreatment relative changes

Fig. 1 Pre treatment CECT
axial images (A and B) showing
intraparenchymal hematoma/
contusion and multiple areas
of intraparenchymal active
contrast extravasations in mid
and lower pole spleen (arrows)

Fig. 2 Same patient as Fig. 1.
Selective splenic arteriogram a
showing multiple area of active
contrast extravasation (arrows)
in the lower pole. Proximal
splenic artery embolization was
done and post embolization
DSA image b shows near
complete absence of
opacification of the splenic
artery distal to the coil
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in hemoglobin [P00.002], hematocrit [P00.001], and SBP
[P00.017]). Twenty-four patients (96 %) of group A and 17
patients (85 %) of group B were successfully managed and
discharged from the hospital without requirement of ex-
ploratory laparotomy/surgery. The secondary splenectomy
rate was lower in the group A (4 % [1/25] vs. 15 % [3/20],
respectively [P00.309]).

Complications

During hospital stay—None of the 25 patients who underwent
SAE had any major complications. Minor complications of
pleural effusions, fever, pain, and insignificant infarct oc-
curred in 9 (36 %) patients.

Follow-up—Of the 25 patients of group A, only 2 patients
gave history of pain and fever. Abdominal CT examination
showed large perisplenic fluid collection in both the patients.
Aspiration was performed under USG guidance, the fluid was
macroscopically typical of hematoma and the culture was
negative. Rest of the 23 patients were asymptomatic. Insig-
nificant infarct was seen in 7 patients. No patient had signif-
icant infarct. On follow-up CT scan, 3 (12 %) patients showed
complete resolution of injury, whereas 17 (68 %) patients
showed near complete resolution.

Discussion

The spleen is the most commonly injured organ in blunt
abdominal trauma in both adults and children. NOM is the

current standard of practice for hemodynamically stable
patients. However, simple observation alone has been
reported to have a failure rate as high as 34 %; the rate is even
higher among patients with high-grade splenic injuries [1, 11].
With the help of SAE, success rates of more than 80 % have
also been described for high-grade splenic injuries.

SAE was easily performed and always technically feasible
without technique-related complications. In all the patients,
the time gap between initial CT scan and SAE was less than
12 h. Of the total 25patients, 24 were hemodynamically stable.
One patient whowas hemodynamically unstable (SBP, 86mm
Hg; heart rate, 104 per minute) underwent SAE successfully,
which allowed the hemodynamic status to normalize soon
after embolization. This case, if confirmed in larger prospec-
tive series, can prove the efficacy of SAE even in hemody-
namic unstable patients where spleen is the only source of
bleed on imaging. Hagiwara et al. [12] have suggested that
SAE can be used routinely in hypotensive patients who tran-
siently respond to fluid administration.

Unlike Haan et al. [9], we chose to embolize patients even
if the initial angiography examination was negative for active
contrast extravasation, arteriovenous fistula, or pseudoaneur-
ysm. Our choice may be supported by our splenectomy rate,
which is lower than previous series that performed emboliza-
tion only in cases of angiographic vascular abnormalities.
Moreover, findings reported by Haan et al. [9] of 8 % contin-
ued bleeding requiring laparotomy and 3.5 % bleeding requir-
ing secondary splenic embolization among their patients with
negative angiography may support our choice.

As Sclafani et al. [13] have shown, we chose proximal SAE
rather than selective distal embolization. In our study, proxi-
mal splenic artery embolization was done in 23 (92 %)
patients. The end point of proximal embolization, as in surgi-
cal artery ligation, is to reduce the splenic bleeding by de-
creasing blood flow in the main splenic trunk [14] SAE allows
reduction in the intrasplenic arterial blood pressure, a condi-
tion that may help clots to organize and the spleen to heal [15].
Moreover, it is theorized that proximal embolization allows
the spleen to remain, at least partially, perfused by collaterals,

Fig. 3 Same patient as Figs. 1
and 2. Follow up CECT axial
images (A and B) showing
resolving hematoma (arrows)
in mid pole of spleen

Table 2 Imaging
response evaluation
in SAE group

Imaging
resolution (%)

Treatment outcome

90–100 Complete

50–90 Near complete

<50 Partial response
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thus, limiting the risk of splenic infarction [16]. A series
of CT examinations of embolized spleens has shown
proximal embolization to be associated with less frequent
and smaller infarcts than distal embolization [17]. Con-
sequently, splenic function impairment should be less marked
in cases of proximal embolization, but this need to be proven
in larger studies.

Efficacy of Splenic Artery Embolization

Despite significantly more severe splenic injuries in group
A, that is, those who had a higher injury grade, higher rate of
active contrast extravasation was found; during the hospital
stay, these patients responded better than group B patients.
The total RBC transfusion and total intravenous fluid
requirements were not significantly different despite a trend
toward lower requirements in the group A patients. This
result is comparable to the study by Bessoud et al. [1] in
which they reported a similar trend toward lower require-
ment of RBC transfusion in SAE group (1 vs. 1.7 units,
respectively). The mean length of ICU stay was lower in the
group A patients, though not statistically significant. The
mean length of the total hospital stay was also lower in the
group A patients (P00.050).

There was a significant increase in mean SBP, hemoglo-
bin, hematocrit levels in group A patients, whereas in group
B patients there was decrease in mean hemoglobin and
hematocrit levels and only a slight increase in the mean
SBP. This may be due to better hemostasis, facilitation of
clot formation, and the early and rapid healing achieved by
SAE. Whereas in group B patients, there may be continuous
ongoing bleeding from the injured spleen leading to delayed
and slow healing of injured spleen.

Outcome of Splenic Artery Embolization

In our study, trend towards lower failure rate was depicted in
the SAE group (4 % [1/25] vs. 15 % [3/20], respectively).
The only secondary splenectomy in group Awas performed
in a patient (ISS score - 35, grade V splenic injury with
active contrast extravasation). On the third day after admis-
sion, the patient experienced sudden hemodynamic instabil-
ity and decrease in hemoglobin and hematocrit levels.
Exploratory laparotomy showed continued splenic hemor-
rhage, and splenectomy was done.

Compared with group A, secondary splenectomy rate was
higher in group B ([3/20]15%). All the three patients had grade
III splenic injury without active contrast extravasation (ISS
score, 10, 12, and 18), but developed sudden hemodynamic
instability within 5 days of hospital admission (time span, 12–
96 h). One patient died on the fourth day of admission due to
septicemic shock. The overall success rate of NOM with the
use of SAE ranges from 86 % to 100 % [1, 9, 12, 18–26], with
most studies reporting success rates greater than 90 %. In
King’s County Hospital study [13], 172 patients with blunt
splenic injury were enrolled and 60 patients needed emboliza-
tion because of evidence of angiographic arterial extravasation.
The authors reported successful outcome in 93 % of the
patients after embolization (proximal, distal, or both). A sys-
tematic review and meta-analysis by Schnüriger et al. [27]
reported 10.2 % overall failure rate of angioembolization. Haan
et al. [11] reported their experience with splenic embolization
in 40 of 126 patients with angiographic evidence of vascular
injury (e.g., arteriovenous fistula, pseudoaneurysm, or contrast
extravasation). Successful outcome occurred in 92 % of
patients, with 5 % of them requiring re-embolization. Recently,
Mayglothling et al. [28] reviewed 97 adolescent patients of
blunt splenic injury and they reported100 % splenic salvage

Table 3 Comparison of two
patient groups: those who
underwent splenic artery embo-
lization versus those treated
with standard NOM

Characteristic SAE followed by NOM
(group A)

Standard NOM
(group B)

P value

Active contrast extravasation 32 % 0 % 0.01

Total fluid requirement (ml) 5083 5385 0.713

Total blood requirement (unit/patients) 0.36 0.75 0.12

Total ICU stay (days) 0.72 0.85 0.797

Total hospital stay (days) 5.40 6.65 0.050

Relative change in SBP Median→0.07 Median→0.0083 0.017
Min→0.15 Min→−0.1818

Max→0.45 Max→0.1818

Relative change in hemoglobin Median→0.09 Median→−0.017 0.002
Min→0.37 Min→0.44

Max→0.70 Max→0.326

Relative change in hematocrit Median→0.113 Median→−0.38 0.001
Min→0.33 Min→−0.45

Max→0.745 Max→0.306
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rate in negative angiography group, with over all 87 % salvage
rate in patients who underwent SAE. They concluded that SAE
may be a valuable adjunct in adolescent blunt splenic injury,
especially in higher-grade injuries or with evidence of splenic
vascular injury on CECT. Bessoud et al. [1] reported 97.3 %
successful outcome with SAE (36/37 patients). These series,
and ours, showed that SAE is feasible, safe, and effective even
in CT-grade injuries of III or higher or in cases of contrast
extravasation (92 % in the study by Killeen et al. [17], 96 % in
our study). Moreover, embolization has been shown to be
useful in extending the type and number of splenic injuries that
can be managed nonoperatively, as evidenced by the high
success rates of NOM (>90 %) for AAST grade III–V injuries.

Safety of Splenic Artery Embolization

Procedural, early, and delayed complications of SAE were
very few. Only minor complications including pleural effu-
sion, pain, fever, and insignificant infarct were noted in 9
(36 %) patients. Minor complications occur more often after
distal embolization. This is primarily explained by the
higher rate of segmental infarctions by distal embolization
[27]. Coil migration and splenic artery dissections have been
described in the previous series [10, 11, 26], but we did not
encounter any complication at the time of angiography. Our
results are comparable with the study done by Bessoud et al.
[1] where they reported no major complication. Haan et al.
[19] in their series reported a 3 % splenic abscess rate (4/140)
after embolization (proximal, distal, or combined). Duchesne
et al. [29] reported higher incident of acute respiratory distress
syndrome after SAE.

Follow-up

At 1-month follow-up we found 7 (25.9 %) patients with
insignificant infarct. Haan et al. [19] reported significant in-
farction rate of 21% that finally had limited short-term clinical
implications because the infarcts were associated with mini-
mal symptoms. Lower frequency of infarction in our study
may be attributed to proximal SAE, which we performed in
92 % of our cases. Theoretically, proximal SAE may cause
less impairment in splenic function than selective distal em-
bolization because it allows the spleen to remain at least
partially perfused by collaterals.

We also evaluated percentage resolution of lesion during
the follow-up. Seventeen patients showed near complete
resolution (50–90 %), 7 patients showed partial response
(<50 %), and 3 patients (10.5 %) showed complete response
(90–100 %). To the best of our knowledge, no previous
study has evaluated resolution of splenic injury during
follow-up.

Limitations of the Study

First, it is a nonrandomized study; thus, the choice between
NOM with SAE and standard NOM was made by the team
of several attending surgeons and radiologists at the time of
each patient’s admission. Second, sample size was small;
only 25 patients were in the SAE group. Lastly, follow-up
period was short. Potential long-term complications result-
ing from SAE are unknown in the trauma population. No
long-term follow-up has been described in the literature to
date with regard to trauma patients. The status of splenic
immunologic function after SAE is unknown. This area also
requires further study.

Conclusion

SAE is a technically feasible, safe, and effective method in the
management of splenic injuries. The use of SAE as an adjunct
to NOM of splenic injuries results in improvement in the
hemoglobin and hematocrit levels and SBP. SAE also reduces
secondary splenectomy rate and hospital stay.
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