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Abstract

Purpose The advantages of the conservative approach
for major spleen injuries are still debated. This study was
designed to evaluate the safety and effectiveness of NOM
in the treatment of minor (grade I-II according with the
American Association for the Surgery of Trauma; AAST)
and severe (AAST grade III-V) blunt splenic trauma, fol-
lowing a standardized treatment protocol.

Methods All the hemodynamically stable patients with
computer tomography (CT) diagnosis of blunt splenic
trauma underwent NOM, which included strict clinical
and laboratory observation, 48-72 h contrast-enhanced
ultrasonography (CEUS) follow-up and splenic angioem-
bolization, performed both in patients with admission CT
evidence of vascular injuries and in patients with falling
hematocrit during observation.

Results 87 patients [32 (36.7 %) women and 55 (63.2 %)
men, median age 34 (range 14-68)] were included. Of
these, 28 patients (32.1 %) had grade I, 22 patients (25.2 %)
grade I, 20 patients (22.9 %) grade III, 11 patients (12.6 %)
grade IV and 6 patients (6.8 %) grade V injuries. The over-
all success rate of NOM was 95.4 % (82/87). There was
no significant difference in the success rate between the
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patients with different splenic injuries grade. Of 24 patients
that had undergone angioembolization, 22 (91.6 %) showed
high splenic injury grade. The success rate of emboliza-
tion was 91.6 % (22/24). No major complications were
observed. The minor complications (2 pleural effusions, 1
pancreatic fistula and 2 splenic abscesses) were success-
fully treated by EAUS or CT guided drainage.

Conclusions The non operative management of blunt
splenic trauma, according to our protocol, represents a safe
and effective treatment for both minor and severe injuries,
achieving an overall success rate of 95 %. The angiographic
study could be indicated both in patients with CT evidence
of vascular injuries and in patients with high-grade splenic
injuries, regardless of CT findings.

Keywords Splenic trauma - Splenic injury - Blunt
trauma - Non operative management - Angioembolization

Abbreviations

NOM Non operative management

AAST American association for the surgery of trauma
CT Computer tomography

CEUS Contrast enhanced ultrasonography
FAST  Focused assessment sonography for trauma
Background

Trauma is the first cause of death in people younger than
40 years in western countries and constitutes a relevant
clinical problem [1, 2].

Spleen represents the most commonly damaged organ
during abdominal blunt trauma and is affected in about
one-third of patients with traumatic abdominal injuries
[3-8].
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Until the middle of the past century, early splenectomy
represented the gold standard treatment for blunt splenic
injuries. This operative approach was based on the con-
cept that spleen does not play essential functions for life
and consists of a highly vascularized parenchyma that may
cause uncontrollable bleeding, if not surgically removed,
even in case of minor lesions [9-12].

Gradually, due to the increased knowledge of spleen
immunological functions, the advanced accuracy of diag-
nostic imaging and the improvement of interventional radi-
ology techniques, the conservative approach was encour-
aged and examined [13-22].

At present, the non operative management (NOM) is
considered the standard treatment for minor splenic trauma
(grades I-II according to the American Association for the
Surgery of Trauma-AAST) [23], whereas the advantages of
the conservative approach for major spleen injuries (AAST
grades III-V) are still debated [4, 13].

This study was designed to evaluate the safety and effec-
tiveness of NOM in the treatment of minor (AAST grade
I-IT) and severe (AAST grade III-V) blunt splenic trauma,
following a standardized treatment protocol, including clin-
ical observation and splenic angioembolization, according
with the relevant literature and our own hospital resources.

Methods

From January 2009 to January 2014, all the patients with
polytrauma referring to the Emergency Department and
Trauma Center of the “A. Cardarelli” hospital were inserted
in a prospective database, including the results of clinical
and instrumental evaluation and any subsequent conserva-
tive or surgical treatment. For each patient, the demo-
graphic characteristics (age, gender, mechanism of injury),
the Revised Trauma Score (RTS), the Glasgow Coma scale
(GCS) and the Injures Severity Score (ISS) were recorded
[24].

Among the referred patients were considered for the
enrollment in this study all the subjects with blunt thoraco-
abdominal trauma.

These last, after clinical evaluation according to the
Advanced Trauma Life Support (ATLS®) underwent initial
instrumental study with FAST (focused assessment with
sonography for trauma) and chest and pelvis x-ray [25].

Then, the hemodynamically stable patients (systolic
blood pressure >90 mmHg, heart rate <100 bpm) and the
hemodynamically stabilized patients (returned to normal
vital signs after 1000 ml crystalloid infusion) were inves-
tigated with a total body CT (Computer Tomography) scan
examination.

Basing on the clinical and instrumental evaluation,
from all the enrolled patients, were included in this study
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the adults subjects (14 years or more), with initial hemo-
dynamic stability or good response to 1000 ml crystalloid
prompt infusion and CT evidence of I-V grade spleen
injury according with AAST. The patients with associated
significant hemoperitoneum at CT (defined as intra abdom-
inal blood extended to at least two abdominal quadrants)
were also included.

All the patients receiving systemic anticoagulation, with
diffuse peritonitis and with associated bowel injuries (pneu-
moperitoneum) or any other concomitant thoracoabdomi-
nal lesions requiring surgical procedure, were excluded.

All the included patients were admitted to the trauma
center and underwent NOM.

Non operative management protocol

The non operatively managed patients underwent arterial
blood gas measurements every 12 h and complete blood
cell counts every 6 h, until two stable hemoglobin exami-
nations were obtained [26]. Both activity and oral diet
were liberalized after obtaining two consecutive hemo-
globin stable measurement. A contrast-enhanced ultra-
sound (CEUS) follow-up was performed 48—72 h after
injury.

All the patients with admission CT evidence of vascu-
lar injures (contrast extravasation, pseudo-aneurysm, arte-
riovenous fistula formation, vessel truncation), as well as
the patients with progressive fall of the hemoglobin level
despite the absence of vascular injures CT signs, underwent
splenic angiography and, if indicated, angioembolization.

Postembolization clinical and instrumental follow-up
was similar to the patients undergone conservative treat-
ment; in case of falling serial hemoglobin level the angiog-
raphy was repeated and re-embolization performed.

NOM was considered unsuccessful if, during observa-
tion, the following conditions occurred: hemodynamic
instability, progressive fall in hemoglobin level despite
two angioembolizations, diffuse peritonitis or detection of
missed abdominal injuries requiring surgery.

NOM was considered successful when the patient was
discharged with the spleen in situ.

Angioembolization technique

Splenic angiography was performed by an experienced
interventional radiologist through the common femoral
artery access.

The splenic artery and splenic artery branche catheteri-
zation were obtained using, respectively, a 4-5 Fr catheter
and coaxial micro-catheters.

The presence of diffuse splenic bleeding and multiple
focal bleeding vessels constituted the indication for proxi-
mal embolization by means of metallic coils.
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Selective distal coil or particle embolization was per-
formed in patients with one or few focal bleeding splenic
vessels [8].

Statistical analysis

Statistical analysis was carried out using the program InStat
Graph-Pad Prism® 5 (San Diego, California, USA).

Values are expressed as mean =+ standard deviation
(SD) or medians (range). Continuous data were compared
between each group using the Mann—Whitney U test,
according with distribution of data.

Prevalence data were compared between groups using
the Fisher’s exact test.

A probability value of less than 0.05 was considered
significant.

Results
Study population

Among all the patients with blunt trauma observed dur-
ing the study period, 128 were admitted with diagnosis of
splenic injury.

Of these, 41 patients (32 %) underwent operative man-
agement. The indications for surgery were the presence of
persisting hemodynamic instability despite fluid therapy
in 75.6 % (31/41), diffuse peritonitis in 19.5 % (8/41)
and coexisting thoracoabdominal injuries requiring sur-
gical procedure in 14.6 % (6/41) of cases. Two patients
with diffuse peritonitis and hemoperitoneum (25 %) had

Table 1 Patient characteristics

Features

Sex (male) 63.2 % (55/87)
Age 34 (15.4)

ISS 16 (3.9)

RTS 5.6 (1.4)

2(1.1)
79.3 % (69/87)

AAST injury grade

Associated injuries

Data are given as means with standard deviation in parenthesis, or
percentages with row data in parenthesis

splenomegaly due to hematologic disorders. These last
underwent angioembolization prior to surgery, to stop
bleeding and facilitate splenectomy. Among the hemody-
namically unstable patients, 5 (16.1 %) were under sys-
temic anticoagulation therapy.

Out of patients with blunt splenic trauma, 87 (68 %)
[32 (36.7 %) women and 55 (63.2 %) men, median age 34
(range 14-68)] satisfied selection criteria, were included in
the study and constituted the object of analysis.

The Table 1 shows the demographic characteristics and
trauma severity of the included patients.

The main causes of injury were motor-vehicle collisions
(56.3 %), physical aggressions (24.1 %), pedestrians struck
(11.4 %) and falls from height (8.2 %).

According with AAST organ injury scale, 28 patients
(32.1 %) had grade I, 22 patients (25.2 %) grade II, 20
patients (22.9 %) grade III, 11 patients (12.6 %) grade IV
and 6 patients (6.8 %) grade V injuries.

Twenty-two patients (18/87 = 20.6 %) presented iso-
lated splenic trauma whereas the remaining 69 patients
(69/87 = 79.3 %) showed multiple injuries. Among these
last patients, hepatic injury was observed in 5.8 % (4/69),
adrenal injury in 2.8 % (2/69), renal injury in 4.3 % (3/69),
mesothelium hematoma in 4.3 % (3/69), rib fractures in
52.1 % (36/69), hemothorax in 8.6 % (6/69), vertebral frac-
tures in 8.6 % (6/69), pelvic fractures in 7.2 % (5/69) and
traumatic brain injuries in 10.1 % (7/69) of cases.

Clinical outcome

Sixty-nine patients (69/87 = 79.3 %) [30 with grade I,
19 grade II, 11 grade III, 7 grade IV and 2 grade V inju-
ries (mean injury grade = 2 % 1.1)] did not show vascular
injury signs on admission CT and underwent, according
with study protocol, observation with serial clinical, radio-
logical and laboratory examination. Out of these, 8 subjects
(8/69 = 11.5 %) (1 with grade II, 2 grade III, 3 grade IV
and 2 grade V injuries) showed, during hospitalization, pro-
gressive fall of hemoglobin level.

Among these last, 2 patients (2/8 = 25 %) with grade II
and III injuries showed, on the third day, hemodynamic
worsening and a ruptured sub capsular splenic hematoma
associated with disseminated hemoperitoneum at fol-
low-up CEUS; consequently they underwent emergency
splenectomy.

I I 1\% A\

Table 2 NOM success rate in I
patients with different injury
grades Successrate 100 % (28/28)

95.4 % (21/22)

95 % (19/20)  90.9 % (10/11)  83.3 % (5/6)

Data are given as percentages with row data in parenthesis

p > 0.05; Fisher’s exact test
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The remaining six patients (6/8 = 75 %) with high grade
injuries and falling serial hemoglobin during observation
underwent splenic angiography with subsequent therapeu-
tic embolization for the presence of angiographic extrava-
sation; no NOM failure was observed in this patients group.

Eighteen patients (18/87 = 20.4 %) [2 with grade II, 9
grade III, 3 grade IV and 4 grade V injuries (mean injury
grade = 3.31 £ 0.9)] showed admission CT findings of vas-
cular injuries and underwent primary angioembolization.

The indications for embolization were pseudo-aneu-
rysm, intraparenchymal contrast blush, intraperitoneal con-
trast blush, both intraparenchymal and intraperitoneal con-
trast blush in 22.2 % (4/18), 33.3 % (6/18), 27.7 % (5/18)
and 16.6 % (3/18) of cases, respectively.

Out of these, 3 subjects (1 with grade IV and 2 with
grade V injuries) (3/18 = 16.6 %), while maintaining
hemodynamic stability during hospitalization, showed
decrease of hemoglobin level and, consequently, underwent
a second look angiography. Among these last, 1 (33.3 %)
patient with rebleeding after distal particle embolization
was successfully treated with subsequent proximal embo-
lization. The two (66.6 %) remaining patients showed
persistent multiple focal bleeding splenic vessels despite
received proximal embolization. In these two cases, due to
the inaccessibility of splenic artery, a more selective embo-
lization was not possible, and emergency splenectomy was
performed.

The overall success rate of NOM was 954 % (83/87).
There was no significant difference in the success rate between
the patients with different splenic injuries grade (Table 2).

The success rate in patients that underwent emboliza-
tion was 91.6 % (22/24), without showing significant dif-
ference between patients with different injuries grade. Par-
ticularly, splenic angiography and subsequent embolization
were performed in 24 patients (24/87 = 27.5 %) (2/20 with
grade II, 10/20 grade III, 6/11 grade IV and 6/6 grade V
injuries) and failed in 2 patients (9.4 %) with grade IV and
V injuries.

There was no significant difference in the success rate
between patients with CT finding of significant and not
significant hemoperitoneum [90.3 % (28/31) vs 98.2 %
(55/56): p = 0.127; Fisher’s exact test].

The median of blood transfusions was significantly dif-
ferent between patients with minor (AAST grade I-1I) and
severe (AAST grade III-V) trauma [0.5 (0-2) vs 2 (0-4):
p = 0.0023; Mann—Whitney U test].

The overall median hospital stay was 4 days (4-10). No
significant difference in the median hospitalization period
was found between patients with minor and sever splenic
trauma [4 (4—-10) vs 5 (4-10): p = 0.057; Mann—Whitney U
test]. No mortality was observed.

The median follow-up period in the included patients
was 24 months (6-36). No major complications or delayed
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failures were observed. Minor complications included 2
cases of pleural effusions and 1 case of pancreatic fistula
due to a missed pancreatic contusion in the observation
group and 2 cases of splenic abscesses in the embolization
group. These complications were successfully treated by
EAUS or CT guided drainage and did not require surgery.
No one case of symptomatic splenic infarct, late pseudo-
aneurism, splenic pseud-ocyst or main coil migration was
noted.

Discussion

The nonoperative management, first routinely used in chil-
dren with success rate of 75-93 %, has become the stand-
ard initial treatment for blunt splenic trauma in hemody-
namically stable patients [4, 27, 28].

The surgical treatment, considered mandatory for
splenic trauma until the sixties, remains still indicated in
unstable patients and in case of NOM failure [28].

Despite the wide diffusion of non operative manage-
ment, and its value in high-grade injuries, the utility of add-
ing angiography and the impact of angioembolization still
represent matters of debate.

Although we employed for many years the non operative
management for treatment of blunt splenic trauma, in this
study we reported the results of a 5-year NOM experience
using a standardized treatment protocol, developed on the
base of existing literature, our experience and our own hos-
pital resources.

According to other Authors [28], in our protocol the
main indication to the NOM was the hemodynamic sta-
bility, regardless of the injuries’ grade and the amount of
hemoperitoneum. Conversely, the patients with pneumo-
peritoneum, diffuse peritonitis and concomitant lesions
requiring surgery were excluded.

Despite the definition of hemodynamic stability varies
greatly in the literature [13], we chose 90 mmHg systolic
blood pressure both as discriminating cut off and as end-
point for fluid resuscitation in blunt trauma, according to
the principles of hypotensive resuscitation and the recent
european guidelines [29, 30].

Basing on previous studies [31] and according to a
recent consensus conference among 30 surgeons and inter-
ventional radiologists experts [32], angioembolization was
reserved for hemodynamically stable patients with CT
findings of vascular injuries and for patients with nega-
tive admission CT scan and diminished hematocrit during
observation, to detect the delayed and missed vascular inju-
ries [26, 33].

In order to avoid radiations repeated exposure, the
instrumental follow-up was performed by means CEUS
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that seems to show a similar sensitivity and specificity in
detecting post traumatic lesions, if compared with CT [34].

Finally, the emergence of hemodynamic instability and
the progressive fall of hemoglobin despite two angioem-
bolization attempts were considered the main criteria for
NOM failure [26].

Our study shows, first of all, that the non operative
management, performed according with our protocol,
represents a safe and effective treatment option for blunt
splenic trauma. Indeed, the overall success rate was about
95 %, no mortality or major complications were observed
and the reported minor complications did not require
surgery.

According to other Authors [26], although the success
rate was lower in the subjects with high-grade injury, no
significant difference in this parameter was found between
patients with different injury grade.

In contrast to other Authors [27], and according to Haan
et al. [26], the presence of significant hemoperitoneum did
not represent a marker of treatment failure.

In our series, the impact of interventional radiology was
considerable since more than a quarter of patients needed
angioembolization. This procedure showed a high success
rate (91 %) without complications related to the catheteri-
zation technique.

Interestingly, 91.7 % of patients underwent angioembo-
lization and all the patients requiring angioembolization for
decreased hemoglobin despite no CT evidence of vascular
lesions showed high splenic injury grade.

These data seem to show, according to other Authors
[26, 33], that in patients with high injury grade, the absence
of contrast blush at CT scan should not preclude angi-
oembolization and, especially in patients with IV and V
injury grade, the use of angiography should be encouraged,
regardless of CT findings.

According to our treatment protocol, in patients with-
out CT evidence of vascular injuries, the choice of perform
angiography was guided by strict clinical and laboratory
observation and no morbidity or NOM failure was observed
in this patients group.

However, other trials with larger series are needed to
define if the choice of perform a “delayed” vs a “primary”
angiography in patients with high splenic injury grade
could result in an increased hospital stay and worse clini-
cal outcome. In conclusion, our data show that the non-
operative management of blunt splenic trauma, according
to our protocol, represents a safe and effective treatment
for both minor (AAST grade I-II) and severe (AAST
grade III-V) injuries, achieving an overall success rate
of 95 %. The angiographic study could be indicated both
in patients with CT evidence of vascular injuries and in
patients with high-grade splenic injuries, regardless of CT
findings.
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