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Abstract

Purpose To determine the relationship between multidetector computed tomography (MDCT) findings, management strategies,
and ultimate clinical outcomes in patients with splenic injuries secondary to blunt trauma.

Materials and methods This Institutional Review Board-approved study collected 351 consecutive patients admitted at the
Emergency Department (ED) of a Level I Trauma Center with blunt splenic trauma between October 2002 and November
2015. Their MDCT studies were retrospectively and independently reviewed by two radiologists to grade splenic injuries
according to the American Association for the Surgery of Trauma (AAST) organ injury scale (OIS) and to detect
intraparenchymal (type A) or extraparenchymal (type B) active bleeding and/or contained vascular injuries (CVI). Clinical data,
information on management, and outcome were retrieved from the hospital database. Statistical analysis relied on Student’s #, chi-
squared, and Cohen’s kappa tests.

Results Emergency multiphase MDCT was obtained in 263 hemodynamically stable patients. Interobserver agreement for both
AAST grading of injuries and vascular lesions was excellent (k = 0.77). Operative management (OM) was performed in 160
patients (45.58% of the whole cohort), and high-grade (IV and V) OIS injuries and type B bleeding were statistically significant
(p < 0.05) predictors of OM. Nonoperative management (NOM) failed in 23 patients out of 191 (12.04%). In 75% of them, NOM
failure occurred within 30 h from the trauma event, without significant increase of mortality. Both intraparenchymal and
extraparenchymal active bleeding were predictive of NOM failure (p < 0.05).

Conclusion Providing detection and characterization of parenchymal and vascular traumatic lesions, MDCT plays a crucial role
for safe and appropriate guidance of ED management of splenic traumas and contributes to the shift toward NOM in hemody-
namically stable patients.
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Trauma is a leading cause of mortality and disability especial-
ly for people under 35 years of age, and the spleen is the most
frequently injured organ following blunt abdominal trauma
[1]. During the last century, the management of blunt splenic
trauma substantially evolved from routine splenectomy to the
current era of splenic preservation whenever feasible [2, 3].
Currently, the combination of awareness of physiological
splenic functions and advancements in diagnostic and inter-
ventional radiology resulted in nonoperative management
(NOM) becoming the standard of care in hemodynamically
stable patients. NOM with close patient observation and
splenic artery embolization (SAE) in selected patients repre-
sents a safe and effective treatment for both minor and severe
splenic injuries, achieving an overall success rate of 90-95%.
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The key advantages of NOM include lower costs, earlier dis-
charge and possibility to obviate surgery, related complica-
tions, and delayed asplenic morbidity [3—8].

Failure of NOM (F-NOM) after splenic trauma refers to the
need for operative intervention and is reported to occur in 10—
30% of patients, a figure which seems to be closely related to
patient selection [7, 8]. For this reason, due to its high accu-
racy in the trauma setting, contrast-enhanced computed to-
mography (CT) is strongly recommended in hemodynamical-
ly stable patients to identify and assess severity of traumatic
injuries [9—13].

Along with other advancements in emergency and inten-
sive care medicine, the advent of multidetector CT (MDCT)
contributed to the shift toward NOM in hemodynamically
stable patients. By increasing the speed of image acquisition,
MDCT better visualizes organs and vascular structures in dif-
ferent phases of contrast enhancement, resulting in increased
sensitivity for detecting active bleeding and contained vascu-
lar injuries (CVI) which can lead to hemodynamic deteriora-
tion [14]. Currently, the severity of splenic injury according to
the organ injury scale (OIS) proposed by the American
Association for the Surgery of Trauma (AAST) no longer
represents a contraindication for NOM. However, the clinical
implications of vascular injuries in the management of pa-
tients with splenic trauma remain controversial [3].

In this setting, the main objective of this study was to ret-
rospectively assess the role of MDCT in the management of
patients with post-traumatic splenic injuries, in order to deter-
mine the relationship between imaging findings, management
strategies, and ultimate clinical outcome.

Materials and methods

This single-center, retrospective, longitudinal, and observa-
tional cohort study was performed following approval by the
Institutional Review Board with waived informed consent.
Data of patients managed by the Trauma Team at our Level
I Trauma Center between October 2002 and November 2015
was analyzed. Since the beginning of the activities of the
Trauma Team, information concerning all trauma patients is
recorded in a database designed in accordance with the guide-
lines of the Atlanta Trauma Registry Workshop [15, 16].

Patient population

Among 4730 trauma patients admitted to the Emergency
Department (ED) during the study period, retrospective record
review identified 364 (7.69%) patients with an injured spleen.
They were mostly males (79.29%), with mean age 35.6 =
17.6 years. Thirteen patients were excluded from the study:
six who had penetrating trauma, one who arrived late to the
Trauma Team care, three due to lacking data in the database,
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and three who died in the shock room. The resulting final
population included 351 patients. Regarding mechanism of
injury, most of blunt splenic traumas were due to motor vehi-
cle accidents (80%), followed by self-harm acts (6.8%) and
workplace (6.1%) and home accidents (4.3%).

CT technique

All patients underwent MDCT using either a 4-slice
(Somatom Volume Zoom 4, from 2002 to 2007) or 64-slice
(Somatom Definition, from 2007 to 2015) scanner, both from
Siemens Medical Systems, Erlangen, Germany, using a mul-
tiphase protocol with coverage from the skull base to the pel-
vic floor. The majority of patients were investigated using a
three-phase protocol including precontrast, arterial-phase (au-
tomatic bolus detection with trigger at 150 HU in the thoracic
aorta and a delay of 12 s from trigger), and venous-phase (70 s
from trigger) acquisitions were obtained before and during
intravenous injection of a 350400 mg I/mL iodinated con-
trast agent at 3—4 mL/s injection speed. In selected patients
with clinical or radiological suspicion of urinary system dam-
age, additional delayed acquisitions (160 s from trigger) and
excretory-phase acquisitions were obtained after 5—7 min. The
arterial phase acquisition was completed with maximum in-
tensity projection (MIP) vascular reconstructions. No patient
received intrarectal or oral contrast agent [17—19].

As calculated using the Nexo Dose software (Bracco,
Milan, Italy), in our patient population, the median dose-
length product (DLP) was approximately 2000 mGy cm.
This figure compares favorably to the computed tomography
dose index (CTDI) recommended by the AAPM (American
Association of Physicists in Medicine) which is 15 mGy, mul-
tiplied by two phases. On our 64-detector scanner, the ionizing
radiation dose delivered during each acquisition phase was
approximately 10 mGy, which allowed us to obtain three
phases with a cumulative dose similar to two acquisitions
(more phases with lower dose for every single phase).

Image analysis

The institutional picture archiving and communication system
(PACS, Impax; Agfa-Gevaert, Mortsel, Belgium) was used to
review CT images acquired during management of ED pa-
tients and/or performed later for follow-up during NOM.
Blinded to patients’ clinical information and outcomes, two
radiologists (with, respectively, 5 and 15 years of experience
in trauma imaging) independently reviewed all images in or-
der to identify clinically significant findings for management
of splenic injuries, including

—  Grade of the injury according to AAST scale (Table 1).
— Signs of either intraparenchymal (type A, Fig. 1) or
extraparenchymal (type B, Fig. 2) active bleeding.
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Table 1 American Association for the Surgery of Trauma (AAST) or-
gan injury scale (OIS) for splenic injury

Grade Injury type Description of injury
1 Hematoma Subcapsular, < 10% surface area
Laceration Capsular tear, < 1-cm parenchymal depth
11 Hematoma Subcapsular, 10-50% surface area
Intraparenchymal, < 5-cm diameter
Laceration 1-3-cm parenchymal depth not
involving a parenchymal vessel
il Hematoma Subcapsular, > 50% area or expanding
Ruptured subcapsular or parenchymal
hematoma
Intraparenchymal hematoma > 5 cm
Laceration > 3-cm parenchymal depth or
involving trabecular vessel
v Laceration Laceration of segmental or hilar vessels
producing major devascularization
(>25% of the spleen)
v Laceration Completely shattered spleen
Vascular Hilar vascular injury with devascularized

spleen

— Presence of contained vascular injuries (CVI, Fig. 3)
[17-19].

Foci of extravascular contrast-enhanced blood located in or
adjacent to the splenic parenchyma that increased in size on
portal venous and delayed phases were defined as active
bleeding (type A or B, respectively). CVI were defined as
circumscribed areas of extravascular contrast-enhanced blood,
equal or similar in attenuation to the aorta or an adjacent major
artery at all phases of image acquisition, showing washout
aspect in delayed phases. The definition of CVI encompasses
pseudoaneurysm and arteriovenous fistula, which are usually
indistinguishable by means of CT [17-19]. In cases in which

Fig. 1 Contrast-enhanced MDCT
in a 60-year-old woman hit by a
motorcycle. Axial images show a
focus of extravascular contrast
enhancement within the splenic
parenchyma (arrows) that
progressively increases in size
between arterial (a) and venous
(b) phases, consistent with
intraparenchymal active bleeding.
The patient underwent
splenectomy

splenic CVI and active bleeding (type A or B) were found
independently in distinct locations, the term “CVI plus
bleeding” was used (Fig. 4).

Associated extrasplenic lesions consistent with polytrauma
were also identified and retrospectively classified according to
their location, number, and degree as suggested by the
Abbreviated Injury Scale (AIS) [20].

Management strategies

Regarding treatment of splenic lesions, two groups of patients
were identified, according to the implemented strategy type:
operative management (OM) and NOM. Within the latter
group, a subset of cases experiencing failed NOM was select-
ed, defined as the need for surgery to treat splenic injury,
related complications, or other associated abdominal lesions.
The definition of F-NOM encompassed the following two
situations: (a) record of failure as a complication in the data-
base or presence of explicit notice placed by the Trauma Team
surgeon in the clinical diary and (b) abdominal operative pro-
cedure more than 2 h after admission the Emergency
Department, in the case of hemodynamically normal patient
or stabilized at admission. In the vast majority of patients, the
timeframe for F-NOM was 48 h after ED admission.

Patients’ medical records were reviewed in order to analyze
the following clinical features: injury severity score (ISS) [20],
hemodynamic condition at prehospital phase and at ED arriv-
al, angiographic procedures performed, need for blood trans-
fusions (data available since 2009), days of hospitalization,
and final outcomes.

Statistical analysis

Statistical analysis of the data was performed using IBM SPSS
Statistics 21 software. To compare averages of continuous
variables, the Student’s ¢ test was used; to compare binary or
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Fig. 2 Contrast-enhanced MDCT
in a 65-year-old woman struck by
a car. Axial images show an area
of extravascular contrast
enhancement adjacent to the
splenic parenchyma (arrows) that
progressively increases in size
between arterial (a) and venous
(b) phases, consistent with
extraparenchymal active
bleeding. The patient underwent
splenectomy

categorical variables between two groups, the chi-squared test
was applied. In situations where two groups were compared,
the variables showing statistically significant difference were
included in a logistic regression model. The odds ratio relating
to categorical variables were referred to the first group of the
same variable: for example, for the OIS grade lesion, the ref-
erence was OIS I, while for the vascular lesions, the reference
was “absence of vascular injury.” Results with p value < 0.05
were considered statistically significant. The interobserver
agreement was assessed using Cohen’s kappa coefficient (k).

Results
Imaging findings

Among the study population, CT scan was performed in 263
patients. The average ISS score was 32.3 + 14.8 standard de-
viation (range 10.2 to 65.3). According to the AAST scale,
splenic injuries were categorized as grade I in 37 of 263

Fig. 3 Contrast-enhanced MDCT
scan in a 53-year-old man
involved in motorcycle accident.
Axial images show a small-sized
circumscribed area of
extravascular contrast
enhancement (arrows) with
similar attenuation to the aorta in
both arterial (a) and venous (b)
phases, without increase in size,
consistent with contained
vascular injury (pseudoaneurysm
or arteriovenous fistula). The
patient underwent successful
nonoperative management
(NOM)
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patients (14%), grade II in 67 (25%), grade Il in 107 (41%),
grade IV in 45 (17%), and grade V in 7 (3%).

A total 156 vascular lesions (summarized in Table 2) were
encountered in 59.3% of patients. An increased incidence of
vascular lesions was noted along with the degree of splenic
injury, with a statistically significant association for OIS
grades III and IV (p value <0.05). Interobserver agreement
for both AAST grading of injuries and vascular lesions was
excellent (k=0.77).

Regarding associated extrasplenic lesions, brain and neu-
rologic injuries were detected in 130 patients, chest injuries in
69, limbs injuries in 160, and other abdominal injuries in 123.
Among the latter category, the liver and kidneys represented
the most frequently involved organs.

Splenic injuries and management strategies
The management strategies of patients with splenic trauma are

summarized in Fig. 5. Over the years, NOM increased from
42.2% (from 2002 to 2009) to 66.4% (from 2010 to 2015).
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Fig.4 Contrast-enhanced MDCT scan in a 28-year-old man involved in a
car accident. Axial images show coexistent, independent vascular injuries
in distinct locations: a small-sized area of extravascular contrast
enhancement (thin white arrows) which is hyperattenuating in arterial
phase (a) and less conspicuous in venous phase (b), consistent with

The mean age of patients receiving OM and NOM was 37 and
33 years, respectively. Within the NOM group, 18 patients
(12.5%) had age equal or higher to 55 years.

According to the results of bivariate logistic regression,
statistically significant predictors of OM were hypotension
(systolic blood pressure < 90 mmHg), OIS grades IV/V, type
B bleeding, and bowel injuries (p value < 0.05). Furthermore,
each increasing point of ISS score of trauma correlated with an
increased probability of surgical treatment. Since 2009, the
need for transfusion of blood components and the number of
transfused blood units were also associated to operative man-
agement (p < 0.05).

The distribution of NOM over the years shows a general
positive trend of success rate, from 75.6% from 2002 to 2009
to 95.7% afterwards. NOM failed in 23 of the 191 patients
(12%), 19 males and 4 females with mean age of 34.4 +
19.2 years (median 26 years). Among them, only four had
more than 60 years. Age>55 years was not associated with
an increased risk of F-NOM.

Table 2 Splenic vascular lesions

OIS grades No. of patients No. of vascular Vascular
injuries” injuries (%)

I 37 4 10.8%

I 67 21 31.3%

I 107 89 83.1%

v 45 39 86.6%

v 7 3 42.8%

Total 263 156

#Vascular injuries include both active bleeding and CVI

contained vascular injury, and two areas of extravascular contrast
enhancement within (thick white arrow) and adjacent (hollow arrow) to
the splenic parenchyma that progressively increase in size between
arterial (a) and venous (b) phases, consistent with intraparenchymal and
extraparenchymal active bleeding, respectively

Regarding time of F-NOM presentation, the mean delay
was 40.9+9.1 h and the median 12 h. Three out of four
(75%) cases of F-NOM occurred within 30 h. Only two fail-
ures occurred beyond 48 h, respectively, 208 and 408 h after
nonoperative treatment decision.

When considered individually, the OIS degree of splenic
injuries was not found to be associated with F-NOM. The
majority of patients who experienced F-NOM showed grade
III lesions; only one patient had injuries classified as grade 4
and none as grade 5 (Table 3).

The splenic vascular lesions of patients who experienced F-
NOM are shown in Table 4. Eighty-nine patients with splenic
vascular lesion were received NOM, which failed in 23 of
them (25.8%). On the other hand, in the F-NOM group, nine
patients (39.1%) had no vascular lesion. Active bleeding (ei-
ther type A or B), found in 11 of 23 patients (47%), was
associated with F-NOM (p value <0.05). Conversely, the
presence of a CVI had no statistical power to predict F-NOM.

As a supplement of NOM, 26 splenic angiographies were
performed, 16 of which completed with proximal (9 cases)
or distal (7 cases) embolization procedures. The 18 interven-
tional procedures performed from 2010 to 2015 accounted
for 10.2% of all patients subjected to NOM. Within the F-
NOM group, only distal embolization was performed and
none of the patients submitted to proximal embolization
failed NOM. Also, the embolization strategy evolved: after
2009, the use of proximal embolization has doubled, and
angiography without embolization decreased from 50 to
30% of all procedures.

Following F-NOM, splenectomy was required in 14 patients
(60.9% of cases). In the remaining patients, a conservative
surgical management was adopted, consisting in hemostasis
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Fig. 5 Summary of therapeutic
strategies adopted in 351 patients
with traumatic splenic injuries.
OM operative management

Blunt Splenic Trauma
351 patients

in five patients (21.7%) and partial splenic resection in four
patients (17.4%).

Within the F-NOM group, the average stay in the intensive
care unit was 3.57 £ 1.7 days; the overall days of hospitaliza-
tion were 15.7 + 11.2 (median 7 days). Two patients deceased,
both of which with OIS grade I splenic lesion but severe
associated head injuries.

Final outcomes

The overall mortality related to blunt splenic trauma was 15%.
The following binary and categorical variables showed a

Table 3 OIS grade of splenic injuries and outcomes of nonoperative
management (NOM)

Outcome of NOM

OIS grades Success Failure Total
No. of patients No. of patients No. of patients
I 32 2 34
I 53 4 57
1 73 16 89
v 7 1 8
\% 3 0 3
Total 168 23 191
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positive association with mortality (p value < 0.05): prehospital
cardiac arrest, systolic blood pressure <90 mmHg at the ED
admission, need for transfusion of blood components, OM of
splenic trauma, presence of high-grade OIS with associated
head, and chest and hepatic lesions. F-NOM was not associated
with an increased mortality.

Discussion

In agreement with the literature [3, 18], in our study, splenic
trauma mostly affected the young adult population, predomi-
nantly males involved in road traffic accidents, resulting in an
overall mortality rate of 15%.

In our study, the incidence of splenic vascular lesions iden-
tified with CT examinations (59.3%) was significantly higher
than the data reported in the literature, which is approximately
20% [19, 21-23]. This can be attributed to the combined effect
of a selection bias (our population mostly includes severely
injured polytraumatized individuals) and other factors such as
(a) the mechanism of trauma (penetrating injuries are uncom-
mon at our institution compared to American reports, and
have not been included in this study), (b) the extensive use
of CT after successful resuscitation in the “shock room” of
unstable and transient responder patients, (c¢) the 24-h in-
house availability of attending skilled radiologists, and (d)
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Table 4  Splenic vascular lesions and outcomes of NOM

Outcome of NOM

Type of vascular Success Failure Total

lesion No. of patients  No. of patients No. of patients
No vascular lesion 93 9 102
Contained vascular 16 3 19
injury (CVI)
Type A bleeding 13 2 15
Type B bleeding 8 2 10
Combined (types A 27 4 31
+ B) bleeding
CVI plus bleeding 11 3 14
Total 168 23 191

the meticulous search for vascular and microvascular abnor-
malities on thin-section CT images in arterial and venous
phases, with prompt referral for interventional radiology,
which may result in more accurate diagnosis even in tricky
CT patterns.

Among vascular injuries, only type B bleeding proved to
be a predictive factor of OM. This reflects the intuitive fact
that an extraparenchymal splenic bleeding has less probability
to be self-limited compared to an intraparenchymal one. The
presence of “arterial blush” has been consistently considered
the main risk factor for F-NOM [23-25]. In our study, 47% of
patients with MDCT evidence of active bleeding experienced
F-NOM, and both types of bleeding (A and B) were found to
be statistically significant predictors of failure (Fig. 6).
Therefore, particular attention should be given to these
MDCT findings and their implications for patient management.

The other key, novel finding from our study was F-NOM
occurred within 30 h from the trauma event in 75% of patients,
albeit without significantly increased mortality: knowledge of
this crucial timeframe may impact the trauma management
strategies, particularly in the presence of actively bleeding
lesions at CT.

In order to control the hemorrhagic focus, hemodynamical-
ly stable patients can undergo SAE but arterial blush at MDCT
is not confirmed angiographically in up to 17% of patients. In
the case of CT angiography discrepancy, the risk of rebleeding
is over two times higher (25 versus 10%) compared with those
with angiographic evidence of bleeding. However, some stud-
ies raised consideration for empiric SAE even in the absence
of angiographic blush, particularly in the presence of high-
grade splenic injuries. Our study seems to confirm the superi-
ority of proximal embolization for treatment of vascular le-
sions. Although the number of embolization considered in this
study is not enough to have statistical significance, the data
may have a considerable clinical importance [6, 7, 21].

Conversely, the presence of a CVI did not show statistical
significance in the prediction of F-NOM. Considering that
pseudoaneurysms and arteriovenous fistulas may develop late
after the traumatic event, it is possible that they may be not
present at initial CT and detected only on follow-up examina-
tions. In the present study, 54 follow-up CT studies were per-
formed, in which 12 cases of vascular lesion were detected
(only one patient experienced F-NOM), while patients with
OIS grades I and II were followed using abdominal ultra-
sound. Although it is clear that latent CVIs develop predom-
inantly in higher grade injuries, a study reported that such
lesions can also develop in grade OIS T and II, suggesting that
all patients could benefit from repeated CT, given the risk of
delayed rupture and bleeding of these lesions [26].

The number of follow-up CT studies was particularly low
in the F-NOM group (5 of 23 patients). Similar to previous
reports [27], this figure probably results from the fact that
75% of F-NOM occurred within 30 h and that patients who
develop hemodynamic instability during the course of moni-
toring are immediately treated surgically. Furthermore, this
suggests that earlier follow-up imaging studies within 24—
48 h should be considered compared to the usual repeated
CT at 48—72 h at our institution. Future researches are needed
to update the follow-up imaging approach of patients with
blunt splenic injury.

Fig.6 Contrast-enhanced MDCT scan in a 24-year-old man involved in a
car accident. Axial arterial phase images of the same patient performed at
the initial presentation (a) and 20 h later (b). During this time interval,
signs of active bleeding increased (thick arrows), the size of the splenic/

perisplenic hematoma (hollow arrows) and the amount of the perihepatic
effusion (thin arrow) also increased. This patient experienced failed NOM
and required splenectomy
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The F-NOM group did not experience an increased mor-
tality rate, a fact which can be attributed to two factors: (a) the
selection of patients subjected to NOM was optimized and (b)
clinical, laboratory, and diagnostic imaging monitoring
allowed early detection of actively bleeding lesions associated
with hemodynamic instability. Along the years, by acquiring
theoretical and practical skills, all components of the Trauma
Team are more likely to apply the NOM protocols, which can
be demonstrated by the positive trend of the success rates.
Therefore, in response to a correct selection and by performing
a proper short-period follow-up, F-NOM does not pose a threat
to patients’ survival.

In our series, the overall splenectomy rate (32.8%) over
the entire study period is higher than those reported in most
recent papers. However, owing to the progressively improv-
ing expertise of the Trauma Team in managing blunt splenic
injuries and to the growing NOM success rate, splenectomy
decreased from 45.1% (from 2002 to 2009) to 30.1% (from
2010 to 2015). Meanwhile, the use of SAE also increased
from 2.9 to 10.2%. In a retrospective paper from Sweden,
splenectomy dropped from 38.4% in 2007 to 10.5% in
2013, with an ample (over 42%) use of SAE [28]. In another
study, splenectomies decreased to a lesser extent, from 20%
in 2010 to 14.9% in 2014, with a corresponding increase in
SAE use [29]. Conversely, a very large review reported
stable splenectomy rate (24.3%) from 2008 to 2014 despite
more than doubled SAE interventions (13.5% compared to
5.3%) [30].

There were a few limitations in our study. In first place, it is
intrinsically retrospective. Secondly, since it is a long-term
study, it is important to note that the management of patients
with splenic trauma has significantly changed over the years,
which can be attributed to four factors: (a) increasing clinical
experience of the trauma team, (b) the introduction of massive
transfusion protocol, (c) the increased use of splenic angio-
graphic procedures, and (d) the decreasing number of head
traumas. This may represent a clinical and statically signif-
icant fact, probably influencing the overall results. In third
place, there are reports that trauma patients may return to
hospitals different from the one of initial presentation; there-
fore, it is possible that single-center studies may not provide
a complete depiction of the outcomes of these patients after
discharge.

Conclusion

In conclusion, this study demonstrated that multiphase MDCT
plays a pivotal role in the setting of splenic trauma, both in the
initial assessment and in subsequent follow-up, since imaging
findings are crucial to guide the most appropriate management
of the patients. By consistently identifying both parenchymal
and vascular lesions, MDCT contributes to the shift toward
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NOM in hemodynamically stable patients and further sup-
ports NOM as the current standard of care.
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