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Abstract

Aim: Describe the management of blunt splenic trauma in a 10-year period in our department and perform a systematic review of the
relevant literature.

Materials and methods: Retrospective analysis of registry data from patients with splenic injury from 2014 to 2024 and systematic
review of the publications in PubMed, Scopus and the Cochrane Library.

Results: Sixty-eight patients, 58 males and 10 females with a mean age of 42 years, were included. Sixteen were grade I, 14 grade II, 12
grade III, 6 grade IV, and 20 grade V. Forty-two patients were treated non-operatively, and 26 underwent splenectomy. Two patients
failed the non-operative management (NOM) (95.2% success rate). An increasing tendency for the number of platelets was noted. A
statistically significant difference on days 5 and 10 between grade IT and grade V (p=0.00056 and p=0.0118, respectively) and grades III
and V (p=0.01 and p=0.01) was found, with grade V platelet count peaking on day 10.

In our qualitative synthesis, 17 studies were included, with 5137 patients, mostly males with a mean age of 37 years. 1189 were grade I
and I1, and 2916 were grade 23. A significant shift towards NOM has been noted (60.5%, with success rates ranging from 76% to 100%).
A preference for splenic preservation over splenectomy, which may be achieved with embolization, is indicated. Clinical and laboratory
evaluation should be carefully conducted when considering splenic embolization.

Conclusion: A shift towards NOM is noticed with surgical intervention restricted for hemodynamically unstable patients. Splenic em-
bolization is an effective alternative which may be used to further establish non-surgical management.
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Introduction cording to the World Health Organization.!). One of the

most commonly injured organs in blunt abdominal trau-
Trauma is a leading cause of mortality and disability, uni-  ma is the spleen.?) Patients with splenic injuries may pres-
versally accounting for 4.4 million deaths annually, ac-  ent with different clinical presentations depending on the
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severity of the injury. In hemodynamically unstable pa-
tients, Focused Assessment with Sonography for Trauma
(FAST) is performed, and a positive FAST defines the need
for immediate laparotomy. In hemodynamically stable pa-
tients, the gold standard for diagnosing splenic injuries is
the abdominal CT scan. The World Society of Emergency
Surgery (WSES) classification system for splenic injuries
by the American Association for the Surgery of Trauma
(AAST) has been established. This classification divides
splenic trauma into 5 categories depending on the CT
findings.?!

The treatment options traditionally consist of operative
and non-operative management (NOM). The latter is a
prevailing course of treatment in hemodynamically stable
patients and includes close monitoring, overall patient sup-
port, and a follow-up CT scan within 24-72 hours, as the
risk of delayed subcapsular hematoma rupture or pseudo-
aneurysm rupture remains.[>3 Splenic artery embolization
is an emerging course of treatment that offers the advantage
of splenic salvage and may further establish non-surgical
management.?) In hemodynamically unstable patients or
patients with clinical signs of peritonitis, operative man-
agement is the course of treatment. In splenic injuries
of grade 3 and above or in case of NOM failure, surgery
should be considered.”!

Aim

Our study aims to describe the management and outcomes
in our hospital over a ten-year period, 2014-2024. We as-
sessed the grade of the injury, the treatment strategies, the
length of hospitalization, transfusion requirements, mor-
bidity, and mortality. In addition, we performed a system-
atic review of the existing literature to evaluate the man-
agement of spleen injuries in various Trauma Centers and
assess the outcomes of the different treatment strategies.

Materials and methods

A retrospective analysis of registry data was conducted
for patients with traumatic splenic injury admitted to the
General Hospital of Nikaia, Greece, from 2014 to 2024.
Patients were identified from the institutional trauma reg-
istry. Patients undergoing splenectomy for non-traumatic
reasons were excluded. Demographic data, mechanism
of injury, radiology reports, operative details, antiplatelet
drug treatment, mortality outcomes, and transfusion re-
quirements were extracted by two independent reviewers
(AE and VP) from hospital electronic records. The classifi-
cation of splenic injury was made according to the Ameri-
can Association for the Surgery of Trauma (AAST) splenic
injury scale.l®!

Patients were divided into a NOM group and an oper-
ative group. Due to limited availability of an intervention-
al radiologist, embolization of the splenic artery was not

used as a treatment option for splenic rupture in our pa-
tient population. Primary outcomes were mortality, platelet
count, and possible initiation of anti-platelet treatment, red
blood cell (RBC) and fresh frozen plasma (FFP) transfu-
sions, course of treatment, and the length of hospital stay.
Mortality was defined as in-hospital death during the index
admission. Transfusion requirements included units of red
blood cells and fresh frozen plasma administered during
hospitalization. Our study was approved by the Hospital’s
Ethics Committee and all included patients provided a
written consent for the use of their medical files.

Furthermore, a systematic review of the relevant publi-
cations was conducted in three databases, PubMed, Scopus,
and the Cochrane Library, until July 22, 2025, and report-
ed in accordance with the PRISMA 2020 guidelines. Key-
words used were “traumatic,” “spleen,” “injury,” “splenec-
tomy,” “blunt splenic trauma,” and “management.” Eligible
studies for inclusion complied with the following inclusion
criteria: More specifically, they should be published after
2000 so as to be closer to modern data and guidelines and
describe the management of traumatic spleen injury. The
studies should include a non-operative management and
an operative management group of patients. Studies in
which an angioembolization group was included were also
accepted. Randomized controlled trials (RCTs), cross-sec-
tional, cohort, interventional, observational follow-up, and
longitudinal studies, as well as prospective and retrospec-
tive studies, were all eligible for inclusion. Case reports, let-
ters to the editor, systematic reviews, case series, and books
were excluded.

Two independent reviewers (AE and VP) screened the
titles and abstracts based on the predefined inclusion and
exclusion criteria. After the initial screening, a full-text
assessment of the articles was performed. Disagreements
were settled through discussion, but in the case of an in-
conclusive decision, a third reviewer (IK) resolved the con-
flict. The study selection process is shown in the PRISMA
2020 flow chart presented in Fig. 1.

Data extraction of the included articles was conducted
in a data extraction sheet, which presented the following
information: first author, publication year, study design,
aim of the study, primary and secondary outcome, study
population, age and sex, mechanism of injury, grade of
injury, treatment, transfusion requirements, hospital stay,
mortality and complications.

The risk of bias of the included studies was assessed with
the ROBINS-I V2 tool for non-randomized studies. The
following seven domains were evaluated: risk of bias due to
confounding, risk of bias in classification of interventions,
risk of bias in selection of participants into the study (or
into the analysis), risk of bias due to deviations from in-
tended interventions, risk of bias due to missing data, risk
of bias arising from measurement of the outcome, and risk
of bias in selection of the reported result. Possible risk of
bias in judgments was low, moderate, serious, and critical.
Two reviewers (AE, VP) independently rated all the includ-
ed studies.
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Figure 1. Flow diagram of study selection.

Statistical analysis

The statistical analysis was conducted with the RStudio.
The Shapiro-Wilk test was applied to assess the normality
of the data. The Kruskal-Wallis test was selected for the
correlation of platelet count and the grade of splenic injury,
and then post-hoc Dunn test with Bonferroni correction.
Finally, robust linear regression was used for predictive
modeling. The forest plot was generated using ggplot2 in R,
displaying the success rate of non-operative management
for each study and their corresponding confidence interval.
The confidence interval was computed using the Wilson
score interval.

Results

During the period of our study, 68 patients presented in the
emergency department of our hospital with splenic injury,
with the most common cause being road traffic accidents,
and were all included in our study. 58 patients were males
and 10 were females with a mean age of 42 years (range
from 17 to 82 years). All patients underwent a CT scan on
admission, and according to the AAST grading, 16 were

n=50

grade I, 14 were grade II, 12 were grade I, 6 were grade IV,
and 20 were grade V. Demographics, clinical characteris-
tics, and complications are demonstrated in Table 1.

Non-operative management

NOM was initially applied to 42 patients (61.7%). However,
two patients failed NOM treatment and, on days 9 and 10 of
their hospitalization, respectively, underwent splenectomy
due to hemodynamic instability, making a 95.2% success
rate of NOM in our study (p=0.505, CI 83.5 — 99.1). Of the
remaining 40 patients, 34 were males and 6 were females,
with a mean age of 39.15 and a mean hospital stay of 10.56
days. The AAST grading was as follows: 16 grade I, 14
grade II, and 10 grade III. Mean transfusion requirements
amounted to 0.4 RBCs and 0.3 FFPs.

We observed the fluctuation of the platelet countin NOM
patients during their hospitalization, and an increasing ten-
dency was noted. Interestingly, only one patient exceeded
the plateau of 1x10° and was discharged with prescribed
antiplatelet treatment. A follow-up CT scan in 15 days after
discharge was prescribed to check the splenic vein for any
morphologic alterations, e.g., pseudoaneurysms.
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Table 1. Demographics, clinical characteristics and complica-
tions of the study population

tS;)IlI:a;ec- NOM  Total

n 28 40 68
Males 26 34 60
Females 2 6 8
Mean age 46.71 39.15 42
Antiplatelet drug therapy prior 0 2 2
to injury
Initiation of antiplatelet drug 3 1 4
therapy after injury
Grade

I 16 16

II 14 14

III 2 10 12

v 6 6

\Y% 20 20
Hospital LOS 11.81 10.56
Transfusions (mean)

RBC 2 0.4

FFP 2 0.3
Complications

Mortality 0 0 0

Bleeding 0 2 2

Pneumonia 4 2 6

Pleural effusion 4 2 6

Pseudoaneurysm 6 0 6

Urinary tract infections 0 2 2

Pulmonary embolism 0 1 1

ICU stay > 5 days 4 0 4

Operative management

Splenectomy was performed in 28 patients, 26 at presenta-
tion and 2 after failure of NOM as mentioned above. The
mean age was 46.71; 26 were males, and 2 were females. The
majority (n=20) of patients were classified as grade V, 2 as
grade III, and 6 as grade IV. Mean transfusion requirements
amounted to 2 RBCs and 2 FFPs.

An increasing tendency of the platelet count was also
observed in the operative management group, with 3 pa-
tients exceeding 106, and antiplatelet treatment was initiat-
ed during their hospitalization. The mean length of hospital
stay was 11.8 days. Overall in-hospital mortality was 0%.
However, one patient was still hospitalized in the Intensive
Care Unit at the time of the study due to comorbidities.
This patient was excluded from the calculation of the length
of stay. Discharged patients received recommendations
for a follow-up CT scan in 15 days and a CBC (Complete
Blood Cell) count at 5 days to monitor the platelet count

and initiate treatment if needed. At follow-up CT, 6 patients
demonstrated a pseudoaneurysm of the splenic artery.

A statistical analysis of the probability of blood and FFP
transfusion depending on the grade of injury was per-
formed based on the transfusion requirements of our pa-
tients. The need for blood transfusions has been found to
increase with the grade of injury (grade I: 14%, grade II
29%, grade IIT 40%, grade IV 50%, and grade V 60%). A
similar tendency was noted for the need for FFP transfu-
sion (grade I: 14%, grade II: 14%, grade III: 40%, grade IV:
50%, and grade V: 10%).

A comparison between the platelet count and the day
of hospitalization was conducted. Platelet count was mea-
sured on presentation day, day 5, and day 10 for all patients
hospitalized for splenic injury. The results are shown in
Fig. 2. It is of note that only two patients of the NOM group
with grades I and II splenic injury received antiplatelet
drug therapy prior to the trauma. An increasing tendency
for the number of platelets in all grades of injury was not-
ed. On presentation day, no statistically significant differ-
ence (p=0.4049) between the grade of injury and the num-
ber of platelets was reported. However, on day 5 and day
10 a statistically significant correlation (p=0.0006 on day
5 and p=0.0007 on day 10) between the platelet count and
the grade of injury was found. In addition, a comparison
between the different grades of injury separately on day 5
and day 10 was performed. On day 5, a statistically signifi-
cant difference between grade II and grade V (p=0.00056)
and grades IIT and V (p=0.01) was found. Similarly, on day
10, a statistically significant difference between grades II
and V (p=0.0118) and grades IIT and V (p=0.01) was not-
ed. The difference in the platelet count among the different
groups of splenic injury is mainly because of grade V in-
juries, which seem to differ significantly, especially from
grade IT and grade III. The platelet count of grade V splenic
injuries is expected to peak on day 10. When excluding
all patients treated operatively, the increase in the plate-
let count, although noted, was not statistically significant.
Grade I injuries were used as a reference group.

Results from the review of the literature

Opverall, seventeen studies were included in our qualitative
synthesis. Table 2 summarizes the characteristics and out-
comes of the included studies.*?%! The total number of pa-
tients included in these studies was 5137, with a mean age
of 37, with the majority being males. Regarding the grade of
splenic injury of the studies providing this information, 1189
were grade 1 and 2, and 2916 were grade >3. As in our study,
most splenic injuries were caused by motor vehicle crashes.
Over the last years, a significant shift towards non-oper-
ative management of splenic trauma has been noted.!111:14]
Frandon et al. report that patients undergoing surgery pres-
ent with more adverse effects, mainly due to the higher
severity of their injury compared to the NOM group, thus
suggesting the severity of injury as a predictor of adverse
effects.[¥ Heuer et al. even describe lower infection and
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Figure 2. Comparison of the platelet count, day of hospitalization and grade of injury.

mortality rates in NOM patients with grades I-III splenic in-
juries.!’®! Furthermore, Wahl et al. noted that patients with
higher Injury Severity Score (ISS), lower Glasgow Coma
Scale (GCS), and more hemodynamically unstable were
more likely to be managed operatively than with angioem-
bolization. AE was also opted for more elderly patients so
as to diminish the risk of surgery and anesthesia. Moreover,
the need for blood transfusions in the OR group was sig-
nificantly higher than the AE group (3.4 vs. 1.5, p<0.05).!12!

Bagaria et al. confirm the need for operative manage-
ment in higher-grade injuries and highlight the need for
careful patient selection for the NOM group.®) Armstrong
et al. describe the safe application of NOM treatment even
in hemodynamically unstable patients with low-grade inju-

ries.l'”) Studies indicate the preference for splenic preser-
vation over splenectomy!”?), which may be achieved with
embolization®). Fugazzola et al. highlight that patients in
transient hemodynamic stability, even in need of blood
transfusions, may benefit from splenic embolization rather
than operative management.!'8) Davies et al. even remark
on a crossover from splenectomy to embolization of the
injured spleen as a primary course of treatment.[') How-
ever, splenic embolization is not a practice without compli-
cations. Excessive bleeding and infarcts post-embolization
have been described in the literature.>*! Clinical and labo-
ratory evaluation should, therefore, be carefully conducted
when considering splenic embolization.[¢)
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Moreover, a forest plot of the success rates for NOM
(conservative management without embolization) in the
included studies is presented in Fig. 3. The plot reveals a
wide range of success rates across the studies, from 76%
to 100%. Bagaria et al. demonstrated a perfect 100% suc-
cess rate of NOM; however, the sample size is relatively
small, thus a wider confidence interval.l’! Rosati et al.l®!
and Gill et al.”) presented with great statistical precision,

Splenic Trauma Management

with a 0.986 and 0.983 proportion of success, respectively,
and a relatively big sample size, showing a narrow confi-
dence interval. Chatting et al. reported the lowest success
rate (0.762).[%) Taking into consideration the fact that most
studies reflected high proportions and tight confidence in-
tervals, we can conclude that NOM represents a consistent
and effective first-line strategy. The heterogeneity of the
success rates may be attributed to injury severity and sur-
veillance strategy.

Bagatria et al [5] —_—
Rosati et al [8] —
Gill et al [9] ——
Zurita Saavedra et al [7]
Saurabh et al [10]
Armstrong et al [17] =
Bruce et al [16] _—
Wahl et al [12]
13 Davies et al [19] -
w
Norrman et al [20] >
Fugazzola et al [18]
Frandon et al [4] -
Margary et al [13]
Jesani et al [11] g
Cadeddu et al [14] -~
Heuer et al [15] ey
Chastang et al [6] -
- Proportigﬁ (with 95% Wilson Cl) oe -
Study Sample size Success rate 95% CI p-value Quality rating
Chastang et al.l®! 59 0.763 0.64-0.853 0.0017 Moderate
Heuer et al.[%! 872 0.778 0.749-0.804 0.0000 High
Cadeddu et al."¥] 148 0.865 0.8-0.911 0.1685 Moderate
Jesani et al.l!!] 72 0.875 0.779-0.933 0.4331 High
Margary et al.l'®! 191 0.880 0.826-0.918 0.3344 High
Frandon et al.[4 61 0.902 0.802-0.954 1.0000 Moderate
Fugazzola et al.l'8! 44 0.909 0.788-0.964 1.0000 High
Norrman et al.2] 39 0.923 0.797-0.973 1.0000 Moderate
Davies et al.l'"] 130 0.938 0.883-0.968 0.1860 Moderate
Wabhl et al.l?! 104 0.942 0.88-0.973 0.1893 Moderate
Bruce et al.l¢] 195 0.974 0.941-0.989 0.0001 Moderate
Saurabh Gyan et al.['%] 42 0.976 0.877-0.996 0.1218 High
Armstrong et al.l'7) 84 0.976 0.917-0.993 0.0162 Moderate
Zurita Saavedra et al.l”] 56 0.982 0.906-0.997 0.0412 High
Gill et al.l”! 302 0.983 0.962-0.993 0.0000 High
Rosati et al.[®] 677 0.987 0.975-0.993 0.0000 High
Bagaria et al.l’! 70 1.000 0.948-1 High

Figure 3. Forest plot of the success rate of NOM in the included articles.
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Quality assessment

Risk of bias for the non-randomized studies was deter-
mined as low for 9 studies!>7- 11131518 and as moderate in
8 [£6.12.141617.19.20]  Risk-of-bias summary is demonstrated
in Fig. 4. Nearly half of the included studies are deemed
of moderate bias, which may influence the conclusions.
However, in our opinion, in non-randomized retrospective
studies, a certain degree of confounding is to be expected.

Risk of bias domains
D2 D3

DI D4 D5 D6 D7
Frandon et al. 20154 @ . . . . . '
Chastang et al. 2015 @ . . . . . .
e OO ® @ @@
20207

Study Overall

Bagaria et al. 20195

Rosati et al. 2015

Gill et al. 2024

Saurabh Gyan et al.
20 1 lllul

Jesani et al. 20191

oL X/

o)
00000000000
0000000000 O
00000000000
0000000000 ®
0000000000 0®
0000000000 0®

L O JENGYoY YoXoX YoX JoX X X X .X Xox Xo

Wahl et al. 2004!™

Margary et al. 2018/ .
Cadeddu et al. 2006/ @

Heuer et al. 2010

Bruce ct al. 2011014

®

Armstrong et al.
20181

0

Fugazzola et al.
2018

Davies et al. 2018/

Norrman et al. 20081 @

0

D1: Risk of bias due to confounding Low

D2: Risk of bias in ¢l

fication of inter
Moderate

D3: Risk of bias in selection of participants into the stady

{or into the analysis)

. . . N s . . Serious

D4: Risk of bias due to deviations from intended interventions

DS: Risk of bias due to missing data

Dé: Risk of bias arising from measurement of the outcome Critical

D7: Risk of bias in selection of the reported result

Figure 4. Risk of bias for non-randomized studies

Discussion

Our study describes the management of traumatic splen-
ic injuries presented in our hospital over the last decade.
NOM was applied to most of our patients, following the in-
ternational guidelines. Operative management was chosen
for the hemodynamically unstable patients with high-grade

injuries. The option of splenic embolization was not avail-
able in our hospital. In addition, our study also captures
the management of traumatic splenic injuries as presented
in the literature. A significant shift towards NOM is noted,
and splenic embolization seems an important tool to sal-
vage the organ.

In our experience, most traumatic spleen injuries are a
result of blunt trauma in motor vehicle accidents or falls.
Lower-grade injuries are admitted to the surgical depart-
ment for close monitoring, daily routine blood examina-
tion, and follow-up CT at 72 hours. Higher-grade injuries
are usually treated operatively, especially in the case of an
unstable patient when a positive FAST is performed in the
emergency department and the patient is driven direct-
ly to the operating table for exploratory laparotomy and
splenectomy. In the case of a stable patient, a CT scan is
performed, and if active bleeding of the splenic artery or a
ruptured spleen is found, the treatment of choice is surgery.
In our opinion, this is the case when an angioembolization
of the actively bleeding vessel would be an acceptable, even
preferable, option to surgery, but unfortunately, an inter-
ventional radiologist is not always available in our hospital.
Still, the proportion of NOM treatment in our hospital is
similar to that of the literature (61.7% in our hospital vs.
60.5% in the literature), with only 2 patients in our study
failing NOM treatment and requiring surgical intervention
(95.2% success rate of NOM). Perhaps, if a permanent in-
terventional radiologist were available, these two patients
with grade III injuries could have been treated with embo-
lization rather than operatively. This highlights that even
non-trauma centers, where also the option of an interven-
tional radiologist may not be available, may provide ade-
quate management in splenic trauma patients with good
outcomes, in accordance with the international guidelines
and the results from the literature.?")

The literature search is consistent towards a NOM of
splenic trauma, especially in low-grade splenic trauma.
Bontrager et al. pointed out the low rate of surgical in-
tervention in low-grade blunt splenic traumal?!l, and age
does not appear to be a restrictive factor for NOM applica-
tion[??l. Ruhnke et al. further highlight the low failure rate
of NOM management and outline active bleeding and he-
moglobin decrease as the sole indicators for operative treat-
ment.[?*! Conservative management has even been applied
to penetrating trauma patients, although spleen-preserving
surgery or splenectomy is more commonly opted for, pre-
senting similar mortality rates.?* Splenic repair surgery
has also been suggested for patients with blunt splenic trau-
ma and has been associated with lower mortality rates.[?”!
However, still spleen-preserving surgeries are fewer than
splenectomies even in low-grade injuries. 2]

Splenic embolization is widely used even for high-
er-grade splenic injuries with good results. Cinquantini et
al. report an overall 91% success rate of non-surgical treat-
ment that is the combination of NOM and embolization.?”]
The use of splenic embolization is a safe option even for
higher-grade splenic injuries, with the advantage of splenic

12
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preservation.['228] Bhullar et al. reported a higher tenden-
cy for NOM treatment and a simultaneous lower tendency
for OM in their ten-year cohort study. When comparing
the OM and NOM groups, the former presented higher
ISS and mortality scores. When comparing the two NOM
groups, patients undergoing AE had higher ISS scores and
higher grades of splenic injury. In addition, they reported a
decreased failure of NOM treatment in higher-grade splen-
ic injuries (grade IV-V). In their study the indications for
AE were contrast blush in the CT and decreasing hemoglo-
bin, as these were the reasons for conservative management
failure.?”! Clements et al. propose angiography for possible
vascular injuries in grade III patients who are at risk for
re-bleed, as in their study 18 patients with occult vascular
injuries were not detected at initial CT.2®)

However, the literature is not entirely consistent on the
results of angioembolization, as it has also been described
as overused®”), and it is not described with precision when
surgery or angioembolization should be performed. Af-
ter all, angioembolization is an interventional approach
and may lead to complications such as rebleeds, splenic
abscess, infarcts, and access site pseudoaneurysms, which
may require further treatment and hospitalization such as
endovascular stent placement, guided drainage, and even
surgery.?132] Duschene et al. have even described a four-
fold higher Adult Respiratory Distress Syndrome (ARDS)
incidence rate in patients post embolization than post sple-
nectomy, though the mortality rates were similar.33) Still,
angioembolization remains a minimally invasive technique
with the additional benefit of preserving the organ.

Another interesting remark in our study is the posi-
tive correlation of the number of platelets and the grade
of splenic injury. In our study, two grade I and II patients
received antiplatelet therapy prior to their injury and one
patient during hospitalization. In the operative manage-
ment group, three patients initiated antiplatelet therapy
post-splenectomy. An increase in the number of platelets
was found in all splenic injuries but was statistically sig-
nificant only in patients with grade V splenic injuries.
Thrombocytosis after splenectomy has already been estab-
lished in the literature, with many patients initiating anti-
platelet drug therapy.l**3*! Chia et al. found that the plate-
let count seems to gradually increase in a period of 16-17
days after the splenic injury, independently of the course
of treatment. Thrombocytosis is more likely to occur in
patients with total splenectomy than spleen-preserving
management, and it has been found to be independent of
the length of stay, grade of injury, ISS score, age, and need
for blood transfusion.*¥ Pommerening et al. noted that
traumatic splenectomy is a hypercoagulable state that ini-
tiates at 48 hours after injury and continues for at least 5
days.3% Kovar et al. noticed an increasing tendency in the
platelet count in all patients with splenic injuries, but this
differs depending on the intervention type regardless of the
possible infection.*®! Platelet count should thus be closely
monitored, and antiplatelet drug therapy should be initiat-
ed when needed. The possibility of protective initiation of

Splenic Trauma Management

antiplatelet drug therapy depending on the grade of injury
should also be examined in future studies.

The present study is subject to several limitations. In
our hospital, an interventional radiologist is not always
available for splenic embolization, and thus, many patients
with higher-grade injuries or with active bleeding under-
go operation instead of NOM. Secondly, our sample size is
small, thus limiting generalization of the results. However,
according to our research, this is the first study describing
the management of blunt splenic injuries in our country
and is able to provide valuable insight into the outcomes of
non-operative management in a real-world clinical setting.
Thirdly, the risk of bias assessment of the included stud-
ies in our systematic review shows moderate bias in eight
studies, which may affect the conclusions. In our opinion,
though, in non-randomized retrospective studies, a certain
degree of confounding is to be expected. Our study pres-
ents a few strengths. To our knowledge, this is the first sys-
tematic review of the management of blunt splenic trauma
and may be used to illustrate the application of the exist-
ing guidelines of blunt splenic trauma in trauma centers
internationally. Moreover, it highlights the lack of specific
guidelines for splenic embolization, which may present as
an effective alternative.

Conclusion

A shift towards NOM worldwide is noticed. Surgical inter-
vention is restricted solely for hemodynamically unstable
patients. Splenic embolization is an effective alternative and
may be used to further establish non-surgical management
while it also offers the benefit of splenic salvage. However,
more specific guidelines regarding the selection of patients
undergoing embolization are needed. Close monitoring of
the platelet count and initiation of antiplatelet drug therapy
are recommended.

References

1. Halvachizadeh S, Mariani D, Pfeifer R. Impact of trauma on society.
Eur J Trauma Emerg Surg 2025; 51(1):155.

2. Dreizin D, Yu T, Motley K, et al. Blunt splenic injury: Assessment of
follow-up CT utility using quantitative volumetry. Front Radiol 2022;
2:941863.

3. Coccolini E Montori G, Catena E et al. Splenic trauma: WSES classifi-
cation and guidelines for adult and pediatric patients. World ] Emerg
Surg 2017; 12:40.

4. Frandon ], Rodiere M, Arvieux C, et al. Blunt splenic injury: are early
adverse events related to trauma, nonoperative management, or sur-
gery? Diagn Interv Radiol 2015; 21(4):327-333.

5. Bagaria D, Kumar A, Ratan A, et al. Changing aspects in the man-
agement of splenic injury patients: experience of 129 isolated splenic
injury patients at level 1 Trauma Center from India. ] Emerg Trauma
Shock 2019; 12(1):35-9.

6. Chastang L, Bege T, Prudhomme M, et al. Is non-operative manage-

Folia Medica | 2026 | Vol. 68 | No. 4

13

Folia Medica



Folia Medica

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Eleftheriou et al.

ment of severe blunt splenic injury safer than embolization or sur-
gery? Results from a French prospective multicenter study. J Visc Surg
2015; 152(2):85-91.

Zurita Saavedra M, Pérez Alonso A, Pérez Cabrera B, et al. Manage-
ment of splenic injuries utilizing a multidisciplinary protocol in 110
consecutive patients at a level II hospital. Cir Esp (Engl Ed) 2020;
98(3):143-8.

Rosati C, Ata A, Siskin GP, et al. Management of splenic trauma: a
single institution’s 8-year experience. Am J Surg 2015; 209(2):308-14.
Gill K, Aleman S, Fairchild AH, et al. Splenic artery embolization in
the treatment of blunt splenic injury: single level 1 trauma center ex-
perience. Diagn Intervent Radiol 2025; 31(4):359. Published online
July 11, 2024.

Saurabh G, Kumar S, Gupta A, et al. Splenic trauma - our experi-
ence at a level I Trauma Center. Ulus Travma Acil Cerrahi Derg 2011;
17(3):238-42.

Jesani H, Jesani L, Rangaraj A, et al. Splenic trauma, the way forward
in reducing splenectomy: our 15-year experience. Ann R Coll Surg
Engl 2020; 102(4):263-70.

Wahl WL, Ahrns KS, Chen S, et al. Blunt splenic injury: operation
versus angiographic embolization. Surgery 2004; 136(4):891-9.
Margari S, Garozzo Velloni E Tonolini M, et al. Emergency CT for
assessment and management of blunt traumatic splenic injuries at a
Level 1 Trauma Center: 13-year study. Emerg Radiol 2018; 25(5):489-
97.

Cadeddu M, Garnett A, Al-Anezi K, et al. Management of spleen in-
juries in the adult trauma population: a ten-year experience. Can J
Surg 2006; 49(6):386-90.

Heuer M, Taeger G, Kaiser GM, et al. No further incidence of sepsis
after splenectomy for severe trauma: a multi-institutional experience
of the Trauma Registry of the DGU with 1,630 patients. Eur ] Med Res
2010; 15(6):258-65.

Bruce PJ, Helmer SD, Harrison PB, et al. Nonsurgical management of
blunt splenic injury: is it cost effective? Am J Surg 2011; 202(6):810-6.
Armstrong RA, Macallister A, Walton B, et al. Successful non-oper-
ative management of hemodynamically unstable traumatic splenic
injuries: 4-year case series in a UK major trauma center. Eur ] Trauma
Emerg Surg 2019; 45(5):933-8.

Fugazzola P, Morganti L, Coccolini F, et al. The need for red blood cell
transfusions in the emergency department as a risk factor for failure
of non-operative management of splenic trauma: a multicenter pro-
spective study. Eur ] Trauma Emerg Surg 2020; 46(2):407-12.

Davies J, Wells D. Splenic artery embolization in trauma: A five-year
single-center experience at a UK major trauma center. Trauma 2018;
21(4):280-7.

Norrman G, Tingstedt B, Ekelund M, et al. Nonoperative manage-
ment of blunt splenic trauma: also feasible and safe in centers with
low trauma incidence and in the presence of established risk fac-
tors. Eur ] Trauma Emerg Surg 2009; 35(2):102.

Bontrager AM, Ewing JK, Singh T, et al. Analysis of need for in-

tervention in low-grade traumatic splenic injury. Am Surg 2023;

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

89(8):3411-5.

Notash AY, Amoli HA, Nikandish A, et al. Non-operative manage-
ment in blunt splenic trauma. Emerg Med J 2008; 25(4):210-2.
Ruhnke H, Jehs B, Schwarz F, et al. Non-operative management of
blunt splenic trauma: The role of splenic artery embolization de-
pending on the severity of parenchymal injury. Eur J Radiol 2021;
137:109578.

Spijkerman R, Teuben MPJ, Hoosain F, et al. Non-operative manage-
ment for penetrating splenic trauma: how far can we go to save splen-
ic function? World ] Emerg Surg 2017; 12:33.

Jakob DA, Miiller M, Kolitsas A, et al. Surgical repair vs splenectomy
in patients with severe traumatic spleen injuries. JAMA Netw Open
2024; 7(8):€2425300.

Belli AK, Ozcan O, Elibol FD, et al. Splenectomy proportions are
still high in low-grade traumatic splenic injury. Turk J Surg 2018;
34(2):106-10. Published 2018 Apr 30.

Cinquantini F, Simonini E, Di Saverio S, et al. Non-surgical man-
agement of blunt splenic trauma: a comparative analysis of non-op-
erative management and splenic artery embolization-experience
from a European Trauma Center. Cardiovasc Intervent Radiol 2018;
41(9):1324-32.

Clements W, Joseph T, Koukounaras J, et al. SPLEnic salvage and
complications after splenic artery EmbolizatioN for blunt abdomINal
trauma: the SPLEEN-IN study. CVIR Endovasc 2020; 3(1):92.
Bhullar IS, Frykberg ER, Siragusa D, et al. Selective angiographic
embolization of blunt splenic traumatic injuries in adults decreases
failure rate of nonoperative management. ] Trauma Acute Care Surg
2012; 72(5):1127-34.

Schneider AB, Gallaher J, Raft L, et al. Splenic preservation after iso-
lated splenic blunt trauma: The angioembolization paradox. Surgery
2021; 170(2):628-33.

O’Rourke C, McKee H, Wijeyaratnam DO, et al. Retrospective eval-
uation of splenic artery embolization outcomes in the management
of blunt splenic trauma: a single centre experience at a large level 1
trauma centre. Can Assoc Radiol ] 2023; 74(4):745-54.

Jones B, Elbakri AS, Murrills C, et al. Splenic artery embolization for
blunt splenic trauma: 10 years of practice at a trauma center. Ann R
Coll Surg Engl 2024; 106(3):283-7.

Duchesne JC, Simmons JD, Schmieg RE Jr, et al. Proximal splenic an-
gioembolization does not improve outcomes in treating blunt splen-
ic injuries compared with splenectomy: a cohort analysis. ] Trauma
2008; 65(6):1346-53.

Chia TL, Chesney TR, Isa D, et al. Thrombocytosis in splenic trauma:
In-hospital course and association with venous thromboembolism.
Injury 2017; 48(1):142-7.

Pommerening MJ, Rahbar E, Minei K, et al. Splenectomy is associated
with hypercoagulable thrombelastography values and increased risk
of thromboembolism. Surgery 2015; 158(3):618-26.

Kovar A, Moskowitz E, Sauaia A, et al. Trends in hematologic markers
after blunt splenic trauma: Risk factor or Epiphenomenon? Am J Surg
20205 220(2):489-4.

14

Folia Medica | 2026 | Vol. 68 | No. 4



Additional information

Ethical statement

o This study was approved by the Ethics Committee of Agios
Panteleimon General Hospital of Nikaia and Piraeus.

o The authors declared that no clinical trials were used in
the present study.

o The authors declared that no experiments on humans or
human tissues were performed for the present study.

o The authors declared that all included patients provided
a written consent for the use of their medical files.

o The authors declared that no experiments on animals
were performed for the present study.

o The authors declared that no commercially available im-
mortalized human and animal cell lines were used in the
present study.

Conflict of interest

The authors have no relevant financial or non-financial in-
terests to disclose.
Artificial Intelligence (Al) use

The authors accept full responsibility for the content of the
manuscript, including the disclosure of any use of AL No

Splenic Trauma Management

Al tools were used in the preparation of this manuscript.

Funding

The authors did not receive support from any organization for
the submitted work.

Avuthor contributions

AE and VP performed patients’ data retrieval, initial and
full text screening, data extraction, quality assessment and
wrote the manuscript. IK resolved possible conflicts during
the screening process and supervised the manuscript. AP
performed the statistical analysis. ID, AR, and GA super-
vised the manuscript. VP and IK contributed equally to the
paper. GA and AR share senior authorship. All authors read
and approved the final version of the manuscript.

Author ORCIDs
Authors do not have ORCID numbers

Data availability

All of the data that support the findings of this study are
available in the main text.

Folia Medica | 2026 | Vol. 68 | No. 4

15

Folia Medica



	Management of blunt splenic trauma: a 10-year single-center retrospective cohort study and systematic review
	Abstract
	Introduction
	Aim
	Materials and methods
	Statistical analysis

	Results
	Non-operative management
	Operative management
	Results from the review of the literature
	Quality assessment

	Discussion
	Conclusion
	References
	Additional information

