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Abstract 

Background: In 2017, the World Society of Emergency Surgery published its guidelines for the management of adult 
and pediatric patients with splenic trauma. Several issues regarding the follow‑up of patients with splenic injuries 
treated with NOM remained unsolved.

Methods: Using a modified Delphi method, we sought to explore ongoing areas of controversy in the NOM of 
splenic trauma and reach a consensus among a group of 48 international experts from five continents (Africa, Europe, 
Asia, Oceania, America) concerning optimal follow‑up strategies in patients with splenic injuries treated with NOM.

Results: Consensus was reached on eleven clinical research questions and 28 recommendations with an agreement 
rate ≥ 80%. Mobilization after 24 h in low‑grade splenic trauma patients (WSES Class I, AAST Grades I–II) was sug‑
gested, while in patients with high‑grade splenic injuries (WSES Classes II–III, AAST Grades III–V), if no other contraindi‑
cations to early mobilization exist, safe mobilization of the patient when three successive hemoglobins 8 h apart after 
the first are within 10% of each other was considered safe according to the panel. The panel suggests adult patients 
to be admitted to hospital for 1 day (for low‑grade splenic injuries—WSES Class I, AAST Grades I–II) to 3 days (for high‑
grade splenic injuries—WSES Classes II–III, AAST Grades III–V), with those with high‑grade injuries requiring admission 
to a monitored setting. In the absence of specific complications, the panel suggests DVT and VTE prophylaxis with 
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Background
The spleen is the most commonly injured solid organ in 
blunt abdominal trauma. Over the last few decades, there 
has been a considerable shift toward a more conserva-
tive approach in the management of splenic trauma, with 
an emphasis on the preservation of splenic function [1] 
and, currently, Nonoperative Management (NOM) has 
become the standard management technique in hemody-
namically stable patients with spleen injuries.

In western countries, 90–85% of traumatic splenic 
injury patients receive NOM, while the remainder has 
an immediate splenectomy for hemorrhagic shock or 
hemodynamic instability [2]. Current data suggest NOM 
has a success rate of up to 95% [1, 3–5], and the effective-
ness of conservative treatment decreases as the AAST 
(American Association for the Surgery of Trauma) grade 
increases: NOM failure rate (without splenic artery 
embolization-SAE-) is reported to be 2–10% for AAST 
Grades I–II, 10–20% for AAST Grade III, 40–43% for 
AAST Grade IV, and up to 70–75 for AAST Grade V 
injuries [3, 6, 7].

NOM for splenic trauma usually consists of clinical 
observation, but may include the use of SAE. SAE has 
expanded the role of NOM, treating splenic artery inju-
ries in case of active bleeding and non-bleeding injuries, 
such as pseudo-aneurysm (PSA) and arteriovenous fis-
tula, as well as managing complications in stable patients 
[8, 9]. SAE in high-grade splenic injuries has been widely 
associated with a decrease in NOM failure and a lower 
incidence of splenectomy, with a splenic salvage rate of 
over 90% in all injury grades, and greater than 80% for the 
most severe injuries [6].

As splenic injuries can be fatal not only at the admis-
sion of the patient to the Emergency Department 
(ED) but also due to delayed splenic hematoma or PSA 

rupture, standardized recommendations in the follow-
up of splenic trauma patients treated with NOM are 
necessary.

In 2017, the World Society of Emergency Surgery pub-
lished its guidelines for the management of adult and 
pediatric patients with splenic trauma [1]. However, 
several issues regarding the follow-up of patients with 
splenic injury treated with NOM remained unsolved. 
The optimal patient selection for SAE, the need for rou-
tine follow-up imaging, the need for vaccinations after 
SAE, the recommended length of hospital stay, the cor-
rect timing of bed rest and resumption of activity, and 
the timing of institution of deep vein thrombosis (DVT) 
prophylaxis are still controversial [10–12].

Using a modified Delphi method, we sought to explore 
ongoing areas of controversy in the NOM of splenic 
trauma and reach a consensus among a group of 48 inter-
national experts from five continents (Africa, Europe, 
Asia, Oceania, America) concerning optimal follow-up 
strategies in patients with splenic injuries treated with 
NOM.

Methods
This consensus document has been created by a WSES 
(World Society of Emergency Surgery) collabora-
tive group to identify clinically relevant questions and 
encourage the members of the experts’ panel to finally 
achieve a Consensus on the main topics of interest 
regarding the follow-up of patients with splenic trauma 
treated with NOM.

A modified Delphi method was implemented to reach 
the Consensus. The chairs of the Consensus (FC, MP) 
selected panel members based on contributions to the 
peer-reviewed literature on abdominal trauma. Forty-
eight experts were identified based on this method, and a 

LMWH to be started within 48–72 h from hospital admission. The panel suggests splenic artery embolization (SAE) as 
the first‑line intervention in patients with hemodynamic stability and arterial blush on CT scan, irrespective of injury 
grade. Regarding patients with WSES Class II blunt splenic injuries (AAST Grade III) without contrast extravasation, a 
low threshold for SAE has been suggested in the presence of risk factors for NOM failure. The panel also suggested 
angiography and eventual SAE in all hemodynamically stable adult patients with WSES Class III injuries (AAST Grades 
IV–V), even in the absence of CT blush, especially when concomitant surgery that requires change of position is 
needed. Follow‑up imaging with contrast‑enhanced ultrasound/CT scan in 48–72 h post‑admission of trauma in 
splenic injuries WSES Class II (AAST Grade III) or higher treated with NOM was considered the best strategy for timely 
detection of vascular complications.

Conclusion: This consensus document could help guide future prospective studies aiming at validating the sug‑
gested strategies through the implementation of prospective trauma databases and the subsequent production of 
internationally endorsed guidelines on the issue.

Keywords: Spleen, Trauma, Nonoperative management, Conservative treatment, Diagnostic imaging, Follow‑up, 
Embolization, Consensus
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personal email invitation to participate in the Consensus 
was sent to them.

Topics elaboration and prioritization
The subject of follow-up of splenic trauma patients 
treated with NOM was divided into 11 main research 
questions. Research topics and questions were formu-
lated, revised, and approved by all experts in two subse-
quent Delphi rounds in February 2022–March 2022. Each 
panel member was sent a questionnaire with instructions 
to comment on each topic based on their personal opin-
ion, experience, or previous research.

After each Delphi round, the panel was presented with 
an aggregated summary of the previous round, allow-
ing each expert to adjust their answers according to 
the group response. In the first Delphi round, the panel 
members were encouraged to suggest up to ten relevant 
research questions related to the follow-up of patients 
with splenic trauma treated with NOM. The first Del-
phi round was closed on Sunday  March 6, 2022. Forty-
two members of the experts’ panel took part in the first 
round, and 312 open answers were returned to the facili-
tator, who grouped the comments and prepared copies of 
the information. A copy of the compiled comments was 
sent to each participant, along with the opportunity to 
comment further. The second round of the Delphi pro-
cess involved the prioritization of the clinically relevant 

research questions that were suggested during the first 
round. The panel was called to rate on a Likert scale from 
1 to 5 (1 = No relevant; 2 = Of little relevance; 3 = Mod-
erately relevant; 4 = Very much relevant; 5 = Extremely 
relevant) the research questions to be explored in the lit-
erature review. The second Delphi round was closed on 
Sunday,  March 20, 2022. The Consensus was defined as 
> 70% of scores ranging from 4 to 5. The selected research 
questions were finally stratified according to the level of 
relevance achieved in the second Delphi round, in "urgent 
priority," "high priority," or "medium priority" questions. 
The steering committee appointed an evidence review 
team (ERT) composed of six experts in the literature 
search, appraisal, and the creation of guidelines. The ERT 
conducted the literature search and drafted statements 
and recommendations on each research question (Fig. 1).

Literature review
The literature review process was carried out conforming 
to the 2020 update of the PRISMA statement standards 
for systematic reviews and meta-analyses [13] between 
February 26, 2022, and April 22, 2022. MEDLINE (via 
PubMed), Google Scholar, the Cochrane Central Register 
of Controlled Trials, and EMBASE were systematically 
searched for relevant studies. Citations were included for 
the period between January 2000 and March 2022.

Fig. 1 Summary of the modified Delphi process
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Studies were identified in PubMed using the MeSH 
terms "Splenic trauma" OR "Splenic injury" AND "Fol-
low-up." Similar search strategies were performed in 
Embase and Google Scholar. The Cochrane database 
was searched for all articles relating to splenic trauma. 
After performing different searches, duplicates were 
identified and deleted. To increase the yield of the sys-
tematic search, the reference list of relevant articles and 
guidelines for treating patients with splenic trauma were 
searched.

Study inclusion criteria included systematic reviews 
with or without meta-analyses, randomized controlled 
trials, nonrandomized cohort studies (including regis-
try studies), and case series on the follow-up of patients 
with splenic injuries treated with NOM, published in the 
English language between January 2000 and March 2022. 
Animal studies, case reports, narrative reviews, com-
mentaries, and studies on splenic injuries not including 
specific information on the type of NOM were excluded. 
All relevant information was reported and discussed to 
answer the research questions.

The GRADE methodology
The recommendations were formulated and graded 
according to the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) hierarchy 
of evidence [14], summarized in Table  1. The quality of 
evidence (QoE) was marked as high, moderate, low, or 
very low. This could be either downgraded in case of 
significant bias or upgraded when multiple high-quality 
studies showed consistent results. The highest quality of 
evidence studies (systematic reviews with meta-analysis 
of randomized controlled trials) was assessed first. If the 
meta-analyses were of sufficient quality, they were used 
to answer the research question. If no meta-analysis of 
sufficient quality was found, randomized controlled trials 
and nonrandomized cohort studies were evaluated. The 
strength of the recommendation (SoR) was based on the 
level of evidence and qualified as weak (defined as a sug-
gestion or conditional recommendation) or strong (rec-
ommendation) [15, 16]. The panel group reviewed the 
content and strength of each statement and recommen-
dation following the informative documents provided by 
the ERT during the third and last Delphi round.

Agreement on statements and recommendations
The Delphi methodology was implemented to reach 
an agreement among the experts on all statements and 
recommendations. Each was subject to voting by the 
experts’ panel using the Google Forms online platform. 
When a unanimous consensus was not reached, sup-
porting evidence from the systematic review of the lit-
erature performed for the specific research question was 

presented and discussed, and, if necessary, the second 
round of voting was carried out. Each recommendation 
was then voted upon by the panel, and consensus was 
considered to have been reached if at least 80% of votes 
were in favor of the statement. Where there was discord-
ance, the recommendation was improved with panel 
input until approval was granted (Table 2).

Notes on the use of this consensus paper
This consensus paper presents the diagnostic and thera-
peutic methods for optimal follow-up strategies for 
patients with blunt splenic trauma treated with NOM. 
The practice suggestions promulgated in this manuscript 
do not represent a standard of practice. These are sug-
gested plans of care based on the best available scientific 
evidence and experts’ consensus, but they do not exclude 
other approaches as being within the standard of practice. 
They should not be used to compel adherence to a given 
medical management method, which method should be 
finally determined after considering the conditions at the 
relevant medical institution (staff levels, experience, sur-
gical skills, equipment, etc.) and the characteristics of the 
individual patient. The treatment results’ responsibility 
rests with those directly engaged and not with the con-
sensus group.

Research Question 1: What is the optimal duration 
of bed rest for patients treated with NOM for splenic 
trauma according to the injury grade? (High priority).

Statement. Abbreviated bed rest of 24 h is safe and does 
not increase NOM failure. The panel agrees that early 
mobilization could be considered in all splenic injury 
patients according to their general condition and associ-
ated injuries [Quality of Evidence: Moderate]. The day 
on which mobilization was performed is not associated 
with an increased risk of delayed hemorrhage in adult 
patients with low (WSES Class I, AAST Grades I–II) and 
high-grade (WSES Classes II–III, AAST Grades III–V) 
splenic injuries [Quality of Evidence: Moderate]. Cur-
rent evidence supports an abbreviated period of bed rest 
of 24 h or less after splenic injury for hemodynamically 
stable children whose hemoglobin has been documented 
to be stable [Quality of Evidence: Moderate].

Recommendation. The panel suggests allowing early 
mobilization within 24  h in patients with low-grade 
(WSES Class I, AAST Grades I–II) splenic injuries 
treated with NOM. Patients with WSES Class II (AAST 
Grade III) splenic injuries can be mobilized after 2 days 
from the trauma if no other contraindications exist 
[Strength of Recommendation: Conditional rec-
ommendation, based on Low quality of evidence, 
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Agreement 89.1%]. In patients with high-grade splenic 
injuries (WSES Class III, AAST Grades IV–V), if no other 
contraindications to early mobilization exist, the patient 
can be mobilized safely after 2  days from the trauma 
when three successive hemoglobins 8  h apart after the 
first are within 10% of each other, and if clinical param-
eters remain stable [Strength of Recommendation: 
Conditional recommendation, based on Low qual-
ity of evidence, Agreement 87.2%]. The panel suggests 
a shortened protocol of one night of bed rest for WSES 
Class I injuries (AAST Grade II; no need for bed rest for 
AAST Grade I) and two nights for WSES Classes II–III 
(AAST Grade ≥ III) in children when clinical parameters 
remain stable [Strength of Recommendation: Condi-
tional recommendation, based on Moderate quality of 
evidence, Agreement 82.6%].

In patients with blunt solid organ injuries, the panel 
suggests to weigh the risk of delayed hemorrhage against 
the risk of prolonged bed rest, which includes deep vein 
thrombosis (DVT), venous thromboembolism (VTE), 
pulmonary embolism (PE), pneumonia, hospital infec-
tions, and is associated with increased length of hospi-
talization and costs. Historically, NOM for solid organ 
injuries included bed rest to prevent delayed hemor-
rhage because movement or an unintended patient fall 
could disrupt the clot overlying a splenic or liver injury 
and lead to a delayed organ rupture, even up to many 
days after the initial trauma. However, during the last 
10 years, this supposition has been contested in pediatric 
trauma patients [17], and protocols incorporating peri-
ods of strict bed rest have proven unnecessary. Several 
studies demonstrated that a shortened bed rest of 24 h is 

Table 2 Summary of the 2022 WSES consensus on the follow‑up strategies for patients with splenic trauma treated with non‑
operative management (NOM). Statements and recommendations

Research Question: 1. What is the optimal duration of bed‑rest for patients treated with NOM for splenic trauma according to the injury grade?

Priority level: High

Statement: Abbreviated bed rest of 24 h is safe and does not increase 
NOM failure. The panel agrees that early mobilization could be consid‑
ered in all splenic injury patients according to their general condition 
and associated injuries [Quality of Evidence: Moderate]. The day on 
which mobilization was performed is not associated with an increased 
risk of delayed hemorrhage in adult patients with low (WSES Class I, AAST 
Grades I–II) and high‑grade (WSES Classes II–III, AAST Grades III–V) splenic 
injuries [Quality of Evidence: Moderate]. Current evidence supports 
an abbreviated period of bed rest of 24 h or less after splenic injury for 
hemodynamically stable children whose hemoglobin has been docu‑
mented to be stable [Quality of Evidence: Moderate]

Recommendation: The panel suggests allowing early mobilization within 
24 h in patients with low‑grade (WSES Class I, AAST Grades I–II) splenic 
injuries treated with NOM. Patients with WSES Class II (AAST Grade III) 
splenic injuries can be mobilized after 2 days from the trauma if no other 
contraindications exist [Strength of Recommendation: Conditional 
recommendation, based on Low quality of evidence, Agreement 
89.1%]. In patients with high‑grade splenic injuries (WSES Class III, AAST 
Grades IV–V), if no other contraindications to early mobilization exist, the 
patient can be mobilized safely after 2 days from the trauma when three 
successive hemoglobins 8 h apart after the first are within 10% of each 
other, and if clinical parameters remain stable [Strength of Recommenda‑
tion: Conditional recommendation, based on Low quality of evidence, 
Agreement 87.2%]. The panel suggests a shortened protocol of one night 
of bed rest for WSES Class I injuries (AAST Grade II; no need for bed rest for 
AAST Grade I) and two nights for WSES Classes II–III (AAST Grade ≥ III) in 
children when clinical parameters remain stable [Strength of Recommen‑
dation: Conditional recommendation, based on Moderate quality of 
evidence, Agreement 82.6%]

Research Question: 2. What is the optimal timing and type of anti‑thrombotic prophylaxis for patients with splenic trauma treated with NOM?

Priority level: High

Statement: In the absence of contraindications related to associated 
injuries or conditions, such as intracranial hemorrhage, hemorrhagic 
diathesis, or patients under anticoagulation therapy, the best available 
evidence supports that deep vein thrombosis (DVT) and venous throm‑
boembolism (VTE) prophylaxis can safely be initiated within 48–72 h of 
admission for blunt splenic trauma, regardless of injury grade, without 
concern for exacerbation of bleeding, or failure of NOM [Quality of Evi‑
dence: Moderate]. Occurrence rates of thrombocytosis in patients after 
SAE seem comparable to patients who undergo splenectomy, in contrast 
with average platelet values in those managed with observation alone. 
So, SAE may be an independent risk factor for thrombotic events in WSES 
Class II–III (AAST Grades III–V) blunt splenic injuries [Quality of Evidence: 
Moderate]. Regarding the choice between low molecular weight hepa‑
rin (LMWH) versus unfractionated heparin (UH), indirect evidence coming 
from trauma cases in general, and liver trauma specifically, suggests that 
LMWH is superior to UH for DVT and VTE prevention and may additionally 
reduce pulmonary embolism (PE) and mortality [Quality of Evidence: 
Low]

Recommendation: For patients with blunt splenic injuries treated with 
NOM with/without splenic artery angioembolization (SAE), in the absence 
of specific complications, the panel suggests that DVT and VTE prophylaxis 
with LMWH be started within 24 h from hospital admission for patients 
with WSES Class I (AAST Grades I–II) and within 48–72 h for those with WSES 
Class II–III (AAST Grades III–V) splenic injuries [Strength of Recommenda‑
tion: Conditional recommendation, based on Moderate Quality of 
Evidence, Agreement 91.3%]
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safe, does not increase failure of NOM, and that the day 
on which mobilization was commenced is not associated 
with an increased risk of delayed hemorrhage both in 
low (Grades I–II) and high (Grades III–V) grade splenic 
injuries [17, 18]. Failure of NOM is principally due to 
the evolution of PSA or artero-venous fistula, and early 
mobilization does not affect bleeding from these vascular 
injuries.

Our systematic review of the literature regarding this 
topic retrieved seven studies, of which four were con-
ducted in the pediatric population [19–22], and three in 
the adult population [17, 23, 24]. Two were prospective 
cohort studies [19, 20], five were retrospectives [5, 17, 21, 
23, 24], and one was a systematic review of the literature 
[22].

Based on the current evidence, the timing of mobiliza-
tion of patients with blunt solid organ injuries does not 
seem to contribute to delayed hemorrhage requiring lap-
arotomy. Therefore, protocols incorporating prolonged 
periods of strict bed rest are unnecessary. In the retro-
spective study by London et al. [24], of 454 patients with 
blunt solid organ injuries admitted to the hospital for 
NOM, 4.0%, 1.0%, and 7.1% for renal, hepatic, and splenic 
injuries, respectively, failed conservative treatment. Ten 
patients (5.5%) with splenic injuries failed secondary to 
delayed hemorrhage. Eighty-four percent of patients with 
renal injuries, 80% with hepatic injuries, and 77% with 
splenic injuries were mobilized within 72  h of admis-
sion. Day of mobilization was not associated with delayed 
splenic rupture in multivariate analysis (OR, 0.97; 95% CI 

Table 2 (continued)

Research Question: 3. How long should patients with splenic trauma treated with NOM be followed up in the hospital according to the injury 
grade?

Priority level: High

Statement: For patients treated with NOM for splenic injuries, most NOM 
failures occur early, primarily in the first 24 h. The risk of NOM failure and 
subsequent splenectomy is highest in the first 24–72 h of admission, 
with only 3% of splenectomies occurring later in the hospital course. 
Readmission is relatively rare in patients treated with NOM and most 
often occurs within 7 days of discharge [Quality of Evidence: Moder‑
ate]. Length of hospital stay for children with isolated splenic injuries 
could be based upon clinical presentation and hemodynamic status, as 
there is insufficient evidence to support the use of injury grade as the 
unique determinant of the stay [Quality of Evidence: Moderate]. Family 
and patient education post‑discharge could be considered to reduce the 
readmission rate [Quality of Evidence: Moderate]

Recommendation: The panel suggests 1 day (for low‑grade splenic 
injuries—WSES Class I, AAST Grades I–II) to 3 days (for high‑grade splenic 
injuries—WSES Classes II–II, AAST Grades III–V) of hospital admission, with 
the duration of stay based on hemodynamic status, hemoglobin and 
hematocrit stability, and results of the follow‑up CEUS/CT scan at 48–72 h 
for adult patients [Strength of Recommendation: Conditional recom‑
mendation based on Moderate quality of evidence, Agreement 87%]. 
Admission to a monitored setting (high dependency unit—HDU—or inten‑
sive care unit—ICU) is suggested for adult patient with high‑grade splenic 
injuries treated with NOM [Strength of Recommendation: Conditional 
recommendation based on Low quality of evidence, Agreement 87%]. 
The panel suggests that early discharge after NOM for blunt splenic injury, 
especially those with WSES Classes II–III (AAST Grade ≥ III), could be at least 
accompanied by an explicit patient and caregiver education regarding 
the risk of outpatient rupture and, in every case, an outpatient clinical 
follow‑up, telephone, GP‑follow‑up, or community nurse follow‑up after 
5–7 days is recommended [Strength of Recommendation: Conditional 
recommendation based on Moderate quality of evidence, Agree‑
ment 93.5%]. The panel suggests abandoning strategies according to 
which the length of hospital stay is injury AAST Grade plus 1 day in children 
with splenic injuries treated with NOM in favor of an approach based on 
hemodynamic status, hemoglobin and hematocrit stability [Strength of 
Recommendation: Conditional recommendation based on Moderate 
quality of evidence, Agreement 89.1%]

Research Question: 4. What kind of hemodynamic monitoring is indicated during NOM for splenic trauma according to the injury grade?

Priority level: Medium

Statement: No studies focused on hemodynamic monitoring in patients 
with splenic injuries treated with NOM. No comparative studies focused 
on the proper monitoring according to the grade of the injury. Conse‑
quently, the evidence available is derived from case series and studies 
designed for other purposes, making the quality of evidence very low. 
Hemodynamic monitoring in patients with high‑grade injuries is per‑
formed with continuous monitoring of vital parameters (pulse pressure, 
cardiac frequency and peripheral O2 saturation), frequent medical and 
nursing monitoring, and frequent evaluation of serum hemoglobin and 
hematocrit [Quality of Evidence: Very low]

Recommendation: There is not enough evidence to recommend specific 
hemodynamic monitoring in patients with splenic injuries treated with 
NOM. The panel suggests that all patients treated with NOM for high‑grade 
splenic injuries (WSES Classes II–III, AAST Grade ≥ III) might receive continu‑
ous hemodynamic monitoring of vital parameters (pulse pressure, cardiac 
frequency, and peripheral O2 saturation) and frequent serum hemoglobin 
and hematocrit levels evaluation (every 8 h) [Strength of Recommenda‑
tion: Conditional recommendation, based on Very low quality of evi‑
dence, Agreement 93.5%]. In patients with low‑grade splenic injuries and 
stable hemodynamic status (WSES Class I, AAST Grades I–II) treated with 
NOM, the panel suggests close medical and nursing monitoring with evalu‑
ations of hemoglobin and hematocrit levels every 12–24 h if no complica‑
tion occurs [Strength of Recommendation: Conditional recommenda‑
tion, based on Very low quality of evidence, Agreement 91.3%]
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0.90–1.05). According to the authors, the timing of mobi-
lization of patients with blunt solid organ injuries does 
not seem to contribute to delayed hemorrhage requiring 

laparotomy, as demonstrated by the fact that day of mobi-
lization was not associated with delayed splenic rupture 
in multivariate analysis. Griffard et al. [23] evaluated the 

Table 2 (continued)

Research Question: 5. When is splenic artery embolization (SAE) indicated for patients treated with NOM for splenic trauma?

Priority level: Urgent

Statement: In stable patients with high‑grade splenic injuries (WSES 
Classes II–III, AAST Grade ≥ III), splenic artery angioembolization (SAE) 
represents an effective adjunctive tool to NOM, reducing the failure of 
the conservative approach and the need for surgery. Angiography and 
SAE should be performed at an early stage when contrast extravasation 
or vascular injuries (pseudoaneurysm, arteriovenous fistula formation, 
vessel truncation) are detected on admission CT scan, as well as in 
high‑grade splenic injuries (WSES Class III, AAST Grades IV–V) even if 
contrast extravasation is not detected. However, small pseudoaneurysms 
can be safely observed without SAE [Quality of Evidence: High]. Some 
discrepancies in the management of WSES Class II (AAST Grade III) blunt 
splenic injury without contrast extravasation still exist among the experts. 
However, based on the available evidence, SAE in WSES Class II (AAST 
Grade III) splenic injury without vascular extravasation cannot be currently 
recommended as routine practice. In children, SAE has not been shown 
to be efficacious [Quality of Evidence: Low]. The available literature is 
inconclusive regarding whether proximal or distal embolization should 
be used to avoid significant re‑bleeding, and larger prospective cohort 
studies are required. However, both techniques have an equivalent rate 
of post‑procedural splenic infarctions and infections. Minor complications 
occur more often after distal embolization. This is primarily explained by 
the higher rate of segmental infarctions after distal embolization [Quality 
of Evidence: Low]

Recommendation: The panel suggests splenic artery angioembolization 
(SAE) as the first‑line intervention in patients with hemodynamic stability 
and arterial blush on CT scan, irrespective of injury grade, where the exper‑
tise and resources required to carry out the procedure are readily available 
[Strength of Recommendation: Conditional recommendation, based 
on Moderate quality of evidence, Agreement 93.5%]. A low threshold 
for SAE is suggested for patients with WSES Class II (AAST Grade III) blunt 
splenic injury without contrast extravasation in the presence of risk factors 
for NOM failure (i.e., age above 55 years old, high injury severity score, the 
need for red cell transfusions in ED or during the first 24 h, patients on anti‑
coagulant therapy, HIV disease, cirrhosis, and drug addiction) [Strength of 
Recommendation: Conditional recommendation, based on Low qual‑
ity of evidence, Agreement 89.1%]. The panel suggests angiography and 
eventual SAE in all hemodynamically stable adult patients with WSES Class 
III (AAST Grades IV–V) splenic injuries, even in the absence of CT blush, in 
centers with adequate experience and where SAE is rapidly available, espe‑
cially when concomitant surgery that requires change of position and that 
may cause dislodgement of clots and rebleeding (i.e., spinal surgery in the 
prone position) is needed [Strength of Recommendation: Conditional 
recommendation, based on Moderate quality of evidence, Agreement 
83.7%]. The panel suggests SAE be reserved for children who demonstrate 
evidence of ongoing bleeding with a vascular blush seen on CT [Strength 
of Recommendation: Conditional recommendation, based on Low 
quality of evidence]. The panel suggests preferring proximal SAE over 
distal SAE when splenic artery angioembolization is needed [Strength of 
Recommendation: Conditional recommendation, based on Low qual‑
ity of evidence, Agreement 84.8%]

Research Question: 6. Is there a need for radiological follow‑up during the hospital stay for patients treated with NOM for splenic trauma according 
to the injury grade?

Priority level: Urgent

Statement: A selective re‑imaging strategy appears safe, as re‑imaging 
asymptomatic patients rarely results in intervention. Although limited due 
to the lack of high‑quality research, a follow‑up CT scan seems to be justi‑
fied only in patients with WSES Class II (AAST Grade III) or higher splenic 
injuries to identify vascular abnormalities after splenic trauma. Indeed, 
75–90% of adults with pseudoaneurysm or arteriovenous fistula and all 
such lesions in the pediatric population occur in patients with injuries of 
such grade [Quality of Evidence: Low]. In higher grade injuries (WSES 
Classes II–III, AAST Grades III–V), contrast‑enhanced ultrasound (CEUS)/
CT scan follow‑up might be performed in the first 48–72 h to exclude the 
development of vascular complications [Quality of Evidence: Low]. In 
literature, most delayed splenic complications are diagnosed in the first 
7 days from trauma and rarely in AAST Grade I splenic injuries [Quality of 
Evidence: Low]

Recommendation: The panel suggests radiological follow‑up to be 
based on clinical findings in WSES Class I (AAST Grades I–II) splenic trauma 
treated with NOM and suggests against routine imaging follow‑up in these 
patients [Strength of Recommendations: Conditional recommenda‑
tion based on Low quality of evidence, Agreement 91.3%]. The panel 
suggests repeating imaging with contrast‑enhanced ultrasound (CEUS)/CT 
scan in 48 h to 72 h post‑admission and, eventually, at 5–7 days of trauma 
(only if remarkable changes in CT scan at 72 h are detected, or new signs/
symptoms related to the trauma occur) in adult patients with WSES Class 
II splenic injuries (AAST Grade III) or higher treated with NOM, regardless 
of whether SAE has been performed or not [Strength of Recommenda‑
tion: Conditional recommendation, based on Low quality of evidence, 
Agreement 82.6%]

Research Question: 7. What is the best imaging method to follow‑up patients treated with NOM for high‑grade splenic injures in the acute phase 
during NOM (Ultrasound without contrast, Contrast‑enhanced ultrasound, CT‑Angio)?

Priority level: High

Statement: Although contrast‑enhanced CT scan is the gold standard 
modality for imaging abdominal organ traumatic injury, contrast‑
enhanced ultrasound (CEUS) has developed a role in the follow‑up of 
traumatic injuries, including splenic trauma. CEUS is a valuable tool for 
detecting post‑traumatic lesions; it is comparable to CT after splenic 
embolization and may replace CT in follow‑up studies in expert hands 
[Quality of Evidence: Low]. CEUS may be considered in children, 
although repeat imaging in children is rarely needed [Quality of Evi‑
dence: Low]

Recommendation: The panel suggests, in expert hands and dedicated 
institutions, using CEUS as an alternative imaging modality in the follow‑up 
of conservatively managed splenic trauma to reduce the number of CT 
examinations, especially in children [Strength of Recommendation: 
Conditional recommendation, based on Low quality of evidence, 
Agreement 91.3%]
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Table 2 (continued)

Research Question: 8. Should patients treated with NOM for splenic trauma (with or without splenic artery embolization) receive vaccinations?

Priority level: Medium

Statement: Most patients with splenic injuries treated with NOM, 
including those treated with splenic artery embolization (SAE), present 
a significantly lower rate of post‑traumatic infections than those who 
undergo splenectomy [Quality of Evidence: Moderate]. SAE does not 
show higher rates of early and delayed infective complications compared 
with NOM without SAE [Quality of Evidence: Low]. There is insufficient 
evidence to advise mandatory vaccination in patients treated with NOM 
for splenic trauma, either with or without SAE [Quality of Evidence: 
Moderate]

Recommendation: The panel suggests against routine vaccination for 
overwhelming post‑splenectomy infection (OPSI) from encapsulated 
bacteria in patients treated with NOM for splenic injury with or without SAE 
[Strength of Recommendation: Conditional recommendation, based 
on Moderate quality of evidence, Agreement 89.1%]. The panel sug‑
gests a tailored approach driven by the immunologic state of the patient 
before the splenic injury and taking into account possible effects of SAE in 
losing 50% or more of spleen mass. If 50% or more of the splenic mass is 
lost, and in every case of WSES Class III (AAST Grade V) injury, patients might 
be considered as asplenic and potentially more susceptible to OPSI; there‑
fore, they could receive immunization against encapsulated organisms 
[Strength of Recommendation: Conditional recommendation, based 
on Low quality of evidence, Agreement 93.5%]

Research Question: 9. For how long should patients with splenic trauma treated with NOM be followed up after hospital discharge according to the 
injury grade?

Priority level: Medium

Statement: Risk factors for late failure of NOM and hospital readmission 
include hemoperitoneum with signs of blush at first contrast‑enhanced 
CT and high (WSES Class III, AAST IV–V) grade injuries [Quality of 
Evidence: Low]. There is neither agreement nor sufficient evidence to 
recommend the optimal length of follow‑up after hospital discharge 
in patients with splenic trauma treated with NOM. The role of imaging 
has not been cleared out in the post‑discharge follow‑up [Quality of 
Evidence: Very low]. Imaging follow‑up, either by CEUS or CT scan, does 
not seem to provide clinical benefits in the post‑discharge period, and 
it might be considered in severe injuries (WSES Class III, AAST Grades 
IV–V) and depending on the level of activity (professional athletes, those 
practicing high‑impact sports, heavy lifting) [Quality of Evidence: Very 
low]. Before returning to major physical activity, imaging follow‑up with 
a contrast‑enhanced CT scan or CEUS seems to be indicated to assess 
the status of the healing process after WSES Class II–III (AAST Grades III–V) 
splenic injuries treated with NOM [Quality of Evidence: Low]. The panel 
suggests that patients with blunt splenic injuries treated with NOM (with 
or without SAE) and families be informed of long‑term complications and 
the possibility of NOM failure [Quality of Evidence: Low]

Recommendation: The panel suggests selective imaging follow‑up at 
one, three, and (unless imaging confirms healing at 3 months) 6 months 
after discharge for patients with blunt splenic injuries treated with NOM 
only in the presence of risk factors for long‑term complications and 
depending on the level of activity (professional athletes, those practicing 
high‑impact sports, heavy lifting). The choice to perform imaging follow‑up 
after discharge includes several considerations, such as the presence of 
severe splenic injuries (WSES Class III, AAST Grades IV–V); the association 
with other injuries that would warrant other specific follow‑up; the age 
and expected activity level of the patient post‑discharge; the type of NOM 
utilized (e.g., strictly observational or including interventional radiology); 
the duration of the hospital stay (with earlier discharge at risk of higher 
readmission rates) [Strength of Recommendation: Conditional recom‑
mendation, based on Low quality of evidence, Agreement 86.0%]. 
The panel suggests performing contrast‑enhanced imaging follow‑up (CT/
CEUS) before returning to major physical activity (2–4 months in high‑grade 
injuries) in adult patients with WSES Class II–III (AAST Grades III–V) splenic 
injuries treated with NOM [Strength of Recommendation: Conditional 
recommendation, based on Low quality of evidence, Agreement 
89.1%]. Pediatric patients could be offered follow‑up as outpatient consul‑
tation focusing on psychological response to injury and pain management, 
with further radiological examinations only if clinically indicated [Strength 
of Recommendation: Conditional recommendation, based on Very 
low quality of evidence, Agreement 95.7%]. The panel suggests imaging 
follow‑up with CEUS before return to major physical activity in children 
with WSES Class II–III (AAST Grades III–V) splenic injuries treated with NOM 
[Strength of Recommendation: Conditional recommendation, based 
on Low quality of evidence, Agreement 82.6%]

Research Question: 10. How long should patients treated with NOM for splenic trauma abstain from major physical activities based on the grade of 
the splenic injury?

Priority level: High

Statement: Although there is a lack of high‑quality research on the 
duration and intensity of restricted activity and return to play after blunt 
spleen injuries treated with NOM, the current trend is toward shorter 
post‑discharge follow‑up with earlier return to daily activity. Specifically, 
physical activity restrictions limited to 4 weeks after the injury, irrespec‑
tive of injury grade on CT, seem safe in pediatric patients. Non‑contact 
activity, including school, can be allowed safely after discharge [Quality 
of Evidence: Low]

Recommendation: The panel suggests that major activity restrictions 
(athletic activities, no‑contact sports, heavy lifting) in adults with splenic 
trauma treated with NOM might be prescribed for 3–5 weeks in low‑grade 
splenic injuries (WSES Class I, AAST Grades I–II) and up to 2–4 months in 
high‑grade injuries (WSES Classes II–III, AAST Grades III–V). A follow‑up 
imaging with contrast‑enhanced CT/CEUS is suggested before return to full 
activities to confirm healing [Strength of Recommendation: Conditional 
recommendation based on Low quality of evidence, Agreement 
89.1%]. The panel suggests that major activity restrictions in children with 
splenic trauma treated with NOM could be limited to 4 weeks after the 
injury, irrespective of injury grade on CT scan [Strength of Recommenda‑
tion: Conditional recommendation based on Low quality of evidence, 
Agreement 87%]
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safety, in terms of risk of delayed hemorrhage and subse-
quent failure of NOM, and complications of early ambu-
lation within 24 h in low-grade splenic trauma to assess 
the length of stay, development of pneumonia, pleural 
effusions, VTE, and PE. In this study, of the 163 total 
patients, 100 (61.3%) were on bed rest for at least 24  h 
after their injury, and 63 (38.7%) were ambulated within 
the first 24 h. In the group of patients allowed to ambu-
late during the first 24 h, there were no failures of NOM, 
whereas, in those for those who bed rest for at least 1 day 
was prescribed, 6 (6%) failed NOM. There were no sta-
tistically significant differences in DVT, PE, pleural effu-
sions, pneumonia, and length of hospitalization.

Other studies evaluated the timing of mobilization of 
patients with blunt solid organ injuries concerning the 
rates of delayed rupture. They found that the timing of 
mobilization in these patients was not associated with 
an increased incidence of delayed rupture and hemor-
rhage. Teichman et al. [17] showed that a specific NOM 
protocol, including early mobilization in blunt splenic 
and hepatic injuries, is safe and more cost-effective than 
extended bed rest protocols. In their study, patients 
managed non-operatively from January 2008 through 
July 2011 were observed in the hospital under a pro-
longed bed rest protocol of 3 days prior to ambulation. In 
August 2011, an early mobilization protocol was adopted. 
Patients with low-grade splenic and/or hepatic injuries 
were observed with bed rest overnight until two succes-
sive hemoglobins 12  h apart were within 10% of each 
other. The patient was then ambulated and eligible for 
discharge if hemoglobin the morning following ambu-
lation was within 10% of the previous values. Patients 
with high-grade injuries were admitted to the ICU and 
kept on bed rest until three successive hemoglobins 8 h 
apart after the first hemoglobin check were within 10% of 
each other. These patients were then ambulated and eli-
gible for discharge if hemoglobin the following day was 

within 10% of the previous values. The authors found 
that the length of hospital stay was significantly reduced 
in the early mobilization group, with an average stay of 
4.53 days in the prolonged bed rest group and 3.46 days 
in the early mobilization group. The two groups did not 
differ in NOM failure, angiography, embolization, or 
mortality. Through the implementation of an early mobi-
lization protocol, the length of hospital stay was short-
ened by 1.07  days, and the cost of hospitalization was 
reduced by $7077, without any difference in NOM fail-
ure, angiography/embolization, or mortality.

In the pediatric population, the Trauma Committee of 
the American Pediatric Surgical Association (APSA) rec-
ommends a period of bed rest to equal the grade of injury 
plus 1 day [25]. However, the description of a shortened 
bed rest protocol for children was reported in 2008 by St 
Peter et al. [26]. They stated that a trauma protocol with 
overnight bed rest for AAST Grades I and II injuries and 
two nights for higher grades could be safely used. This 
shortened protocol was then validated in 2011 [19] in 
a prospective study that enrolled a total of 131 patients 
with blunt splenic or liver injuries and confirmed that a 
protocol of one night of bed rest for AAST Grade I and 
II injuries and two nights for Grade III or higher could 
be safely used, resulting in dramatic decreases in hospi-
talization compared with the APSA recommendations. 
Another study by St Peter et  al. [20] further validated 
that an abbreviated protocol of one night of bed rest 
for AAST Grade I and II injuries and two nights for 
Grade ≥ III can be safely employed in children. In this 
validation study, injuries included isolated spleen in 130 
(52%), liver only in 107 (43%), and both in 12 (5%). If the 
patient received a transfusion, the time frame was reset, 
and the clock for bed rest restarted. This study demon-
strated that bed rest was the limiting factor keeping 
nearly two-thirds of their patients with splenic injuries 
in the hospital. If the authors had followed the APSA 

Table 2 (continued)

Research Question: 11. Which is the best treatment of post‑splenic artery embolization (SAE) necrosis of the spleen for patients with splenic trauma 
treated with NOM? Surgery or radiological drainage?

Priority level: High

Statement: Splenic abscess following NOM for splenic injuries is an 
infrequent complication. In the case of a splenic abscess, surgery and 
percutaneous drainage seem similar in safety and efficacy, but the quality 
of supporting evidence is poor [Quality of Evidence: Low]

Recommendation: The panel suggests considering percutaneous drain‑
age as the first‑line treatment of splenic abscesses after NOM in case of 
availability of the interventional radiology technique, adequate skills, and 
technical feasibility [Strength of Recommendation: Conditional recom‑
mendation based on Low quality of evidence, Agreement 95.7%]. In 
case of failure of percutaneous drainage (intense and persistent pain in 
patients with sepsis) or unavailability, the panel suggests performing sple‑
nectomy, open or laparoscopic, according to local expertise [Strength of 
Recommendation: Conditional recommendation based on very Low 
quality of evidence, Agreement 97.8%]

WSES World Society of Emergency Surgery, AAST American Association for the Surgery of Trauma
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guidelines, these patients would have averaged an extra 
day of hospitalization. Dodgion et al. [21] confirmed that 
a shortened bed rest protocol consisting of 1-day bed rest 
for AAST Grade I–II splenic injuries and 2-days bed rest 
for Grade III or higher could safely reduce the duration 
of hospital stay without any increase in NOM failure and 
short-term complication rates. In a large cohort of 22,153 
patients with blunt splenic or liver injuries, they found 
that application of an abbreviated bed rest protocol 
could potentially save 1.7 hospital days/patient or 36,964 
patient hospital days nationally compared to the stand-
ard APSA protocol. According to the WSES guidelines 
[1], in hemodynamically stable children without a drop 
in hemoglobin levels, bed rest could be suggested for 
24 h. Currently, there is no evidence to support bed rest 
as a treatment for blunt liver or splenic injuries, and no 
evidence suggests that bed rest prevents re-bleeding in 
children. Several prospective studies showed that a short-
ened period of bed rest is safe, even though prolonged 
bed rest protocols and admissions are still commonplace 
[22, 24].

Research Question 2: What is the optimal timing and 
type of anti-thrombotic prophylaxis for patients with 
splenic trauma treated with NOM? (High priority).

Statements. In the absence of contraindications related 
to associated injuries or conditions, such as intracranial 
hemorrhage, hemorrhagic diathesis, or patients under 
anticoagulation therapy, the best available evidence sup-
ports that deep vein thrombosis (DVT) and venous 
thromboembolism (VTE) prophylaxis can safely be ini-
tiated within 48–72  h of admission for blunt splenic 
trauma, regardless of injury grade, without concern for 
exacerbation of bleeding, or failure of NOM [Quality of 
Evidence: Moderate]. Occurrence rates of thrombocyto-
sis in patients after SAE seem comparable to patients who 
undergo splenectomy, in contrast with average platelet 
values in those managed with observation alone. So, SAE 
may be an independent risk factor for thrombotic events 
in WSES Class II–III (AAST Grades III–V) blunt splenic 
injuries [Quality of Evidence: Moderate]. Regarding the 
choice between low molecular weight heparin (LMWH) 
versus unfractionated heparin (UH), indirect evidence 
coming from trauma cases in general, and liver trauma 
specifically, suggests that LMWH is superior to UH for 
DVT and VTE prevention and may additionally reduce 
pulmonary embolism (PE) and mortality [Quality of Evi-
dence: Low].

Recommendation. For patients with blunt splenic inju-
ries treated with NOM with/without splenic artery 
angioembolization (SAE), in the absence of specific 

complications, the panel suggests that DVT and VTE 
prophylaxis with LMWH be started within 24  h from 
hospital admission for patients with WSES Class I 
(AAST Grades I–II) and within 48–72  h for those with 
WSES Class II–III (AAST Grades III–V) splenic injuries 
[Strength of Recommendation: Conditional recom-
mendation, based on Moderate Quality of Evidence, 
Agreement 91.3%].

Trauma patients are at high risk of deep venous throm-
bosis (DVT) and venous thromboembolism (VTE), and, 
without anti-thrombotic prophylaxis, more than 50% 
of patients may experience thrombotic complications 
[27, 28]. Thromboelastographic studies have identified 
a transition from trauma-induced coagulopathy to a 
hypercoagulable state at 48 h among patients with blunt 
solid organ injury, suggesting that 48 h might provide the 
optimal balance of minimizing the risk of both bleeding 
and VTE [27, 29]. Although DVT and VTE are not life-
threatening complications, their association with pul-
monary embolism (PE) carries potential morbidity and 
mortality. After major trauma, the reported mortality 
rate as a result of PE ranges from 0.4 to 50% [30, 31].

The Western Trauma Association (WTA) suggests 
starting VTE prophylaxis 24 h post-injury [32], whereas 
the Eastern Association for the Surgery of Trauma 
(EAST) recommends starting VTE prophylaxis within 
48  h of injury [33]. Studies demonstrating the need for 
timely DVT prophylaxis initiation showed that a delay 
in initiation > 4 days is associated with a threefold VTE 
risk increase [34]. Several prospective and retrospective 
studies have demonstrated that VTE prophylaxis admin-
istration 24–48  h after arrival to the hospital is associ-
ated with reduced rates of VTE without increased need 
for blood transfusion or failure of NOM [35–39]. The 
2017 WSES guidelines stated that LMWH-based pro-
phylactic anticoagulation should be started as soon as 
possible from splenic trauma, including patients treated 
with NOM [1]. Our systematic review of the literature 
regarding this topic retrieved 15 studies, of which two 
were systematic reviews and meta-analyses [40, 41], two 
were prospective cohort studies [35, 38], and 11 were ret-
rospective cohort studies [27, 28, 36, 37, 42–48]. To date, 
two systematic reviews and meta-analyses demonstrated 
that patients undergoing NOM for blunt solid organ 
injury could be safely and effectively prescribed early 
VTE prophylaxis. Murphy et al. [41] included ten studies 
comprising 14,675 patients that compared early (≤ 48 h) 
versus late (> 48  h) initiation of VTE chemoprophylaxis 
in adults with blunt splenic, liver, and/or kidney injury. 
All studies were non-randomized, and only one was pro-
spective. The overall odds of failure of NOM were not 
different between early and late groups (OR 1.09; 95% 
CI 0.92–1.29), and there was no difference in the need 
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for blood transfusion either during overall hospital stay 
(OR 0.91; 95% CI 0.70–1.18), or post-prophylaxis initia-
tion (OR 1.23; 95%CI 0.55–2.73). The subgroup analy-
sis focused on splenic injuries showed no difference in 
NOM failure (OR 0.91, 95% CI 0.42–1.97). Conversely, 
there were significantly lower odds of VTE when patients 
received early VTE prophylaxis (OR 0.51; 95% CI 0.33–
0.81). In keeping with the results presented by Murphy 
et al., the most updated meta-analysis [40] found a non-
statistically significant trend toward an increased risk 
of failure of NOM among patients receiving early VTE 
prophylaxis (OR 1.76, 95% CI 1.01–3.05), with no signifi-
cant difference in risk of transfusion. Conversely, odds of 
DVT were significantly lower in the early group (OR 0.36, 
95% CI 0.22–0.59) but without a difference in mortality 
(OR 1.50, 95% CI 0.82–2.75). However, in both the cited 
meta-analyses, all studies were at serious risk of bias due 
to confounding as they included only observational stud-
ies. For example, patients in the delayed VTE prophylaxis 
arm of each primary study had higher injury severity 
score (ISS) and AAST injury grades and more extended 
hospital and ICU admissions. Moreover, some studies 
included patients with head injuries, which are a condi-
tional factor in deciding the timing of VTE prophylaxis 
on admission.

When looking at the primary studies included in the 
mentioned meta-analyses, patients were usually dichoto-
mized into study groups based on VTE prophylaxis ini-
tiation time: early (≤ 48 h or ≤ 72) versus late (> 48 h or 
> 72 h). In the study by Rostas et al. [27], there were no 
enoxaparin-related hemorrhagic complications or hem-
orrhages necessitating operative intervention in any 
group. In Alejandro et al. [48], early use of LMWH was 
not associated with an increased rate of blood transfu-
sions or an increased rate of failure of NOM. In the early 
group, two (4%) patients failed NOM compared with four 
(6%) patients in the late group (P = 0.593). The number 
of patients requiring blood transfusions within the first 
5 days after admission was 25 (50.0%) in the early group 
and 36 (56.2%) in the late group (P = 0.507). The aver-
age number of blood units per patient within the first 
5  days after admission was 3.2 ± 1.5 in the early group 
and 3.0 ± 1.8 in the late group (P = 0.782). In a retrospec-
tive study including patients aged 15 years or older who 
sustained blunt splenic, liver, and/or kidney injuries from 
January 2005 to December 2008, NOM failure rates and 
blood transfusion requirements were compared between 
patients who got LMWH early (≤ 3  days), patients who 
got LMWH late (> 3  days), and patients who did not 
receive LMWH [37]. After adjusting for demographic dif-
ferences, the overall blood transfusion requirements for 
the early LMWH group were significantly lower than for 
patients with late LMWH administration (3.0 ± 5.3 units 

vs. 6.4 ± 9.9 units). When analyzing specifically the out-
comes of patients with splenic injuries, the overall failure 
rate of NOM was 7.8% and was not different between the 
early, late, and no LMWH group after adjustment for dif-
ferences in demographics. Of those receiving LMWH 
early, 50.0% had a high-grade lesion, and these patients 
showed a similar failure rate compared with high-grade 
injured patients who received LMWH late or those who 
did not receive LMWH. Similarly, in another retro-
spective cohort study, prophylactic LMWH or UH was 
administered at two different time intervals (within 72 h 
after admission or 72 h after admission) in patients with 
blunt solid organ injuries. In contrast, one group was not 
put under heparin at all. Although not statistically signif-
icant, VTE was more frequent in the no heparin group 
compared to the early (≤ 72  h) and late (> 72  h) hepa-
rin groups (10.8 vs. 4.8 vs. 1.3%). Failed NOM occurred 
only in patients with splenic injuries and was signifi-
cantly more frequent in the no heparin group than in 
the early and late heparin group. Also, Joseph et al. [45] 
reported that early enoxaparin-based anticoagulation 
might be a safe option in trauma patients with blunt 
solid organ injury. They found no difference in hemor-
rhagic complication and NOM failure rate in patients 
with early (< 48  h), intermediate (48–72  h), and late 
(> 72 h) VTE prophylaxis. Conversely, there was a trend 
toward a higher incidence of thromboembolic compli-
cations in patients with late initiation of prophylaxis. In 
Schellenberg et  al. [35], early prophylaxis patients had 
significantly fewer DVT but similar rates of PE com-
pared to late prophylaxis patients. Traumatic brain 
injury was the only significant risk factor for late prophy-
laxis, and no patient in either group required delayed 
intervention (operative or interventional radiology) for 
bleeding. There was also no difference in the volume of 
post-prophylaxis blood transfusion. Similarly, Griffard 
et al. [38] demonstrated that administering DVT prophy-
laxis sooner than 48 h does not increase failure of NOM 
of AAST Grade III–V splenic injuries. In their prospec-
tive study, the authors included 104 high-grade (AAST 
III–V) splenic trauma patients who received prophy-
laxis with UH or LMWH within 72 h of diagnosis. They 
observed six failures of NOM, and there was no statisti-
cally significant difference between the < 24  h and > 24 
groups or between the < 48 h and 48–72 h groups. More-
over, in the linear regression analysis model describ-
ing the time to initiation of DVT prophylaxis using age, 
sex, splenic injury grade, and ISS, the NOM failure rate 
decreased by 0.00002% for each hour prior to giving DVT 
prophylaxis (P = 0.111). From this, the authors proposed 
a non- inferiority statement that initiating DVT prophy-
laxis within 48 h does not increase the failure rate com-
pared to patients receiving DVT prophylaxis between 48 
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and 72  h. The results reported by Kwok et  al. [43] cor-
roborated the statement that early initiation within < 48 h 
of VTE prophylaxis is safe in patients with blunt splenic 
injuries treated non-operatively, but also it may be safe as 
early as 24 h. Lin et al. [46] explored the American Col-
lege of Surgeons TQIP database from 2013 to 2014 to 
identify adult patients who underwent NOM for isolated 
AAST Grade III–V blunt splenic injuries. The incidence 
of NOM failure after the initiation of VTE prophylaxis 
was compared between two groups: VTE prophylaxis 
≤ 48  h after admission (early prophylaxis group) and 
> 48  h (late prophylaxis group). There was no signifi-
cant difference in the NOM failure rate after initiating 
VTE prophylaxis between the early and late prophylaxis 
groups. In the multiple logistic regression analysis, early 
initiation of VTE prophylaxis was not significantly asso-
ciated with NOM failure. Results of the subgroup anal-
ysis in patients with Grade IV–V splenic injuries also 
suggest that early administration of VTE prophylaxis is 
not significantly associated with an increased incidence 
of NOM failure. Skarupa et  al. [36] performed a 2-year 
retrospective analysis of 36,187 patients from the Ameri-
can College of Surgeons TQIP, including all adult trauma 
patients with blunt solid organ injuries who underwent 
NOM. Patients were stratified into three groups based 
on the timing of VTE chemoprophylaxis (early, ≤ 48 h of 
injury; late, > 48 h of injury; and no prophylaxis group). 
After controlling for confounders, patients receiving 
early prophylaxis had lower rates of DVT and PE than 
the no prophylaxis and late prophylaxis groups, but no 
difference between the three groups regarding the post-
prophylaxis blood transfusions, failure of NOM, and 
mortality was reported. Also, in the study by Khatsil-
ouskaya et  al. [44], early heparin administration within 
72 h from hospital admission was not associated with an 
increased NOM failure rate or higher in-hospital mortal-
ity. According to Gaitanidis et  al. [47], thromboprophy-
laxis within 48  h should be considered in patients with 
blunt solid organ injuries undergoing NOM who are at 
low likelihood of bleeding. Conversely, in the presence 
of a higher likelihood of bleeding, along with a history of 
diabetes mellitus, or in the case of splenic and high-grade 
liver injuries, the authors suggest an intermediate delay 
(48–72 h) of thromboprophylaxis.

Wernick et  al. [49] evaluated hematologic parameters 
after splenic trauma in patients who underwent splenec-
tomy, SAE, or observation. They found occurrence rates 
of thrombocytosis in patients post-SAE comparable to 
patients who underwent splenectomy, in contrast with 
normal platelet values in those managed with observa-
tion alone. SAE, as reported by Lewis et  al. [42], may 
be an independent risk factor for thrombotic events in 
AAST Grade III–V blunt splenic injuries. In keeping with 

these findings, in a retrospective review of the American 
College of Surgeons TQIP of 2643 high-grade (AAST 
III–V) splenic trauma patients managed with NOM, the 
incidence of DVT was 4.5% in patients who underwent 
SAE, compared to 1.4% in patients who did not. In the 
multivariable analysis, angioembolization was an inde-
pendent risk factor for DVT (OR 2.65) and any VTE (OR 
2.04). Moreover, analysis of splenic injury grade showed 
that angioembolization remained an independent risk 
factor for DVT in Grades IV–V and VTE in Grade III 
injuries. In the same study, initiation of pharmacologi-
cal VTE prophylaxis 48 h after admission was associated 
with increased VTE rates compared to early initiation 
(OR 1.75) [31, 42].

Regarding the choice between LMWH versus UH, 
indirect evidence from general trauma cases and liver 
trauma suggests that LMWH is superior to UH for DVT 
and VTE prevention and may additionally reduce PE and 
mortality. A recent systematic review and meta-analysis 
[50] that included four randomized trials for a total of 
879 patients and eight observational studies (306,747 
patients) found that, based on pooled randomized data, 
LMWH reduces DVT (RR 0.67, 95% CI 0.50–0.88, mod-
erate certainty) and VTE (RR 0.68, 95% CI 0.51–0.90, 
moderate certainty) compared to UH. Moreover, com-
pared to UH, LMWH may reduce PE (adjusted OR 0.56, 
95% CI 0.50–0.62) and mortality (adjusted OR 0.54, 95% 
CI 0.45–0.65). In keeping with the results reported by 
Tran et  al. [50], Jakob et  al. [51] analyzed data of 4074 
patients with blunt isolated severe liver injuries selected 
for NOM who received VTE prophylaxis with either UH 
or LMWH. Notably, LMWH was independently associ-
ated with lower mortality (OR 0.36) compared to UH. A 
2013 Cochrane review that included 16 randomized con-
trolled trials with more than 3005 patients found LMWH 
appeared to reduce the risk of DVT compared to UH (RR 
0.68; 95% CI 0.50–0.94) [52].

Research Question 3: How long should patients with 
splenic trauma treated with NOM be followed up in the 
hospital according to the injury grade? (High priority).

Statement: For patients treated with NOM for splenic 
injuries, most NOM failures occur early, primarily in the 
first 24 h. The risk of NOM failure and subsequent sple-
nectomy is highest in the first 24–72 h of admission, with 
only 3% of splenectomies occurring later in the hospital 
course. Readmission is relatively rare in patients treated 
with NOM and most often occur within 7  days of dis-
charge [Quality of Evidence: Moderate]. Length of hos-
pital stay for children with isolated splenic injuries could 
be based upon clinical presentation and hemodynamic 
status, as there is insufficient evidence to support the 
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use of injury grade as the unique determinant of the stay 
[Quality of Evidence: Moderate]. Family and patient 
education post-discharge could be considered to reduce 
the readmission rate [Quality of Evidence: Moderate].

Recommendation. The panel suggests 1  day (for low-
grade splenic injuries—WSES Class I, AAST Grades 
I–II) to 3  days (for high-grade splenic injuries—WSES 
Classes II–II, AAST Grades III–V) of hospital admis-
sion, with the duration of stay based on hemodynamic 
status, hemoglobin and hematocrit stability, and results 
of the follow-up CEUS/CT scan at 48–72  h for adult 
patients [Strength of Recommendation: Conditional 
recommendation based on Moderate quality of evi-
dence, Agreement 87%]. Admission to a monitored 
setting (high dependency unit-HDU- or intensive care 
unit-ICU-) is suggested for adult patient with high-grade 
splenic injuries treated with NOM [Strength of Recom-
mendation: Conditional recommendation based on 
Low quality of evidence, Agreement 87%]. The panel 
suggests that early discharge after NOM for blunt splenic 
injury, especially those with WSES Classes II–III (AAST 
Grade ≥ III), could be at least accompanied by an explicit 
patient and caregiver education regarding the risk of out-
patient rupture and, in every case, an outpatient clinical 
follow-up, telephone, GP-follow-up, or community nurse 
follow-up after 5–7  days is recommended [Strength 
of Recommendation: Conditional recommenda-
tion based on Moderate quality of evidence, Agree-
ment 93.5%]. The panel suggests abandoning strategies 
according to which the length of hospital stay is injury 
AAST Grade plus 1  day in children with splenic inju-
ries treated with NOM in favor of an approach based on 
hemodynamic status, hemoglobin and hematocrit stabil-
ity [Strength of Recommendation: Conditional recom-
mendation based on Moderate quality of evidence, 
Agreement 89.1%].

The failure rate of NOM has been described in multi-
ple reports after 2000 to range between 4 and 12%, with 
lower incidence in Level I trauma centers [4, 53]. Several 
risk factors of NOM failure have been reported, includ-
ing the need for red cell transfusions in the emergency 
department or during the first 24 h [11, 54], hemoglobin 
and hematocrit levels at admission [11], HIV disease, cir-
rhosis, and drug addiction [55]. The presence of a blush 
at CT scan has been considered a risk factor for NOM 
failure only in studies in which SAE was not adopted [56], 
whereas the extension of hemoperitoneum at imaging 
alone cannot be considered an absolute contraindica-
tion for NOM [4, 57–59]. Higher injury grades and ISS 
are strictly associated with the risk of NOM failure [11, 
60]. Moreover, it has been suggested that age > 55  years 
could be a risk factor for NOM failure only in high injury 

grades [61, 62]. Most patients who fail NOM do so within 
the first 3  days following trauma. However, the time to 
failure varies considerably. According to Clancy et  al. 
[63], the median time to surgery for patients who failed 
NOM was 11.2 h.

In a 2008 study by Smith et  al. [53], of patients who 
failed NOM, a full 95% failed within 72  h, and failure 
was highly related to the grade, with decreasing success 
of NOM noted at AAST Grade III and above. Addi-
tional observation for 48  h yielded only another 1.5% 
failure rate. Another 2008 retrospective cohort study of 
449 patients by McCray et  al. [5] demonstrated similar 
findings. Failure was again highly related to the grade of 
injury, and all patients with AAST Grade I injury had 
successful NOM. This continued as 99% for Grade II and 
94% and 84% for grade III and IV, respectively. As in prior 
studies, the vast majority of NOM failures occurred early 
on, primarily in the first 24 h. All Grade I patients stayed 
in the hospital for at least 24 h, and all other injury grades 
had a 36-plus hour admission. NOM failure occurred 
within 3  days of injury for the majority of patients also 
in extensive database studies [11, 12]. Peitzman et  al. 
[11] reported that most NOM failures occurred within 
the first 24 h (60%) with decreasing frequency on subse-
quent days (14% on the second day, 7% on the third day), 
so that 80% of failures occurred within the first 72  h. 
Zarzaour et  al. [64], in a Tennessee statewide database 
analysis from 2000 to 2005, found that, of 1932 patients 
discharged home after NOM of splenic injuries, 27 (1.4%) 
were re-admitted for splenectomy within 180  days. The 
median time from injury to re-admission for splenectomy 
was 8 days, with an overall 180-day risk of splenectomy 
of 1.4% after NOM and discharge home. Similarly, in the 
study by Santorelli et al. [65], of 15,596 patients from the 
US National Readmission Database from 2016 to 2017, 
the spleen-related readmission rate after NOM was 
2.4%, with the majority (70%) occurring within 7 days of 
discharge.

In the 2017 retrospective, cross-sectional study by 
Smith et al. [66], of 154 adult patients with blunt splenic 
injury treated with NOM, 16.1% of patients re-bled fol-
lowing NOM without SAE in a median of 2.3  days, 
whereas 28.6% of patients re-bled in a median of 2.0 days. 
Grade III–V injuries were a significant predictor of 
the failure of NOM ± SAE (OR 15.6, 95% CI 3.1–78.9, 
P = 0.001). No Grade I injuries and only 3.3% Grade II 
injuries re-bled following NOM. So, the authors con-
cluded that AAST Grade I and II patients could be dis-
charged after 24  h with appropriate advice. Zarzaur 
et  al. [67] showed that splenectomy for NOM failure 
after 24 h is rare. Only 12 patients of 383 enrolled in the 
study (3.1%) underwent splenectomy between 24  h and 
9 days after injury, whereas 0.27% required readmission 
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for delayed rupture on post-injury day 12. Notably, no 
Grade I injuries experienced this type of complication. 
So, the splenectomy rate after 24 h of NOM was 1.5 per 
1000 patient-days, and after the initial 24 h, no additional 
interventions were warranted for patients with Grade I 
injuries. In Liechti et al. [68], failure of NOM occurred in 
3.9% of patients, and every failure of NOM was detected 
following the clinical deterioration in the first 48 h.

The only randomized controlled trial focusing on the 
safety and feasibility of early discharge in adult patients 
with blunt liver or splenic trauma was published recently 
by Kumar et  al. [69]. This pilot trial focused on AAST 
Grades I–III trauma patients. Patients aged 18–60 years 
with blunt splenic injuries planned for NOM were rand-
omized into the experimental group for which discharge 
was planned on day three if pre-planned discharge cri-
teria were met (hemodynamic stability, no or minimum 
pain, no requirement for additional blood transfusion, 
no gross increase in hemoperitoneum), and the control 
group (discharge day 5). Both groups included 30 patients 
who were comparable in demography and injury-related 
parameters. Twenty-seven patients (90%) from the exper-
imental group and 28 from the control group (93%) were 
discharged on the proposed day. Three patients in the 
control group had unplanned hospital visits for reasons 
unrelated to the traumatic injury.

Nowadays, pediatric solid organ injury management 
could be guided by hemodynamic status and not only 
by injury grade on CT scan. The 2000 American Pediat-
ric Surgical Association (APSA) trauma committee [25] 
directed the treatment for each grade of injury and sug-
gested the length of hospital stay be grade plus 1  day. 
Mehall et  al. [70] reported the first prospective study 
directly challenging the APSA guidelines shortly after 
they were introduced. The discharge occurred 48 h post-
injury if patients had no abdominal tenderness, tolerated 
a regular diet, and had a stable hematocrit. All patients 
were managed non-operatively without transfusion, and 
43 of 44 completed the protocol, with an in-hospital 
mean observation time of 55.2 ± 12.3  h. The systematic 
review by Gates et al. [71] included 31 articles (four pro-
spective studies and 27 retrospective studies). The total 
number of blunt splenic injuries reported was 18,105, 
with predominantly AAST Grade II, III, and IV inju-
ries. The median length of hospitalization was 3.9 (range 
1.2–10.8) days, and the median length of ICU stay was 
2.0  days (range 0–6.3). In this review, studies that cor-
related solid organ injuries and length of hospital stay 
(LOS) concluded that LOS should be based upon hemo-
dynamic stability rather than grade alone. McVay et  al. 
[72] in 2008 proposed a management protocol for pedi-
atric patients with blunt liver and splenic injuries based 
on hemodynamic status. Using this protocol, the average 

LOS for all patients was 1.9 days versus 3.2 projected days 
based on APSA guidelines (P < 0.0001). Actual versus 
projected LOS for Grades III to V was 2.5 versus 4.3 days 
(P < 0.0001), and all patients returned to full activity with-
out complication. The use of hemodynamic status to 
guide management has also been prospectively validated 
by St Peter et al. [19] and has been subsequently validated 
in long-term studies by the same group [20].

Before the APSA Trauma Committee guidelines [25], 
ICU admission was used for patients with AAST Grade 
IV or higher injuries. However, validation studies showed 
that admission to ICU based on the grade of injury 
results in excessive admission of stable patients requir-
ing no intervention [73]. Some data on ICU use based on 
hemodynamic status rather than grade currently exist. 
However, Grade V injuries remain independently associ-
ated with a high risk of failing NOM and, according to 
Notrica et al. [22], may still require ICU admission inde-
pendently from hemodynamic status. A large multi-insti-
tutional retrospective review of more than 1800 pediatric 
solid organ injuries (liver, spleen, kidney, and pancreas) 
found that NOM fails in very few liver/spleen patients. 
Among more than 1000 blunt injuries in the series, NOM 
failed in only 19 patients resulting in shock or bleeding. 
The median time to operate for all patients was 3 h, with 
87% failing by 24 h; thus, only 0.6% of the total number of 
patients failed after 24 h for all causes [74]. Another series 
demonstrated only one delayed splenic bleed among 300 
patients, and the bleed occurred outside of the period of 
hospitalization suggested by APSA guidelines [75].

For children, patients and parents, psychological 
involvement after trauma can be related to abdominal 
pain. For this reason, family and patient education post-
discharge might be considered to reduce the readmission 
rate [76]. According to Notrica et al. and the ATOMAC 
guidelines [22], routine re-imaging in all children with 
blunt splenic or liver injury is not indicated during the 
observation period.

Research question 4: What kind of hemodynamic 
monitoring is indicated during NOM for splenic trauma 
according to the injury grade? (Medium priority).

Statement: No studies focused on hemodynamic moni-
toring in patients with splenic injuries treated with 
NOM. No comparative studies focused on the proper 
monitoring according to the grade of the injury. Conse-
quently, the evidence available is derived from case series 
and studies designed for other purposes, making the 
quality of evidence very low. Hemodynamic monitoring 
in patients with high-grade injuries is performed with 
continuous monitoring of vital parameters (pulse pres-
sure, cardiac frequency, and peripheral O2 saturation), 
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frequent medical and nursing monitoring and frequent 
evaluation of serum hemoglobin and hematocrit [Qual-
ity of Evidence: Very low].

Recommendation: There is not enough evidence to rec-
ommend specific hemodynamic monitoring in patients 
with splenic injuries treated with NOM. The panel sug-
gests that all patients treated with NOM for high-grade 
splenic injuries (WSES Classes II–III, AAST Grade ≥ III) 
might receive continuous hemodynamic monitoring of 
vital parameters (pulse pressure, cardiac frequency, and 
peripheral  O2 saturation) and frequent serum hemo-
globin and hematocrit levels evaluation (every 8  h) 
[Strength of Recommendation: Conditional recom-
mendation, based on Very low quality of evidence, 
Agreement 93.5%]. In patients with low-grade splenic 
injuries and stable hemodynamic status (WSES Class I, 
AAST Grades I–II) treated with NOM, the panel sug-
gests close medical and nursing monitoring with evalua-
tions of hemoglobin and hematocrit levels every 12–24 h 
if no complication occurs [Strength of Recommenda-
tion: Conditional recommendation, based on Very 
low quality of evidence, Agreement 91.3%].

There are no studies available in the literature focus-
ing on the best hemodynamic monitoring technique to 
be adopted in patients with splenic injuries treated with 
NOM; all the available evidence is derived from the 
description of NOM protocols in studies designed for 
other purposes; therefore, the quality of the evidence 
available is overall poor. Most patients with minor inju-
ries (AAST Grade I or II) are admitted to the ward with-
out continuous monitoring. On the other hand, subjects 
with an injury Grade of III or more receive continuous 
surveillance of vital signs through continuous monitoring 
in HDU or ICU.

A survey promoted by the AAST in 2004 showed that 
there were protocols for NOM of splenic injuries only in 
30% of the respondent centers; all the patients with an 
AAST Grade III or higher splenic injury underwent con-
tinuous monitoring [77]. Brillantino et al. in a retrospec-
tive study of 87 patients treated with NOM for splenic 
injuries, described their NOM protocol: each patient was 
evaluated with repeated arterial gas analysis every 12  h 
and complete blood cell count every 6  h until stability 
was reached. There was no mention of any hemodynamic 
monitoring and the admission to ICU [78]. Teichman 
et  al. described their protocol in a retrospective study 
including 107 patients: patients with low-grade injuries 
were on bed rest until two successive serum hemoglobin 
levels took every 12  h were within 10% of each other. 
There was no mention of other hemodynamic monitor-
ing. Patients with high-grade injuries were admitted to 
the ICU until three successive hemoglobin levels, taken 

every 8  h after the first, were within 10% of each other 
[17].

In a prospective study of 249 pediatric patients with 
NOM for solid organ injuries (including also liver 
trauma), St Peter et  al. described their protocol based 
on the continuous cardiac frequency and pulse oximetry 
monitoring and repeated evaluation of hemoglobin lev-
els every 4  h until stable [20]. NOM was demonstrated 
to be feasible also in patients with altered consciousness: 
Teuben et  al. reported their retrospective experience 
with NOM in 20 patients with GCS < 14. All the patients 
were admitted to a monitored intermediate care unit or 
ICU and underwent frequent examinations of vital signs 
and physical examinations (including hemoglobin level 
measurements) [79]. Recently, Kumar et  al. published 
a randomized trial where patients treated with NOM 
for blunt spleen and liver trauma were randomized to 
early (3 days) or late (5 days) discharge. All patients were 
treated according to the NOM protocol that included 
continuous monitoring of vital parameters and urinary 
output, repeated physical examinations every 6  h, and 
laboratory investigations [69].

No comparative studies among different hemodynamic 
monitoring protocols are available in the literature, and 
no evidence-based conclusions can be made; recommen-
dations made by the panelists are derived from low-qual-
ity studies and personal expertise. Therefore, panelists 
advocate for dedicated studies to evaluate the best hemo-
dynamic monitoring.

Research Question 5: When is angioembolization indi-
cated for patients treated with NOM for splenic trauma? 
(Urgent priority).

Statement: In stable patients with high-grade splenic 
injuries (WSES Classes II–III, AAST Grade ≥ III), splenic 
artery angioembolization (SAE) represents an effec-
tive adjunctive tool to NOM, reducing the failure of the 
conservative approach and the need for surgery. Angi-
ography and SAE should be performed at an early stage 
when contrast extravasation or vascular injuries (pseu-
doaneurysm, arteriovenous fistula formation, vessel trun-
cation) are detected on admission CT scan, as well as in 
high-grade splenic injuries (WSES Class III, AAST Grade 
IV–V) even if contrast extravasation is not detected. 
However, small pseudoaneurysms can be safely observed 
without SAE [Quality of Evidence: High]. Some dis-
crepancies in the management of WSES Class II (AAST 
Grade III) blunt splenic injury without contrast extrava-
sation still exist among the experts. However, based on 
the available evidence, SAE in WSES Class II (AAST 
Grade III) splenic injury without vascular extravasation 
cannot be currently recommended as routine practice. 
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In children, SAE has not been shown to be efficacious 
[Quality of Evidence: Low]. The available literature is 
inconclusive regarding whether proximal or distal embo-
lization should be used to avoid significant re-bleeding, 
and larger prospective cohort studies are required. How-
ever, both techniques have an equivalent rate of post-
procedural splenic infarctions and infections. Minor 
complications occur more often after distal embolization. 
This is primarily explained by the higher rate of segmen-
tal infarctions after distal embolization [Quality of Evi-
dence: Low].

Recommendation: The panel suggests splenic artery 
angioembolization (SAE) as the first-line intervention in 
patients with hemodynamic stability and arterial blush on 
CT scan, irrespective of injury grade, where the expertise 
and resources required to carry out the procedure are 
readily available [Strength of Recommendation: Condi-
tional recommendation, based on Moderate quality of 
evidence, Agreement 93.5%]. A low threshold for SAE is 
suggested for patients with WSES Class II (AAST Grade 
III) blunt splenic injury without contrast extravasation 
in the presence of risk factors for NOM failure (i.e., age 
above 55  years old, high injury severity score, the need 
for red cell transfusions in ED or during the first 24  h, 
patients on anticoagulant therapy, HIV disease, cirrho-
sis, and drug addiction) [Strength of Recommendation: 
Conditional recommendation, based on Low qual-
ity of evidence, Agreement 89.1%]. The panel suggests 
angiography and eventual SAE in all hemodynamically 
stable adult patients with WSES Class III (AAST Grade 
IV–V) splenic injuries, even in the absence of CT blush, 
in centers with adequate experience and where SAE is 
rapidly available, especially when concomitant surgery 
that requires change of position and that may cause dis-
lodgement of clots and rebleeding (i.e., spinal surgery 
in the prone position) is needed [Strength of Recom-
mendation: Conditional recommendation, based on 
Moderate quality of evidence, Agreement 83.7%]. The 
panel suggests SAE be reserved for children who dem-
onstrate evidence of ongoing bleeding with a vascular 
blush seen on CT [Strength of Recommendation: Con-
ditional recommendation, based on Low quality of 
evidence]. The panel suggests preferring proximal SAE 
over distal SAE when splenic artery angioembolization 
is needed [Strength of Recommendation: Conditional 
recommendation, based on Low quality of evidence, 
Agreement 84.8%].

Our review of the literature, including systematic 
reviews, meta-analyses, consensus papers, and retro-
spective cohort studies [6, 10, 78, 80–89], identified 
specific indications for angiography and splenic artery 
embolization (SAE), including vascular injures (contrast 

extravasation, pseudo-aneurysm, arteriovenous fistula 
formation, vessel truncation), high-grade (AAST IV–V) 
splenic injury, with no clear consensus about mandatory 
SAE in Grade III, large hemoperitoneum, and decreas-
ing hemoglobin. Prophylactic SAE in high-grade splenic 
injuries, independently from the presence of active bleed-
ing or vascular injuries, has been widely associated with 
a decrease in NOM failure and a lower incidence of sple-
nectomy, with a splenic salvage rate of over 90% in all 
injury grades, and greater than 80% for the most severe 
injuries. In general, proximal SAE has been the preferred 
technique because the reduction in intra-parenchymal 
blood pressure prevents late vascular injuries from the 
onset. Despite this, SAE in splenic trauma still lacks clear 
indications with various unselected approaches to its use 
[6].

Arvieux et  al. [86] randomized 140 patients with 
splenic trauma at high risk of rupture (AAST Grade III 
with large pelvic hemoperitoneum and/or serious dam-
age with a New Injury Severity Score of 15 or more, 
Grade IV splenic trauma, or Grade V splenic trauma 
with persisting vascularization of the spleen) to prophy-
lactic SAE (pSAE) or surveillance and then embolization 
only if necessary (SURV); 133 patients were retained in 
the study. For the primary endpoint (1-month spleen sal-
vage), data from 117 patients (57 who underwent pSAE 
and 60 who underwent SURV) were analyzed. The num-
ber of patients with at least a 50% viable spleen detected 
on a CT scan at month one was not significantly different 
between the pSAE and SURV groups, but, by the day five 
visit, there were significantly fewer splenic PSAs among 
patients in the pSAE group than in the SURV group (1.5% 
vs. 12.3%, P = 0.03), significantly fewer secondary embo-
lizations among patients in the pSAE group than in the 
SURV group (1.5% vs. 29.2%, P < 0.001), and no difference 
in the overall complication rate between the two groups. 
Between the day five and month one visits, the overall 
complication rate was not significantly different between 
the pSAE and SURV groups, and the median length of 
hospitalization was significantly shorter for patients in 
the pSAE group than for those in the SURV group (9 days 
vs. 13 days, P = 0.002).

Two different meta-analyses reported consistent results 
on the effects of SAE on Grades IV–V. Crichton et al. [6] 
analyzed 23 studies (6684 patients) that compared out-
comes in adult blunt splenic injury patients treated with 
SAE or NOM alone. For Grades I to V combined, there 
was no difference in the NOM failure rate (SAE 8.6% vs. 
NOM 7.7%, RR 1.09), mortality (SAE 4.8% vs. NOM 5.8%, 
RR 0.82), length of hospitalization (11.3 vs. 9.5  days), 
or blood transfusion requirements (1.8 vs. 1.7 units) 
between patients treated with SAE and those treated with 
NOM alone. However, morbidity was significantly higher 
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in patients treated with SAE (SAE 38.1% vs. NOM 18.6%, 
RR 1.83). Notably, when stratified by grade of splenic 
injury, SAE significantly reduced the failure rate of NOM 
in patients with Grade IV and Grade V splenic injuries 
but had minimal effect in those with Grade I to Grade III 
injuries. Similarly, Requarth et al. [90] showed that SAE 
was associated with significantly higher splenic salvage 
rates in AAST splenic injury Grades IV and V. In this 
meta-analysis, the failure rate of NOM without SAE was 
statistically higher than the failure rate of SAE in high-
grade splenic injuries (AAST IV–V): 43.7% (95% CI 25.5–
63.8) versus 17.3% (95% CI 7.8–34.1) for Grade IV and 
83.1% (95% CI 45.2–96.7) verus 25.0% (95% CI 8.7–53.8) 
for Grade V injuries, respectively.

Bhullar et  al. [82] analyzed 539 hemodynamically sta-
ble patients with blunt splenic injuries who underwent 
NOM, of which 104 (19%) underwent SAE, and 435 (81%) 
were observed without SAE. There was no statistically 
significant difference in failure of NOM in patients who 
did not undergo SAE versus those who did for Grades I 
to III. However, a significant decrease in failure of NOM 
was noted with the addition of SAE for Grades IV to V: 
Grade IV (23% vs. 3%, P = 0.04) and Grade V (63% vs. 9%, 
P = 0.03).

The absence of blush on CT in low-grade injuries relia-
bly excludes bleeding. Conversely, in high-grade injuries, 
CT is not accurate enough in excluding vascular injuries. 
Haan et al. [85] described that 23% of patients with Grade 
III to V injuries who were embolized after a positive diag-
nostic angiography had no signs of vascular injury on 
admission CT scan. Furthermore, Miller et  al. [8] dem-
onstrated that after negative angiography, patients were 
at risk of delayed bleeding, with a failure rate higher than 
10% in high grades. The authors suggested that a protocol 
requiring angiography and SAE for all high-grade spleen 
injuries slated for NOM leads to a significantly decreased 
failure rate [89].

The 2020 World Society of Emergency Surgery (WSES) 
consensus practice on Grade III blunt splenic injury with-
out contrast extravasation [84] found that, among the 
experts, three factors generated discrepancy in opinion 
on managing this pattern of injury: the patients’ injury 
severity, the presence of a bleeding diathesis, and associ-
ated intra-abdominal solid organs injury. In keeping with 
the results of the consensus, a low threshold for SAE is 
suggested for patients with high injury severity, the pres-
ence of a bleeding diathesis, and associated intra-abdom-
inal solid organs injury in AAST Grade III blunt splenic 
trauma without contrast extravasation.

Between 2.3 and 47% CT-detected contrast blush could 
not be confirmed at the subsequent angiography. In the 
retrospective study by Alarheyem et al. [91], a total of 143 
patients with blunt splenic injuries were found to have 

CT blush and underwent catheter angiography. How-
ever, 24 (17%) showed no evidence of blush on angiog-
raphy. Patients with CT-angiographic discrepancy were 
more than twice as likely to re-bleed compared with 
those with angiographic evidence of blush (25% vs. 10%) 
in this study, and, according to the authors, this was 
because, although all patients with a blush on angiogra-
phy underwent embolization, only 7 of 22 of those with 
no evidence of blush were embolized. Finally, the authors 
concluded that in clinical situations where a CT blush is 
noted secondary to blunt trauma to the spleen, a nega-
tive angiogram still carries a significant risk of recurrent 
hemorrhage. Reason for which consideration for empiric 
embolization at the time of the initial procedure, even 
in the absence of blush on angiographic evaluation, is 
warranted.

Embolization can be completed either by occluding the 
main splenic artery, referred to as proximal embolization, 
or by selectively targeting splenic artery branches with 
visualized injuries on angiography, referred to as distal 
embolization. Proposed benefits to proximal emboliza-
tion include speed and ease of procedure, lower cost, and 
fewer splenic abscesses and infarctions [92–94]. How-
ever, the available literature is inconclusive regarding 
whether proximal or distal embolization should be used 
to avoid significant re-bleeding, and larger prospective 
cohort studies are required. In the observational study 
by Killeen et al. [92], splenic infarcts occurred in 63% of 
patients after proximal and 100% after distal SAE. More-
over, infarcts after distal embolization tend to be larger, 
whereas infarcts after proximal embolization tend to be 
smaller, multiple, and located in the periphery. Although 
most infarcts resolved without sequelae, seven patients 
developed gas within an infarct or subcapsular fluid 
collection. Two collections were drained and found to 
be sterile, and one patient had a splenic abscess at lapa-
rotomy. In the retrospective cohort study by Brahmb-
hatt et al. [95], sixty patients underwent angiography for 
splenic injury after blunt traumatic injury, and forty-four 
patients were embolized. Seventeen patients under-
went proximal SAE, and 23 underwent distal SAE. Four 
patients had a combination of proximal and distal SAE. 
Eleven patients had subsequent major complications 
requiring splenectomy. There was no significant differ-
ence in major complication rate when comparing proxi-
mal SAE 29.4% versus distal SAE 21.7%. However, there 
was a statistically significant difference in fluoroscopy 
time between the proximal (10.1 ± 4.2  min) and distal 
groups (17.8 ± 8.7  min). Other studies [96, 97] showed 
equivalent results between the two techniques regarding 
technical and clinical success. Proximal SAE was associ-
ated with fewer and smaller infarcts than distal SAE in 
a series of CT scans of the embolized spleen in another 
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study [98]. Schnüriger et  al. [99], through a systematic 
review and meta-analysis, evaluated the outcomes of 
proximal versus distal SAE after trauma in a total of 479 
embolized patients. The overall failure rate of angioem-
bolization was 10.2%. Re-bleeding was the most com-
mon reason for failure, and it did not differ statistically 
between the used techniques. Conversely, minor compli-
cations occurred, especially segmental infarction, statisti-
cally and clinically more often after distal than proximal 
embolization.

Regarding the preservation of splenic immune func-
tion, Foley et al. [100] provided low-grade evidence that 
SAE may reduce immunological complications of spleen 
trauma and suggest that distal SAE may maintain better 
function. Other studies evaluating the effects of proximal 
versus distal SAE on immune function have not shown a 
difference between these methodologies. However, these 
studies have included only small data sets and may not 
have sufficient power to detect any variability [101–103].

Research Question 6: Is there a need for radiological fol-
low-up during the hospital stay for patients treated with 
NOM for splenic trauma according to the injury grade? 
(Urgent priority).

Statement. A selective re-imaging strategy appears safe, 
as re-imaging asymptomatic patients rarely results in 
intervention. Although limited due to the lack of high-
quality research, a follow-up CT scan seems to be justi-
fied only in patients with WSES Class II (AAST Grade 
III) or higher splenic injuries to identify vascular abnor-
malities after splenic trauma. Indeed, 75–90% of adults 
with pseudoaneurysm or arteriovenous fistula and all 
such lesions in the pediatric population occur in patients 
with injuries of such grade [Quality of Evidence: Low]. 
In higher grade injuries (WSES Classes II–III, AAST 
Grade III–V), contrast-enhanced ultrasound (CEUS)/CT 
scan follow-up might be performed in the first 48–72 h 
to exclude the development of vascular complications 
[Quality of Evidence: Low]. In literature, most delayed 
splenic complications are diagnosed in the first 7  days 
from trauma and rarely in AAST Grade I splenic injuries 
[Quality of Evidence: Low].

Recommendation. The panel suggests radiological fol-
low-up to be based on clinical findings in WSES Class I 
(AAST Grades I–II) splenic trauma treated with NOM 
and suggests against routine imaging follow-up in these 
patients [Strength of Recommendations: Conditional 
recommendation based on Low quality of evidence, 
Agreement 91.3%]. The panel suggests repeating imag-
ing with contrast-enhanced ultrasound (CEUS)/CT scan 
in 48–72 h post-admission and, eventually, at 5–7 days of 

trauma (only if remarkable changes in CT scan at 72 h are 
detected, or new signs/symptoms related to the trauma 
occur) in adult patients with WSES Class II splenic inju-
ries (AAST Grade III) or higher treated with NOM, 
regardless of whether SAE has been performed or not 
[Strength of Recommendation: Conditional recom-
mendation, based on Low quality of evidence, Agree-
ment 82.6%].

The role of follow-up imaging and its timing accord-
ing to the injury grade in patients treated with NOM for 
splenic trauma is still controversial. As reported in sev-
eral studies, follow-up imaging with a CT scan might 
not be mandatory in the absence of clinical signs and 
symptoms in lower grades (AAST I–II) blunt splenic 
injuries. The panel conditionally recommends that the 
best management is to identify people at greater risk of 
complications and require further treatments or changes 
in management. According to the 2017 WSES guide-
lines [1], CT scan repetition during admission should 
be considered in patients with moderate and severe 
lesions (AAST III–V or I–V if patients are unstable) or 
in patients with decreasing hematocrit, vascular anoma-
lies, coagulopathy, underlying splenic pathology and 
neurologically impaired patients. Follow-up CT scan to 
report splenic recovery has been regularly challenged in 
the literature, as it is considered an expensive habit that 
rarely impacts management decisions. To date, there are 
neither validated guidelines nor formal consensus about 
the benefits, methods, and timing of imaging follow-up 
for splenic trauma.

Routine follow-up imaging in these patients would aim 
to identify the formation of delayed vascular abnormali-
ties, especially PSAs, and to promptly intervene to avoid 
NOM failure. However, several authors do not recom-
mend routine follow-up imaging. Liechti et al. [68] evalu-
ated the relevance of follow-up imaging in a retrospective 
cohort of adult patients with blunt splenic injuries admit-
ted to a Level I trauma center. One-hundred-and-two 
patients were treated by NOM, with a failure rate of 3.9%. 
Failure was significantly associated with active bleeding 
and liver cirrhosis. Eighty patients (78.4%) received fol-
low-up imaging by ultrasound (US) or CT scan. In most 
cases, routine imaging examinations were conducted 
without prior clinical deterioration, and 96.4% of these 
imaging results revealed no new significant findings. 
Conversely, every failure of NOM was detected following 
a clinical deterioration in the first 48 h.

Similarly, Thaemert et  al. [104] stated that routine 
follow-up abdominal CT scan in patients with splenic 
injuries managed with NOM is not required in the 
absence of clinical indications. Their study obtained 62 
follow-up abdominal CT scans in 49 patients with splenic 
trauma treated with NOM. Information that affected 
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management was evident on only one follow-up CT scan 
performed in the absence of clinical indications. Also, 
Sharma et al. [105] and Shapiro et al. [106] showed a lim-
ited role of repeat CT scans in NOM of spleen trauma. 
Shapiro et  al., in particular, reported that follow-up CT 
scans underestimated injury, possibly related to a pro-
gression of bleeding and delaying the timing of the opera-
tion. Boukar et  al. [107] reported evidence suggesting 
that routine CT follow-up of spleen injuries does not 
provide significant changes in clinical management. In 
their systematic review, seven studies reported whether 
a repeat CT scan during follow-up was routine (74%) or 
prompted by clinical indication (26%). Notably, only 4% 
of routine CT scans led to a change in clinical manage-
ment, whereas, of the repeated CT prompted by clinical 
indication, 47% led to a change in management.

The presence of PSAs on CT correlates with failure 
of NOM. Weinberg et  al. [108] suggested a systematic 
approach with follow-up CT scans obtained between 24 
and 48 h after admission to detect splenic PSAs as early 
as possible. In their study, follow-up CT scans at 24–48 h 
were performed in 269 patients according to protocol. 
Serial CT imaging resulted in the angiographic detection 
of 14 (4%) early PSAs and 11 (3%) late PSAs. In this study, 
PSAs were associated with increasing grades of injury, 
but almost one-quarter (24%) of PSAs were observed 
in Grade I and II patients. Embolization was successful 
in 93% of patients with early PSAs and 91% with latent 
PSAs. The splenic salvage rate for all patients selected for 
NOM during the study period was 97%.

Most institutions (62%) involved in an international 
survey did not report an imaging protocol or follow-up 
for blunt splenic trauma patients treated with NOM, with 
42% of the centers choosing the type and timing of fol-
low-up based on the referring clinician’s decision. Among 
37% of these institutions, imaging follow-up was indi-
cated in all patients with AAST Grade II or higher splenic 
injuries, with only 21% performing imaging follow-up in 
all grades splenic injuries [109]. Similarly, a survey of the 
Eastern Association for the Surgery of Trauma (EAST) 
Member Practices in blunt splenic injury reported 
that only 14.5% of the interviewed would systemati-
cally obtain abdominal CT scans in all grades of splenic 
trauma. Among the rest of the sample, 61.3% would 
repeat the CT scan if evidence of clinical deterioration, 
contrast blushing on initial admitting CT scan (37%), and 
presence of high-grade (IV and V) splenic injury (20%) 
are present [77].

Some authors suggested considering a follow-up CT 
only in patients having Grade III or greater splenic injury, 
as 75–90% of adults with PSA or arteriovenous fistula, 
and all such lesions in the pediatric population, occur in 
patients with such graded injury [110]. Weinberg et  al. 

[108] focused on the need to identify early complica-
tions such as latent PSA, to avoid failure of NOM. To do 
this, they conducted a retrospective study in which 341 
patients diagnosed with CT abdomen-pelvis at admission 
underwent NOM for blunt splenic trauma and a follow-
up CT scan of the abdomen 24–48 h after injury. In 6% 
of the patients, early PSA was suspected at admission CT 
scan, and in 14 of 21 was confirmed at angiography. Fol-
low-up CT scan was performed at 24–48 h after trauma 
in 269 patients according to the protocol and permitted 
to diagnose 18 (5%) latent splenic PSA. With regards to 
the timing of imaging follow-up, we found variability in 
the literature, with authors suggesting performing a con-
trol CT scan between day five and day 30 [86], between 
24 and 72 h after admission [88, 89, 108, 109], or within 
24 h for CT scan to 10 days post-admission for US [68]. 
Raza et  al. [111] agreed on a selective re-imaging strat-
egy with CT scan only in case of hemoglobin dropping 
despite three units of blood transfusion, progressive 
distension of the abdomen, signs of infection, vomiting, 
hematuria, and tachypnea. With the implementation of 
these indications, NOM was successful in 963 (89.91%) 
out of 1071 patients. In their retrospective study, Furlan 
et  al. [112] showed a 23% incidence of delayed splenic 
vascular injury with follow-up CT performed at a median 
of 2 days after injury.

In a Japanese study involving 104 patients, delayed 
formation of PSA was identified with CT scan in 15% of 
all patients during hospital days 1–8. The authors sug-
gested that follow-up CT should be performed around 
1  week after splenic trauma to detect delayed PSA for-
mation [113]. Several studies showed that more than 
74% of splenic PSA are detected on follow-up imaging 
performed 24–72 h after trauma [105, 106, 114, 115]. In 
2018 Cimbanassi et  al. [88] published the results of an 
international consensus conference reporting no clear 
recommendation for follow-up imaging in blunt splenic 
injury but suggesting, based on experts’ opinion, to 
repeat imaging in 48–72 h in all high-risk patients for late 
vascular injuries (AAST Grades III–V). Experts previ-
ously agreed that follow-up imaging in AAST Grades III 
to V was appropriate, whilst a consensus was not reached 
for grade II. No definitive data exist regarding complica-
tions rate and short and long-term follow-up strategies 
for pediatric splenic trauma patients undergoing NOM. 
Notrica et  al. [116] reported, in their prospective study, 
conducted on 509 pediatric patients with blunt abdomi-
nal trauma, a 0.2% incidence of delayed splenic bleeding. 
Huebner et  al. [117] conducted a literature review con-
cerning the role of follow-up imaging of blunt splenic 
trauma in children. Results were extracted from 26 
cohort studies on an overall population of 929 patients 
who underwent routine follow-up imaging with US, CT, 
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or scintigraphy. No deaths related to splenic injuries were 
reported, and the incidence of delayed splenic rupture 
was 0.3% in the general cohort. According to the authors, 
these findings do not support the use of routine follow-
up imaging of children with blunt splenic trauma.

Complications of solid organ injuries treated with 
NOM requiring intervention are infrequent. In their 
study, Gates et al. found that re-imaging after 14 days did 
not lead to intervention in any of the 534 patients who 
underwent NOM. They proposed a selective re-imaging 
strategy as a safe and cost-effective strategy. The system-
atic review by Gates et al. [71] observed that most studies 
showed a low rate of complications in pediatric patients 
with post-traumatic splenic injuries, particularly low-
grade ones. So, follow-up imaging cannot be considered 
mandatory for low-grade and uncomplicated injuries or 
asymptomatic patients, but it may be considered in high-
grade injuries for the risk of developing life-threatening 
complications. Safevi et al. [118] showed a 17% incidence 
of PSA in AAST Grade IV patients in a population of 
186 pediatric patients treated with NOM for isolated 
splenic or post-traumatic liver injuries. In this retrospec-
tive study, all injuries were detected at admission using 
CT, while follow-up imaging was performed using Dop-
pler US 5 or 7 days after trauma. The results showed two 
children requiring SAE and one an emergency splenec-
tomy. Only one patient was symptomatic. So, the authors 
concluded that high-grade splenic and liver injuries are 
at higher risk of developing complications such as PSA. 
Thus, they should be subjected to routine follow-up 
before discharging.

Research Question 7: What is the best imaging method 
for follow-up patients treated with NOM for high-grade 
splenic trauma in the acute phase during NOM (Ultra-
sound without contrast, Contrast-enhanced ultrasound, 
CT-Angio)? (High priority).

Statement: Although contrast-enhanced CT scan is the 
gold standard modality for imaging abdominal organ 
traumatic injury, contrast-enhanced ultrasound (CEUS) 
has developed a role in the follow-up of traumatic inju-
ries, including splenic trauma. CEUS is a valuable tool for 
detecting post-traumatic lesions; it is comparable to CT 
after splenic embolization and may replace CT in follow-
up studies in expert hands [Quality of Evidence: Low]. 
CEUS may be considered in children, although repeat 
imaging in children is rarely needed [Quality of Evi-
dence: Low].

Recommendation: The panel suggests, in expert hands 
and dedicated institutions, using CEUS as an alterna-
tive imaging modality in the follow-up of conservatively 

managed splenic trauma to reduce the number of CT 
examinations, especially in children [Strength of Rec-
ommendation: Conditional recommendation, based 
on Low quality of evidence, Agreement 91.3%].

CEUS has been demonstrated to have comparable sen-
sitivity to contrast-enhanced CT scan in the diagnosis of 
traumatic injuries in patients with low-energy isolated 
abdominal trauma, with levels of sensitivity and specific-
ity up to 95% [119]. Dormagen et al. [120] reported CEUS 
was comparable to CT scan in detecting post-traumatic 
splenic lesions during follow-up. The authors described 
an overall sensitivity and specificity for all lesions of 87% 
and 88% at early follow-up and 85% and 95% at late fol-
low-up, respectively. Furthermore, they reported a sensi-
tivity and specificity at early follow-up of 85% and 70% 
for perisplenic fluid, 80% and 94% for subcapsular hema-
toma, 83% and 73% for lacerations, and 75% and 87% for 
infarctions. At late follow-up, the sensitivity and speci-
ficity were 60% and 100% for subcapsular hematoma, 
91% and 67% for intrasplenic hematoma, 100% and 93% 
for lacerations, 89% and 100% for scars. Current recom-
mendations provided by the Eastern Association for the 
Surgery of Trauma (EAST) and the World Society of 
Emergency Surgery (WSES) [1, 121] identify contrast-
enhanced CT scan of the abdomen as the gold stand-
ard in the diagnosis of blunt splenic injuries. The use of 
CEUS as an in-hospital follow-up in blunt splenic inju-
ries is increasing worldwide. Evidence supports the role 
of CEUS as a real-life, non-invasive, bedside, radiation-
free technique that has been proven to be a valid alter-
native to CT scanning in monitoring traumatic lesions 
in solid abdominal organs [122–124]. Limitations of 
the CEUS include lack of 3D scanning and whole-body 
exploration, difficulties in identifying bowel and mes-
enteric injuries, and operator dependence [125]. Its use 
in follow-up would decrease the number of CT scans, 
particularly where avoiding ionizing radiation is of sig-
nificant importance, including children and pregnant 
women or patients with more risk of side effects from 
iodinated contrast [126]. Valentino et  al. [127] studied 
133 hemodynamically stable patients with blunt abdomi-
nal trauma assessed by US, CEUS, and CT scans. US 
sensitivity, specificity, and positive and negative predic-
tive values were 70.2%, 59.2%, 74.7%, and 53.7%, respec-
tively, whereas those of CEUS were 96.4%, 98%, 98.8%, 
and 94.1%, respectively. Similarly, Catalano et  al. [128] 
reported that the extent of 17 splenic injuries on CEUS 
was comparable with that on CT in 13 and underesti-
mated in 4. In their study, CEUS was shown to be more 
sensitive than unenhanced US in detecting splenic injury, 
with a more significant correlation with CT. Tagliati et al. 
[129] analyzed 139 trauma patients where CEUS and con-
trast-enhanced CT follow-up were performed, showing 
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diagnostic comparability of 98.6%. Several authors pub-
lished encouraging results on the use of CEUS in mild-
to-moderate blunt abdominal trauma, reporting accuracy 
comparable to CT in detecting lacerations on the paren-
chyma of the abdominal organs [119, 120, 122, 126, 128–
131], as well as a follow-up after embolization of splenic 
trauma [120]. Dormagen et al. [120] compared the diag-
nostic performance of CEUS to CT in trauma patients 
after SAE. The sensitivity and specificity for CEUS at 
early follow-up were 85% and 70% for perisplenic fluid, 
80% and 94% for subcapsular hematomas, 83% and 73% 
for lacerations and 75% and 87% for infarctions, respec-
tively. The sensitivity and specificity at late follow-up 
were 60% and 100% for subcapsular hematomas, 91% 
and 67% for intrasplenic hematomas, 100% and 93% for 
lacerations and 89% and 100% for scars, respectively. The 
overall sensitivity and specificity for all lesions were 87% 
and 88% at early follow-up and 85% and 95% at late fol-
low-up, respectively. Compared to CT, CEUS underesti-
mated the injury grade in 2/40 cases and overestimated 
the injury grade in 3/40 cases.

Di Renzo et al. [132] retrospectively studied 46 pediat-
ric patients with isolated and combined post-traumatic 
injuries for 30 splenic, 15 hepatic and 12 renal injuries. At 
time zero, 42 patients underwent CT, and only 4 under-
went CEUS. During follow-up, imaging was performed 
in 16 patients within 72 h, in 24 patients between 5 and 
10  days post-admission, and in 21 patients between 20 
and 76  days post-admission. NOM was successful in 
all 46 patients; no one needed operative treatment for 
parenchymal injuries, whereas one patient developed 
post-traumatic PSA. The authors proposed an imaging 
follow-up protocol with CEUS in the first 3 days to check 
early complications, between 5 and 10 days to check the 
initial healing of parenchymal injuries to allow mobili-
zation, and eventually 1  month after trauma or later to 
check advanced healing. Durkin et  al. [124] sustained 
that the incidence of PSA is significantly higher in the 
pediatric literature than previously reported (< 5%) and 
stated that follow-up imaging with CEUS should be man-
datory in all grades of injury for follow-up of hepatic and 
splenic injuries.

Research Question 8: Should patients treated with 
NOM for splenic trauma (with or without angioemboli-
zation) receive vaccinations? (Medium priority).

Statement: Most patients with splenic injuries treated 
with NOM, including those treated with splenic artery 
embolization (SAE), present a significantly lower rate of 
post-traumatic infections than those who undergo sple-
nectomy [Quality of Evidence: Moderate]. SAE does 
not show higher rates of early and delayed infective 

complications compared with NOM without SAE [Qual-
ity of Evidence: Low]. There is insufficient evidence to 
advise mandatory vaccination in patients treated with 
NOM for splenic trauma, either with or without SAE 
[Quality of Evidence: Moderate].

Recommendation: The panel suggests against rou-
tine vaccination for overwhelming post-splenectomy 
infection (OPSI) from encapsulated bacteria in patients 
treated with NOM for splenic injury with or without 
SAE [Strength of Recommendation: Conditional rec-
ommendation, based on Moderate quality of evi-
dence, Agreement 89.1%]. The panel suggests a tailored 
approach driven by the immunologic state of the patient 
before the splenic injury and taking into account possible 
effects of SAE in losing 50% or more of spleen mass. If 
50% or more of the splenic mass is lost, and in every case 
of WSES Class III (AAST Grade V) injury, patients might 
be considered as asplenic and potentially more suscepti-
ble to OPSI; therefore, they could receive immunization 
against encapsulated organisms [Strength of Recom-
mendation: Conditional recommendation, based on 
Low quality of evidence, Agreement 93.5%].

The introduction of NOM for the treatment of splenic 
trauma allowed reducing the number of urgent splenec-
tomies and the impact of the asplenic state on the immu-
nocompetence of these patients, ultimately decreasing 
the risk of overwhelming post-splenectomy infection 
(OPSI). The most commonly involved organisms in 
OPSI are encapsulated bacteria, including Streptococcus 
Pneumoniae (50% of cases), followed by H. Influenzae 
and N. Meningitidis. Viruses, fungus and protozoan, are 
less common [133–135]. In the 2017 WSES guidelines 
on splenic trauma, adult and pediatric patients under-
going SAE were considered to have less effective immu-
nological function compared to patients treated with 
NOM without embolization. Despite evidence regard-
ing the possible maintenance of immunologic function, 
for these patients was considered reasonable to proceed 
with immunization against encapsulated bacteria as 
hypo-splenic patients [1]. In current literature, it is still 
controversial if NOM of splenic injuries, with or without 
SAE, can be associated with impairment of splenic role in 
immunocompetence, so it has not been clarified if these 
patients should be immunized. Some authors argued 
that immune function might be preserved following SAE 
[136], and, in 2015, the systematic review by Schimmer 
et al. [137] concluded that none of the 12 included studies 
reported an OPSI after SAE. Eleven studies found a pre-
served splenic function after SAE in adults and children. 
However, while there is increasing evidence suggest-
ing preservation of splenic immune function following 
SAE, a universal worldwide standard for quantitative 
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measurement and lack of long-term data makes it diffi-
cult to draw definitive conclusions on the subject. There 
are no specific investigations to evaluate the risk of 
decreased splenic function in splenic trauma patients 
undergoing NOM. However, some indirect markers can 
help to assess the effects of hyposplenism/asplenic state 
on immunocompetence. Leukocytes, platelets, Howell–
Jolly bodies (HJB) and levels of IgA would appear to have 
increased levels in splenectomized patients, as well as it 
has been reported a decreased phagocytic activity, serum 
levels of IgM and opsonin, such as propedin and tuftsi, 
memory B cell deficiency and impaired T cell-mediated 
response [138–143]. Skattum et al. [138] conducted a ret-
rospective study to assess long-term splenic functional 
and immunological outcomes after SAE in children and 
adolescents. They investigated spleen function after SAE 
for traumatic injuries on 11 children, performing Doppler 
US and quantifying blood counts, total immunoglobulins 
A/M/G, PPV23, H-J bodies, and lymphocytic phenotype 
levels. None of the patients underwent vaccination after 
SAE, and no OPSI were reported in the SAE group dur-
ing the follow-up period (average 4.6  years post-injury, 
range 1–8 years). All embolized spleens resulted in nor-
mal size and were well perfused according to Doppler US. 
No significant differences were found between SAE and 
control groups regarding Ig, H–J bodies and PPV23 titles, 
while all of these appeared to be increased in splenecto-
mized patients. The authors reported that only one of the 
sierospecific Pneumococcus immunoglobulins (IgM18C) 
resulted elevated in the SAE patients compared to the 
control group. Two patients reported an increased inci-
dence of non-invasive infections after SAE. Other stud-
ies have investigated splenic function after SAE, most 
concluding that the spleen’s immunocompetence is pre-
served [138, 142]. In keeping with these findings, several 
authors supported non-mandatory vaccination after SAE 
[80]. Olthof et  al. [102] performed a prospective study 
in which the splenic function of patients who under-
went SAE was compared to the function of both healthy 
controls and patients who underwent splenectomy. 
The median vaccine-specific antibody response of the 
SAE patients did not differ significantly from that of the 
healthy controls. In the longitudinal study by Tominaga 
et al. [141], people with traumatic splenic injury treated 
at one level II Trauma Center were studied, comparing 
both SAE and splenectomy patients to a control group 
of patients with blunt abdominal trauma but no evidence 
of splenic injury at CT scan. The authors reported that 
the immunologic state of patients undergoing SAE was 
similar to controls. Regarding the risk of early infec-
tions, Gauer et  al. [144] analyzed the outcomes of 155 
patients with blunt splenic trauma for 20  years, intend-
ing to evaluate the effects of splenic preservation versus 

splenectomy. Sixty-four patients were treated success-
fully with NOM, while in the operative group, the over-
all number of total splenectomies was 57. For the other 
34 patients needing surgery, splenic preservation was 
achieved by splenorrhaphy or partial splenectomy. The 
spleen was preserved in 98 patients, 64 by NOM (65%) 
and 34 by operative preservation techniques (35%). Early 
infections were reported in 3 of 64 patients who under-
went NOM (4.7%) and in 5 of 24 patients in the splenic 
repair group (14.7%). All the infections were proved bac-
teriologically, and no infections were caused by encap-
sulated organisms. These results showed a significantly 
higher rate of early post-traumatic infections in patients 
who underwent splenectomy than in patients treated 
with an operative splenic salvage strategy or NOM. There 
is some evidence that the impact of SAE on the immu-
nologic function of the spleen seems to have no differ-
ence whether SAE is performed proximally or distally. As 
described by Bessoud et  al. [83], proximal SAE in blunt 
splenic injuries is a well-tolerated technique without 
a major long-term impact on the splenic anatomy and 
immune function. In this study, all patients (24 of 24) 
evaluated for exposure-driven immunity against Haemo-
philus Influenzae B had sufficient immunity. Seventeen 
of the 18 patients (94%) evaluated for exposure-driven 
immunity against Pneumococcus had sufficient immu-
nity. Five of the six patients (83%) evaluated for pneu-
mococcus vaccine response had a sufficient response. 
During the follow-up period, no patient developed severe 
infections or unexplained fever. Additionally, patients 
underwent laboratory tests and a Doppler splenic US 
study to assess SAE’s impact on immunological function 
and anatomy of the spleen. All 24 patients showed evi-
dence of exposure-driven immunity against H. Influen-
zae; 17 of 18 patients (94%) explored for exposure-driven 
immunity to S. Pneumoniae polysaccharides had levels 
of antigen-specific IgG antibodies providing evidence of 
immunity, as well as 5 of 6 patients (83%) explored for 
S. Pneumoniae immunity after immunization. Splenic 
measurements resulted in the normal range after proxi-
mal SAE, and the spleen was homogenous in 23 patients 
(96%). Foley et  al. [100] compared the impact of proxi-
mal or distal SAE versus splenectomy on splenic immune 
function as measured by IgM memory B cell levels. They 
showed a trend toward better preserving IgM memory B 
cell numbers in patients with distal embolization.

Current Advisory Committee on Immunization Prac-
tices (ACIP) recommendations indicate that if 50% or 
more of the splenic mass is lost, patients should be con-
sidered as asplenic and potentially more susceptible to 
OPSI, and so they should receive immunization against 
encapsulated organisms [145]. Crooker et  al. [146] 
hypothesized that trauma patients currently receive 
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incorrect vaccination after SAE and that these patients 
would have poor compliance with ACIP immunization 
guidelines. The authors argued that the best management 
strategy for these patients should incorporate a protocol 
for determining if a patient would be considered asplenic 
after SAE, and the embolization calculation would be a 
helpful tool for this.

Research Question 9: How long should patients with 
splenic trauma treated with NOM be followed up 
after hospital discharge according to the injury grade? 
(Medium priority).

Statement: Risk factors for late failure of NOM and hos-
pital readmission include hemoperitoneum with signs 
of blush at first contrast-enhanced CT and high (WSES 
Class III, AAST IV–V) grade injuries [Quality of Evi-
dence: Low]. There is neither agreement nor sufficient 
evidence to recommend the optimal length of follow-up 
after hospital discharge in patients with splenic trauma 
treated with NOM. The role of imaging has not been 
cleared out in the post-discharge follow-up [Quality of 
Evidence: Very low]. Imaging follow-up, either by CEUS 
or CT scan, does not seem to provide clinical benefits in 
the post-discharge period, and it might be considered 
in severe injuries (WSES Class III, AAST Grade IV–V) 
and depending on the level of activity (professional ath-
letes, those practicing high-impact sports, heavy lifting) 
[Quality of Evidence: Very low]. Before returning to 
major physical activity, imaging follow-up with a con-
trast-enhanced CT scan or CEUS seems to be indicated 
to assess the status of the healing process after WSES 
Class II–III (AAST Grade III–V) splenic injuries treated 
with NOM [Quality of Evidence: Low]. The panel sug-
gests that patients with blunt splenic injuries treated with 
NOM (with or without SAE) and families be informed of 
long-term complications and the possibility of NOM fail-
ure [Quality of Evidence: Low].

Recommendation: The panel suggests selective imag-
ing follow-up at one, three, and (unless imaging confirms 
healing at 3 months) 6 months after discharge for patients 
with blunt splenic injuries treated with NOM only in the 
presence of risk factors for long-term complications and 
depending on the level of activity (professional athletes, 
those practicing high-impact sports, heavy lifting). The 
choice to perform imaging follow-up after discharge 
includes several considerations, such as the presence of 
severe splenic injuries (WSES Class III, AAST Grade 
IV–V); the association with other injuries that would 
warrant other specific follow-up; the age and expected 
activity level of the patient post-discharge; the type of 
NOM utilized (e.g., strictly observational or including 

interventional radiology); the duration of the hospital 
stay (with earlier discharge at risk of higher readmission 
rates) [Strength of Recommendation: Conditional 
recommendation, based on Low quality of evidence, 
Agreement 86.0%]. The panel suggests performing con-
trast-enhanced imaging follow-up (CT/CEUS) before 
returning to major physical activity (2–4  months in 
high-grade injuries) in adult patients with WSES Class 
II–III (AAST Grade III–V) splenic injuries treated with 
NOM [Strength of Recommendation: Conditional 
recommendation, based on Low quality of evidence, 
Agreement 89.1%]. Pediatric patients could be offered 
follow-up as outpatient consultation focusing on psycho-
logical response to injury and pain management, with 
further radiological examinations only if clinically indi-
cated [Strength of Recommendation: Conditional rec-
ommendation, based on Very low quality of evidence, 
Agreement 95.7%]. The panel suggests imaging follow-
up with CEUS before return to major physical activity 
in children with WSES Class II–III (AAST Grade III–V) 
splenic injuries treated with NOM [Strength of Recom-
mendation: Conditional recommendation, based on 
Low quality of evidence, Agreement 82.6%].

Long-term complications of NOM for blunt splenic 
trauma are delayed splenic rupture, hemorrhage from 
missed splenic vascular injuries, and development of 
PSAs. Unfortunately, recent literature that substantiates 
such a follow-up’s duration, timing, or structure is scarce 
at best, with a void of prospective and endpoint-guided 
research designs. Hence, the recommendations and out-
comes of any suggested surveillance strategy will hinge 
on some contemporary practice patterns for these inju-
ries. This would include several considerations, such as 
a single-organ injury or association with other injuries 
that would warrant other specific follow-ups; the age 
and expected activity level of the patient post-discharge; 
the type of NOM utilized (e.g., strictly observational or 
including interventional radiology); the duration of the 
hospital stay (with earlier discharge at risk of higher read-
mission rates).

Risk factors for post-discharge complications and 
re-admission were retrospectively analyzed by Freitas 
et al. [147] in a cohort of 2704 patients treated accord-
ing to NOM principles, both with (257 patients) and 
without SAE. The thirty-day readmission rate was 
higher in patients treated with SAE. Primary diagnoses 
on readmission were spleen injury (36.2%) and respira-
tory complications (9.05%). Adjunct SAE was reported 
as an independent risk factor for readmission. Nearly 
one-fifth of readmitted patients initially managed non-
operatively required operative intervention. Patients 
with splenic injuries treated with NOM and SAE have 
an increased risk of being re-admitted within 1  year 
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for surgical site infections, pneumonia, urinary tract 
infections, and sepsis. Crawford et  al. [55] carried out 
a retrospective analysis of 691 patients admitted to 
a Level 1 trauma center with splenic trauma aimed to 
identify risk factors for early (within 3  days) and late 
(after 3  days) NOM failure. Only 7% of patients failed 
NOM; late failure was observed in 10 (2%) patients. 
Late bleeding was the cause of NOM failure in all 
patients with late failure, occurring in 8 ± 6  days after 
admission. Zarzaur et  al. [64] evaluated the risk of re-
admission for delayed splenectomy within 180  days 
from the original injury and reported that it was 1.4% 
for those treated with NOM and discharged home. The 
limitations of this study (single-center, retrospective 
analysis) were addressed by a prospective multicenter 
study carried out by the same group of authors [67] 
to assess the risk of delayed hemorrhage after NOM. 
Among a population of 383 patients, 12 patients under-
went in-hospital splenectomy between 24 h and 9 days 
after injury. Of 366 patients discharged after NOM, 1 
(0.27%) required readmission for delayed splenectomy 
post-injury Day 12. No Grade I injuries underwent 
delayed splenectomy. The presence of blush signs at the 
arterial phase of the contrast-enhanced CT at admis-
sion was associated with splenectomy. Savage et  al. 
[10] showed that mild injuries had a faster mean time 
to healing compared with severe (12.5 vs. 37.2  days, 
P < 0.001). Most healings occurred within 2  months, 
but approximately 20% of each group had not healed 
after 3  months. Readmission patterns of patients with 
isolated splenic injuries in the USA showed that around 
20% were readmitted within 6  months after discharge 
(mean time to readmission: 44  days), with only 1.2% 
needing splenectomy during the readmission after ini-
tial NOM [148]. No significant differences were found 
in readmission rates between the initial chosen man-
agement strategy of splenectomy, SAE, or no proce-
dure. A recent series displayed a 2.4% spleen-related 
30-day readmission rate after NOM, with the majority 
(70%) occurring within 7 days of discharge [65]. Several 
studies have shown that the utilization of SAE serves as 
an independent risk factor for readmission [65, 150], 
with SAE showing over double the incidence of infec-
tious complications compared with NOM treatment 
without SAE [151]. In aggregated data, a recent review 
stated that routine repeat CT without clinical indica-
tion was not helpful in blunt splenic injury managed 
non-operatively. However, the included studies showed 
imprecise effect estimates, and some were of low meth-
odological quality [107]. A similar conclusion has been 
put forward by a single center using the US as a first-
line follow-up, stating that clinical findings should 

indicate the need for radiological follow-up with CT as 
the preferred imaging modality [68].

In pediatric splenic injury, current guidelines advo-
cate a "less is more" approach to imaging studies with 
radiation exposure during admission and follow-up 
[89]. A recent prospective multi-center study looking at 
pediatric blunt liver or spleen injury concluded that “a 
selective re-imaging strategy appears safe, and even re-
imaging symptomatic patients rarely results in interven-
tion” [116]. This can be seen in conjunction with previous 
reviews on the matter, which do not support the use of 
routine follow-up imaging of all children with blunt 
splenic trauma [117, 150]. Long-term follow-up might 
play a role in dealing with abdominal pain and psycho-
logical repercussions after injury in patients and their rel-
atives [76]. Such indications for outpatient consultations, 
addressing post-traumatic stress responses after hospital 
discharge in pediatric and adult patients, are often over-
looked and must be studied further.

Healing of blunt pediatric splenic injury seems related 
to injury severity and the difference in the mean time to 
healing among all grades is significant. Dickinson et  al. 
[151] conducted a retrospective study between 2000 and 
2014 on 214 patients subjected to NOM for blunt splenic 
injury, of whom 152 (71%) underwent follow-up imag-
ing from 4 to 74 weeks after trauma. The timing of post-
discharge imaging was displayed as a ROC curve, and the 
likelihood of identifying all healed spleens was compared 
with the likelihood of identifying healing and non-healed 
spleens for post-injury weeks. The timing to confirm 
healing of low-grade splenic injuries (AAST Grades I and 
II) appeared to be optimal around 7–8 weeks post-injury, 
while no recommendations were possible for high-grade 
injuries (AAST Grades III–V). In 2018, Tagliati et  al. 
[129] prospectively studied 139 trauma patients with CT-
diagnosed spleen injury who underwent NOM. CEUS 
follow-up was conducted with serial examinations at 
1–3–7–15–30–60–90–180  days after trauma until heal-
ing of the splenic injury was achieved. CEUS showed 12 
delayed splenic vascular injuries and five delayed active 
extravasation, while CT diagnosed 16 delayed complica-
tions in these 17 patients. From these data, CEUS and CT 
diagnostic comparability was 98.6%. Thirteen patients 
with delayed complications diagnosed with CEUS under-
went angiography that confirmed 12 delayed splenic 
injuries. CEUS, compared to digital subtraction angiog-
raphy, showed a positive predictive value of 91.7% and a 
sensitivity of 100%. In this study, all delayed splenic com-
plications were diagnosed in the first 7 days and none in 
AAST Grade I splenic injuries. Thus, the authors indi-
cated CEUS could be used in patients with Grade > II 
injuries to assess delayed complications and to reduce 
CT examinations, using a pre-established interval of US 
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exams (e.g., 1–3–7  days after trauma). In a retrospec-
tive study by Smith et al. [66], the authors included 154 
patients aged > 16 years with blunt splenic injury and fol-
lowed them for at least 30  days after trauma. Of these, 
148 underwent CT at admission, while 6 of 154 needed 
immediate laparotomy and splenectomy for hemody-
namic instability. Of patients who underwent CT, ten 
needed subsequent laparotomy to manage their injuries, 
26 underwent angiography with SAE and one only angi-
ography. Fourteen (16.1%) patients bled during NOM in 
a median of 2.3 days from injury, and eight re-bled after 
SAE in a median of 2  days. No AAST Grade I injuries 
and 3.3% Grade II bled during NOM, while higher grade 
injuries (Grades III–V) were a significant predictor of the 
failure of NOM with or without SAE (P = 0.001, OR 15.6, 
95% CI 3.1–78.9) as well as intraparenchymal or subcap-
sular haematoma (P = 0.004, OR 10.9, 95% CI 2.2–55.1). 
A retrospective analysis carried out at a Level I pediat-
ric trauma center among 222 patients showed that 71% 
of patients underwent additional imaging 2–74  weeks 
post-injury before returning to physical activity. The 
optimal timing for post-injury imaging for Grades I–II 
was 7–8 weeks, whereas healing of higher-grade injuries 
could not accurately be predicted [151].

Research Question 10: How long should patients treated 
with NOM for splenic trauma abstain from major physi-
cal activities based on the grade of the splenic injury? 
(High priority).

Statement. Although there is a lack of high-quality 
research on the duration and intensity of restricted activ-
ity and return to play after blunt spleen injuries treated 
with NOM, the current trend is toward shorter post-dis-
charge follow-up with earlier return to daily activity. Spe-
cifically, physical activity restrictions limited to 4  weeks 
after the injury, irrespective of injury grade on CT, seem 
safe in pediatric patients. Non-contact activity, including 
school, can be allowed safely after discharge [Quality of 
Evidence: Low].

Recommendation: The panel suggests that major activ-
ity restrictions (athletic activities, no-contact sports, 
heavy lifting) in adults with splenic trauma treated with 
NOM might be prescribed for 3–5  weeks in low-grade 
splenic injuries (WSES Class I, AAST Grades I–II) and 
up to 2–4 months in high-grade injuries (WSES Classes 
II–III, AAST Grade III–V). A follow-up imaging with 
contrast-enhanced CT/CEUS is suggested before return 
to full activities to confirm healing [Strength of Recom-
mendation: Conditional recommendation based on 
Low quality of evidence, Agreement 89.1%]. The panel 
suggests that major activity restrictions in children with 

splenic trauma treated with NOM could be limited to 
4  weeks after the injury, irrespective of injury grade on 
CT scan [Strength of Recommendation: Conditional 
recommendation based on Low quality of evidence, 
Agreement 87%].

Although there is a lack of evidence-based guidelines 
regarding the duration and intensity of restricted activity 
and return to play after blunt spleen injuries treated with 
NOM, high-risk activities such as biking, skiing, contact 
sports, and fighting sports are generally restricted for up 
to 3 months after trauma. However, the current trend is 
toward an earlier return to activity. This trend is driven 
by growing evidence that this appears to be a safe practice 
with decreased healthcare and societal costs. Although 
late complications of NOM are known to occur, surgeons 
and researchers believe their occurrence is independent 
of activity restriction. So, it is unlikely that longer periods 
of activity restriction will affect their incidence. Activ-
ity restriction may be suggested for 4–6 weeks in minor 
injuries and up to 2–4  months in moderate and severe 
injuries, according to the WSES guidelines [1]. This sug-
gestion was based on low-quality studies in which the 
return to regular activity can occur 2.5–3  months after 
splenic trauma treated with NOM [152, 153]. However, 
other authors suggested activity restriction of 2 weeks for 
mild injuries with a return to full activity after 6  weeks 
and up to 4–6 months for patients with more severe inju-
ries [10, 154].

Given the lack of solid evidence, consensus studies in 
this research field represent the only available literature. 
In a Delphi study by the PYTHIA collaborative group 
[155], recommendations regarding return to full activ-
ity varied by the experts’ perceived risk to the patient 
and by injury grade. Agreement regarding recommen-
dations for return to activity was then limited. Espe-
cially, a great diversity of opinion concerning the return 
to contact sports raised. The first Delphi round showed 
that 3 months of rest was frequently recommended. Zar-
zaur et al. [154] surveyed activity level recommendations 
among American Association for the Surgery of Trauma 
(AAST) members. For a sedentary patient, respondents’ 
recommendations were more conservative as the grade of 
injury increased (low grade, < 8 weeks; higher grade, var-
ying). For professional football players, the recommenda-
tions depended on injury grade (low grade, 4–8  weeks; 
higher grade, more extended periods or return after 
showing that the injury was healed on CT scan). For 
AAST Grade IV or V injury, some of the experts even 
recommended permanent exclusion from full activ-
ity. The period needed before releasing patients back to 
full activity was a matter of debate also in the Eastern 
Association for the Surgery of Trauma (EAST) practice 
management guideline on NOM of blunt splenic injuries 
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[89]. The duration and intensity of restricted activity after 
discharge remained among the unanswered questions 
included in the "topics for future investigation." Most 
respondents (78.1%) relied on clinical judgment alone for 
activity recommendations in lower grades of injury, while 
a higher reliance on CT findings was used for AAST 
Grades IV and V (49.8%). Similarly, Fata et al. [77] found 
that clinical judgment was the predominant factor cited 
by EAST members in return-to-activity decisions for 
all grades of splenic injury. Most EAST members (81%) 
did not use CT scans following discharge for Grade I 
and II injury to make activity recommendations. How-
ever, the proportion using CT scan increased steadily for 
higher grades of injury. Concerning follow-up and dis-
charge instructions, 62.9% of the sample chose to allow 
patients with AAST Grade I and II injuries to return to 
light housework, office work or low-impact aerobic activ-
ity within 2  weeks of their initial trauma. For Grade III 
injury, 29.6% of respondents chose to allow light activ-
ity at 2 weeks. For Grades IV and V, 22.4% of the experts 
chose to lift light activity restrictions as early as 2 weeks 
from their injury. Two-thirds of the sample chose to 
allow patients with Grades III or higher to return to light 
activities within 4  weeks to 2  months of their injury. 
For higher injury grades, 10.9% would restrict activities 
over 3 months. Recommendations concerning strenuous 
activity (defined as running, lifting over twenty pounds, 
construction work or manual labor) showed more vari-
ation with higher grades of injury. For Grades I and II, 
the majority of EAST members (74%) chose to restrict 
strenuous types of activities until 6  weeks. For Grades 
IV and V, 16.9% of the membership advised strenuous 
activity confinement for longer than 3 months. For Grade 
III injuries, 19.8% of the sample would allow the return 
to full activity within 6  weeks, 56% within 2–3 months 
and 19.2% within 4–6 months. For Grade IV and V inju-
ries, the majority of respondents were divided among 
2–3 months (45.8%) and 4–6 months (31%). With Grade 
IV and V, 5% would choose to restrict activity for a period 
longer than 6 months.

Pediatric studies suggested activity restriction lim-
ited to 8 weeks [72], or grade of injury plus 2 weeks, in 
keeping with the APSA guidelines [25]. However, in a 
3-year prospective study on 44 patients with blunt liver 
and spleen injuries published after the APSA guide-
lines [70], all patients had activity restrictions limited to 
4  weeks after the injury, irrespective of injury grade on 
CT. Non-contact activity, including school, was allowed 
after discharge. Patients were followed-up at 1  month 
with ultrasonographic imaging, and no delayed bleed-
ing was detected. This study suggests that the manage-
ment of pediatric solid organ injuries should be guided 
by hemodynamic status and not injury grade on CT, and 

activity restrictions could be shorter than recommended 
in the APSA guidelines for all injury grades. Similarly, 
Notrica et  al. [156] evaluated activity restriction adher-
ence to the APSA guidelines and found no difference in 
frequencies of bleeding or emergency department re-
evaluation between patients adherent or non-adherent to 
the APSA activity restriction guideline. Other case series 
addressed the topic of activity restriction specifically fol-
lowing splenic injury [157–161]. Some of these studies 
utilized activity restrictions ranging from 4 to 12 weeks. 
Lynch et  al. [162] evaluated radiographic evidence of 
healing using weekly ultrasound of the solid organ (liver 
or spleen) to determine when it was safe to return to ath-
letic activity. They found that healing took place between 
3 and 21 weeks and correlated with the grade of injury. 
Another study used CT to assess the healing with a 
mean time to complete healing of 87 ± 8 days post-injury 
[163]. However, no correlation between radiographic 
evidence of healing and clinical parameters can be made 
to guide the length of activity restriction. According 
to Gates et  al., restricting activity to the grade of injury 
plus 2 weeks is safe. However, shorter periods need to be 
investigated prospectively [71].

Research question 11: Which is the best treatment 
of post-angioembolization necrosis of the spleen for 
patients with splenic trauma treated with NOM? Surgery 
or radiological drainage? (High priority).

Statement: Splenic abscess following NOM for splenic 
injuries is an infrequent complication. In the case of a 
splenic abscess, surgery and percutaneous drainage seem 
similar in safety and efficacy, but the quality of support-
ing evidence is poor [Quality of Evidence: Low].

Recommendation: The panel suggests considering per-
cutaneous drainage as the first-line treatment of splenic 
abscesses after NOM in case of availability of the inter-
ventional radiology technique, adequate skills, and 
technical feasibility [Strength of Recommendation: 
Conditional recommendation based on Low quality of 
evidence, Agreement 95.7%]. In case of failure of percu-
taneous drainage (intense and persistent pain in patients 
with sepsis) or unavailability, the panel suggests perform-
ing splenectomy, open or laparoscopic, according to local 
expertise [Strength of Recommendation: Conditional 
recommendation based on very Low quality of evi-
dence, Agreement 97.8%].

Splenic abscess and splenic infarction are possible 
complications of NOM in splenic trauma; the presence 
of necrotic tissue without vascular supply after trauma 
or after SAE is recognized as risk factors for develop-
ing necrosis and splenic abscesses. A retrospective 
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review of a large population of 17,857 patients treated 
with NOM for traumatic splenic injury reported a 3% 
incidence of splenic infarction and 3.9% incidence of 
splenic abscesses as complications of NOM [65].

Treatment of splenic abscesses is based on the 
administration of high-dose broad-spectrum antibi-
otics. Antibiotic therapy is of paramount importance 
while further therapeutic arrangements are made, and 
the choice of antibiotics might be guided by the cul-
ture results. However, medical treatment alone is not 
recommended because of medical therapy’s low effec-
tiveness in controlling the source of infection. Splenic 
abscesses could be treated with splenectomy or percu-
taneous drainage that permits splenic salvage. Splenec-
tomy is preferable in case of multiple or multilocular 
abscesses, in case of contraindications to percutane-
ous drainage, or case of patients with no response to 
medical therapy after percutaneous drainage. It may 
be performed either laparoscopically or through lapa-
rotomy. When feasible, laparoscopic splenectomy is an 
alternative to the open method. It is associated with 
faster postoperative recovery and reduced hospital 
stay [164].

Gutama et al. in 2022 published a systematic review 
of studies comparing percutaneous drainage and sple-
nectomy for splenic abscesses. They retrieved 46 stud-
ies for 589 patients, 288 underwent splenectomy, and 
301 underwent percutaneous drainage. The overall 
mortality rate was similar (12% for splenectomy com-
pared with 8% for percutaneous drainage), and there 
were no substantial differences in the overall morbid-
ity rate (26% vs. 28%). The two treatments resulted in 
nonsignificant risk difference for death (− 4% 95% CI 
− 11% to 3% favoring percutaneous drainage) and for 
morbidity (− 3% 95% CI − 15% to 10% favoring percu-
taneous drainage).

The meta-analysis included patients with splenic 
abscesses of all etiologies, and only a smaller part of 
the patients were trauma patients; the generalizabil-
ity of the evidence is limited since most patients had 
significant comorbidities and were poorly comparable 
with trauma patients [165].

A proposed alternative for treating splenic abscesses 
is the EUS-guided transgastric drainage of the 
abscesses: two case reports reported the technique’s 
feasibility in selected patients. None of the patients 
was treated for splenic abscess following NOM for 
splenic traumatic injuries; therefore, evidence is poorly 
generalizable to trauma patients; more evidence is 
needed to evaluate the role of this technique in the 
management of splenic abscess [166, 167].

Conclusions
This international consensus project aimed to develop 
evidence-based recommendations regarding the optimal 
strategies for follow-up of patients with splenic injuries 
treated with NOM. Evidence-based solid approaches 
in the follow-up strategies during NOM for splenic 
trauma are still lacking. However, using a modified Del-
phi method, a consensus was reached on eleven clini-
cal research questions and 28 recommendations with 
an agreement rate ≥ 80% among a group of internation-
ally recognized acute care and trauma specialists. This 
consensus suggested allowing early mobilization within 
24  h in adult patients with low-grade splenic injuries 
treated with NOM. The panel suggests that patients with 
WSES Class II (AAST Grade III) splenic injuries can be 
mobilized after 2 days from the trauma if no other con-
traindications exist. In patients with high-grade splenic 
injuries, if no other contraindications to early mobiliza-
tion exist, the patient can be mobilized safely after 2 days 
from the trauma when three successive hemoglobins 8 h 
apart after the first hemoglobin check are within 10% of 
each other and if clinical parameters remain stable. In 
the absence of specific complications, the panel suggests 
DVT and VTE prophylaxis with LMWH to be started 
within 24  h from hospital admission for patients with 
WSES Class I (AAST Grade I–II) and within 48–72  h 
for those with WSES Class II–III (AAST Grade III–V) 
splenic injuries. The panel suggested 1 day (for low-grade 
splenic injuries) to 3 days (for high-grade splenic injuries) 
of hospital admission for adult patients, with the dura-
tion of stay based on hemodynamic status, hemoglobin 
and hematocrit stability, and results of the follow-up 
CEUS/CT scan at 48–72 h. The panel suggests that early 
discharge after NOM, especially for patients with WSES 
Class II–III (AAST Grade ≥ 3) injuries, be at least accom-
panied by an explicit patient and caregiver education 
regarding the risk of outpatient rupture; in every case, 
an outpatient clinical follow-up, telephone, GP-follow-
up, or community nurse follow-up after 5–7  days was 
suggested. Where the expertise and resources required 
to carry out the procedure are readily available, SAE 
represents the first-line intervention in patients with 
hemodynamic stability and arterial blush on CT scan, 
irrespective of injury grade. A low threshold for SAE was 
suggested for patients with WSES Class II (AAST Grade 
III) blunt splenic injury without contrast extravasation 
in the presence of risk factors for NOM failure (i.e., age 
above 55  years old, high injury severity score, the need 
for red cell transfusions in ED or during the first 24  h, 
patients on anticoagulant therapy, HIV disease, cirrho-
sis, and drug addiction). Moreover, the panel suggested 
angiography and eventual SAE in all hemodynamically 
stable adult patients with WSES Class III (AAST Grades 
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IV–V) splenic injuries, even in the absence of CT blush, 
in centers with adequate experience and where SAE is 
rapidly available, especially when concomitant surgery 
that requires a change of position and that may cause 
dislodgement of clots and rebleeding is needed. Con-
versely, in children, the panel suggests SAE be reserved 
for children who demonstrate evidence of ongoing bleed-
ing with a vascular blush seen on CT. Repeating imaging 
with contrast-enhanced ultrasound (CEUS)/CT scan in 
48–72 h post-admission was suggested in adult patients 
with WSES Class II splenic injuries (AAST Grade III) or 
higher, regardless of whether SAE has been performed or 
not. The panel suggested against routine vaccination for 
OPSI from encapsulated bacteria in patients treated with 
NOM for splenic injury with or without SAE in favor of 
a tailored approach that considers the possible effects 
of losing 50% or more of spleen mass. Finally, for adult 
patients, the panel suggested major activity restrictions 
(athletic activities, no-contact sports, heavy lifting) for 
3–5  weeks in low-grade splenic injuries (WSES Class I, 
AAST Grades I–II) and up to 2–4 months in high-grade 
injuries (WSES Classes II–III, AAST Grades III–V).

This consensus document could help guide future pro-
spective studies aiming at validating the suggested strate-
gies through the implementation of sizeable prospective 
trauma databases and the subsequent production of 
internationally endorsed guidelines on the issue. At the 
same time, a research agenda is necessary on the areas 
of research which should be investigated in the future: at 
the moment, the evidence to provide the surgeons with 
suggestions or recommendations is overall poor. The 
experts recognized that there is a substantial lack of evi-
dence about the type and timing of hemodynamic moni-
toring, the choice between proximal and distal SAE, the 
use of preemptive angiography and SAE in adult trauma 
patients with WSES Class III splenic injuries, the use 
of CEUS as an alternative imaging modality to CT, and 
the duration of major activity restrictions in adults with 
splenic trauma treated with NOM.

Appendix 1: Comments from the experts’ panel
Research Question 1: No need for bed rest for Grade I–II 
splenic injuries in children (KS). Scheduled serial hemo-
globin measurements are unnecessary, increase cost, and 
rarely change management, especially in children. The 
choice to repeat hemoglobin should be based on physi-
ologic signs of ongoing bleeding. The duration of bedrest 
should be based on clinical findings, not the grade of 
injury (DB). No bed rest is needed just because of the 
injury. Patients may stay in bed if unwell (JG). There is 
no reason patients need to be at bed rest, unless unwell 
(TS). My practice used to be: Grade = days but agree with 

the recommendations (AL). In patients with high-grade 
splenic injuries (WSES Classes II–III, AAST Grade III–
V), if no other contraindications to early mobilization 
exist, the patient can be mobilized safely after 48 h (GF). 
It is too early to mobilize AAST Grades III–V adults 
depending on the hemoglobin level (FAZ). Evidence on 
mobiliztion based on hemoglobin drop is too weak (IC).

Research Question 2: For patients with AAST Grade 
I–II splenic injuries DVT/VTE prophylaxis should be 
started within 24  h (EM, KI). DVT/VTE prophylaxis 
should be started within 24 h of stable blood count (hem-
atocrit and hemoglobin) (JG). Mobilization within 24  h 
is safe if there is no evidence of bleeding, particularly in 
low-grade injuries (WB). NOM patients can start DVT 
prophylaxis immediately (TS). NOM patients can start 
DVT prophylaxis 72  h after trauma (IW). Subcutane-
ous LMWH should be administere till being full mobi-
lized (FAZ). The uncertainty in the timing should also be 
considered: 48–72 h seems more appropriate. Again the 
rationale is that reactionary haemorrhage usually occurs 
within 48 h (KG).

Research Question 3: The length of admission for iso-
lated splenic injury should be based on clinical find-
ings and not injury grade with early discharge if feasible 
(DB). The patient’s social status and compliance level, 
which are key factors in decision-making, should be 
taken into account (ZB). As AAST Grade V injuries still 
remain independently associated with a high risk of fail-
ing NOM, 1 day of in-hospital follow-up for patients with 
AAST Grade I–II splenic injuries, 2 days for those with 
AAST Grade III, and 3  days for AAST Grade IV–V is 
suggested. The patients with high-grade injuries should 
be discharged with no complaints and stable hemoglobin, 
and with good explicit patient and caregiver consultation 
(ET). Five days of hospital admission for AAST Grade I–
III and 7 days for AAST Grade IV–V injuries. The major 
concern of reducing the hospital stay to 1 or 3 days 
depending on the evidence alone has one shortage which 
is this recommendation is built up on group data. Occa-
sionally a patient may get a rupture and die. If these rec-
ommendations are adopted, they should be within clear 
guidelines which are adopted by hospital administra-
tions for medicolegal issues (FAZ). Length of hospital stay 
should be based on clinical condition, not an abritrary 
number based on AAST Grade (IC). Difficult to abandon 
AAST Grade plus 1  day in children without clear alter-
native. If so, the approach based on hemodynamic status 
should be outlined (JWL). In UK, many primary consulta-
tions with GP happen over phone. There is also a system 
of GP nurse/community nurse follow-up for certain con-
ditions in UK. I cannot see any reason why every AAST 
grade I or II injury should be followed-up in outpatients 
after a week. A more acceptable statement can be "and in 
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every case, a clinical follow-up at outpatient, telephone, 
GP-follow-up, or community nurse follow-up after 
5–7  days is recommended" (KG). The term "monitored 
setting" could imply a higher level of care such as ICU or 
intermediate/step-down unit. This is probably not neces-
sary, especially in low-grade injuries (WB).

Research Question 4: Scheduled serial hemoglobin 
measurements are unnecessary in children. One repeat 
hemoglobin should be obtained prior to discharge 
(DB). Patient with high-grade splenic injuries should be 
admitted to high dependency units for the continuous 
monitoring (OC). For patients with low-grade injuries, 
four-hourly heart rate, blood pressure, and clinical con-
ditions monitoring should be enough in the absence of 
other injuries (GT). There should be a time-frame: low-
grade injuries may not require monitoring for more than 
1  day (WB). Hematocrit measurement is better than 
hemoglobin measurement for monitoring (IW). For low-
grade injuries and stable haemodynamic status (pulse 
rate, blood pressure, urinary output), twice daily blood 
tests seem to be too frequent. Perhaps, change ’low-grade 
splenic injuries’ to ’low-grade splenic injuries and stable 
hemodynamic status’ and change the frequency of evalu-
ation of hemoglobin levels to 12–24  h with more fre-
quent monitoring in people with unstable hemodynamic 
status (KG).

Research Question 5: SAE, when indicated (AAST 
Grade IV ore more) should be proximal to allow the start 
of LMWH (OC). The indication for SAE must be take 
into account the need for concomitant surgery( i.e., spi-
nal surgery in the prone position, where change of posi-
tion may cause dislodgement of clots and rebleeding). In 
those cases, SAE is indicated also in the absence of active 
blush (GT). Small PSAs can be safely observed without 
SAE (TS). The age of 55 is low to subject a patient for an 
invasive interventional procedure. I would stick to geriat-
ric age which is 65 (FAZ). I disagree that all AAST Grade 
IV and V injuries should undergo SAE. However, I rec-
ommend AAST Grade IV and V injures should undergo 
CT-Angio or Angiography prior to discharge from the 
hospital ro rule out PSAa (RC). I agree with SAE for all 
AAST Grade V splenic injuries, but would only do for 
Grade IV with blush. I also believe preemptive SAE is 
appropriate for AAST Grade ≥ III if the patient requires 
anticoagulation (EM).

Research Question 6: Routine follow-up imaging is 
unnecessary in children regardless of injury grade (DB). 
Routine follow-up with CT scan adds expense and radia-
tion exposure to these patients without a real clinical 
benefit (JG). LMWH should be started after follow-up 
CT/CEUS in AAST Grade III or higher and hospital 
discharge should be postponed to the follow-up imag-
ing (OC). Evidence for benefit of intensive radiological 

follow-up is too weak (IC). All AAST III–V Grades should 
undergone imaging follow-up to exclude PSAs within the 
first 2 weeks (DD). I do not repeat CT-Angio in 48–72 h 
routinely. It is too expensive and unnecessary, as the 
characteristics of the injury do not change substantially 
in such a short period of time (RC).

Research Question 7: Low-dose CT scan as preferred 
method is an option for imaging follow-up (AL). In the 
choice of the radiological method to follow-up patients 
with high-grade splenic injury, one must take into 
account the not-diffuse availability of CEUS and the long-
term risk of radiation-associated proliferative disorder 
with CT scan, in particular in children (GT). CT scan 
with contrast is most widely available; CT angio unnec-
essary (WB). There is still uncertainty around whether 
CEUS is as good as contrast enhanced CT scan (KG).

Research Question 8: Vaccination to all patients with 
Grade V splenic injuries is my option (EM). No data to 
support the practice. Proximal embolization likely makes 
the spleen somewhat ischemic but collateral flow is 
formed. Vaccines are relatively safe so erring on the side 
of giving vaccines selectively makes sense to me (TS).

The threshold to vaccinate after SAE should be a lot 
lower than 50% loss of parenchyma (RC).

Research Question 9: Selective re-imaging may help in 
people who wish to return to high impact sports, playing 
competitive football, skydiving etc. (TS). With the excep-
tion of professional athletes and those practicing sports 
contact, nobody needs repeat imaging, except for per-
sistent symptoms or complications (RC). Patients should 
have follow-up imaging at 1, 3, and 6 months until heal-
ing is confirmed if they have risk factors for delayed/sec-
ondary splenic rupture (EM).

Research Question 10: ‑
Research Question 11: Another option, in case of unavail-
ability of the interventional radiology technique or lack of 
adequate skills, can be the referral to another hospital for 
percutaneous drainage (FF). Intense and persistent pain 
in patients with sepsis may not improve with percutane-
ous drainage and should undergo splenectomy (RC).
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