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Abstract

Purpose Our aim was to update evidence-based and consensus-based recommendations for the surgical management of
abdominal injuries in patients with multiple and/or severe injuries based on current evidence. This guideline topic is part of
the 2022 update of the German Guideline on the Treatment of Patients with Multiple and/or Severe Injuries.

Methods MEDLINE and Embase were systematically searched to May 2021. Further literature reports were obtained from
clinical experts. Randomised controlled trials, prospective cohort studies, cross-sectional studies and comparative registry
studies were included if they compared interventions for the surgical management of abdominal injuries in patients with mul-
tiple and/or severe injuries. We considered patient-relevant clinical outcomes such as mortality, length of stay, and diagnostic
test accuracy. Risk of bias was assessed using NICE 2012 checklists. The evidence was synthesised narratively, and expert
consensus was used to develop recommendations and determine their strength.

Results Three studies were identified. The topics of these studies were nonoperative management in haemodynamically
stable patients with isolated blunt hepatic (n=1) or splenic injuries (n=1) and selective angioembolisation (z=1). None of
the recommendations were modified, one new recommendation was developed, and one was deleted based on the updated
evidence and expert consensus. All recommendations achieved strong consensus.

Conclusion The following recommendations are made. All but one of the previous guideline recommendations were con-
firmed. The recommendation to perform diagnostic peritoneal lavage in exceptional cases was completely deleted. An addi-
tional recommendation was made and states that the performance of a diagnostic laparoscopy can be considered in haemo-
dynamically stable patients with penetrating trauma when there is therapeutic uncertainty.

Keywords Surgical management - Abdomen - Blunt trauma - Penetrating trauma - Polytrauma guideline

Introduction

The management of abdominal trauma in patients with mul-
tiple injuries is a complex task and therefore a critical chal-
lenge. Intra-abdominal haemorrhage cannot be managed in
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of patients with blunt abdominal trauma. This applies in
particular to patients who are haemodynamically stable or
who can be haemodynamically stabilised. Clinical guide-
lines, like the german Polytrauma guidline, recomment for
example in “hemodynamically stable patients with isolated
blunt liver or spleen injury, that non-operative management
should be pursued [1].”

At the same time, successful interventional procedures
are consolidating their role as treatment options as a result
of growing expertise and improving technology. This con-
cerns, on the one hand, the radiological intervention, for
example, through the recommendation of selective angio-
embolization in hemodynamically stabilizable patients with
liver or spleen injuries when CT indicates arterial bleeding.
On the other hand, it also applies to stabilizable patients
with penetrating abdominal injuries that can be treated
using minimally invasive methods (laparoscopy) [1].

Since the spectrum of indications for minimally invasive
abdominal procedures continues to widen in clinical prac-
tice, the updated guideline reviewed the current literature
in order to identify evidence-based data on the role of mini-
mally invasive techniques in polytrauma patients.

In addition, all existing guideline recommendations on
treatment strategies for blunt and penetrating abdominal
trauma were re-assessed and their validity was evaluated
against the current literature.

The modern management of polytrauma patients with
abdominal injuries requires weighing the risks and benefits
of different treatment options, which include open surgery,
interventional procedures, and conservative approaches.
The role and validity of minimally invasive procedures,
which have been used for appropriate indications in every-
day clinical practice for many years, had to be reassessed on
the basis of the evidence from the literature. Decision-mak-
ing in the management of abdominal trauma has become
increasingly complex in recent years.

For this reason, it was important to update the german
polytrauma guideline with a view to providing safe and
state-of-the-art treatment options.

Methods

This guideline topic is part of the 2022 update of the Ger-
man Guideline on the Treatment of Patients with Multiple
and/or Severe Injuries [1]. The guideline update is reported
according to the RIGHT tool [2], the systematic review part
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 reporting
guideline [3]. The development and updating of recom-
mendations followed the standard methodology set out in
the guideline development handbook issued by the German
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Association of the Scientific Medical Societies (AWMF)
[4]. All methods were defined a priori, following the meth-
ods report of the previous guideline version from July 2016
[5] with minor modifications, as detailed below. Parts of the
Introduction and Discussion sections of this publication are
direct translations from the original guideline text [1].

PICO questions and eligibility criteria

Population, intervention, comparison, and outcome (PICO)
questions were retained from the previous guideline ver-
sion. In addition, the participating professional societies
involved in guideline development were asked to submit
new PICO questions. The overarching PICO question for
this topic area was:

In adult patients (> 14 years) with known or suspected
polytrauma and/or severe injuries, does a specific sur-
gical approach to the management of abdominal inju-
ries improve patient-relevant outcomes compared to
any other intervention?

The full set of predefined PICO questions is listed in Table
S1 (Online Resource 1). The study selection criteria in the
PICO format are shown in Table 1.

Literature search

An information specialist systematically searched for lit-
erature in MEDLINE (Ovid) and Embase (Elsevier). The
search strategy described in the 2016 Guideline was used
with modifications. It contained index (MeSH/Emtree) and
free text terms for the population and intervention. The
searches were completed on 19 May 2021. The start date
for update searches was 1 June 2014. Table S2 provides
details for all searches. Searches were conducted for inhos-
pital care. Clinical experts were asked to submit additional
relevant references.

Study selection

Study selection was performed independently by two
reviewers in a two-step process using the predefined eligi-
bility criteria: (1) title/abstract screening of all references
retrieved from database searches using Rayyan software [7]
and (2) full-text screening of all articles deemed potentially
relevant by at least one reviewer at the title/abstract level in
Endnote (Endnote, Version: 20 [Software], Clarivate, Bos-
ton, Massachusetts, USA, https://endnote.com/). Disagre
ements were resolved through consensus or by consulting
a third reviewer. The reasons for full-text exclusion were
recorded (Table S3, Online Resource 1).


https://endnote.com/
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Table 1 Predefined selection criteria

Population:
Intervention/comparison:
Outcomes:
Study type:

adult patients (>14 years) with polytrauma and/or severe injuries®
surgical management of abdominal injuries

any patient-relevant outcome such as mortality, diagnostic test accuracy

* comparative, prospective studies (randomised controlled trials, cohort studies)

b

 comparative registry® data (incl. case-control studies)
« cross-sectional studies (only diagnostic studies)
* systematic reviews based on the above primary study types

Language:
Other inclusion criteria:

English or German
« full text of study published and accessible

« study matches predefined PICO question

Exclusion criteria:

» multiple publications of the same study without additional information

? Defined by an Injury Severity Score (ISS)> 15, Glasgow Coma Scale (GCS)<9, or comparable values on other scales, or, in the prehospital
setting, clinical suspicion of polytrauma/severe injury with a need for life-saving interventions

® For new PICO questions, indirect evidence from other populations was eligible for inclusion if direct evidence was unavailable
¢ Using the Agency for Healthcare Research and Quality (AHRQ) definition of registries [6]

Table 2 Grading of recommendations

Symbol Grade of recommendation Description Wording (examples)

™M A strong recommendation “use...”, “do not use...”

Py B recommendation “should use...”, “should not use...”

= 0 open recommendation “consider using...”, “... can be considered”

Assessment of risk of bias and level of evidence

Two reviewers sequentially assessed the risk of bias of
included studies at study level using the relevant checklists
from the NICE guidelines manual 2012 [8] and assigned
each study an initial level of evidence (LoE) using the
Oxford Centre for Evidence-based Medicine Levels of Evi-
dence (2009) [9]. Any disagreements were resolved through
consensus or by consulting a third reviewer.

Data extraction and data items

Data were extracted into a standardised data table by one
reviewer and checked by another. A predefined data set was
collected for each study, consisting of study characteristics
(study type, aims, setting), patient selection criteria and
baseline characteristics (age, gender, injury scores, other
relevant variables), intervention and control group treat-
ments (including important co-interventions, index and
reference tests for diagnostic studies), patient flow (number
of patients included and analysed), matching/adjusting vari-
ables, and data on outcomes for any time point reported.

Outcome measures

Outcomes were extracted as reported in the study publica-
tions. For prospective cohort studies and registry data, pref-
erence was given to data obtained after propensity-score
matching or statistical adjustment for risk-modulating vari-
ables over unadjusted data.

Synthesis of studies

Studies were grouped by interventions. An interdisciplin-
ary expert group used their clinical experience to synthe-
sise studies narratively by balancing beneficial and adverse
effects extracted from the available evidence. Priority was
given to diagnostic test accuracy, reducing mortality, imme-
diate complications, and long-term adverse effects. Clinical
heterogeneity was explored by comparing inclusion criteria
and patient characteristics at baseline as well as clinical dif-
ferences in the interventions and co-interventions.

Development and updating of recommendations

For each PICO question, the following updating options
were available: (1) the recommendation of the preceding ver-
sion remains valid and requires no changes (“confirmed”);
(2) the recommendation requires modification (“modified”);
(3) the recommendation is no longer valid or required and
is deleted; (4) a new recommendation needs to be devel-
oped (“new”). An interdisciplinary expert group of clini-
cians with expertise in abdominal trauma, general surgery
and visceral surgery reviewed the body of evidence, drafted
recommendations based on the homogeneity of clinical
characteristics and outcomes, the balance between benefits
and harms as well as their clinical expertise, and proposed
grades of recommendation (Table 2). In the absence of eli-
gible evidence, good practice recommendations were made
based on clinical experience, data from studies with a lower
level of evidence, and expert consensus in cases where the
Guideline Group felt a statement was required due to the
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importance of the topic. These were not graded, and instead
labelled as good (clinical) practice points (GPP). For GPPs,
the strength of a recommendation is presented in the word-
ing shown in Table 2.

Consensus process

The Guideline Group finalised the recommendations dur-
ing a web-based, structured consensus conference on 14
June 2021 via Zoom (Zoom, Version: 5.x [Software]. Zoom
Video Communications, Inc., San José, California, USA,
https://zoom.us). A neutral moderator facilitated the conse
nsus conference. Voting members of the Guideline Group
were delegates of all participating professional organisa-
tions, including clinicians, emergency medical services per-
sonnel and nurses, while guideline methodologists attended
in a supporting role. Members with a moderate, themati-
cally relevant conflict of interest abstained from voting on
recommendations, members with a high, relevant conflict
of interest were not permitted to vote or participate in the
discussion. Attempts to recruit patient representatives were
unsuccessful. A member of the expert group presented rec-
ommendations. Following discussion, the Guideline Group
refined the wording of the recommendations and modified
the grade of recommendation as needed. Agreement with
both the wording and the grade of recommendation was
assessed by anonymous online voting using the survey
function of Zoom. Abstentions were subtracted from the
denominator of the agreement rate. Consensus strength was
classified as shown in Table 3.

Recommendations were accepted if they reached consen-
sus or strong consensus. For consensus recommendations
with <95% agreement, diverging views by members of the
Guideline Group were detailed in the background texts.
Recommendations with majority approval were returned to
the expert group for revision and further discussion at a sub-
sequent consensus conference. Recommendations without
approval were considered rejected.

External review
During a four-week consultation phase, the recommenda-
tions and background texts were submitted to all participat-

ing professional organisations for review. Comments were
collected using a structured review form. The results were

Table 3 Classification of consensus strength

Description Agreement rate

>95% of participants
>75 to 95% of participants
>50 to 75% of participants
<50% of participants

strong consensus
consensus
majority approval
no approval
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then assessed, discussed and incorporated into the text by
the guideline coordinator with the relevant author group.

The guideline was adopted by the executive board of the
German Trauma Society on 17 January 2023.

Quality assurance

The guideline recommendations were reviewed for consis-
tency between guideline topic areas by the steering group.
Where necessary, changes were made in collaboration with
the clinical leads for all topic areas concerned. The final
guideline document was checked for errors by the guideline
chair and methodologist.

Results

The database searches identified 1459 unique records
(Fig. 1). No additional records were obtained from clinical
experts. Three studies were eligible for this update [10-12],
adding to the body of evidence from the 66 studies previ-
ously included in the guideline [13—77]. A total of 57 full-
text articles were excluded (Table S3, Online Resource 1).

Characteristics of studies included in this update

Study characteristics, main outcomes, levels of evidence,
and risk-of-bias assessments are presented in Table 4. Full
details are provided in Table S4, Online Resource 1. This
update included two comparative registry studies [10, 11]
and one prospective cohort study [12]. Two studies were
performed in the United States [10, 11] and one in Taiwan
[12]. Eligible patient populations were adults with blunt
splenic [10] or hepatic [11, 12] trauma.

Risk-of-bias assessment for included studies and
levels of evidence

The three studies included in the update showed an unclear
risk of performance, selection and detection bias. The level
of evidence was not downgraded for any study.

Recommendations

None of the recommendations were modified, one new rec-
ommendation was developed, and one was deleted. The
recommendations were based on the updated evidence and
expert consensus (Table 5). All achieved strong consensus
(Table S5, Online Resource 1).


https://zoom.us
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Fig. 1 Modified PRISMA 2020 flow diagram showing the systematic literature search and selection of studies

Discussion
Rationale for recommendations

For the first time, laparoscopy can be recommended for the
management of abdominal trauma in haemodynamically
stable patients with multiple trauma. This recommendation
applies explicitly to penetrating abdominal trauma. Laparos-
copy was reported to prevent non-therapeutic laparotomies
in 45.6% of patients [81]. It is a safe and highly sensitive
procedure that reduces postoperative morbidity without
increasing mortality. Patients, however, must be haemody-
namically stable. Laparoscopy can demonstrate peritoneal
violation. If peritoneal violation or intra-abdominal inju-
ries can be ruled out, patients with penetrating abdominal

injuries do not require laparotomy. The therapeutic role of
minimally invasive laparoscopy warrants further discus-
sion, and recommendations regarding this method cannot be
generated based on the available literature. There is a lack of
randomised controlled trial data that could be compared in
meta-analyses. Randomised controlled trials can hardly be
performed in polytraumatised patients, especially in those
who are haemodynamically unstable. As a result, the most
important advantage of laparoscopy is the avoidance of
non-therapeutic laparotomies.

In the previous guideline version, diagnostic peritoneal
lavage (DPL) was only recommended in exceptional cases.
In the updated guideline, this recommendation was com-
pletely deleted following a voting procedure because DPL
is not used in clinical practice and is no longer considered
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Table 5 List of recommendations with grade of recommendation and strength of consensus

No. GoR Evidence, Recommendation Status
consensus® 2022
3 Key Laparoscopy can be safely performed in haemodynamically stable patients with penetrating abdominal New
recommendation  trauma and can reduce the rate of non-therapeutic laparotomies.
B

1 Bt 100% Midline laparotomy should be preferred over other approaches in the trauma setting. Confirmed

2 B 100% Damage control techniques (haemostasis, packing, temporary abdominal closure / laparostomy) should ~Confirmed
be preferred over attempts at definitive treatment in haemodynamically unstable patients with complex
intra-abdominal damage.

4 B 100% After damage control laparotomy, the abdomen should only be closed temporarily and not using fascial ~Confirmed
sutures.

5 B 100% After packing for intra-abdominal haemorrhage control, a second-look operation should be performed  Confirmed
between 24 and 72 h following the initial operative procedure.

6 Bf 100% If a laparostomy has been created, the abdomen should be definitively closed as soon as possible. Confirmed

Liver injuries

7 B 100% If possible, haemodynamically stable patients with isolated blunt hepatic or splenic injuries should be ~ Confirmed
managed nonoperatively.

8 B 100% If contrast-enhanced computed tomography provides evidence of arterial bleeding in a patient who has  Confirmed
sustained a liver injury and can be haemodynamically stabilised, selective angioembolisation (if pos-
sible) or laparotomy should be performed.

Splenic injuries

9 Bf 100% Splenic injuries that require an intervention should be managed with selective angioembolisation rather ~Confirmed
than surgical haemostasis in patients who can be haemodynamically stabilised.

10 Bf 100% If possible, AAST/Moore grade I-11I splenic injuries that require surgery should be managed with a Confirmed
spleen-preserving procedure.

11 Bf 100% Adult patients with AAST/Moore grade IV or V splenic injuries that require surgery should be managed Confirmed

with splenectomy rather than an attempt at spleen preservation.

Colon injuries

12 Afp 100%
abdominal infections.

Manage penetrating colon injuries with sutures or resection with a view to reducing the risk of intra-

Confirmed

AAST, American Association for the Surgery of Trauma; GoR, grade of recommendation

state-of-the-art in Germany. Since a variety of alternative
diagnostic procedures are available, there is no plausible
explanation for the use of DPL.

All other recommendations on the diagnosis and treat-
ment of abdominal trauma were confirmed in the updated
guideline. As a result of the high rate of agreement with the
existing recommendations and the difficulty to reach a high
level of evidence, it can be assumed that the recommenda-
tions will continue to be valid in the long term.

Limitations of the guideline

Patient values and preferences were sought but not received.
The effect of this on the guideline is unclear, and there is a
lack of research evidence on the effect of patient participa-
tion on treatment decisions or outcomes in the emergency
setting.

It is and probably will always be extremely difficult to
reach a high level of evidence from studies that involve
haemodynamically unstable patients with abdominal inju-
ries. RCTs on these patients in a trauma setting are ethically
unacceptable because of study design. For this reason, stud-
ies addressing for example the therapeutic effectiveness of

minimally invasive techniques do not provide evidence at a
level that meets the standards of an S3 guideline. As a result,
such studies cannot be included. Continuing efforts must be
made to generate high-quality evidence, and the need for
studies that provide evidence of a high level and meet ethi-
cal requirements must be emphasised.

We would like to emphasize once again that the consistent
and periodic review of high-quality studies for the regular
updating of guidelines must always address open research
questions. The challenges of a highly evidence-based evalu-
ation of studies in trauma necessitate a focused approach to
problem and question identification, which should ideally
lead to studies that are, if possible, prospective and random-
ized, thus ensuring a high level of evidence.

Unanswered questions and future research

There are many unanswered questions about the manage-
ment of abdominal trauma. For example, the role or potential
benefit of serial abdominal FAST examinations following
an initial normal CT scan must be investigated. Moreover,
higher-level evidence concerning the optimisation of open
abdomen management is becoming available. The Open
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Abdomen Registry (www.ehs-openabdomen.com) is a use-
ful tool that is increasingly being used to acquire and make
available relevant data. The role of preventive angioem-
bolisation in the management of splenic injuries should be
addressed as well. Studies that investigate the therapeutic
benefit of minimally invasive procedures and provide high-
level evidence should be conducted and included in the
guideline.

Abbreviations

AAST American Association for the Surgery of
Trauma

adj. Adjusted

AE Angioembolisation

AIS Abbreviated Injury Scale

CG Control group

DPL Diagnostic peritoneal lavage

DVT Deep venous thrombosis

FAST Focused Assessment with Sonography for
Trauma

GoR Grade of recommendation

IG Intervention group

ISS Injury Severity Score

LoE Level of evidence

nr. Not reported

PRISMA  Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

RCT Randomised controlled trial

RR Risk ratio

SBP Systolic blood pressure

TQIP Trauma Quality Improvement Program
unadj. Unadjusted

VTE Venous thromboembolism

y Years
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25-02841-7.

Acknowledgements We would like to thank Lena Heinen, Simone
Hess, Kéthe Gooflen, and Dawid Pieper for their methodological sup-
port. The authors would also like to thank Barbara Isenberg from the
German Office of Languages in Hiirth for the linguistic advice. In addi-
tion, thanks go to all the delegates from the medical societies who
were involved in the consensus conferences and to all contributors of
the current German polytrauma guideline and their previous versions.

Author contributions C.G. wrote the main manuscript text].B. pre-
pared Tables 1, 2, 3 and 4, wrote textB.P. prepared Fig. 1; Table 5,
wrote textR.S. wrote text mainly in the discussion.

Funding This work was funded by the German Trauma Society
(Deutsche Gesellschaft fiir Unfallchirurgie, DGU), a non-profit organ-
isation. The guideline chair and several co-authors of this guideline
topic are DGU members and contributed to the results within an inter-
disciplinary consensus process.

@ Springer

Data availability A full version of the guideline and its methods/evi-
dence report are available online at https://register.awmf.org/de/leitlin
ien/detail/187-023.

Declarations

Ethics statement Ethical approval was not required because the study
used publicly accessible documents as evidence.

Ethics statement None.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. S3-Leitlinie Polytrauma/Schwerverletzten-Behandlung, Regis-
ternummer 187-023. (2022), Version 3.0. https://www.awmf.or
g/leitlinien/detail/ll/187-023 . html

2. ChenY, Yang K, Marusic A, Qaseem A, Meerpohl JJ, Flottorp S,
et al. A reporting tool for practice guidelines in health care: the
RIGHT statement. Ann Intern Med. 2017;166(2):128-32. https://
doi.org/10.7326/M16-1565. Epub 20161122.

3. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 2021;372:n71.
https://doi.org/10.1136/bmj.n71

4. Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen
Fachgesellschaften (AWMF)-Stindige Kommission Leitlinien.
AWMF-Regelwerk ,,Leitlinien. 2nd Edition 2020. http://www.a
wmf.org/leitlinien/awmf-regelwerk.html. Accessed 11 November
2021.

5. Deutsche Gesellschaft fiir Unfallchirurgie e.V. (DGU). Leitli-
nienreport zur AWMF Leitlinie Polytrauma / Schwerverletzten-
Behandlung, Registernummer 012-019. (2016). https://www.a
wmf.org/leitlinien/detail/ll/012-019.html. Accessed 21 March
2022.

6. Gliklich R, Dreyer N, Leavy M, editors. Registries for Evaluating
Patient Outcomes: A User’s Guide. Third edition. Two volumes.
AHRQ Publication No. 13(14)-EHCI111. Rockville, MD: Agency
for Healthcare Research and Quality; April 2014. http://www.effe
ctivehealthcare.ahrq.gov/registries-guide-3.cfm. Prepared by the
Outcome DECIDE Center [Outcome Sciences, Inc., a Quintiles
company] under Contract No. 290 2005 00351 TO7.

7. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-
a web and mobile app for systematic reviews. Syst Reviews.
2016;5(1):210. https://doi.org/10.1186/s13643-016-0384-4. Epub
20161205.

8. National Institute for Health and Care Excellence (NICE). The
guidelines manual: Appendices B-I, Published: 30 November


https://register.awmf.org/de/leitlinien/detail/187-023
https://register.awmf.org/de/leitlinien/detail/187-023
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.awmf.org/leitlinien/detail/ll/187-023.html
https://www.awmf.org/leitlinien/detail/ll/187-023.html
https://doi.org/10.7326/M16-1565
https://doi.org/10.7326/M16-1565
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.awmf.org/leitlinien/awmf-regelwerk.html
http://www.awmf.org/leitlinien/awmf-regelwerk.html
https://www.awmf.org/leitlinien/detail/ll/012-019.html
https://www.awmf.org/leitlinien/detail/ll/012-019.html
http://www.effectivehealthcare.ahrq.gov/registries-guide-3.cfm
http://www.effectivehealthcare.ahrq.gov/registries-guide-3.cfm
https://doi.org/10.1186/s13643-016-0384-4
http://www.ehs-openabdomen.com
https://doi.org/10.1007/s00068-025-02841-7
https://doi.org/10.1007/s00068-025-02841-7

Surgical management of injuries to the abdomen in patients with multiple and/or severe trauma- a...

Page9of 11 177

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

2012. Available from: https://www.nice.org.uk/process/pmg6/re
sources/the-guidelines-manual-appendices-bi-2549703709. Last
accessed March 21, 2022.

OCEBM Levels of Evidence Working Group*. Oxford Centre
for Evidence-based Medicine Levels of Evidence. (March 2009).
Auvailable from: https://www.cebm.ox.ac.uk/resources/levels-of-e
vidence/oxford-centre-for-evidence-based-medicine-levels-of-ev
idence-march-2009. Last accessed March 21, 2022. 2009.

Lewis M, Piccinini A, Benjamin E, Demetriades D. Splenic artery
angioembolization is associated with increased venous thrombo-
embolism. World J Surg. 2021;45(2):638-44. PubMed PMID:
rayyan-152663572.

Samuels JM, Carmichael H, Kovar A, Urban S, Vega S, Vel-
opulos C, et al. Reevaluation of hepatic angioembolization for
trauma in stable patients: weighing the risk. J] Am Coll Surg.
2020;231(1):123—. 31.e3. PubMed PMID: rayyan-152663896.
Wong YC, Wang LJ, Wu CH, Chen HW, Yuan KC, Hsu YP, et
al. Differences of liver CT perfusion of blunt trauma treated with
therapeutic embolization and observation management. Sci Rep.
2020;10(1):19612. PubMed PMID: rayyan-152664154.
Abikhaled JA, Granchi TS, Wall MJ, Hirshberg A, Mattox KL.
Prolonged abdominal packing for trauma is associated with
increased morbidity and mortality. Am Surg. 1997;63(12):1109—
12. discussion 12—3. PubMed PMID: 9393261.

Asensio JA, Petrone P, Garcia-Nufiez L, Kimbrell B, Kuncir
E. Multidisciplinary approach for the management of complex
hepatic injuries AAST-OIS grades IV-V: a prospective study. Scand
J Surg. 2007;96(3):214-20. doi: 10.1177/145749690709600306.
PubMed PMID: 17966747.

Asensio JA, Roldan G, Petrone P, Rojo E, Tillou A, Kuncir E,
et al. Operative management and outcomes in 103 AAST-OIS
grades IV and V complex hepatic injuries: trauma surgeons
still need to operate, but angioembolization helps. J Trauma.
2003;54(4):647-53..Bb. PubMed PMID: 12707525.

Bee TK, Croce MA, Magnotti LJ, Zarzaur BL, Maish GO 3rd,
Minard G, et al. Temporary abdominal closure techniques: a pro-
spective randomized trial comparing Polyglactin 910 mesh and
vacuum-assisted closure. J Trauma. 2008;65(2):337—42. https://d
0i1.org/10.1097/TA.0b013e31817fa451. discussion 42—4.

Brown SR, Goodfellow PB. Transverse verses midline inci-
sions for abdominal surgery. Cochrane Database Syst Rev.
2005;2005(4):Cd005199. Epub 20051019. https://doi.org/10.
1002/14651858.CD005199.pub2. PubMed PMID: 16235395;
PubMed Central PMCID: PMCPMC8866010.

Brundage SI, Jurkovich GJ, Hoyt DB, Patel NY, Ross SE, Mar-
burger R, et al. Stapled versus sutured Gastrointestinal anas-
tomoses in the trauma patient: a multicenter trial. J Trauma.
2001;51(6):1054—61. https://doi.org/10.1097/00005373-2001120
00-00005. PubMed PMID: 11740250.

Burch JM, Franciose RJ, Moore EE, Biffi WL, Offner PJ.
Single-layer continuous versus two-layer interrupted intesti-
nal anastomosis: a prospective randomized trial. Ann Surg.
2000;231(6):832-7. https://doi.org/10.1097/00000658-2000060
00-00007. PubMed PMID: 10816626; PubMed Central PMCID:
PMCPMC1421072.

Carlin AM, Tyburski JG, Wilson RF, Steffes C. Factors affect-
ing the outcome of patients with Splenic trauma. Am Surg.
2002;68(3):232-9. PubMed PMID: 11893100.

Caruso DM, Battistella FD, Owings JT, Lee SL, Samaco RC. Peri-
hepatic packing of major liver injuries: complications and mortal-
ity. Arch Surg. 1999;134(9):958-62; discussion 62— 3. https://doi.
org/10.1001/archsurg.134.9.958. PubMed PMID: 10487590.
Chappuis CW, Frey DJ, Dietzen CD, Panetta TP, Buechter KJ,
Cohn I. Jr. Management of penetrating colon injuries. A prospec-
tive randomized trial. Ann Surg. 1991;213(5):492-7. https://doi.o
rg/10.1097/00000658-199105000-00015. discussion 7-8.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Clancy TV, Ramshaw DG, Maxwell JG, Covington DL, Churchill
MP, Rutledge R, et al. Management outcomes in Splenic injury:
a statewide trauma center review. Ann Surg. 1997;226(1):17-24.
https://doi.org/10.1097/00000658-199707000-00003.  PubMed
PMID: 9242333; PubMed Central PMCID: PMCPMC1190902.
Cooney R, Ku J, Cherry R, Maish GO 3rd, Carney D, Scorza LB,
et al. Limitations of Splenic angioembolization in treating blunt
Splenic injury. J Trauma. 2005;59(4):926-32. https://doi.org/10.1
097/01.ta.0000188134.32106.89. discussion 32.

Cu¢ J1, Cryer HG, Miller FB, Richardson JD, Polk HC. Jr. Pack-
ing and planned reexploration for hepatic and retroperitoneal
hemorrhage: critical refinements of a useful technique. J Trauma.
1990;30(8):1007—11. https://doi.org/10.1097/00005373-1990080
00-00010. discussion 11-3.

Demetriades D, Murray JA, Chan L, Ordofiez C, Bowley D, Nagy
KK, et al. Penetrating colon injuries requiring resection: diver-
sion or primary anastomosis? An AAST prospective multicenter
study. J Trauma. 2001;50(5):765-75. https://doi.org/10.1097/000
05373-200105000-00001. PubMed PMID: 11371831.
Demetriades D, Murray JA, Chan LS, Ordofiez C, Bowley D,
Nagy KK, et al. Handsewn versus stapled anastomosis in pen-
etrating colon injuries requiring resection: a multicenter study. J
Trauma. 2002;52(1):117-21. https://doi.org/10.1097/00005373-2
00201000-00020. PubMed PMID: 11791061.

Duchesne JC, Simmons JD, Schmieg RE Jr., McSwain NE
Jr., Bellows CF. Proximal splenic angioembolization does not
improve outcomes in treating blunt splenic injuries compared
with splenectomy: a cohort analysis. J Trauma. 2008;65(6):1346-
51; discussion 51-3. https://doi.org/10.1097/TA.0b013e31818c2
9ea. PubMed PMID: 19077625.

Falcone RE, Wanamaker SR, Santanello SA, Carey LC. Colorec-
tal trauma: primary repair or anastomosis with intracolonic
bypass vs. ostomy. Dis Colon Rectum. 1992;35(10):957-63. http
s://doi.org/10.1007/b£02253498. PubMed PMID: 1395983.
Gauer JM, Gerber-Paulet S, Seiler C, Schweizer WP. Twenty
years of Splenic preservation in trauma: lower early infection rate
than in splenectomy. World J Surg. 2008;32(12):2730-5. https://d
0i.0rg/10.1007/s00268-008-9733-3. PubMed PMID: 18836765.
Gonzalez RP, Falimirski ME, Holevar MR. Further evaluation of
colostomy in penetrating colon injury. Am Surg. 2000;66(4):342—
6. discussion 6—7. PubMed PMID: 10776870.

Harbrecht BG, Ko SH, Watson GA, Forsythe RM, Rosengart MR,
Peitzman AB. Angiography for blunt Splenic trauma does not
improve the success rate of nonoperative management. J Trauma.
2007;63(1):44-9. https://doi.org/10.1097/TA.0b013e318068653
1. PubMed PMID: 17622867.

Hodgson NC, Malthaner RA, Ostbye T. The search for an ideal
method of abdominal fascial closure: a meta-analysis. Ann Surg.
2000;231(3):436-42. https://doi.org/10.1097/00000658-2000030
00-00018. PubMed PMID: 10714638; PubMed Central PMCID:
PMCPMC1421016.

Hunt JP, Lentz CW, Cairns BA, Ramadan FM, Smith DL, Rut-
ledge R, et al. Management and outcome of Splenic injury: the
results of a five-year statewide population-based study. Am Surg.
1996;62(11):911-7. PubMed PMID: 8895712.

Johnson JW, Gracias VH, Gupta R, Guillamondegui O, Reilly
PM, Shapiro MB, et al. Hepatic angiography in patients undergo-
ing damage control laparotomy. J Trauma. 2002;52(6):1102-6.
https://doi.org/10.1097/00005373-200206000-00013.  PubMed
PMID: 12045637.

Kamwendo NY, Modiba MC, Matlala NS, Becker PJ. Ran-
domized clinical trial to determine if delay from time of pen-
etrating colonic injury precludes primary repair. Br J Surg.
2002;89(8):993-8. https://doi.org/10.1046/j.1365-2168.2002.02
154..x. PubMed PMID: 12153623.

@ Springer


https://doi.org/10.1097/00000658-199707000-00003
https://doi.org/10.1097/00000658-199707000-00003
https://doi.org/10.1097/01.ta.0000188134.32106.89
https://doi.org/10.1097/01.ta.0000188134.32106.89
https://doi.org/10.1097/00005373-199008000-00010
https://doi.org/10.1097/00005373-199008000-00010
https://doi.org/10.1097/00005373-200105000-00001
https://doi.org/10.1097/00005373-200105000-00001
https://doi.org/10.1097/00005373-200201000-00020
https://doi.org/10.1097/00005373-200201000-00020
https://doi.org/10.1097/TA.0b013e31818c29ea
https://doi.org/10.1097/TA.0b013e31818c29ea
https://doi.org/10.1007/bf02253498
https://doi.org/10.1007/bf02253498
https://doi.org/10.1007/s00268-008-9733-3
https://doi.org/10.1007/s00268-008-9733-3
https://doi.org/10.1097/TA.0b013e3180686531
https://doi.org/10.1097/TA.0b013e3180686531
https://doi.org/10.1097/00000658-200003000-00018
https://doi.org/10.1097/00000658-200003000-00018
https://doi.org/10.1097/00005373-200206000-00013
https://doi.org/10.1097/00005373-200206000-00013
https://doi.org/10.1046/j.1365-2168.2002.02154
https://doi.org/10.1046/j.1365-2168.2002.02154
https://www.nice.org.uk/process/pmg6/resources/the-guidelines-manual-appendices-bi-2549703709
https://www.nice.org.uk/process/pmg6/resources/the-guidelines-manual-appendices-bi-2549703709
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://doi.org/10.1097/TA.0b013e31817fa451
https://doi.org/10.1097/TA.0b013e31817fa451
https://doi.org/10.1002/14651858.CD005199.pub2
https://doi.org/10.1002/14651858.CD005199.pub2
https://doi.org/10.1097/00005373-200112000-00005
https://doi.org/10.1097/00005373-200112000-00005
https://doi.org/10.1097/00000658-200006000-00007
https://doi.org/10.1097/00000658-200006000-00007
https://doi.org/10.1001/archsurg.134.9.958
https://doi.org/10.1001/archsurg.134.9.958
https://doi.org/10.1097/00000658-199105000-00015
https://doi.org/10.1097/00000658-199105000-00015

177

Page 10 of 11

C. Gisgen et al.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

Kaseje N, Agarwal S, Burch M, Glantz A, Emhoff T, Burke P,
et al. Short-term outcomes of splenectomy avoidance in trauma
patients. Am J Surg. 2008;196(2):213-7. https://doi.org/10.1016/
j-amjsurg.2007.07.037. PubMed PMID: 18639660.

Kirkpatrick AW, Baxter KA, Simons RK, Germann E, Lucas CE,
Ledgerwood AM. Intra-abdominal complications after surgical
repair of small bowel injuries: an international review. J Trauma.
2003;55(3):399-406..Ee. PubMed PMID: 14501878.

Lustosa SA, Matos D, Atallah AN, Castro AA. Stapled versus
handsewn methods for colorectal anastomosis surgery. Cochrane
Database Syst Rev. 2001;3Cd003144. https://doi.org/10.1002/14
651858.Cd003144. PubMed PMID: 11687041.

MacKenzie S, Kortbeek JB, Mulloy R, Hameed SM. Recent
experiences with a multidisciplinary approach to complex hepatic
trauma. Injury. 2004;35(9):869—-77. https://doi.org/10.1016/j.inju
1y.2003.07.004. PubMed PMID: 15302239.

Mohr AM, Lavery RF, Barone A, Bahramipour P, Magnotti LJ,
Osband AJ, et al. Angiographic embolization for liver injuries:
low mortality, high morbidity. J Trauma. 2003;55(6):1077-81..
Ab. PubMed PMID: 14676654.

Monnin V, Sengel C, Thony F, Bricault I, Voirin D, Letoublon
C, et al. Place of arterial embolization in severe blunt hepatic
trauma: a multidisciplinary approach. Cardiovasc Intervent
Radiol. 2008;31(5):875-82. https://doi.org/10.1007/s00270-007
-9277-1. Epub 20080205.

Nelson R, Singer M. Primary repair for penetrating colon inju-
ries. Cochrane Database Syst Rev. 2002;(3):Cd002247. doi:
10.1002/14651858.Cd002247. PubMed PMID: 12137651.
Nicholas JM, Rix EP, Easley KA, Feliciano DV, Cava RA, Ingram
WL, et al. Changing patterns in the management of penetrating
abdominal trauma: the more things change, the more they stay the
same. J Trauma. 2003;55(6):1095-108. https://doi.org/10.1097/0
1.Ta.0000101067.52018.42. discussion 108—10.

Nicol AJ, Hommes M, Primrose R, Navsaria PH, Krige JE. Pack-
ing for control of hemorrhage in major liver trauma. World J
Surg. 2007;31(3):569-74. https://doi.org/10.1007/s00268-006-0
070-0. PubMed PMID: 17334868.

Oftner PJ, de Souza AL, Moore EE, Biffl WL, Franciose RJ,
Johnson JL, et al. Avoidance of abdominal compartment syn-
drome in damage-control laparotomy after trauma. Arch Surg.
2001;136(6):676-81. https://doi.org/10.1001/archsurg.136.6.67
6. PubMed PMID: 11387007.

Rotondo MF, Schwab CW, McGonigal MD, Phillips GR 3rd,
Fruchterman TM, Kauder DR, et al. Damage control’: an approach
for improved survival in exsanguinating penetrating abdominal
injury. J Trauma. 1993;35(3):375-82. discussion 82—3. PubMed
PMID: 8371295.

Sasaki LS, Allaben RD, Golwala R, Mittal VK. Primary repair
of colon injuries: a prospective randomized study. J Trauma.
1995;39(5):895-901. https://doi.org/10.1097/00005373-1995110
00-00013. PubMed PMID: 7474005.

Seiler CM, Bruckner T, Diener MK, Papyan A, Golcher H, Seidl-
mayer C, et al. Interrupted or continuous slowly absorbable sutures
for closure of primary elective midline abdominal incisions: a
multicenter randomized trial INSECT: ISRCTN24023541). Ann
Surg. 2009;249(4):576-82. https://doi.org/10.1097/SLA.0b013e3
1819ec6¢8. PubMed PMID: 19300233.

Seiler CM, Deckert A, Diener MK, Knaebel HP, Weigand MA,
Victor N, et al. Midline versus transverse incision in major
abdominal surgery: a randomized, double-blind equivalence trial
(POVATTI: ISRCTN60734227). Ann Surg. 2009;249(6):913-20. h
ttps://doi.org/10.1097/SLA.0b013e3181a77¢92. PubMed PMID:
19474689.

Smith HE, Bifflt WL, Majercik SD, Jednacz J, Lambiase R,
Cioffi WG. Splenic artery embolization: have we gone too far? J
Trauma. 2006;61(3):541-4. b. PubMed PMID: 16966984.

Springer

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Stone HH, Fabian TC. Management of perforating colon trauma:
randomization between primary closure and exteriorization.
Ann Surg. 1979;190(4):430—6. https://doi.org/10.1097/0000065
8-197910000-00002. PubMed PMID: 384941; PubMed Central
PMCID: PMCPMC1344502.

Stone HH, Hoefling SJ, Strom PR, Dunlop WE, Fabian TC.
Abdominal incisions: transverse vs vertical placement and con-
tinuous vs interrupted closure. South Med J. 1983;76(9):1106-8.
PubMed PMID: 6351265.

Stone HH, Strom PR, Mullins RJ. Management of the major
coagulopathy with onset during laparotomy. Ann Surg.
1983;197(5):532-5. https://doi.org/10.1097/00000658-1983050
00-00005. PubMed PMID: 6847272; PubMed Central PMCID:
PMCPMC1353025.

van ‘t Riet M, Steyerberg EW, Nellensteyn J, Bonjer HJ, Jeekel
J. Meta-analysis of techniques for closure of midline abdominal
incisions. Br J Surg. 2002;89(11):1350-6. https://doi.org/10.1046
/j.1365-2168.2002.02258..x. PubMed PMID: 12390373.
Velmahos GC, Chahwan S, Falabella A, Hanks SE, Demetriades
D. Angiographic embolization for intraperitoneal and retroperi-
toneal injuries. World J Surg. 2000;24(5):539—45. doi: 10.1007/
$002689910087. PubMed PMID: 10787073.

Velmahos GC, Demetriades D, Toutouzas KG, Sarkisyan G, Chan
LS, Ishak R, et al. Selective nonoperative management in 1,856
patients with abdominal gunshot wounds: should routine lapa-
rotomy still be the standard of care? Ann Surg. 2001;234(3):395—
402. https://doi.org/10.1097/00000658-200109000-00013.
discussion—3.

Vertrees A, Wakefield M, Pickett C, Greer L, Wilson A, Gillern
S et al. Outcomes of primary repair and primary anastomosis in
war-related colon injuries. J Trauma. 2009;66(5):1286-91; dis-
cussion 91-3. https://doi.org/10.1097/TA.0b013e31819¢ea3fc.
PubMed PMID: 19430228.

Wahl WL, Ahrns KS, Brandt MM, Franklin GA, Taheri PA. The
need for early angiographic embolization in blunt liver injuries. J
Trauma. 2002;52(6):1097-101. https://doi.org/10.1097/0000537
3-200206000-00012. PubMed PMID: 12045636.

Weinberg JA, George RL, Griffin RL, Stewart AH, Reiff DA,
Kerby JD, et al. Closing the open abdomen: improved suc-
cess with Wittmann patch staged abdominal closure. J Trauma.
2008;65(2):345-8. https://doi.org/10.1097/TA.0b013e31817fa48
9. PubMed PMID: 18695469.

Bhullar IS, Frykberg ER, Siragusa D, Chesire D, Paul J, Tepas
JJ 3, et al. Selective angiographic embolization of blunt Splenic
traumatic injuries in adults decreases failure rate of nonoperative
management. J Trauma Acute Care Surg. 2012;72(5):1127-34.
https://doi.org/10.1097/TA.0b013e3182569849. PubMed PMID:
22673236.

Cheatham ML, Safcsak K. Is the evolving management of
intra-abdominal hypertension and abdominal compartment syn-
drome improving survival? Crit Care Med. 2010;38(2):402-7. h
ttps://doi.org/10.1097/ccm.0b013e3181b9e9b1. PubMed PMID:
20095067.

Cirocchi R, Montedori A, Farinella E, Bonacini I, Tagliabue
L, Abraha I. Damage control surgery for abdominal trauma.
Cochrane Database Syst Rev. 2013;2013(3):Cd007438. Epub
20130328. https://doi.org/10.1002/14651858.CD007438.p
ub3. PubMed PMID: 23543551; PubMed Central PMCID:
PMCPMC7202128.

Crandall M, Shapiro MB, West MA. Does splenectomy protect
against immune-mediated complications in blunt trauma patients?
Mol Med. 2009;15(7-8):263—7. Epub 20090403. doi: 10.2119/
molmed.2009.00029. PubMed PMID: 19593410; PubMed Cen-
tral PMCID: PMCPMC2707521.

Hatch QM, Osterhout LM, Ashraf A, Podbielski J, Kozar RA,
Wade CE et al. Current use of damage-control laparotomy,


https://doi.org/10.1097/00000658-197910000-00002
https://doi.org/10.1097/00000658-197910000-00002
https://doi.org/10.1097/00000658-198305000-00005
https://doi.org/10.1097/00000658-198305000-00005
https://doi.org/10.1046/j.1365-2168.2002.02258
https://doi.org/10.1046/j.1365-2168.2002.02258
https://doi.org/10.1097/00000658-200109000-00013
https://doi.org/10.1097/TA.0b013e31819ea3fc
https://doi.org/10.1097/00005373-200206000-00012
https://doi.org/10.1097/00005373-200206000-00012
https://doi.org/10.1097/TA.0b013e31817fa489
https://doi.org/10.1097/TA.0b013e31817fa489
https://doi.org/10.1097/TA.0b013e3182569849
https://doi.org/10.1097/TA.0b013e3182569849
https://doi.org/10.1097/ccm.0b013e3181b9e9b1
https://doi.org/10.1097/ccm.0b013e3181b9e9b1
https://doi.org/10.1002/14651858.CD007438.pub3
https://doi.org/10.1002/14651858.CD007438.pub3
https://doi.org/10.1016/j.amjsurg.2007.07.037
https://doi.org/10.1016/j.amjsurg.2007.07.037
https://doi.org/10.1002/14651858.Cd003144
https://doi.org/10.1002/14651858.Cd003144
https://doi.org/10.1016/j.injury.2003.07.004
https://doi.org/10.1016/j.injury.2003.07.004
https://doi.org/10.1007/s00270-007-9277-1
https://doi.org/10.1007/s00270-007-9277-1
https://doi.org/10.1097/01.Ta.0000101067.52018.42
https://doi.org/10.1097/01.Ta.0000101067.52018.42
https://doi.org/10.1007/s00268-006-0070-0
https://doi.org/10.1007/s00268-006-0070-0
https://doi.org/10.1001/archsurg.136.6.676
https://doi.org/10.1001/archsurg.136.6.676
https://doi.org/10.1097/00005373-199511000-00013
https://doi.org/10.1097/00005373-199511000-00013
https://doi.org/10.1097/SLA.0b013e31819ec6c8
https://doi.org/10.1097/SLA.0b013e31819ec6c8
https://doi.org/10.1097/SLA.0b013e3181a77c92
https://doi.org/10.1097/SLA.0b013e3181a77c92

Surgical management of injuries to the abdomen in patients with multiple and/or severe trauma- a...

Page 110of 11 177

66.

67.

68.

69.

70.

71.

72.

73.

closure rates, and predictors of early fascial closure at the first
take-back. J Trauma. 2011;70(6):1429-36. https://doi.org/10.109
7/TA.0b013e31821b245a. PubMed PMID: 21817981.

Hatch QM, Osterhout LM, Podbielski J, Kozar RA, Wade CE,
Holcomb JB et al. Impact of closure at the first take back: com-
plication burden and potential overutilization of damage control
laparotomy. J Trauma. 2011;71(6):1503-11. https://doi.org/10.10
97/TA.0b013e31823cd78d. PubMed PMID: 22182860.

Heuer M, Taeger G, Kaiser GM, Nast-Kolb D, Kiithne CA,
Ruchholtz S, et al. No further incidence of sepsis after sple-
nectomy for severe trauma: a multi-institutional experience of
the trauma registry of the DGU with 1,630 patients. Eur J Med
Res. 2010;15(6):258-65. https://doi.org/10.1186/2047-783x-1
5-6-258. PubMed PMID: 20696635; PubMed Central PMCID:
PMCPMC3351995.

Hommes M, Navsaria PH, Schipper IB, Krige JE, Kahn D, Nicol
AJ. Management of blunt liver trauma in 134 severely injured
patients. Injury. 2015;46(5):837-42. PubMed PMID: 25496854.
McClung CD, Hotaling JM, Wang J, Wessells H, Voelzke BB.
Contemporary trends in the immediate surgical management of
renal trauma using a National database. J Trauma Acute Care
Surg. 2013;75(4):602—6. https://doi.org/10.1097/TA.0b013e318
2a53ac2. PubMed PMID: 24064872; PubMed Central PMCID:
PMCPMC382518]1.

Miller PR, Chang MC, Hoth JJ, Mowery NT, Hildreth AN, Mar-
tin RS, et al. Prospective trial of angiography and embolization
for all grade III to V blunt Splenic injuries: nonoperative man-
agement success rate is significantly improved. J Am Coll Surg.
2014;218(4):644-8. https://doi.org/10.1016/j.jamcollsurg.2014.0
1.040. Epub 20140128.

Mohseni S, Talving P, Kobayashi L, Kim D, Inaba K, Lam L, et
al. Closed-suction drain placement at laparotomy in isolated solid
organ injury is not associated with decreased risk of deep surgical
site infection. Am Surg. 2012;78(10):1187-91. PubMed PMID:
23025967.

Morrison JJ, Ross JD, Rasmussen TE, Midwinter MJ, Jansen
JO. Resuscitative endovascular balloon occlusion of the Aorta:
a gap analysis of severely injured UK combat casualties. Shock.
2014;41(5):388-93. https://doi.org/10.1097/shk.0000000000000
136. PubMed PMID: 25133599.

Ordofiez C, Pino L, Badiel M, Sanchez A, Loaiza J, Ramirez O,
et al. The 1-2-3 approach to abdominal packing. World J Surg.
2012;36(12):2761-6. https://doi.org/10.1007/s00268-012-1745-
3. PubMed PMID: 22955950.

74.

75.

76.

71.

78.

79.

80.

81.

Recinos G, DuBose JJ, Teixeira PG, Inaba K, Demetriades
D. Local complications following pancreatic trauma. Injury.
2009;40(5):516-20. https://doi.org/10.1016/j.injury.2008.06.026.
Epub 20081225.

Shrestha B, Holcomb JB, Camp EA, Del Junco DJ, Cotton BA,
Albarado R, et al. Damage-control resuscitation increases suc-
cessful nonoperative management rates and survival after severe
blunt liver injury. J Trauma Acute Care Surg. 2015;78(2):336-41.
https://doi.org/10.1097/ta.0000000000000514. PubMed PMID:
25757120.

Stawicki SP, Green JM, Martin ND, Green RH, Cipolla J, Seamon
MlJ, etal. Results of a prospective, randomized, controlled study of
the use of carboxymethylcellulose sodium hyaluronate adhesion
barrier in trauma open abdomens. Surgery. 2014;156(2):419-30.
https://doi.org/10.1016/j.surg.2014.03.007. Epub 201403 15.
Zarzaur BL, Croce MA, Fabian TC. Variation in the use of urgent
splenectomy after blunt Splenic injury in adults. J Trauma.
2011;71(5):1333-9. https://doi.org/10.1097/TA.0b013e318224d
Oe4. PubMed PMID: 21808210.

Lewis M, Piccinini A, Benjamin E, Demetriades D. Splenic artery
angioembolization is associated with increased venous thrombo-
embolism. World J Surg. 2021;45(2):638—44. https://doi.org/10.1
007/s00268-020-05819-1. Epub 20201018.

Wong YC, Wang LJ, Wu CH, Chen HW, Yuan KC, Hsu YP, et
al. Differences of liver CT perfusion of blunt trauma treated with
therapeutic embolization and observation management. Sci Rep.
2020;10(1):19612. https://doi.org/10.1038/s41598-020-76618-w.
Epub 20201112.

Samuels JM, Carmichael H, Kovar A, Urban S, Vega S, Vel-
opulos C et al. Reevaluation of Hepatic Angioembolization for
Trauma in Stable Patients: Weighing the Risk. J Am Coll Surg.
2020;231(1):123-31.e3. Epub 20200515. https://doi.org/10.1016
/j.jamcollsurg.2020.05.006. PubMed PMID: 32422347.
Hajibandeh S, Hajibandeh S, Gumber AO, Wong CS. Lapa-
roscopy versus laparotomy for the management of penetrating
abdominal trauma: A systematic review and meta-analysis. Int J
Surg. 2016;34:127-36. Epub 20160826. https://doi.org/10.1016/j
.jsu.2016.08.524. PubMed PMID: 27575832.

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.injury.2008.06.026
https://doi.org/10.1097/ta.0000000000000514
https://doi.org/10.1097/ta.0000000000000514
https://doi.org/10.1016/j.surg.2014.03.007
https://doi.org/10.1016/j.surg.2014.03.007
https://doi.org/10.1097/TA.0b013e318224d0e4
https://doi.org/10.1097/TA.0b013e318224d0e4
https://doi.org/10.1007/s00268-020-05819-1
https://doi.org/10.1007/s00268-020-05819-1
https://doi.org/10.1038/s41598-020-76618-w
https://doi.org/10.1016/j.jamcollsurg.2020.05.006
https://doi.org/10.1016/j.jamcollsurg.2020.05.006
https://doi.org/10.1016/j.ijsu.2016.08.524
https://doi.org/10.1016/j.ijsu.2016.08.524
https://doi.org/10.1097/TA.0b013e31821b245a
https://doi.org/10.1097/TA.0b013e31821b245a
https://doi.org/10.1097/TA.0b013e31823cd78d
https://doi.org/10.1097/TA.0b013e31823cd78d
https://doi.org/10.1186/2047-783x-15-6-258
https://doi.org/10.1186/2047-783x-15-6-258
https://doi.org/10.1097/TA.0b013e3182a53ac2
https://doi.org/10.1097/TA.0b013e3182a53ac2
https://doi.org/10.1016/j.jamcollsurg.2014.01.040
https://doi.org/10.1016/j.jamcollsurg.2014.01.040
https://doi.org/10.1097/shk.0000000000000136
https://doi.org/10.1097/shk.0000000000000136
https://doi.org/10.1007/s00268-012-1745-3
https://doi.org/10.1007/s00268-012-1745-3

	﻿Surgical management of injuries to the abdomen in patients with multiple and/or severe trauma– a systematic review and clinical practice guideline update
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿PICO questions and eligibility criteria
	﻿Literature search
	﻿Study selection
	﻿Assessment of risk of bias and level of evidence
	﻿Data extraction and data items
	﻿Outcome measures
	﻿Synthesis of studies
	﻿Development and updating of recommendations
	﻿Consensus process
	﻿External review
	﻿Quality assurance

	﻿Results
	﻿Characteristics of studies included in this update
	﻿Risk-of-bias assessment for included studies and levels of evidence
	﻿Recommendations

	﻿Discussion
	﻿Rationale for recommendations
	﻿Limitations of the guideline
	﻿Unanswered questions and future research

	﻿References


