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formulating strong recommendations in the absence of high level. Some recommendations were left
ungraded.
Methods: The guidelines are divided in diagnostic and, therapeutic strategy and early surveillance. All
questions were formulated according to Population, Intervention, Comparison, and Outcomes (PICO) format.
The panel focused on three questions for diagnostic strategy: (1) What is the diagnostic performance of
clinical signs to suggest abdominal injury in trauma patients? (2) Suspecting abdominal trauma, what is the
diagnostic performance of prehospital FAST (Focused Abdominal Sonography for Trauma) to rule in
abdominal injury and guide the prehospital triage of the patient? and (3) When suspecting abdominal
trauma, does carrying out a contrast enhanced thoraco-abdominal CT scan allow identification of abdominal
injuries and reduction of mortality? Four questions dealt with therapeutic strategy: (1) After severe
abdominal trauma, does immediate laparotomy reduce morbidity and mortality? (2) Does a “damage control
surgery” strategy decrease morbidity and mortality in patients with a severe abdominal trauma? (3) Does a
laparoscopic approach in patients with abdominal trauma decrease mortality or morbidity? and (4) Does
non-operative management of patients with abdominal trauma without bleeding reduce mortality and
morbidity? Finally, one question was formulated regarding the early monitoring of these patients: In case of
severe abdominal trauma, which kind of initial monitoring does allow to reduce the morbi-mortality? The
analysis of the literature and the recommendations were conducted following the GRADE®™ methodology.
Results: The SFAR/SFMU Guideline panel provided 15 statements on early management of severe abdominal
trauma. After three rounds of discussion and various amendments, a strong agreement was reached for 100%
of recommendations. Of these recommendations, five have a high level of evidence (Grade 14), six have a low
level of evidence (Grade 2+) and four are expert judgments. Finally, no recommendation was provided for one
question.
Conclusions: Substantial agreement exists among experts regarding many strong recommendations for the
best early management of severe abdominal trauma.

© 2019 The Authors. Published by Elsevier Masson SAS on behalf of Société francaise d’anesthésie et de

réanimation (Sfar). This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).

Expert coordinators

Pierre Bouzat (Grenoble)
Guillaume Valdenaire (Bordeaux)
Cédric Gil-Jardiné (Bordeaux)
Emmanuel Weiss (Paris)

Experts

Johnatan Charbit (Montpellier)
Catherine Arvieux (Grenoble)
Paul Balandraud (Paris)

Xavier Bobbia (Nimes)
Jean-Stéphane David (Lyon)
Julien Frandon (Nimes)
Delphine Garrigue (Lille)
Jean-Alexandre Long (Grenoble)
Julien Pottecher (Strasbourg)
Bertrand Prunet (Paris)

Bruno Simonnet (Bordeaux)
Karim Tazarourte (Lyon)
Christophe Trésallet (Paris)
Julien Vaux (Créteil)

Damien Viglino (Grenoble)
Barbara Villoing (Paris)

Laurent Zieleskiewicz (Marseille)

. Introduction

Severe abdominal trauma is diagnosed in up to 20% of severe

available for the French context. Management of abdominal
trauma requires, in particular, a trans-professional and multidis-
ciplinary approach, ranging from the prehospital setting to the
intensive care unit (ICU). Over the last ten years, the non-operative
management including angio-embolisation has greatly changed
the management and outcome of these patients. This circumstance
required specific attention in the present guideline.

The French Society of Anaesthesia and Critical Care (Société
francaise d’anesthésie et de réanimation, SFAR), the French Society of
Emergency Medicine (Société francaise de médecine d'urgence,
SFMU), the French Society of Urology (Société francaise d'urologie,
SFU), the French Association of Surgery (Association francaise de
chirurgie, AFC), the Val-de-Grace School (Ecole du Val-De-Grdce,
EVG) and the Federation for Interventional Radiology (Fédération
de radiologie interventionnelle, FRI-SFR) have joined forces to
generate original guidelines dedicated to the management of
patients with, or with a suspicion, of severe abdominal trauma
within the first 48 hours. Severe abdominal trauma was defined
by:

e a suspicion of an abdominal injury in a patient with at least one
Vittel criteria in the prehospital setting [3];

e an abdominal injury of a score >3 on the abbreviated injury
scale (AIS) [4].

The aim of these guidelines is to provide a decision-making
framework for physicians practicing in a non-specialised setting,
managing patients with suspected abdominal trauma. In conse-
quence, the target audience is large, defined by all health care
professionals involved in trauma care. The group agreed to

trauma patients and is associated with a high mortality rate of
around 20% [1]. In Europe, the majority of abdominal traumas
results from a blunt mechanism, whereas penetrating lesions are
less frequent. Severe haemorrhage is the leading cause of death
and may be preventable, particularly when an abdominal injury is
involved [2]. Despite numerous guidelines on severe trauma
management, no specific guideline on abdominal trauma is

generate a limited amount of recommendations to focus on the
most important messages. In the absence of high-level evidence,
the available body of evidence was still considered superior to the
expert opinion in the formulation of a recommendation. The basic
rules of universal good medical practice in intensive care,
emergency medicine and emergency surgery were assumed to
be known and thus were not included in the guidelines.
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2. Methods

A group of experts developed these guidelines on behalf of the
Société francaise d’anesthésie et de réanimation, the Société
francaise de médecine d’urgence, the Société francaise d’urologie,
the Association francaise de chirurgie, the Ecole du Val-De-Grace
and the Fédération de radiologie interventionnelle. The organising
committee defined a list of questions to be addressed and assigned
experts to each question. The questions were formulated using the
PICO (Patient Intervention Comparison Outcome) format. Three
sections were defined: the diagnostic strategy, the therapeutic
strategy and the early surveillance.

The GRADE method (Grade of Recommendation Assessment,
Development and Evaluation) was used to assess the level of
available evidence. Following a quantitative analysis of the
literature, the method can be used to separately determine the
quality of the evidence available, i.e. to estimate the level of
confidence required to analyse the effects of the quantitative
intervention, and the level of recommendation. The quality of
evidence is rated as follows:

e high quality of evidence: further research is very unlikely to
affect confidence in the estimate of the effect;

e moderate quality of evidence: further research is likely to have
an impact on confidence in the estimate of the effect and could
change this estimate of the effect;

¢ low quality of evidence: further research is very likely to have an
impact on confidence in the estimate of the effect and is likely to
change this estimate of the effect;

o very low quality of evidence: any estimate of the effect is very
unlikely.

The level of recommendation is binary (either positive or
negative) and strong or weak:

e strong recommendation: we recommend (GRADE 1+) or do not
recommend (GRADE 1-) this action;

e weak recommendation: we suggest (GRADE 2+) or do not
suggest (GRADE 2-) this action.

The strength of the recommendations was determined accord-
ing to key factors and validated by the experts after a vote using the
GRADE Grid method.

The compilation of a guideline required that at least 50% of
voting participants had an opinion and that fewer than 20%
of participants voted for the opposite proposal. The compilation of
a strong agreement required the approval of at least 70% of the
voting participants.

3. Results

Section 1: Diagnostic strategy

Question 1: What is the diagnostic performance of clinical
signs to suggest abdominal injury in trauma patients?

R1 - In patients after severe trauma, clinical signs are insuffi-
cient to rule in or rule out abdominal injury.
(GRADE 1), STRONG AGREEMENT

Rationale

A systematic revue of existing literature, including 12 articles
published between 1950 and 2012, has evaluated the predictive
value of several clinical signs to assess abdominal injury [5]
and has demonstrated an overall weak discriminative power.

As a reminder, a positive likelihood ratio (LHR+) > 10 is
considered as an acceptable threshold to use a test to rule in a
condition, and a negative likelihood ratio (LHR-) > 0.1 is
considered as an acceptable threshold to rule out a condition.
LHR+ for clinical signs of abdominal injuries were: pain on
compression 6,5 [95% CI:1.8-24]; haematuria 4.1 [95% CI:3-4,9];
abdominal distension 3,8 [C1 95%:1.9-7.6]; guarding 3,7 [95% CI:
2-5.9]; spontaneous pain 1,6 [95% CI: 1.3-2]; pain on palpation
1.4 [95%CI: 1.3-1.5]. For the seatbelt sign, the LHR+ was between
5,6 and 9,9.

All LHR— were > 0.1. The absence of abdominal pain on
palpation does not allow ruling out an intra-abdominal injury, pain
being absent in 10-14% of severe trauma patients [6,7].

Question 2: Suspecting abdominal trauma, what is the
diagnostic performance of prehospital FAST (Focused Abdomi-
nal Sonography for Trauma) to rule in abdominal injury and
guide the prehospital triage of the patient?

R2.1 - When suspecting abdominal trauma, it is probably
recommended to perform a prehospital FAST to rule in
intra-abdominal free fluid.

(GRADE 2+), STRONG AGREEMENT

No recommendation: After studying the available literature,
the experts are not in the position to provide a recommenda-
tion in favour or against the use of prehospital FAST to guide
the prehospital triage of patients with suspected severe ab-
dominal trauma.

Rationale

FAST aims to detect free intra-abdominal fluid after trauma.
This exam requires integration into a so-called E-FAST (Extended
Focused Assessment with Sonography for Trauma) attempting to
detect pleural fluid or pneumothorax. Overall, the level of
evidence remains low and further comparative studies are
required on the diagnostic, prognostic and decision-making
impact in the prehospital field. In a recent meta-analysis
evaluating the usefulness of prehospital ultrasound use, only
3 from 27 were investigating severe trauma [8]. Positive and
negative predictive values to predict the need for laparotomy
varied from 50 to 96%. One prospective, single-centre study
demonstrated a weak sensitivity (64 and 46% respectively) but an
acceptable specificity of 94%. Using prehospital FAST for detecting
intra-abdominal free fluid, positive and negative likelihood ratios
were 12.8 and 0.38, respectively [9,10]. However, the FAST being
absolutely feasible in the prehospital arena [10], its diagnostic
performance remains inferior to the intrahospital FAST
[11]. Moreover, the feasibility may be impeded by poor
conditions, obesity and low operator experience. Finally, two
major limitations characterise this test:

o the negative result of a the very early performance may not rule
out slowly accumulating intra-abdominal free fluid;

e a retroperitoneal haematoma can generate intra-abdominal
effusion, in particular in the case of patients with complex pelvic
injury.

Although suggested by some authors [12], the current level of
evidence does not allow to recommend the use of prehospital
FAST to guide triage. The exam can be repeated during transport
but should in no case delay rapid transfer to an appropriate
centre.
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R2.2 - When suspecting abdominal trauma, we recommend to
perform a FAST on admission to the hospital to: (i) rule in or out
free intra-abdominal fluid; (ii) rule out more than 500 ml of free
fluid if the exam is negative.

(GRADE 1+), STRONG AGREEMENT

R2.3 - When suspecting abdominal trauma, we do not recom-
mend to perform a FAST on admission to the hospital to: (i) rule
out a specific intra-abdominal injury; (ii) rule out the presence
of a retroperitoneal haematoma.

(GRADE 1-), STRONG AGREEMENT

Rationale

A recent meta-analysis demonstrated a satisfying performance
of intra-hospital extended FAST to identify a thoraco-abdominal
injury with a sensitivity (Se) of 74% [95% Cl: 65%-81%] and
specificity (Sp) of 96% [95% Cl: 94%-98%], which corresponds to a
LHR + of 18, and a LHR- 0f 0,27 [ 11]. This performance allows ruling
in the presence of intra-abdominal free fluid with FAST without
clinical or radiological signs of pelvic injury, in particular in
unstable patients [13]. A negative FAST does not rule out an
amount of < 500 ml of free fluid [14-16] or the presence or nature
of specific organ injury [17], despite some requiring surgical repair
[18].In analogy, a positive FAST does not characterise the nature of
the free fluid (blood, ascites, urine). Although FAST facilitates
appropriate decisions in the resuscitation area in 99% of cases [18],
no study could yet demonstrate a mortality reduction associated
with its use.

Question 3: When suspecting abdominal trauma, does
carrying out a contrast-enhanced thoraco-abdominal CT scan
allow identification of abdominal injuries and reduction of
mortality?

R3.1 - When suspecting abdominal trauma, we recommend
carrying out a contrast-enhanced thoraco-abdominal CT scan
to identify abdominal injuries.

(GRADE 1+), STRONG AGREEMENT

R3.2 - When suspecting abdominal trauma, we recommend
carrying a contrast-enhanced thoraco-abdominal CT scan to
reduce mortality.

(GRADE 2+), STRONG AGREEMENT

Rationale

The diagnostic performance of contrast-enhanced CT scan for
the diagnosis of abdominal injuries varies according to the type of
trauma (penetrating or non-penetrating) and the type of organ
injured (solid or hollow) [19-21].

A systematic review of the usefulness of CT for the diagnosis of
solid organ lesions shows a likelihood ratio + (LHR +) of at least
45 and a negative likelihood ratio (LHR—) of 0.09 (sensitivity 98%
and specificity 98%) [4]. Performance is lower for hollow organ
lesions with an LHR + of 21 and a LHR— of 0.16 (sensitivity 85% and
specificity 96%). Certain CT signs such as pneumoperitoneum or
mesenteric infiltration used to diagnose lesions of hollow organs
show very poor diagnostic performance with sensitivity at 9% and
specificity at 49% [22]. For penetrating injuries of the abdomen, a
systematic review published in 2018 reports a CT performance
with a LHR + 5.4 and LHR- of 0.22 (sensitivity 81% and specificity
of 85%) [23]. These overall performances justify the systematic

diagnosis of a CT scan with systematic contrast enhancement when
suspecting severe abdominal trauma. However, the performance of
the CT for the diagnosis of hollow organ lesions and penetrating
lesions indicates not to rely exclusively on the CT scan for clinical
reasoning.

In the context of severe abdominal trauma, carrying out an
injected CT scan can help quickly identify bleeding lesions and
obtain a complete picture of all haemorrhagic sources and injuries,
expediting the appropriate therapeutic strategy [24]. Evidence in
favour of this recommendation stems from one randomised
controlled trial (REACT-2) [24] and five observational studies with
a level of acceptable methodological rigor [25-28]. The random-
ised REACT-2 study [24] was unable to demonstrate a reduction in
mortality comparing a systematic whole-body contrast CT scan
in 541 patients with a control group of 542 patients with
conventional imaging assessment and selective CT scanning.
Although this study was conducted with great rigor, some
elements may explain the failure to demonstrate a benefit.
REACT-2 was intended to achieve a 5% reduction in mortality,
whereas observational studies suggest a reduction in mortality
around 3%. Under this assumption, the REACT-2 study did not have
the power to detect a difference between the two groups. In
addition, 46% of patients in the control group received a full-body
scan, but those results were obtained with an intention-to-treat
analysis. For these two reasons, the results of REACT-2 invite to
remain cautious before concluding on the absence of a benefit of
the whole-body scanner on mortality. Five observational studies
compare observed mortality with a predicted mortality rate using
either the TRISS or RISC method [25-28]. With a total of 31,514
patients included, these studies suggest a benefit in terms of
reducing mortality with an Odds Ratio of 0.75 [95% CI: 0.7-0.79].
This finding appears applicable to cases with active haemorrhage
and haemodynamic instability [25,29]. Several systematic reviews
[30-32] confirm these results, but also indicate considerable
heterogeneity and a non-negligible risk of bias. A CT scan could
therefore increase the ISS score and lead to bias in favour of the CT
group, as the CT scan can detect and describe more lesions. A
possible benefit is to be weighed against a real risk of irradiation. It
is estimated that between 322 and 1250 full-body scanners are
required to cause lethal cancer [30,33]. In comparison, with a
mortality rate of 17% [24] and an Odds Ratio of 0.7, it takes between
20 and 40 patients scanned to save a patient; the potential benefit
therefore seems to outweigh the risk. The risk of irradiation is even
lower as current irradiation levels decrease gradually to reach
between 10-15 mSv per examination [25].

Section 2: Therapeutic strategy

Question 4: After severe abdominal trauma, does immediate
laparotomy reduce morbidity and mortality?

R4 - In patients with severe abdominal trauma and large
peritoneal effusion, the experts suggest to carry out an imme-
diate laparotomy in patients that remain haemodynamically
unstable after initial resuscitation to undergo a CT scan.
EXPERT OPINION, STRONG AGREEMENT

Rationale

The review of the literature shows no high-level evidence to
provide a high GRADE recommendation. Findings from retrospec-
tive studies and US recommendations allow us to present an expert
opinion.

The usual indication for immediate laparotomy after penetrat-
ing trauma is shock (SAP < 90-100 mmHg and/or no response to a
fluid challenge). In these patients, whole body CT scanning delays
laparotomy (up to 90 min) and may increase mortality up to 70%,
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as shown by a retrospective study of the national trauma data bank
[34].

In case of haemodynamic instability after blunt abdominal
trauma with large peritoneal effusion, a delayed laparotomy
increases the odds of death by 1% every 3 min [35] (Fig. 1). An
ancillary study of the PROMMT trial investigated patients with at
least one packed red blood cell transfusion and a laparotomy
performed 90 min after the diagnostic of a positive FAST [36]. In
these patients, time from admission to FAST was 8 4+ 10 min and all
patients were not hypotensive. In a multivariate analysis, every 10-
minute delay from admission to laparotomy and from FAST to
laparotomy increased 24h-mortality by a factor of 1.5 and 1.3,
respectively, and in-hospital mortality by a factor of 1.4. Based on the
same data set, Barbosa et al. documented a low incidence of non-
therapeutic laparotomies (2.6%) and no patient endured a pointless
laparotomy when SAP was lower than 90 mmHg [37]. In another
study, patients with a delayed laparotomy (> 24 h) had a higher rate
of complication than patients with immediate laparotomy [37].

In case of blunt renal trauma, indications for immediate surgical
exploration are: associated intraperitoneal lesions, expansive,
pulsatile haematoma with Grade V lesion of the kidney [38].

Finally, the need for immediate laparotomy in case of
circulatory insufficiency and large intraperitoneal effusion is
recommended by the German [39], European [40] and American
[41] guidelines. The recent analysis of the literature cannot provide
enough evidence to specify the place of REBOA in these patients
[42].

Question 5: Does a “damage control surgery” strategy decrease
morbidity and mortality in patients with a severe abdominal
trauma?

Clinical examination

R5 — When a laparotomy is performed in patients with hae-
modynamic instability after blunt or penetrating abdominal
trauma, a damage control surgery strategy is probably recom-
mended to decrease mortality.

(GRADE 2+), STRONG AGREEMENT

Rationale

Stone et al. provided the first description of the damage control
technique in 1983 [43]. In this retrospective study, the authors
found 14 survivors out of 17 patients in the damage control group
vs one patient out of 14 patients in the classic surgery group. The
concept of damage control surgery is based on limited surgical
intervention in order to control both haemorrhage and contami-
nation and limit physiological decompensation. Definitive repair is
carried out after acceptable correction of physiological derange-
ment. In 1993, Rotondo et al. called this technique “damage control
laparotomy” in a limited retrospective study [44]. In this study, the
sub-group of patients with complex lesions had a survival rate of
70%. Based on these two low-level evidence studies, the doctrine
was promoted in the USA. Asensio et al. compared retrospectively
two groups of patients before and after the implementation of a
damage control protocol. They found a reduced stay in ICU without
any effect on mortality [45]. Regarding postoperative complica-
tions, a prospective cohort study in 2018 found more complica-
tions in the group of patients treated with a damage control
strategy, but none of them was clinically significant [46]. Criteria to
perform a damage control laparotomy are based on: pH,
temperature, shock, packed RBC transfusion, blood loss, lactate

Abdominal examination, check for penetrating lesions if appropriate

Clinical signs of shock and/or active bleeding

Global evaluation, other sources of bleeding
Ultrasonography (FAST)

Intraperitoneal effusion, estimate abundance.

K - Pneumothorax, pleural effusion, pericardial effusion

!
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Fig. 1. Algorithm for the management of severe blunt abdominal trauma in adults.
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concentration and/or coagulopathy [47-51]. Diverse thresholds
have been described, but none proven to be superior. Currently
proposed criteria are: haemorrhagic shock with metabolic acidosis
(pH < 7.2), hypothermia (temperature < 34 °C) and/or coagulopa-
thy [52].

Question 6: Does a laparoscopic approach in patients with
abdominal trauma decrease mortality or morbidity?

R 6.1- In haemodynamically stable patients with blunt abdom-
inal trauma, the experts suggest that a laparoscopic approach
may be considered for diagnostic and/or therapeutic purposes
to reduce morbidity in the following situations: (i) in the acute
phase when the radiologic survey suspects a diaphragmatic or
hollow viscus injury and (ii) later on, to complete a non-
operative management.

EXPERT OPINION, STRONG AGREEMENT

Rationale

Contrary to penetrating trauma, reports on laparoscopic
treatment of blunt abdominal trauma are rare, and no randomised
controlled trial compares laparoscopy to laparotomy in blunt
abdominal trauma. In the three monocentric cohorts published so
far [53-55], the conversion rate to laparotomy varied from 8.5 to
40% and conversion was mainly driven by technical constraints, to
allow the definitive repair of intestinal injuries with satisfactory
surgical exposure. Laparoscopy was reported to reduce the rate of
laparotomies (including non-therapeutic laparotomies) and to
provide definitive diagnosis when clinical examination and
imaging survey were inconclusive. In the acute phase, exploratory
laparoscopy is indicated whenever the initial CT scan cannot rule
out hollow viscus injury, since operative delay significantly
increases morbidity and mortality (fourfold increase in mortality
when surgical delay exceeds 24 h after bowel perforation [56]).
Moreover, laparoscopy conveys the benefit of minimally invasive
surgery, including cosmetic perquisites and enhanced recovery
after surgery. In the future, delayed laparoscopy may also be
indicated in patients with persistent, poorly tolerated biloma or
hemoperitoneum, occurrence of abdominal compartment syn-
drome, persistent occult bleeding or suspicion of hollow viscus
perforation [57].

R 6.2- Whenever peritoneal violation is deemed likely after
penetrating abdominal trauma, exploratory laparoscopy is
probably recommended to rule out peritoneal perforation after
initial radiologic survey in patients without clinical signs of
peritonitis or evisceration

(GRADE 2+), STRONG AGREEMENT

Rationale

In haemodynamically stable patients with penetrating abdom-
inal trauma after stab wound, a peritoneal violation is found in less
than 50% of cases [58]. In such patients, with no clinical sign of
peritonitis (without diffuse abdominal tenderness) or evisceration,
the main concerns are undiagnosed diaphragmatic lacerations
(found in 10-15% of cases [59]) and perforation of hollow viscus
(5-10%). The question as to whether systematic laparotomy should
be undergone in such situations is not straightforward. Indeed,
non-therapeutic laparotomy increases hospital length of stay and
carries a significant risk of both immediate (surgical wound
infection) and long-term complications (eventration and occlusion
in 10 to 40% of cases) in otherwise young and healthy patients
[60]. O'Malley et al. performed a meta-analysis of 51 cohort studies
(including 13 prospective) dealing with exploratory laparoscopy

(n=2563) after penetrating abdominal trauma [61]. Peritoneal
perforation was found in 46.1%, which indicated conversion to
laparotomy in 34% of cases; 16% of which were non-therapeutic
and 11.5% of which were negative. In summary, laparotomy (when
performed) was therapeutic in 73% of cases and 1497 patients were
spared a non-therapeutic laparotomy. Sensitivity ranged from
66.7 to 100%, specificity from 33.3 to 100% and accuracy from 50 to
100%. Twenty-three of the 51 studies reported sensitivity,
specificity and accuracy of 100%, including the four most recent
studies. Laparoscopy and laparotomy following abdominal stab
wound were also compared in another systematic review and
meta-analysis including eight observational studies and one
randomised controlled trial [62]. Compared to laparotomy,
laparoscopy was associated with a reduced incidence of surgical
wound infection (Odd ratio (OR): 0.55; 95% confidence interval
(95% CI): 0.37-0.81) and pneumonia (OR: 0.22; 95% CI: 0.13-0.37),
a reduction of both procedure time (mean difference [MD]:
—27.99 min; 95% CI: —43.17 to —12.80 min) and length of hospital
stay (MD: —3.05 days; 95% CI: —4.68 to —1.42 days). Laparoscopy
was 100% sensitive in most of the included studies and avoided
non-therapeutic laparotomies in 46% of patients. The authors of
the meta-analysis concluded that, compared to laparotomy,
laparoscopy reduced complication rate and length of hospital
stay, while promoting enhanced recovery after surgery.

Question 7: Does non-operative management of patients
with abdominal trauma without bleeding reduce mortality and
morbidity?

R 7.1- In patients with abdominal trauma without active
peritoneal bleeding or bowel perforation, non-operative man-
agement should probably be recommended to reduce mor-
bidity and mortality.

(GRADE 2+), STRONG AGREEMENT

R 7.2-In patients suffering abdominal trauma with established
ongoing intraperitoneal bleeding, emergent haemostatic
angio-embolisation should probably be considered, among
other possible therapeutic options, to reduce morbidity and
mortality.

(GRADE 2+), STRONG AGREEMENT

Rationale

Since 1970, non-operative management (NOM) of abdominal
trauma patients has evolved to become a standard of care. This was
facilitated by:

e abetter understanding of the mechanisms leading to death after
injury;

e the technical improvements in CT scan imaging;

e the recent breakthroughs in interventional radiology [63].

The expertise gained in both diagnostic and interventional
radiology nowadays allows a NOM in more than 80% of abdominal
trauma, especially when haemorrhagic shock and bowel perfora-
tion are ruled out [64]. In haemodynamically stable patients after
blunt abdominal trauma, NOM can be the first option in most cases.
Accordingly, 90% of traumatic renal injuries and 70-80% of
traumatic splenic and hepatic injuries are treated non-operatively.
Even the most severe traumatic abdominal injuries (Organ Injury
Scale [OIS] 4 and 5) can benefit from a NOM, given that close and
repeated clinical and radiological assessment are provided
whatever the involved organ [38,65]. In some of these patients,
close monitoring may subsequently mandate an intervention
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(laparotomy, laparoscopy, interventional radiology, gastro-intes-
tinal endoscopy), without meaning a failure of the non-operative
management strategy [66]. Moreover, in the case of splenic [67,68],
hepatic [69], kidney [70] or adrenal [71] traumatic injuries with
documented active bleeding, therapeutic haemostatic angio-
embolisation can significantly reduce the failure rate of NOM.
However, preventive haemostatic angio-embolisation should be
applied cautiously: it was demonstrated to be very efficient in
traumatic liver injuries with moderate (blush) contrast extravasa-
tion [72], it remains controversial in blunt splenic trauma [73] and
did not provide any benefit in high-grade traumatic kidney injuries
[70]. The awaited results of the “SPLASH” trial (NCT02021396)
will provide additional insight as to whether splenic embolisation
improves salvage rate at one month in a population of
haemodynamically stable (systolic BP > 90 mmHg and no hae-
morrhagic shock) closed splenic trauma patients with a high risk of
splenectomy. In patients with haemorrhagic shock or ongoing
bleeding after splenic, kidney or adrenal injury, therapeutic
haemostatic angio-embolisation, if immediately available, may
replace haemostatic laparotomy [74-76]. In 269 trauma patients
with high-grade abdominal injuries (OIS grade 3-5, many of them
with multiple haemorrhagic foci), Hagiwara et al. demonstrated
that transcatheter arterial embolisation was safe and effective
(100% success rate), even in hypotensive patients, provided
the latter showed transient response to fluid resuscitation [74].
Concerning traumatic hepatic injuries, haemostatic angio-emboli-
sation can represent the first-line haemostatic option in some
cases, but it is regularly followed by complementary haemostatic
laparotomy [77]. In haemodynamically stable, penetrating ab-
dominal trauma patients, NOM can also be performed, provided
the following injuries were ruled out: active bleeding, bowel
perforation, biliary, vesical or pyelocaliceal injuries [78,79]. In such
cases, the secondary manifestation of a pneumoperitoneum is
highly suggestive of bowel perforation and mandates exploratory
laparotomy. First line haemostatic angio-embolisation may also be
considered in some penetrating solid organ injuries treated under
the NOM paradigm [79].

Section 3: Early monitoring in the intensive care unit

Question 8: In case of severe abdominal trauma, which kind
of initial monitoring does allow to reduce the morbidity and
mortality?

R 8.1-In patients at risk of intra-abdominal pressure elevation,
it is probably recommended to monitor the intra-abdominal
pressure in an intensive care unit in order to early detect
abdominal compartment syndrome.

(GRADE 2+), STRONG AGREEMENT

Rationale

An intra-abdominal pressure higher than 25 mmHg in associa-
tion with any organ dysfunction defines the abdominal compart-
ment syndrome (ACS) and requires an emergent treatment [80]. A
recent review has confirmed that the early detection of ACS is
decisive to provide a favourable outcome in such patients
[81]. Incidence of ACS was described in the literature between
0.2 and 20% following abdominal trauma [82]. This incidence was
slightly higher following laparotomy. Risk factors of ACS are
BMI > 27 kg.m 2, APACHE score Il > 18, abdominal distension,
PEEP > 7 cm H,0 under mechanical ventilation, haemodynamic
shock, massive transfusion and/or massive fluid expansion
[81,82]. Two prospective observational studies on trauma patients
highlighted that the abdominal hypertension was significant on
the first day. One-third of these cases developed ACS during the ICU
stay [82,83]. In the most recent series, incidence of ACS was lower

between 3 and 6%, but ACS remained an independent risk factor of
mortality (OR 3.3, 95% CI 1.5-7.6), with a fatality rate of 90% if left
untreated. Early laparotomy significantly reduces the complica-
tions rate associated with ACS [84].

R 8.2- In the case of severe abdominal injury (AIS > 3) treated
by non-operative management, the experts suggest the fol-
lowing modalities of monitoring and follow up:

e Admission to an institution with the 24/7 capacity to
perform an emergency haemostatic laparotomy, for at
least the first 24 hours in a unit with continuous
monitoring, followed by clinical and biological observa-
tion for a minimum of 3 to 5 days.

Execution of an abdominopelvic CT scan with intravas-
cular contrast media for all abdominal injuries at-risk
before hospital discharge and/or when a complication is
suspected.

EXPERT OPINION, (STRONG AGREEMENT)

Rationale

The main objective of monitoring is to detect early and delayed
complications of haemorrhagic or infectious type. Most of these
complications occur within the 5 first days following trauma
[85,86]. Haemorrhagic risk (persistence of bleeding, delayed organ
rupture) is maximal within the 24 first hours, which justifies an
hospitalisation in an intensive care unit when the risk is significant
[69]. The duration of observation is variable and depends
particularly of the organ, OIS grade, associated injuries and age
of patients. This concern was largely studied in splenic trauma.
Smith et al., for example, published in 2008 the experience from
more than 21,000 blunt splenic trauma initially treated by
observation. From this cohort, 95% of delayed splenic bleeding
were observed in the 72 first hours [87]. During this period, a strict
bed rest is largely recommended. However, it has not been proven
that early ambulation increases the risk of delayed bleeding or
NOM failure [88,89].

The performance of a second CT scan in the early phase of
management, 48-72 hours after admission, has demonstrated its
potential for increasing the success chances of NOM [88]. The
objective of this second imaging is to detect the occurrence or the
increasing of a contrast media extravasation, strongly predictive of
an intervention or a pseudo-aneurysm. Velmahos et al. thus showed
in high-grade splenic trauma (OIS > 3) that a contrast media
extravasation > 15 mm in association with a hypotension had a
positive predictive value of 100% for delayed splenic rupture [89].
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