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ARTICLE INFO ABSTRACT

Article history: Chest trauma remains an issue for health services for both severe and apparently mild trauma
Available online 16 January 2017 management. Severe chest trauma is associated with high mortality and is considered liable for 25% of
mortality in multiple traumas. Moreover, mild trauma is also associated with significant morbidity
Keywords: especially in patients with preexisting conditions. Thus, whatever the severity, a fast-acting strategy
Chest Tfauma must be organized. At this time, there are no guidelines available from scientific societies. These expert
Intensive Care recommendations aim to establish guidelines for chest trauma management in both prehospital an in
\S/Z‘;‘iﬁ;lt'ig:te“a hospital settings, for the first 48 hours. The “Société francaise d’anesthésie réanimation” and the “Société
Analgesia francaise de médecine d'urgence” worked together on the 7 following questions: (1) criteria defining
Blunt Chest Trauma severity and for appropriate hospital referral; (2) diagnosis strategy in both pre- and in-hospital settings;
Penetrating Chest Trauma (3) indications and guidelines for ventilatory support; (4) management of analgesia; (5) indications and
guidelines for chest tube placement; (6) surgical and endovascular repair indications in blunt chest
trauma; (7) definition, medical and surgical specificity of penetrating chest trauma. For each question,
prespecified “crucial” (and sometimes also “important”) outcomes were identified by the panel of
experts because it mattered for patients. We rated evidence across studies for these specific clinical
outcomes. After a systematic Grade® approach, we defined 60 recommendations. Each recommendation

has been evaluated by all the experts according to the DELPHI method.
© 2017 Société francaise d’anesthésie et de réanimation (Sfar). Published by Elsevier Masson SAS. All
rights reserved.

1. Introduction
1.1. Background

Compared to other traumatic injuries, chest trauma is

- characterized by life threatening conditions explained initially
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association require rapid and efficient patient management,
which associates severity evaluation, treatment of hypoxia, pain
and accountable injuries as well as appropriate orientation. An
important literature exists on chest trauma, but high quality and
prospective randomized clinical trials, meta-analysis are still
scarce. However, there is a major need for recommendations on
the complex field of chest trauma management to answer
physicians expectations.

1.2. Rational

Guidelines on chest trauma needs the participation of all
specialties involved in its management: emergency physicians
both out of hospital and in hospital settings, anesthesiologists,
intensivists, radiologists, and surgeons. Therefore, these clinical
practice guidelines initiated jointly from the French society of
anesthesiology and intensive care (Société francaise d’anesthésie et
de réanimation [Sfar]) and the French society of emergency
medicine (Société francaise de médecine d’urgence [SFMU]) who
associated the French society of thoracic and cardiovascular
surgery (Société francaise de chirurgie thoracique et cardiovasculaire)
and the French society of radiology (Société francaise de radiologie)
to the writing. Chest trauma involves chest wall, lungs, heart,
vessels and diaphragm injuries. These guidelines focused on the
first 48 hours, involved obvious or potential severe trauma but did
not include heart and diaphragm injuries.

1.3. Question definition

The panel of experts defined seven questions because of their
high clinical relevance in chest trauma management in both out-
of-hospital and in-hospital setting. Several sub-questions have
been defined due to the extent of issues. Each question has been
evaluated by the panel of experts according to the DELPHI method:
from 1 (I completely disagree) to 9 (I completely agree); after each
round of judgment extreme values were eliminated and median
value was calculated. Strong agreement was determined when
variations were between three predefined zones [1-3], [4-6] or [7-
9], this last interval being the final and weak agreement when
intervals exceeded such zone. The process has been stopped after
two rounds and achievement of consensus.

2. Methodology
2.1. The Grade®™ method

The Grade® method was used to establish these guidelines.
Following quantitative analysis of the literature, this method can
be used to separately determine the quality of evidence, i.e.
estimation of the level of confidence of the analysis of the effect of a
quantitative intervention, and the grade of recommendation.
Quality of evidence was classified into four categories:

e high: future research will very probably not change the level of
confidence in the estimate of the effect;

e moderate: future research will probably change the level of
confidence in the estimate of the effect and could modify the
estimate of the effect itself;

e low: future research will very probably have an impact on the
level of confidence in the estimate of the effect and will probably
modify the estimate of the effect itself;

e very low: the estimate of the effect is very uncertain.

Analysis of the quality of evidence was performed for each
study and a global level of evidence was then defined for a
particular question and a particular criterion.

The final formulation of the recommendations is always binary,
either positive or negative and either strong or weak:

e strong: the experts recommend to do or not to do (Grade 1+ or
1-);
o weak: the experts suggest to do or not to do (Grade 2+ or 2-).

The strength of recommendation was determined according to
key factors, validated by the experts after a vote, using the Delphi
method:

o estimate of the effect;

o the global level of evidence: the higher the level of evidence, the
more likely the recommendation will be strong;

o the balance between desirable and adverse effects: the more
favorable this balance, the more likely the recommendation will
be strong;

e values and preferences: the recommendation is more likely to be
weak in the case of uncertainty or marked variability; these
values and preferences must ideally be determined directly with
the people concerned (patient, doctor, decision-maker);

e costs: the higher the costs or the use of resources, the more likely
the recommendation will be weak.

2.2. Experts’ advice

In case no data is found on a particular question or prespecified
outcome are not available, recommendations cannot be esta-
blished. Only experts’ advice will be issued.

2.3. Bibliography analysis

There is a large but inhomogeneous literature addressing chest
trauma. Only a few questions in these guidelines benefit from
meta-analysis or controlled randomized trials. However, because
of their clinical relevance, lesser quality trials have also been
included. Most of these papers have been published in the last
10 years but we did not fix a limit date for these first guidelines in
order to include all the potentially relevant publications. Most of
these papers regarded chest trauma but some questions (i.e.
analgesia in chest trauma) were not addressed specifically. For
such questions, we examined specific literature not directly
regarding chest trauma but with relevant conclusions for these
guidelines. The question 7 focused on specificity of penetrating
trauma. The experts have considered penetrating trauma manage-
ment to be similar to closed trauma in both pre-hospital and in-
hospital setting most of the time, however, probably leading more
often to surgical procedures.

3. Recommendations

3.1. Question 1. Criteria for severity assessment and pre-hospital
triage

3.1.1. 1.a. What are the potential criteria of gravity for thoracic
trauma?

Recommendation 1a: the experts recommend considering the
following conditions as severity criteria: age > 65 years old,
previous cardiopulmonary diseases, coagulation diseases or
acquired coagulation disorders (anticoagulant or antiplatelet
treatments), high velocity trauma and penetrating trauma
(Grade 1+).
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Rational: previous status of cardio- or bronchopulmonary
diseases (COPD, chronic respiratory failure, heart failure, coronary
diseases) and/or an age > 65 years old, increase the mortality risk
by 2 or 3 when a thoracic trauma happens (RR = 1.98, ICy5 [1.86-
2.11]) [1]. Penetrating injury increases mortality risk by 2.6 (ICgs
[2.42-2.85]) [2].

3.1.2. 1.b. What are the gravity criteria in thoracic trauma?

Recommendation 1b: the experts recommend to consider as
severity criteria in chest trauma, more than 2 ribs fracture
especially for patients more than 65-year-old, respiratory dis-
tress with respiratory rate > 25 ¢/min or hypoxemia (pulse-
oximetry < 90% on air or <95% with oxygen); circulatory
failure (systolic arterial pressure [SAP] < 110 mmHg, or more
than 30% decrease in SAP) (Grade 1+).

The experts suggest using MGAP score in pre-hospital
setting to triage the patient without initial gravity criteria
(Grade 2+).

Rational: in the first stage of a chest trauma, initial vital signs
can be falsely reassuring. A pulse-oximetry < 90% under high flow
oxygen is a dynamic severity criterion; PAS < 110 mmHg or 30%
below usual value is associated with circulatory failure and must
trigger urgent therapeutic intervention upon hospital admission
[4]. Clinical criteria in the MGAP score can improve the triage of
low mortality risk patients [5].

3.1.3. 1.c. How must patients with severity criteria in pre-hospital
setting be managed and orientated?

Recommendation 1c: we recommend transport by mobile
medical team for patient with criteria of severe chest trauma.
Triage to trauma center level 1 is mandatory (Grade 1+).

The experts suggest that all patients with previous cardio-
pulmonary conditions and/or severity criteria would benefit
from phone call or telemedicine advice by an expert. These
patients must be monitored during 24 hours. We suggest
establishing a protocol between regional hospitals and the
level 1trauma center to organize patient management (expert
advice).

Rational: direct admission of patients suffering from severe
chest trauma in level 1 trauma centers, significantly reduces the
mortality (OR 0.88, ICgs [0.6-0.88]) [6-8]. Conversely, for such
patients, previous admission in a level 3 trauma center signifi-
cantly increases mortality (OR 2.70, ICg5 [1.31-5.6]) [8].

3.2. Question 2. Diagnostic strategy at the early phase of severe
thoracic trauma

3.2.1. 2.a. Diagnostic approach in patients with hemodynamic and/or
respiratory instability

Recommendation 2a: beyond the clinical examination, the
experts suggest that thoracic ultrasonography may be imple-
mented in the Focused assessment sonography for trauma
(FAST) to diagnose pleural effusion, pneumothorax or pericar-
dial effusion. The ultrasonography should be performed by an
experienced physician and should not delay the global pre-
hospital management of the patient (Grade 2+).

From hospital admission, the experts recommend thoracic
ultrasonography combined with FAST and chest X-ray
(Grade 1+).

Rational: thoracic ultrasonography was found superior to chest
X-ray for the diagnosis of pleural effusion and/or pneumothorax in
patients with severe trauma. The sensitivity and the specificity of
this technique to diagnose pneumothorax was 78.6% (ICos [68.1-
98.1])and 98.4% (ICg5 [97.3-99.5]) [ 10], respectively. Nevertheless,
chest X-ray remains mandatory as an initial imaging technique in
patients with persistent instability [11]. Regarding the pre-
hospital setting, evidences for ultrasonography are scarce and
mainly rely upon studies dealing with FAST. However, thoracic
ultrasonography is feasible in the pre-hospital setting and may be
reliable to assess post-trauma pericardial effusion [12].

3.2.2. 2.b. Diagnostic approach in stable patients

Recommendation 2b: for patients with a suspicion of severe
thoracic trauma, the experts recommend the use of contrast-
enhanced thoracic computed tomodensitometry (CT) scan.
This strategy integrates into a comprehensive assessment of
post-trauma injuries with whole body CT scan after severe
trauma (Grade 1+).

The experts suggest using thoracic ultrasonography to
diagnose isolated parietal injuries of the chest wall rather than
chest X-ray, provided that patients do not have criteria for a
suspicion of severe trauma (Grade 2+).

The experts recommend the use of contrast-enhanced tho-
racic CT scan in case of thoracic injury suspected by the clinical
examination, the thoracic ultrasonography, and/or the chest X-
ray (Grade 1+).

Rational: contrast-enhanced thoracic CT scan is the gold
standard to comprehensively assess post-trauma injuries [13]. In
the context of severe trauma, thoracic CT scan is part of the whole
body CT scan since whole body imaging was associated with a 25%
(ICy5 [14-37]) decrease in the observed mortality compared to the
predicted one by the trauma and injury severity score (TRISS) and
13% by the revised injury severity classification (RISC) [14].

In stable patients, thoracic ultrasonography can diagnose chest
wall’s fracture (sternum, ribs) with a higher accuracy than chest X-
ray. This technique also allows to diagnose pleural effusion and
pneumothorax that could be missed by standard chest X-ray
[15,16]. Chest X-ray is futile in non-comatose patients with a
normal clinical examination [17,18].

3.3. Question 3. What are the indications for mechanical ventilation?
How to perform mechanical ventilation?

3.3.1. 3.a. Can non-invasive mechanical ventilation (NIV) be
performed in patient with torso trauma?

Recommendation 3.a.1: unless contra-indicated, experts rec-
ommend performing NIV in hypoxemic in-hospital torso trau-
ma patients, after CT-scan was performed and chest tube
inserted when indicated. Pressure support ventilation with
positive end expiratory pressure (PEEP) must be used to
perform NIV. NIV should be performed in monitored patients
(Grade 1+).

Rational: five studies [19-23] and one meta-analysis [24]
assessed the beneficial effect of NIV on morbidity and mortality in
hypoxemic patients with torso trauma. In those hypoxemic
patients (defined as having PaO,/FiO, < 200 mmHg), NIV reduced
the need for intubation (OR 0.32, ICg5 [0.12-0.86]). NIV reduced the
occurrence of pneumonia (OR 0.34, ICgs [0.2-0.58]), thus
subsequently reduced hospital length of stay by 4 days. NIV
reduced mortality (OR 0.26, ICg5 [0.09-0.71]).
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Recommendation 3.a.2: without clinical or biological improve-
ment within an hour, crush induction, intubation, mechanical
ventilation and sedation must be performed (Grade 1+).

Rational: Antonelli et al. [25] reported that PaO,/
FiO, < 146 mmHg more than an hour after NIV initiation was
independently associated with intubation (OR 2.51, ICy5 [1.45-
4.35]) in a prospective multicentre study that included 25% of
patients suffering trauma. Due to the risk of aspiration, crush
induction should be performed.

3.3.2. 3.b. How should mechanical ventilation be performed in
intubated patients with torso trauma?

Recommendation 3.b.1: experts recommend tidal volume
being set between 6 and 8 mL per kg of ideal body weight,
due to lung inhomogeneity in torso trauma. Plateau pressure
should be maintained below 30 cmH,0 (Grade 1+).

Rational: numerous studies reported the benefit of reducing
tidal volume upon mortality in patients with acute respiratory
distress syndrome (mortality reduced by 20 to 40%) [27-
33]. Trauma patients lungs are not healthy lungs, since torso
trauma acted as a first hit on the lung. Experts believe mechanical
ventilation acts as a second hit. Although those studies included a
limited number of trauma patients, experts do consider these
conclusions are valid for torso trauma patients.

Recommendation 3.b.2: in hypoxemic patient with torso trau-
ma, PEEP should be set so that to maintain FiO, < 60% and
SpO, > 92%, pending hemodynamic and ventilatory tolerance.
PEEP value should be no less than 5 cmH,0 (Grade 2+).

Rational: several randomized controlled trials reported
protective ventilation (including PEEP above 5 cmH,0) reduced
mortality in patients with acute respiratory distress syndrome
[28-33]. Briel et al. reported in a meta-analysis (that included
Alveoly [34], Lovs [30] and Express [35]), that increasing PEEP
was associated with in-hospital mortality reduction (OR 0.90,
ICos [0.81-1.00]), ICU-related mortality (OR 0.85, ICgs [0.76-
0.95]) and increased from 7 to 12 days without mechanical
ventilation during the first 4 weeks in hypoxemic patients
[36]. High levels of PEEP (defined as above 10 cmH,0) did not
affect pneumothorax nor vasopressor use. Of note, these three
studies included a limited number of trauma patients (6%).
Experts do consider those conclusions remain valid in hypoxemic
torso trauma patients.

3.4. Question 4. What pain relief management should be used in chest
trauma?

3.4.1. 4.a. What are the modalities and goals of pain relief in the out-
of-hospital setting?

Recommendation 4.a.1: in case of chest trauma, relieving pain
is an emergency. The experts suggest systematic evaluation of
pain intensity using a numerical rating scale (NRS) as the first
line strategy, or otherwise, using a simplified verbal rating
scale (VRS). Pain intensity should be measured at rest, but also
during cough and deep inspiration (Grade 2+).

Rational: there is no out-of-hospital studies demonstrating the
utility of emergency pain relief in chest trauma. However, several
studies have demonstrated that adequate pain control has a
benefit on ventilation, as well as on the risk of pulmonary
complications [37-40]. The risk-benefit ratio is therefore largely in
favour of this recommendation. Furthermore, previous expert
recommendations for sedation and analgesia in emergency
medicine published in 2010 stated that pain control should be
achieved as early as possible [41]. The numerical rating scale (NRS)
has been validated for use in the emergency department [42]. It is
strongly correlated with the results obtained using a visual
analogic scale (VAS) and can be used in 96% of patients in this
context [43].

Recommendation 4.a.2: in the presence of intense pain, mor-
phine titration is recommended. The objective is pain relief
defined by NRS <3 or Verbal rating scale (VRS)< 2.
(Grade 1+).

Rational: it has been demonstrated that morphine is effective
for acute pain relief. There is a moderate positive correlation
between the dose of morphine required to achieve pain relief, and
the initial pain intensity in the immediate post-operative period
[44]. Moreover, the dose of morphine required to achieve pain
relief varies widely from one patient to another, conforming the
necessity of morphine titration [44]. In the emergency department,
the analgesic efficacy of adequately performed morphine titration
has previously been demonstrated by Lvovschi et al. [45] in 82% of
the 621 patients treated for severe pain. The importance of
morphine titration protocols has been emphasized in the
2010 expert recommendations for sedation and analgesia in
emergency medicine [41].

Recommendation 4.a.3: the experts recommend the use of
ketamine for patient mobilization if morphine titration is not
sufficient (expert advice).

If painful therapy is mandatory, it should be performed with
adequate sedation and analgesia (expert advice).

Rational: in the emergency medicine setting, 3 molecules have
been tested, namely midazolam, propofol and ketamine. The utility
of ketamine for procedural sedation and analgesia (PSA) has been
demonstrated, and it enables adequate sedation with a high rate of
patient satisfaction [46,47]. Compared to propofol, ketamine is
associated with less apnea or hypoxemia, depending on the studies
[48]. Midazolam is associated with apnea or hypoxia and delayed
recovery.

3.4.2. 4.b. What are the modalities and goals of pain relief in the in-
hospital setting?
3.4.2.1. 4.b.1 Evaluation.

Recommendation 4.b.1: the experts suggest pain assessment
both at rest and during physical effort i.e. cough and deep
inspiration using numerical or verbal scales (NRS or VRS). The
experts suggest that the target level should be an NRS score of
3 or less, or a VRS score of 2 or less (Grade 2+).

Rational: self-reporting pain intensity by the patient allows
more appropriate and less subjective treatment of the pain than
evaluation by health care providers [49]. The NRS is simple and
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easy to use, and similar to the VRS [50]. Evaluation should be
performed at rest and during an effort that mobilize the thoracic
cage (particularly coughing and respiratory physiotherapy).

3.4.2.2. 4.b.2 Locoregional anaesthesia.

Recommendation 4.b.2: the experts recommend locoregional
anaesthesia (LRA) for patients with severity criteria or with
remaining pain after 12 hours of appropriate treatment
(Grade 1+).

The experts recommend epidural analgesia for complex
(multilevel) or bilateral injuries. This procedure should be
performed by an anaesthesiologist (Grade 1+).

The experts suggest paravertebral block use (compared to
epidural analgesia) for unilateral rib fractures. The experts
suggest echographic guidance catheter insertion (Grade 2+).

Rational: patients with rib injuries are at risk of developing
complications, particularly respiratory complications, through lack
of coughing because of the pain. These complications are related to
the number of rib fractures. Similarly, elderly subjects are at high
risk of developing respiratory complications [51]. The utility of
locoregional analgesia has been established for a long time. In
2004, Bulger et al. [37] showed in a prospective, randomized,
controlled study that epidural analgesia was superior to intrave-
nous opioids in terms of risk of pneumonia (OR 6 ICgs [1-35],
P =0.05). Similarly, Moon et al. [38] showed a 45% increase in tidal
volume from day 1 to day 3 after thoracic trauma in the group
receiving epidural analgesia, whereas tidal volume increased by
56% over baseline by day 3 in patients receiving systemic opioids.
The interest in epidural analgesia in chest trauma care is justified
by data from the field of thoracic surgery, in which such treatment
has long been established to be superior to systemic analgesia in
terms of efficiency, complications (less sedation, nausea and
vomiting) and respiratory complications [37,52,53]. Arecent meta-
analysis reported that paravertebral block was superior to epidural
analgesia for adverse effects such as arterial hypotension (OR 0.11,
ICos [0.05-0.25], P < 0.001), and presented less failure of the
procedure (OR 0.51, ICgs [0.30-0.86], P=0.01) [54]. However,
paravertebral block can only be proposed for unilateral and limited
rib fractures [55].

3.4.2.3. 4.b.3 Systemic analgesia.

Recommendation 4.b.3: the experts recommend the use of
multimodal analgesia (pending there is no contra-indications),
favouring morphine patient-controlled analgesia (PCA). This
technique can represent an appropriate complement to para-
vertebral block (Grade 1+).

The experts suggest that PCA should not be used for
systemic morphine administration in association with epidural
analgesia (Grade 2—).

Rational: systemic analgesia is an important component of
pain relief treatment in chest trauma, after considering other
extrathoracic injuries. While steps 1 and 2 analgesics of the
World health organization can be administered alone or in
combination in the framework of multimodal analgesia, mor-
phine remains the opioid of choice for the treatment of severe
acute pain. After effective titration, patient-controlled morphine
analgesia (PCA) can be considered. This technique is frequently
used for postoperative pain control after thoracic surgery [56,57],
and can be considered for the management of chest trauma pain.
It requires regular monitoring to detect potential side effects

[58]. PCA adequately complements the effects of loco-regional
anaesthetic techniques such as paravertebral block. However, it is
not recommended in association with epidural analgesia, since
opioids are also frequently used in this latter technique.

3.5. Question 5: indications and guidelines for chest tube placement

3.5.1. 5.a What are the indications for emergency decompression pre-
hospital and in-hospital?

Recommendation 5.a: the experts recommend emergency
decompression in case of acute respiratory or hemodynamic
distress with a strong suspicion of tension pneumothorax
(Grade 1+).

The experts suggest thoracostomy by the axillary approach
in case of cardiac arrest and/or failure of needle aspiration
procedure (Grade 2+).

Rational: in case of cardiac arrest secondary to chest trauma,
pleural decompression must be performed immediately in the
early phase of management, in case of suspected tension
pneumothorax. Immediate pleural decompression is also manda-
tory in case of immediate life threatening conditions (i.e.
hemodynamic instability and/or respiratory distress) associated
with compressive pneumothorax, haemothorax or haemopneu-
mothorax [59-61]. Apart from these specific situations, and in the
absence of a confirmed diagnosis, close monitoring of the patient is
required until appropriate imaging exams can be performed to
confirm and characterise the pneumothorax (location, size,
isolated or not) [62,63].

3.5.2. 5.b When should a chest tube be inserted?

Recommendation 5.b: the experts recommend insertion of a
chest tube without delay in case of complete pneumothorax,
and in case of any liquid or air effusion that leads to respiratory
and/or hemodynamic consequences (Grade 1+).

The experts suggest that a hemothorax estimated more than
500 mL (as assessed by echography and/or and/or X-ray and/or
CT scan) should be drained (Grade 2+).

In case of minor pneumothorax, unilateral and without
clinical consequences, drainage is not systematic. In these
situations, the experts suggest clinical observation, with re-
peated chest X-ray at 12 hours. If invasive mechanical ventila-
tionis required, the experts suggest that chest drainage should
not be systematic. In case of bilateral minor pneumothorax, the
experts suggest that chest drainage should not be systematic,
but rather discussed on a case-by-case basis depending on the
nature of the associated injuries, need for surgical procedure,
need for mechanical ventilation (expert advice).

Rational: in the pre-hospital setting, the indications for
thoracic decompression (needle aspiration, chest drainage or
even thoracostomy) are limited to compressive effusions
(pneumothorax and/or hemothorax) with immediate life threat-
ening. In-hospital, the indication for chest tube insertion depends
on the respiratory and/or hemodynamic status, the nature of
pleural effusion (gas, blood or both) and whether it is uni- or
bilateral [62,64-66]. When surgical procedure and/or mechanical
ventilation are required, the indication for chest drainage of
pneumothorax should be debated on a case-by-case basis. Indeed,
there are no definitive conclusions for pleural effusion increased
and/or clinical consequences when minor effusion are not
drained systematically [67,69].
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The diagnosis of pleural effusion is usually based on standard
chest X-ray. False-negative cases are possible in case of moderate
or anterior effusion, a phenomenon generally termed as occult
pneumothorax. Several classifications are available to quantify the
size of the effusion. The presence of a rim of 2 cm or less at the
apex is generally classified as small pneumothorax. Chest
ultrasound can confirm the diagnosis but the gold standard
technique is thoracic CT scan that allows volume quantification
and location of the pneumothorax. In case of small or occult
pneumothorax without clinical consequences, clinical observation
appears as the best option, in the absence of any formal proof in
the literature that chest drain insertion or needle aspiration is
beneficial [67-69].

3.5.3. 5.c What are the modalities of chest drain insertion?
3.5.3.1. 5.c.1 Location.

Recommendation 5.c.1: the experts suggest chest drainage or
decompression to be performed at the 4th or 5th intercostal
space on the midaxillary line, rather than by the anterior
approach. The experts suggest the use of atraumatic thoracic
soft-tipped drains, and suggest avoiding the use of a trocar
and/or sharp tip (Grade 2+).

Rational: a prospective study of 122 chest tubes placed in
75 patients, reported drain malposition in 30%. The use of a trocar
was found to be a predictive factor of malposition, as compared to
digital thoracostomy, although no other type of drain was
compared. The chest drains were inserted on the midaxillary
line in more than 90% of cases, and this approach was not
associated with more malposition [70]. Although the anterior
approach (2-3rd intercostal space) for chest drain insertion could
be associated whit fewer malposition compared with axillary
(lateral) approach, most of physician use the latest approach
[71,72]. Consequently, in regard to clinical practice and absence
of definitive literature conclusion’s the axillary (lateral) approach
should be proposed.

3.5.3.2. 5.c.2 Type of chest drain.

Recommendation 5.c.2: the experts suggest to use small bore
drains (18 to 24 F) to drain isolated pneumothorax. In case of
hemothorax, the experts suggest the use of large bore (28 to
36 F) drains. The use of small bore “pigtail” catheters is
considered by the experts to be an alternative for the drainage
of isolated pneumothorax without associated blood effusion
(Grade 2+).

Rational: to drain an isolated pneumothorax, drainage using
catheter with the Seldinger technique appears to be sufficient.
Indeed, one study compared the efficacy of such catheters (5F)
with larger bore chest tubes (14 or 20F) for the drainage of
spontaneous or iatrogenic pneumothorax and found similar
efficacy [73]. However, the drainage duration (3.34+1.9 vs
4.6 + 2.6 days, P < 0.01) and hospital length of stay were significantly
shorter in patients treated with catheters.

In the presence of hemothorax, use of larger bore drains is
necessary to avoid residual hemothorax, which is associated with a
higher incidence of early complications, such as empyema, or late
complications such as atelectasia and fibrosis [74]. Smaller drains
(10 to 14F) have been shown to be as effective as standard, larger
bore drains (20 to 28F) for the drainage of spontaneous
pneumothorax [75]. Conversely, for traumatic hemothorax,

specifically in the acute phase, existent literature is not sufficient
to recommend the use of small drains to ensure a correct and safe
drainage [76].

3.5.3.3. 5.c.3 Antibiotic prophylaxis.

Recommendation 5.c.3: the experts do not suggest the use of
antibiotic prophylaxis before chest drain insertion in case of
blunt chest trauma (Grade 2—).

Rational: a recent meta-analysis of 11 studies found that the
administration of antibiotic prophylaxis to patients with thoracic
injuries requiring chest drains had a beneficial effect on the risk of
infectious complications, particularly empyema. The majority of
patients included had a penetrating injury mechanism (69.4%).
Subgroup analysis found that in patients with penetrating chest
injuries antibiotic prophylaxis reduced the risk of infection after
tube thoracostomy (OR 0.28, ICg5 [0.14-0.57]), whereas there was
no effect of antibiotic prophylaxis in the subgroup with blunt
trauma [77]. An older meta-analysis of 5 studies also found a
positive effect of antibiotic prophylaxis on the risk of empyema
and pneumonia in patients with isolated chest trauma requiring
chest drain insertion. However, the studies again included both
penetrating and blunt trauma injuries. In addition, the duration of
antibiotic therapy exceeded the simple injection of antibiotic
prophylaxis, with treatment durations from 24 h to more than
24 h [78].

3.6. Question 6. Indications for open surgery and endovascular repair
in blunt thoracic trauma

3.6.1. 6.a Endovascular repair in the management of blunt thoracic
vascular injuries?

3.6.1.1. 6.a.1 Blunt thoracic artery injury (BTAI).

Recommendation 6.a.1: the experts recommend endovascular
treatment of blunt thoracic artery injury (BTAI) as first-line
therapy (Grade 1+).

In the absence of complete rupture, the management of
other immediately life-threatening injuries should take prece-
dence over endovascular repair. The management and repair
of minimal thoracic artery injuries limited to medio-intimal
rupture should be determined on a case-by-case basis (experts
advice).

Rational: traumatic thoracic artery rupture should be managed
through endovascular repair as first-line therapy [79]. Although no
randomized controlled trials are available, studies show advanta-
ges of endovascular repair over both open repair and non-
intervention in terms of mortality (9% versus 19% and 46%)
[78]. Moreover, endovascular procedure represents a less invasive
procedure that carries significantly lower risks of blood loss,
paraplegia, renal failure, systemic and prosthetic infection and a
comparable risk of stroke [78]. Aside from grade IV thoracic artery
rupture, which requires immediate repair, endovascular repair
should be performed within 24h in the absence of other
immediately life-threatening injuries requiring interventions that
should take precedence. Minimal thoracic artery injuries limited to
medio-intimal rupture (grade I rupture) do not require mandatory
intervention as most heal over time and should be managed
according to clinical observation and radiologic evolution deter-
mined by repeat CT-scan.
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3.6.1.2. 6.a.2 Blunt traumatic axillary and subclavian arterial injury.

Recommendation 6.a.2: the experts suggest endovascular
treatment of blunt traumatic axillary and subclavian arterial
injury as an alternative to surgical repair (Grade 2+).

Rational: endovascular repair of traumatic rupture of axillary or
subclavain arteries remains poorly documented. A comprehensive
review of the literature published in 2012 summarizes these cases
and reports an overall success rate of 96.9% [81]. Although no
randomized trials have compared endovascular and open repair in
the management of these arterial injuries, case reports and series
suggest that procedure duration is shorter and blood loss is
decreased with endovascular repair. No death and only one case of
neurological deficit following endovascular repair have been
reported. Endovascular repair seems an interesting alternative
to open repair in the management of blunt traumatic axillary and
subclavian arterial injuries.

3.6.2. 6.b Surgical salvage procedures
3.6.2.1. 6.b.1 Resuscitative thoracotomy (emergency department
thoracotomy)..

Recommendation 6.b.1: the experts do not recommend resus-
citative thoracotomy in the prehospital management of blunt
thoracic trauma (Grade 1-).

The experts do not suggest resuscitative thoracotomy
(emergency department thoracotomy, emergency bedside
thoracotomy) in the trauma center/emergency department
management of blunt thoracic trauma in:

o cardiac arrests with more than 10 minutes of cardiopul-
monary resuscitation without return of spontaneous
circulation, or;

e initial asystole in
(Grade 2-).

the absence of tamponnade

Rational: the survival of patients requiring resuscitative
thoracotomy (emergency department thoracotomy or EDT) is
8.8% in penetrating thoracic trauma versus only 1.4% in blunt
thoracic trauma in a cohort of over 4600 patients [82]. EDT in the
management of blunt thoracic trauma was specifically assessed by
Morikawi et al. [84]: overall survival was 3% with most survivors in
a neurovegetative coma. Literature analysis suggests that EDT
appears futile when cardiopulmonary resuscitation (CPR) has been
performed for more than 10 minutes without return of spontane-
ous circulation (ROSC) and/or in the case of initial asystole without
tamponnade [84-86].

3.6.2.2. 6.b.2 Thoracotomy for control of bleeding.

Recommendation 6.b.2: the experts suggest urgent thoracot-
omy in an operating room of the trauma center/emergency
department to control bleeding (expert advice):

¢ in case of hemodynamic instability and active intratho-
racic bleeding collected through the chest tube drainage
in the absence of other cause(s) of bleeding;
e in case of hemodynamic instability and:
o evacuation of over 1500 mL through the chest tube
and more than 200 mL/h blood loss through the
chest tube over the first hour, or,

o more than 200 mL/h blood loss through the chest
tube over 3 consecutive hours regardless of the
volume initially evacuated.

Rational: thoracotomy for control of bleeding means emergen-
cy thoracotomy in the operating room setting for the management
of intrathoracic bleeding, and does not mean resuscitative/
bedside/emergency department thoracotomy [87]. Thoracotomy
for control of bleeding in blunt thoracic trauma should be
considered for hemodynamically unstable patients with active/
persistent bleeding. Active/persistent intrathoracic bleeding is
defined by the quantity and rate of blood loss after chest tube
placement. US recommendations advocate the thoracotomy to
manage intrathoracic blood loss of over 1500 mL upon tube
thoracostomy or more than 200 mL/h blood loss through the chest
tube over 3 consecutive hours [88]. Indeed, mortality increases
linearly with the amount and rate of blood loss through the chest
tube [89]. However, these indications must be adapted to specific
injuries and mechanisms, particularly in case of penetrating
compared to blunt thoracic trauma [90].

3.6.2.3. 6.b.3 Video-assisted thoracoscopic surgery (VATS).

Recommendation 6.b.3: the experts recommend video-assis-
ted thoracoscopic surgery (VATS) for residual haemothorax
despite correct chest tube placement in the pleural space
(Grade 1+).

Rational: two small sample-size randomized trials have shown
the superiority of VATS as compared to redux tube thoracostomy
for residual haemothorax in blunt thoracic trauma [91,92]. Meyer
and Cobanoglu both compared VATS to redux tube thoracostomy
[93,94]. Patients in the VATS group had a shorter duration of
thoracostomy, shorter hospital length-of-stay, and reduced
healthcare costs while redux thoracostomy led to a high failure
rate with 40% secondary open thoracotomy rate. The advantages of
VATS seem related to the time window of the procedure, maximal
benefits being within a timeframe of 48 h to 5 days following
trauma [92-94].

3.6.2.4. 6.b.4 Surgical rib fracture fixation.

Recommendation 6.b.4: the experts recommend surgical rib
fracture fixation for flail chest requiring mechanical ventilation
in case of failure of mechanical ventilation weaning within the
first 36 h (Grade 1+).

The experts suggest that displaced or complex rib fractures
be considered for fixation through expert consult (expert
advice).

Rational: three randomized prospective studies and one meta-
analysis compared non-interventional and surgical management
of flail chest [95-98]. In the study of Tanaka et al. comparing
surgical fixation versus mechanical ventilation (MV), all included
patients were ventilated for 5 days prior to randomization and
presented at least 6 rib fractures. Results were significantly in favor
of surgical fixation in terms of ventilator-free days, ICU length-of-
stay and ventilator-acquired pneumonia rate. Likewise, rates of
return to active employment at 6 months and overall healthcare
costs were also in favor of surgical fixation. In the prospective
randomized study of Granetzny et al. [96], comparing surgical
fixation versus external stabilization, results were significantly in
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favor of surgical fixation in terms of ventilator-free days, ICU
length-of-stay and ventilator-acquired pneumonia rate. Surgical
fixation was considered in patients with failed weaning from
ventilation within 36 h following admission. Finally, the main
results of the meta-analysis of Slobogean et al. [97] and from the
study of Marasco et al. [98] are in favor of early surgical rib fixation,
particularly on the outcomes of ventilator-free days and the
incidence of pneumonia. Aside from mechanically ventilated
patients, other indications for surgical rib fixation are: painful or
invalidating flail chest, major chest wall deformation, chest wall
defects, risk of lung parenchymal injury by a rib fragment,
symptomatic costal pseudarthrosis, open rib fractures, and
peroperative fractures.

3.7. Question 7: medical and surgical specificities of a penetrating
chest trauma

3.7.1. 7.a. What are the criteria for patient triage directly to a
specialised facility?

Recommendation 7.a: the experts suggest triage to a special-
ised facility for all patients presenting with a penetrating injury
to the chest, or the cardiac box, with haemodynamic instability
or after stabilisation (Grade 1+).

The experts suggest triage to the closest surgical facility for
all patients who cannot tolerate transport to the specialized
facility because of haemodynamic instability. For patients in a
stable condition, the experts suggest transfer to a specialised
facility if severe chest injury is observed on the CT scan
(Grade 2+).

Rational: it is actually commonly admitted that the triage of
trauma patients to a trauma centre is associated with an improved
outcome, especially for patients with shock and/or coma [99-
101]. There are many reports focussing on penetrating chest
trauma but the vast majority of them are retrospective and from
the same hospital. For example, it has been shown in a cohort of
908 patients that pre-hospital time was inversely associated with
survival [103]. In a recent and another retrospective study,
Mollberg et al. [102] investigated whether a thoracic surgeon
may improve the outcome of patients presenting with a
penetrating chest injury. The study cohort included 1569 such
patients admitted from 2003 to 2011, among whom 413 required a
surgical procedure. The 222 patients who survived surgery had 18%
mortality at hospital discharge. Multivariate analysis showed that
the involvement of a thoracic surgeon during surgery was
independently associated with a survival improvement (OR 4.70,
ICos5 [1.29-17.13]).

3.7.2. 7.b. When to perform a thoracotomy at hospital admission?

Recommendation 7.b: the experts suggest performing resus-
citative thoracotomy in case of major circulatory distress and
cardiac arrest, after a compressive pneumothorax has been
eliminated, and if resuscitation manoeuvres have failed
(Grade 2+). Resuscitative thoracotomy is probably not useful
in case of cardiac arrest with cardiopulmonary resuscitation
lasting more than 15 min without signs of life but also in case of
asystole without tamponade (Grade 2-).

Rational: a resuscitative thoracotomy is typically performed in
order to resuscitate a person who has been severely injured.
During the procedure, it is possible to remove a tamponade,
repair a cardiac or vascular wound, perform a pulmonary hilar

cross-clamping in case of bronchovenous air embolism, and start a
bimanual internal massage of the heart. The outcome will depend
on the anatomical localisation of the injury, the associated injuries,
the nature of the weapon used (stab vs. firearm) and the presence
of a sign of life such as electrical activity, spontaneous ventilation,
or pupil reactivity. However, there is no randomized study
demonstrating the usefulness of the resuscitative thoracotomy
but 2 meta-analyses of observational data have been published
[82,104]. In the first one, 4620 resuscitative thoracotomies were
included from 24 cohorts published between 1974 and 1998
[82]. Overall survival was better if signs of life were observed at
admission (11.5% ICgs [9.6-13.4]) vs. 2.6% (ICo5 [ 1.4-3.8]) and after
a penetrating trauma (8.8% ICgs [7.8-9.8]) than after a blunt
trauma (1.4% ICgs [0.7-2.1]). Following a penetrating trauma,
survival was better after a stab wound than after a gunshot wound
(16.8% 1Cos [14.4-19.1] vs. 4.3% ICgs [3.3-5.5]); among chest
injuries, survival was better in cases of predominantly cardiac than
thoracic wounds (19.4 ICg5 [17.0-21.8] vs. 10.7% ICg5 [9.1-12.3])
[82]. The second meta-analysis, that included 4482 resuscitative
thoracotomies, confirmed the aforementioned results after a
penetrating trauma; overall survival rate was 11.2% ICgs [10.3-
12.1]) and when the cardiac area was injured survival was 31.1%
ICos5 [28.4-33.8] [104]. Recently, in 2 small prospective studies,
that included respectively 56 and 62 patients, the authors tried to
better define the indications and limits of the resuscitative
thoracotomy [85,86]. In these studies, in case of penetrating
trauma, resuscitative thoracotomy was considered futile if pre-
hospital cardiopulmonary resuscitation lasted more than 15 minu-
tes without signs of life but also in case of asystole without
tamponade because, as in such situations no patient survived.

3.7.3. 7.c. How to explore an injury to the cardiac area?

Recommendation: the experts suggest performing a left ante-
rolateral thoracotomy, a sternotomy, or a clamshell thoracot-
omy in urgent situations particularly when a haemodynamic
instability and/or tamponade are observed (Grade 2+).

The experts suggest monitoring haemodynamically-stable
patients without pericardial or pleural effusion, after a CT scan
has been done (Grade 2+).

Rational: the cardiac box is restricted by the nipple lines
laterally, sternal notch superiorly and xiphoid process inferiorly.
Many articles have been published on the management of cardiac
box injury. However, the vast majority of them are retrospective
and/or originated from one single centre. To our knowledge, no
randomized study has been published. The diagnosis of pericardial
effusion may be performed by ultrasound examination (FAST). For
example, in a cohort of 261 patients, for the diagnosis of
pericardial effusion, Rozycki et al. reported sensitivity of 100%
ICos [88.1-100]), specificity of 97% ICos [93.9-98.8], positive
predictive value of 81% ICos [64-92%] and negative predictive
value of 100% ICg5 [98-100%] [105]. However, it may be difficult to
differentiate between a pericardial effusion and a left pleural
effusion, such as described in 2 studies reported by Ball et al. [106]
and by Meyer et al. [107]. In a retrospective study involving
228 patients with a cardiac wound, Ball et al. [106] described
5 cases of false negative, all associated with a left pleural effusion.
Similarly, in a prospective study including 105 patients, Meyer
et al. reported 4 cases of false negative, all presenting with a left
pleural effusion. In this study, sensitivity was decreased and
reported to be only 56% ICys [21.2-86.3] [107]. This phenomenon
may be in relation to the pleural effusion itself that limits the
possibility of visualizing the pericardial content, but also in case of
a large gap to the pericardium with the haemopericardium that
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shed to the pleura. The authors nevertheless conclude that in the
absence of pleural effusion, FAST examination remains very
accurate to make the diagnosis of pericardial effusion. When
diagnosis is established, reported data strongly support urgent
surgery in case of pericardial effusion but without recommenda-
tions concerning the surgical approach (pericardial window versus
thoracotomy or sternotomy).

3.7.4. 7.d. Antibiotic prophylaxis after chest penetrating injury

Recommendation 7.d: the experts suggest administration of
antibiotic prophylaxis to patients with penetrating chest injury
(Grade 2+). For example, amoxicillin and clavulanic acid com-
bination, or clindamycine and aminoside combination in case
of allergy to penicillin, for 24-48 hours.

Rational: see section 5.C.3.
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