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1 | INTRODUCTION

Advances in prehospital emergency medicine allow that
treatment options traditionally reserved for in-hospital care
are performed increasingly already in the prehospital setting.
One example for this development is the transverse sterno-
thoracotomy, also coined clamshell thoracotomy (CST)."?
Prehospital CST is generally reserved for penetrating trau-
mas, that is, stab and shot wounds. In contrast, blunt trauma is
generally regarded as contraindication for CST.* This is also
the case in the regional guideline of our area of practice, that
is, the “clamshell guideline of the Lifeliner 1”. This discour-
agement is based on outcome reports on the overall group of
blunt trauma.®’ However, realizing that the mixed population
with blunt trauma covers a broad spectrum with diverging
pathologies, we suggest that selected subpopulations with
blunt trauma might benefit from CST. Therefore, we believe
that the dogma of no CST in blunt trauma is too simplistic5
and should be revised to consider CST also in selected pre-
hospital blunt trauma scenarios. To support this idea, we
present 2 cases in which patients in circulatory arrest settings
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successfully underwent prehospital CST and were stabilized
and transported to the emergency room and subsequently to
the operation theater.

2 | THE CASE REPORTS

2.1 | Case#l

An elderly driver of a private car crashed with a truck. Upon
arrival of the ambulance, the patient was fully awake, with no
apparent head trauma. The ambulance personnel found only
a left forearm injury (bleeding, successfully treated with a
tourniquet) and suspected a left thoracic injury with dimin-
ished breath sounds upon chest auscultation. The patient
then deteriorated into circulatory arrest with unmeasurable
blood pressure (Figure 1). From an immediate left thoracic
puncture (with an IV cannula) and a subsequently placed
pleural drain, it was suspected that the patient had severe in-
trathoracic hemorrhage. The HEMS team on scene decided
to perform a prehospital CST, which demonstrated ongoing
intrathoracic hemorrhage, which could then be controlled
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(Figure 2A,B). The patient was stabilized and transported to
a Level I trauma center for further treatment (Figure 1) with
restored vital parameters (blood pressure 115/79 mm Hg;
heart rate 103/min; pulseoxymetric oxygen saturation 93%;
end-tidal CO, 32 mm Hg).

2.2 | Case#2

A teenager crashed with his scooter against a truck. During
initial treatment in the ambulance vehicle, the patient de-
teriorated into circulatory arrest with asystole. There was a
high suspicion of an intrathoracic pathology and as such, an
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FIGURE 1
#1, with circulatory arrest and the clamshell thoracotomy at about

Vital parameters in the periarrest setting of case

12:05-12:10. Systolic, mean, and diastolic blood pressure (open
symbols, given in [mm Hg]); end-tidal CO, (filled symbol, also given
in [mm Hg])

immediate CST was performed by the HEMS team in the
ambulance, eg, to allow for bimanual open cardiac com-
pressions. A cardiac contusion was suspected as trigger
for arrest, with no apparent other major pathology. Within
1 minute of bimanual open cardiac massage, cardiac ac-
tivity restarted and a return of spontaneous circulation
(ROSC) was achieved, with adequate blood pressure and
capnographic CO, output. No further episode of relevant
arrhythmias or arrest occurred thereafter, and the patient
was stabilized and transported for further treatment to a
Level I trauma center.

In both patients, our standard technique for CST was ap-
plied after endotracheal intubation: using a scalpel, a left-sided
axillary thoracotomy (fifth intercostal space) was advanced
ventrally to the sternum, thereafter the sternum horizontally
dissected with a dressing scissor, and finally the scalpel used
to perform a right-sided incision in the fifth intercostal space
from sternum into the axilla. This complete transverse tho-
racic incision was then spread open using a Finochietto rib
retractor, allowing visualization of both lungs and the medi-
astinum with the heart (clamshell aspect, Figure 2B).

Both patients were successfully resuscitated, stabilized,
and transported to a Level I trauma center. In the subsequent
course of the treatment, both patients however succumbed: in
the operation theater, patient #1 developed coagulation disor-
ders (with TEE-confirmed, cardiac thrombus formation), and
in patient #2 the therapy was deliberately terminated in con-
sensus because of unexpected intracranial pathologies with

FIGURE 2

(A, B) The clamshell thoracotomy of case #1 (printed with permission, pictures taken in the ambulance vehicle). Inlay A shows

the clamshell aspect obscured by the hemorrhage and gauze. Picture B, after hemorrhage control, depicts the steps leading to the clamshell aspect:

using a scalpel, a left-sided axillary thoracostomy (fifth intercostal space) was advanced ventrally to the sternum (1, dotted line), thereafter the

sternum transversally dissected (2, solid line) with a dressing scissor, and finally the scalpel used to perform a right-sided incision in the fifth

intercostal space from sternum into the axilla (3, dotted line). This transversal thorax incision was then spread open with a Finochietto rib retractor

(4, dashed line), allowing visualization of both lungs and the mediastinum with the heart
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poor neurologic prognosis (such as traumatic arterial tear,
resulting in cerebral hypoperfusion).

3 | DISCUSSION
In the presented cases, blunt injury was the obvious mecha-
nism of trauma, generally regarded as contraindication for
CST.* However, both patients were successfully resus-
citated from the circulatory arrest setting, stabilized, and
transported to the emergency room, and subsequently to the
operation theater.

In contrast to other world regions, penetrating thoracic
trauma by stabbing and gunshots, where CST is indicated,
are a relatively rare cause for traumatic resuscitation in our
HEMS area. On the contrary, blunt thoracic trauma requiring
resuscitation particularly after traffic accidents (as presented
in both cases) is more common in our HEMS area. Therefore,
we suggest, that refining the dogma of no CST for blunt
trauma will allow us to beneficially apply this technique to
the population that is more predominant in our HEMS setting.

Indirectly, this refinement may also be supported by more
recent literature on emergency thoracotomies in hospitals,
however unspecified for CST. Although beneficial outcome
after emergency thoracotomy in blunt trauma was tradi-
tionally regarded almost nihil,*” a recent systematic review
demonstrates a survival of >25% (49 of 193 patients) after
emergency thoracotomy in blunt trauma, even with good neu-
rologic outcome. 10 Specifically for blunt trauma CST, there is
at least 1 case report” encouraging resuscitative in-hospital
CST in blunt trauma. CST would allow faster and better ac-
cess to thoracic organs for diagnosis and intervention,'>'?
which might support even better outcome, compared to
other thoracotomy techniques.z’m’14 Herein, rapid thoracic
organ access should support a faster reversal of cardiac ar-
rest, protecting cerebral perfusion, and limit hypoxic dam-
age. Searching the scientific literature (via PubMed.org) for
clamshell + prehospital resulted in only 1 case report,15 that
is, on a penetrating knife injury, suggesting that the topic of
prehospital CST in blunt trauma requires further studies.

The CST in both presented cases was performed in
our standard technique, however, the subsequent inter-
ventions markedly differed: in case #1, the CST allowed
identification of an intrathoracic bleeding focus and hem-
orrhage control, in case #2 it allowed access to the chest
and open cardiac m:alssage12 resulting in a rapid and sus-
tained return of spontaneous circulation (ROSC). In both
cases also inspection for cardiac injuries was done, partic-
ularly checking for relevant pericardial tamponade, which
might be a strong indication for CST. No relevant cardiac
tamponades were found, therefore pericardiocentesis was
omitted. If other factors contributed to the resuscitation of
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these patients (eg, improved decompression16 of a hemato-/
pneumo-thorax by CST) remains speculative.

Our encouragement to deliberate the use of CST in blunt
trauma should also address questions on criteria for case
selection. A too liberal case selection will lead to CST in
patients beyond repair, whereas a too strict selection will
withhold lifesaving interventions from certain patients that
may have benefitted, and will also reduce the overall expo-
sure and expertise of the team. Although in the 2 presented
cases the situation of a physician-witnessed deterioration
into a circulatory arrest was observed and a sustained
ROSC was achieved, this obviously does not guarantee ben-
eficial long-term outcome. Thus a delicate balance must be
achieved between theses poles. In addition, CST places a
psychological burden to all who witness the procedure.

We are clearly not advocating CST in all blunt trauma pa-
tients in (imminent) arrest settings, even if intrathoracic inju-
ries are highly suspected. In the presented cases, we selected
patients with rapid clinical deterioration into a cardiovascular
arrest situation, that was witnessed by an attending physician,
with a CST trained and equipped medical team on site, and in
which no major extra-thoracic injuries were apparent. In ad-
dition, our HEMS area contains several Level I trauma centers
to rapidly receive and treat our patients. These criteria match
or even exceed criteria that are suggested by others to support
thoracotomies in blunt trauma emergencies. The European
Resuscitation Council'” advocates the 4-E-rule, where ade-
quate expertise, equipment, environment, and an elapsed time
<10 minutes after cardiac arrest are prerequisites for emer-
gency thoracotomy. The Western Trauma Association'® also
advocates a cut-off time <10 minutes for blunt trauma with-
out signs of life, or a condition of refractory shock (ie, CPR
with signs of life or a systolic blood pressure <60 mm Hg).

In summary, to our knowledge, we present the first 2
cases were prehospital CST in blunt traumas were success-
fully performed, leading to sustained ROSC. We suggest that
the dogma of limiting CST to penetrating trauma should be
scrutinized and an extension to selected blunt trauma cases
deliberated.'*** Further studies are required to divide the
heterogeneous population with blunt trauma into subgroups
where CST is futile or beneficial, ultimately leading to an
improved outcome.
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