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Abstract

Purpose of Review The aim of this review was to review
the recent literature with respect to penetrating chest
injuries so as to provide an update on the current/changing
management of these injuries.

Recent Findings The management of a stable patient fol-
lowing penetrating chest trauma with a hemopericardium
on ultrasound has changed from routine sternotomy to a
pericardial window and drainage, with a sternotomy
reserved for those patients who have active bleeding at the
time of the pericardial window. It is imperative to diagnose
and repair an occult left-sided diaphragm injury and this
can be achieved laparoscopically once a hollow organ
injury has been excluded. Small pneumothoraces less than
2 cm may be observed in asymptomatic patients provided
the patient is not on positive pressure ventilation, and
hemothoraces of less than 300 mL may be managed with
observation alone.

Summary There are new management strategies evolving
in the patient presenting with penetrating thoracic trauma
and it is important that surgeons managing these patients
are aware of these changes.
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Introduction

The mortality rate from a penetrating chest wound is a
major contributor to non-natural deaths. However, the vast
majority of these deaths occur in the pre-hospital phase.
The in-hospital mortality rate can be as staggering low at
2% of admissions, this obviously being relative to the
proportion of gunshot (GSW) to stab wounds (SW)
encountered. At Groote Schuur Hospital in Cape Town,
South Africa approximately 25% of our penetrating tho-
racic injuries (PTI) are gunshot related. We have found that
83% of PTI can be managed by observation and/or chest
drainage [1]. Selective operative management (SOM) is
safe and effective but it is essential to have a clinical
algorithm to ensure that patients are appropriately inves-
tigated and managed. The trend towards more conserva-
tive, non-operative management continues but it must be
recognized that patients can deteriorate rapidly and there is
a need for very close monitoring.

The failure of SOM is in the region of 7% and pre-
dominantly related to retained pleural collections/
empyema, and missed penetrating cardiac injuries. This
raises the question about how we screen patients for car-
diac trauma and the role of early video-assisted thoraco-
scopic surgery. What is also topical is the best way to
exclude a penetrating diaphragm injury following a pene-
trating thoraco-abdominal wound.
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Screening for a Penetrating Cardiac Injury

Penetrating cardiac injuries (PCI) predominantly present
with hypovolaemic shock or cardiac tamponade and are
fairly easy to diagnose. Approximately one-third of patients
of with a PCI present with a penetrating thoracic wound and
haemodynamic stability. These patients are classified as
“occult cardiac injuries”, and in these patients the diagnosis
of a PCI may be difficult. The current international practice is
to screen for occult cardiac injuries with an ultrasound (US)
of the pericardial sac. If the US confirms the presence of fluid
in the sac then the patient undergoes a subxiphoid pericardial
window (SPW). Early reported sensitivity of the US in
diagnosing an occult cardiac injury was reported to be 100%.
In our experience, the sensitivity of US is only in the region
of 86% and false negative scans are associated with the
presence of a hemothorax [2¢]. The largest prospective
multicentre study, prior to our study, had only 29 patients
with confirmed cardiac injuries and the smallest contained 6
patients [3]. What is apparent when looking at the literature
with respect to the sensitivity and specificity of ultrasound in
detecting pericardial fluid are the small numbers of patients
with actual PCI included (Table 1) [4-8].

A problem of false negatives with US has been well doc-
umented in the literature. In 2009 Ball et al. published a ret-
rospective series of 228 patients from the USA in which there
were 5 false negative scans [9¢]. These five patients all had
associated left-sided hemothoraces and had normal repeat
ultrasounds performed after drainage of the haemothorax.
Two of the five patients (40%) with missed cardiac injuries
after a negative US died. It was surmised that the pericardial
collection had drained into the chest through a pericardial
hole and this was the cause of the negative US [9].

As a general rule, one has to be aware of other screening
modalities to exclude a hemopericardium. Such modalities
include the presence of a J wave on the electrocardiogram
[10] and a straight left heart border [11]. The presence of

either of these findings should prompt the surgeon to per-
form a SXW even in the face of a negative US report.

It is important to realize a gunshot wound to the chest can
result in a PCI even if outside the cardiac box and a cardiac
injury should be suspected in all gunshot wounds [12].

Pericardial Drainage for a Hemopericardium
on Ultrasound After Penetrating Chest Trauma
in the Stable Patient

A RCT published in 2014 confirmed that hemodynamically
stable patients with a hemopericardium detected on US can
be successfully managed with a subxiphoid pericardial
window (PCW). Unstable patients with evidence of bleed-
ing, cardiac tamponade, a murmur suggestive of a traumatic
septal defect or valvular injury are not considered to be
candidates for this minimal surgical approach. The PCW will
confirm the presence of a hemopericardium and allows for
irrigation of the pericardial sac. Approximately 4% of
stable patients will have active bleeding at PCW and require
a median sternotomy. The remainder can be successfully
managed with this procedure alone thereby avoiding a
median sternotomy. Pericardial lavage is an important
component of this management as the aim is to dispel any
unstable clot that may precipitate a delayed bleed. The
patient should be managed in a high care unit pre-and post-
operatively and a soft drain should be left in the pericardial
sac if a hemopericardium is confirmed. This allows for the
monitoring of any post-operative bleed [13¢].

Penetrating Thoraco-Abdominal Trauma
The thoraco-abdominal region is defined as the region

between the sternum and fourth intercostal space anteri-
orly, the vertebra and lower tip of scapula posteriorly and

Table 1 Prospective series in the literature dealing with the detection of a haemopericardium on ultrasound in stable patients after penetrating

chest trauma

Study Design Number of patients Number of cardiac Sensitivity Specificity False — False +
with penetrating injuries confirmed (%) (%)
chest injuries at surgery
Ma et al. [4] Prospective Not stated 6 100 99 0 1
Rozycki et al. [6] Prospective 247 10 100 100 0 0
Rozycki et al. [5] Prospective 313 22 100 99 0 2
Rozycki et al. [3] Prospective 261 29 100 97 0 7
Bokhari et al. [7] Prospective 49 Not stated 100 50 0 20
Tayal et al. [8] Prospective 32 8 100 100 0 0
Nicol et al. [2°] Prospective 172 135 86 77 (PPV) 18 19

PPV positive predictive value
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the costal margin inferiorly. Penetrating injuries in this
region are frequently associated with multi-cavity injury
(both thorax and abdomen), and multiple per cavity injuries
that may require operative intervention. This may cause
both diagnostic and therapeutic dilemmas.

Depending on the trajectory, cardiac injuries need to be
excluded [14] and diaphragmatic injuries maybe seen in as
high as 60% of patients [15]. Furthermore, there is a high
rate of negative thoracotomies (22%) or laparotomies
(11%) and inappropriate sequencing is found in 44% of
patients undergoing thoracotomy and laparotomy [16].

Cardiac injuries with arrest, hypovolaemic shock, tam-
ponade, chest drain output (1500 mL immediately or >

150-200 mL/h), peritonitis or haemodynamic instability
due to intra-abdominal haemorrhage are clear indications
to proceed with surgery.

Which injury is bleeding more, and needs to be
addressed first, is not always clear. The chest drain output
maybe from an intra-abdominal source through a dia-
phragm laceration. Ultrasound is of benefit, especially to
search for hemopericardium, but may result in a false-
positive in the presence of a moderate haemothorax [16].
The burden of both a thoracotomy and laparotomy are
immense for the patient, and unnecessary surgery should be
avoided as the mortality is doubled in these patients.

In a cohort of patients with thoraco-abdominal stab
injuries, half of all patients (53%) required a laparotomy
only, the indications being a hollow viscus perforation, a
diaphragm injury or a bleeding solid organ [17]. No sur-
gery was required in 40% of patients. The remainder had a
thoracotomy/sternotomy, nearly always because of a car-
diac injury. The authors in this study concluded that in
unstable patients, a cardiac injury must be ruled out first. If
clear signs of a cardiac injury are absent, the best approach
is to start with a laparotomy, and if there remains a concern
regarding a cardiac injury, then a diagnostic transdi-
aphragmatic pericardial window can be made (through an
existing diaphragm laceration that can be extended). If the
pericardial window reveals blood, then a cardiac injury
needs to be excluded and the chest needs to be opened
(thoracotomy or sternotomy).

Gunshot wounds producing thoraco-abdominal injuries
are more complex and most of these patients (66%) require a
laparotomy, with 14% requiring a laparotomy and thoraco-
tomy/sternotomy [18]. In this series, 14% of patients had no
surgery. In total one-third needed a thoracotomy; however,
most of these patients were in extremis with either experi-
encing a cardiac arrest or an agonal rhythm and had an
emergency department thoracotomy (EDT) with poor out-
comes. The authors concluded that patients either have clear
signs of cardiac or major thoracic vascular injuries requiring
EDT or have hemodynamic instability requiring a laparo-
tomy. If patients have a clear indication to proceed with a

laparotomy but no clear indication to proceed with a thora-
cotomy, these patients ideally have a transdiaphragmatic
pericardial window first to rule out a cardiac injury if the
trajectory is close to the heart. Some authors recommend a
subxyphoid approach instead. A subxyphoid pericardial
window (PCW) has a lower risk of pericardial contamination
with gastrointestinal contents and can diminish the rate of
negative sternotomies and mortality.

In thoraco-abdominal injuries there is a general increased
risk of pleural empyema due to the spillage of gastrointestinal
contents through the diaphragmatic injury into the chest. One
safe way to reduce the risk of intrathoracic septic complica-
tions is to enlarge the diaphragmatic injury for a thorough
transpleural lavage before closure of the diaphragm defect
[19].

Occult Diaphragm Injury

Up to two-thirds of patients with a penetrating thoraco-ab-
dominal trajectory have a diaphragmatic injury [15]. Com-
plications include herniation, incarceration and strangulation
of bowel into the chest with a morbidity and mortality of 30%
and 10%, respectively [20]. Delayed or missed diagnosis must
be avoided and left-sided diaphragmatic injuries particularly
should be addressed as these have a much higher rate of
subsequent hernia formation. Some patients present with a
clear indication for surgery, other than the diaphragmatic
injury, and proceed to laparotomy or thoracotomy/ster-
notomy, at which a thorough examination of the diaphragm
must be performed and an injury repaired. In stable, asymp-
tomatic patients, the algorithm is more ambiguous. Clinical
examination cannot clearly establish the diagnosis. Hemo-
and/or pneumothorax are most often seen on a chest X-ray;
however, one-third have a normal chest X-ray [21]. The
overall CT accuracy and sensitivity is low. Although thora-
coscopy and laparoscopy have a high accuracy; they are,
however, invasive. In a report of 24 highly selected patients
with possible diaphragmatic injuries, the patients underwent
diagnostic and therapeutic laparoscopy after 24-36 h of
uneventful clinical observation (hence precluding any hollow
viscus injury). The asymptomatic stable patient, who com-
pletes a trial of abdominal observations successfully, should
undergo a delayed diagnostic laparoscopy to exclude a dia-
phragm injury, as early laparoscopy tends to be associated
with a high conversion rate to laparotomy [22].

Managing a hemo- pneumothorax
Stable pneumothoraxes, hemothoraces and a combination

thereof, are the most common injuries sustained in PTL.
Thoracostomy tube drainage has been the mainstay of
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treatment, for these conditions for the last half century.
More recently, there has been a differentiated approach, in
the management of pnemothoraxes and haemothoraxes,
which takes into account, size, mechanism of injury, clin-
ical impact of the pneumo/haemo as well as complications.

Some authors suggest observation only, for all pneu-
mothoraxes of less than 2 cm (as measured from the apex
of the lung to the highest point of the cupula) in asymp-
tomatic patients. They report successful management with
observation, only, in 97% of patients [23]. Others venture
so far as to advise observation for small pneumothoraxes
even for patients on Positive Pressure Ventilation [24].
This conservative approach has been advocated also for CT
detected pneumothoraxes, for sizes of up to 35 mm
(measured from chest wall to edge of lung) [28]. These
publications raise the question of what pneumothoraxes
should we drain? The short answer to that question is: all
symptomatic pneumothoraxes. A special mention should
be made of Tension Pneumothorax, which remains a sur-
gical emergency, is diagnosed clinically and requires
immediate needle decompression. However, the site of
needle decompression, in adults, has changed, and the third
intercostal space, midclavicular line is no longer recom-
mended, being replaced by the traditional site of thora-
costomy tube insertion, in the fifth intercostal space mid-
axillary line (ATLS 10th Edition). Another perennial
question is what size catheter should one use, and that
applies to both pneumo- and hemothoraxes. Traditionally
we used a size 18-32 Fr for either, but in recent years
changed to using a 14 Fr Percutaneous Cavity Drainage
Catheter (Arrow International®) for drainage of pneu-
mothoraxes with good results. Small size catheter usage via
a Seldinger technique for traumatic pneumothoraxes is a
validated method in the literature [25] and has proven
useful in our centre. Failure of resolution of a pneumoth-
orax after thoracostomy tube insertion, the presence of a
large air leak, increase in size of a pneumothorax in spite of
appropriate sitting of the tube, mandates the use of negative
pressure suction. We use 20 cm of water (2 kPa) negative
pressure to this effect. Large pneumothoraxes, large air
leaks, bronchopleural fistula mandate the use of larger
drains 22-28 Fr, and if the first drain is ineffectual, a
second is inserted and both are put on negative pressure
suction. If all fails the patient is referred for a bron-
choscopy and surgery. Surgery consists of VATS or tho-
racotomy depending on the pathology and surgeon’s
preference. VATS (Video-Assisted Thoracosocpic Sur-
gery) can accomplish most of the desired procedures, from
simple oversewing of visceral pleura, to non-anatomic lung
resection to lobectomy, depending on the surgeon’s
expertise and available instrumentation.

Hemothoraxes after penetrating thoracic trauma require a
more aggressive, interventional approach. While some

@ Springer

surgeons would drain all hemothoraxes (EAST guidelines,
level III recommendation), the majority view of Trauma
Surgeons is that small hemothoraxes, of less than 300 mL can
be managed conservatively, with observation alone [26, 27].

In our Unit, small hemothoraxes are managed expec-
tantly, through observation with good results. Large
hemothoraxes, more than 500 mL, we drain via a thora-
costomy tube. We use a size 28-32 Fr catheter, placed in
sterile conditions in the 4th—5th intercostal space mid to
anterior axillary Line. The vast majority of patients arrive
to our Unit with the thoracostomy tube in situ, having been
inserted at the referring hospital.

The incidence of retained Haemothorax, after thora-
costomy tube insertion, is between 4 and 5%. We identified
the following as contributors to drainage failure: tube
misplacement, displacement, blockage, kinking, large ini-
tial hemothorax, polytrauma, need for mechanical venti-
lation and failure to mobilize. Retained hemothorax
remains a management problem because of the associated
complication rate (up to 50%, in some series), and partic-
ularly the high incidence of empyema, which can be 15
times higher than in those without a retained haemothorax
[29].

Considerable effort has been put in preventing retained
hemothoraxes after trauma, with some authors suggesting
suction before insertion of the thoracostomy tube [30],
others suggesting irrigation with 1 L of warm saline
immediately after placement of the tube [31], or VATS as
the initial management tool for all traumatic hemothoraxes.
There is no consensus as to an alternative to simple tho-
racostomy tube insertion for the acute traumatic
haemothorax. The same can be said for the retained
hemothorax. Management varies with institution and sur-
geons. Most surgeons agree, however, that thoracostomy
tube reinsertion is the least effective treatment modality
and prefer other: VATS (multiport/uniport) [33, 34],
intrapleural fybrinolitics [32] or a combination of the two
leaving thoracotomy as a “salvage” procedure, when
everything else fails.

In our series, part of a prospective randomized con-
trolled study (in progress), VATS has proven effective,
with a technical success rate of 85% (23/27 patients), the
other 15% (n = 4) required a thoracotomy due to a thick
cortex. We have not used intrapleural fybrinolitics, though
some authors describe equal results to VATS by using
either streptokinase, urokinase or tPA [32]. For our Video-
Assisted Thoracoscopic Surgery we use a 2(+ 1) port
technique. There is however an ever-growing volume of
literature that suggests equal outcomes with uniportal
VATS, with the added bonus of less post-operative pain
[33]. Indeed, the future might belong to uniportal VATS,
but at this moment there is a lack of large randomized
prospective trials to compare uniportal to multiport VATS.
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Fig. 1 Management algorithm for penetrating thoracoabdonimal trauma

Conclusion

Selective operative management (SOM) is safe and effec-
tive in the management of penetrating thoracic trauma with
an anticipated failure rate of around 7% that is primarily
caused by the development of complications. A manage-
ment algorithm for the management of these injuries is
presented in Fig. 1.
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