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Combat Anesthesia: The First 24 Hours

INTRODUCTION

Tracheal disruption (TD) and bronchopleural fis-
tula (BPF) are rare but serious complications of both
blunt and penetrating thoracic trauma. The incidence
of TD and BPF in thoracic trauma is between 0.5% to
2%, respectively.l In most cases of traumatic BPF, the
injury is unilateral, with the majority occurring at the
proximal right bronchus, within 2 cm of the carina.*’
The most common tracheal injury is a tear near the

carina. In both cases, the injury pattern is likely due
to the role of shear forces on the airways near the
relatively fixed carina. Nontraumatic etiologies of TD
include complications of endotrachial, thoracostomy,
or tracheostomy tube placement and central venous
catheter placement. BPF can be caused by ventilator-
induced barotrauma in illnesses such as acute respira-
tory distress syndrome.*’

DIAGNOSIS

Though anatomically different injuries, TD and
BPF share some attributes of diagnosis and manage-
ment. During initial stabilization, TD or BPF must
be suspected in patients with blunt or penetrating
chest trauma who deoxygenate, become difficult
to manually ventilate, or have absent lung sounds
despite placement of needle or tube thoracostomy.
In the trauma team’s assessment, suspicion for BPF
should be increased in patients with respiratory signs
and symptoms who display thoracic, cervical, and
facial subcutaneous emphysema, pneumothoraces
not reduced with chest tube drainage, ventilation that
worsens with chest tube suction, or persistent air leak
with chest tube drainage.”" When BPF is suspected,
fiberoptic bronchoscopy is the initial diagnostic modal-
ity of choice because it both permits evaluation of the

cervically immobilized trauma patient and facilitates
their intubation."”*" Intubating a patient with TD or
BPF requires care that the endotracheal tube (ETT) is
placed distal to the disruption to avoid the risk of rapid
tension pneumothorax and death. For more proximal
TD, this may be accomplished with a standard ETT.
For distal TD, double-lumen intubation is necessary to
protect both lungs from bleeding distal to the injury.
In BPF, either one-lung (with a long ETT) or two-lung
(with a double-lumen ETT) intubation is required.

Early diagnosis and surgical repair is critical for
preserving lung function.®” Late repair after months
or years is feasible, with good operative outcomes re-
ported, but usually at the expense of a significant loss
of lung function distal to the lesion due to atelectasis,
scarring, or infection.'*'?

VENTILATION CONSIDERATIONS

If the airway is adequately protected with a single
or dual-lumen ETT distal to the injury, there are no
special ventilation considerations for tracheal disrup-
tion unless repair of a distal defect requires one-lung
ventilation. In this case, the ventilation strategy will
be similar to that for BPF. For patients with a standard
ETT, providers must be vigilant for signs of hypoxia,
subcutaneous emphysema of the neck and chest,
and discordance between inspiratory and expiratory
pressures, indicating that the ETT may have moved
proximal to the lesion or that the wound has extended
distal to the end of the ETT.

Ventilation for BPF and TD requiring one-lung
ventilation for surgical approach is broken down into
two phases: (1) acute intraoperative management and
(2) postoperative care. To care for combat casualties
with this injury, an understanding of the modes and
risks of transport ventilation is also important. ETT
selection and placement is intimately connected with
the ventilatory management of patients with BPF. The
goals of acute operative airway management are: (1)
prevent damage to the uninjured lung by secretions
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from the injured lung, (b) ensure adequate ventilation
of the patient through the operative procedure, and (c)
facilitate the surgical repair of the affected bronchus.

Preventing Further Injury

Anatomic separation of the lungs with the ETT pro-
tects the uninjured lung from blood and secretions.*"
Methods most supported in the literature include bron-
chial intubation of the uninjured lung with along ETT
or double-lumen ETT placement with the bronchial
lumen in the uninjured lung.*" Intubation is ideally
performed under direct bronchoscopic visualization
in an awake patient or with bronchoscopic evaluation
and adjustment, if needed, of an ETT placed by direct
or fiberoptic laryngoscopy."*'"'*If available, a double-
lumen ETT is preferred because it also permits physi-
ologic separation of the lungs if the air leak becomes
severe enough to require different ventilator modes or
settings for each lung.>*"

In BPF, air leak during positive-pressure ventila-
tion can be up to 25% of minute ventilation.”">'® This



physiology is worsened by ventilator maneuvers
that increase the gradient from the lung across the
pleural space such as higher inspiratory or positive
end-expiratory pressure (PEEP), tidal volume (VT),
increased inspiratory flow, and increased inspiratory
time (including breath hold and inverse-ratio).'® Sub-
acutely, unilateral BPF can create differences in lung
physiology between the injured and uninjured lung
that can be great enough with large defects to require
two-lung independent lung ventilation (2L-ILV), sepa-
rate ventilator management of each lung to achieve
adequate oxygenation and ventilation.""*

Ventilator Settings

The initial approach to ventilator settings is to pro-
vide low VT (67 mm Hg/kg) and allow hypercapnia
by maintaining Pco, below 60 mm Hg and pH at 7.3
or greater.">”” PEEP should be low, ideally 5mm Hg, to
minimize expiratory air leak."® Goal plateau pressure
(Ppl) should be less than 26 mm Hg for optimal com-
pliance and gas exchange.'>'® If the patient cannot be
ventilated at a VT that maintains Ppl at desired levels,
switching to pressure-controlled mode with the same
target Ppl has been shown to improve ventilation and
reduce peak airway pressure." In patients with refrac-
tory respiratory acidosis, persistently elevated peak
airway pressure, or oxygenation difficulties, salvage
modes include high-frequency ventilation (HFV) or
2L-ILV (synchronous or asynchronous)."***** Some
studies have found that in a selected population with
BPF/TD and otherwise healthy lungs, HFV improves
oxygenation at lower mean airway pressures than
conventional mechanical ventilation.** As with Ppl
in conventional mechanical ventilation, the goal for
mean airway pressure in HFV should be less than 26
mm Hg. With 2L-ILV, initial VTshould be administered
in a ratio of 55% on the right lung and 45% on the left,
then adjusted to meet airway pressure and ventilation
goals.” Outcomes with 2L-ILV are similar whether
synchronous or asynchronous ventilation is used.”*
The former is easier to set up because it does not re-
quire specialized ventilator synchronization software
or connecting cabling between the ventilators.

An advantage of HFV is that ventilation is achieved
through an ETT with the cuff deflated.®* This can
facilitate surgical repair and healing by removing
cuff ulceration as a risk to the wound, but does not
provide the protection of anatomic separation of the
lungs. More useful for facilitating surgical repair is a
two-lung ETT or traditional long ETT cannulation of
the uninjured lung, with the inflated cuff anatomically
isolating that lung from contamination. Ventilation
of the uninjured lung allows deflation of the injured
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lung to improve surgical access."*® In large or bilateral
disruption of the trachea, intraoperative cannulation of
the injured lung distal to the disruption with a sterile
ETT may be necessary.*” Care must be taken to avoid
barotrauma when ventilating a lung segment periop-
eratively, and the anesthesiologist may be required
to manually ventilate to achieve low enough airway
pressure.’ There are case reports of cardiac bypass and
extracorporeal membrane oxygenation being used in
cases of severe bilateral disruption.””

Postoperative Care

The goals of postoperative ventilatory care are to
reduce strain on the operative repair and prevent
complications such as pneumonia and atelectasis. The
optimal method for protecting the repair is extubation,
since spontaneous respiration places the least strain on
the airways. Nevertheless, most multisystem trauma
patients must remain intubated postoperatively. Goals
for postoperative ventilator management are to use
the lowest VT possible, maintain Ppl under 26 mm Hg,
and consider modes that encourage spontaneous res-
pirations, such as intermittent mandatory ventilation
(IMV).* If two-lung IMV was used perioperatively,
criteria for converting to single ventilator mode are Vt
equalization to within 100 mL and compliance within
20%." Epidural analgesia with fentanyl or bupiva-
caine has been found in some series to improve lung
mechanics and ventilation and may encourage more
spontaneous respiration.?**

Aggressive pulmonary toilet is mandatory to reduce
the risk of postobstructive pneumonia. Bedside bron-
choscopy is often required to clear secretions below the
anastomosis."” Patients with TD and BPF are at high
risk for postoperative pneumonia and should receive
prophylactic broad-spectrum antibiotics, which can
be discontinued when they are extubated and clearing
their own secretions.®"

Aeromedical Evacuation

Air transport of patients with BPE, whether repaired
or not, should be approached with great caution. Ac-
tual Vr and PEEP delivered can increase greatly with
altitude, posing a serious risk to an operative repair
or of air leak to an unrepaired BPF or TD.*! Delay in
transport until extubation of a repaired BPF is ideal. If
air evacuation must be attempted, a thorough under-
standing of the transport ventilator settings and fluc-
tuations of VT and PEEP to both sustained and abrupt
changes in altitude, as well as scrupulous monitoring
of the patient’s ventilatory status and chest tube air
leak, are essential.
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SUMMARY

TD and PBF are rare but serious complications
of thoracic and cervical trauma. Suspicion for these
injuries should be raised in patients with thoracic or
neck injuries who are difficult to ventilate or have
absent lung sounds despite needle or chest tube
decompression, persistent air leak, or subcutaneous
emphysema of the face, neck or thorax. Prompt recog-
nition is essential for appropriate airway management
and because early repair is associated with improved
long-term lung function. Airway management and
ventilation depend on the location of the injury.

Proximal TD may be managed with the placement
of a standard ETT distal to the injury. TD closer to
the carina and BPF will usually require placement of
a dual-lumen ETT to protect the lungs from bleed-
ing and one-lung ventilation for surgical exposure.
Postoperative ventilator management of BPF requires
care to re-expand the injured lung without disrupt-
ing the surgical repair. Aeromedical evacuation of
patients with BPE, whether repaired or not, is risky.
It is preferable to delay evacuation until extubation
after surgical repair.
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