THORACIC: PLEURA: SURGICAL TECHNIQUE

Posttraumatic pneumonectomy and management of
severely contaminated pleural space
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Posttraumatic pneumonectomy is a rare event that carries
extremely high morbidity and mortality.'” The optimal
management for posttraumatic pneumonectomy is not
well delineated, given the uncommon circumstances.*
This case had added complexity with involvement of the
complex tracheal reconstruction and introduction of
contaminated soil into the mediastinum and pleural space
due to the traumatic nature of the injury. In the setting of
a pneumonectomy, a contaminated pleural space, in and
of itself, is a known deadly complication, with mortality
rates ranging from 25% to 50%.°" Serial washouts and
packing with iodinated gauze have been described for
management of non-trauma-related early and late
postpneumonectomy empyema.”'’ A contaminated pleural
space in an already highly fatal situation with multiorgan
trauma secondary to a motor vehicle crash (MVC) elevates
the complexity of the situation. The ability to control a trau-
matically contaminated space allows for ongoing trauma
care including patient mobilization to aid recovery.

is a highly morbid and lethal
event. Postoperative use of ve-
novenous ECMO and serial
washouts for a contaminated
pleural space is an effective
treatment strategy.

See Commentary on page 280.

Pulmonary contusions and acute respiratory distress syn-
drome (ARDS) are well-known problems following an
MVC.'""'* However, after an emergent pneumonectomy,
pulmonary contusions and ARDS of the remaining lung
can be disastrous, where ARDS after pneumonectomy
carries a mortality rate of 47% to 56%.'"'® Venovenous
extracorporeal membrane oxygenation (V-V ECMO) has
been used in the settings of ARDS,'”'® traumatic lung
injury,'”" and complex tracheal reconstruction’"”” as a
bridge to recovery; this case involved all 3.

CASE DESCRIPTION

University of Florida, UF Health Shands, and patient
written informed consent and authorization to use and
disclose deidentified health information for publication
and educational purposes was obtained (institutional review
board #202000163, approval date February 19, 2020). The
patient was a 14-year-old, restrained driver of a single-car
motor vehicle crash into a horse farm fence at highway
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FIGURE 1. A, Image at the scene of the car shown with the fence through the windshield. B, Graphical depiction of injury with the anterior red highlighted

area on the skin depicting the right parasternal entry site and posterior red highlighted area depicting the right paraspinal exit site. The impalement was just

lateral to the heart.

speed resulting in penetrating thoracic trauma with impale-
ment of a wooden fence board via a right parasternal entry
site and right paraspinal exit site (Figure 1). The patient had
a prolonged extrication time over 1 hour due to her impale-
ment injury and arrived to the emergency department with
the wooden fence through-and-through her chest such that
she could not lay flat, a Glasgow Coma Scale of 14, blood
pressure 150/110 mm Hg, heart rate 142, temperature
33.8 °C, and oxygen saturation of 88% on a nonrebreather
mask. She was subsequently intubated and resuscitated in
the trauma bay, which improved her oxygen saturations
and tachycardia. She was then brought emergently to the
operating room for the traumatic thoracic injury. She did
not undergo any imaging or chest tube placement in the
emergency department for fear of delaying definitive care
and/or disrupting the injuries already present.

Once in the operation room (Video 1), the patient was
positioned with a bump on the right side due to an inability
to lay flat secondary to the fence protruding through her
back wound. The fence piece was from a horse farm, and in-
spection of the wood revealed animal hair, soil, and mold
(Figure 2, A). In addition, her shirt had to be cut around
the fence, and part of her shirt could also be seen passing

OR Course

icardium opened further to have
to pulmonar; ry and veins

ar control prior to removal

VIDEO 1. Case presentation of thoracic impalement secondary to MVC
versus fence with subsequent injuries identified, complex repair under-
taken, V-V ECMO support, and management of contaminated pleural
space. Video available at: https://www.jtcvs.org/article/S2666-2507(22)
00120-1/fulltext.
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through her chest and exiting the back. A preoperative
plan entailed a right thoracotomy with the option for a clam-
shell extension, if needed. Additional preparation involved
a left groin cutdown for emergent access to the femoral ves-
sels in the case that cardiopulmonary bypass was required.

After right anterolateral thoracotomy, a large volume air
leak was noted, but no active bleeding. The anesthesiolo-
gists completed a flexible fiberoptic bronchoscopy and it
appeared the right mainstem was compressed and unable
to be visualized, and subsequently the endotracheal tube
was advanced into the left mainstem in preparation for
further surgical exploration. There were small fragments
of the wooden shards from the fence freely inside her chest
cavity, as well as fragments of cloth from the patient’s shirt.
The pericardium was noted to be torn by the impalement,
but the heart was without injury. The pericardium was
further opened to have access to the intrapericardial pulmo-
nary artery and veins for vascular control. Right middle and
lower lobectomies were performed promptly, as they both
appeared to have been transected away from the hilum by
the wooden piece and were no longer attached secondary
to the traumatic injury. We then noted that the right upper
lobe was severely congested. Before removal of the foreign
body, vascular clamps and staplers were made available.
Cardiac anesthesia, perfusionist, trauma surgeon, cardiac
surgeon, thoracic surgeon, cardiothoracic surgery scrub
technicians, and circulators coordinated the removal of
the foreign body (Figure 2, B). The video accompanying
this article shows the active removal of the fence and addi-
tional intraoperative images.

After removal of the foreign body, the right superior pul-
monary vein was noted to have already been transected and
sealed by the fence board, which is why it was so congested
in appearance. As the right upper lobe appeared infarcted,
an expeditious right upper lobectomy was then performed.
Now with full visualization, the source of the air leak could
be identified. The right main stem bronchus was three-
fourths detached from the carina with an associated inferior
carinal injury. The residual right mainstem was debrided to
healthy tissue while cross field ventilation was used
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FIGURE 2. A, Traumatic impalement injury with right parasternal entry site and right paraspinal exit site. B, Surgical image status post right thoracotomy
and right middle and lower lobectomy, before removal of the foreign body. C, Surgical image showing cross-table ventilation for complex tracheoplasty.

(Figure 2, C). The right mainstem remnant was used a carti-
laginous flap onto the carinal injury and sutured in placed.
An intercostal muscle flap was placed to protect the com-
plex tracheal reconstruction.

At the conclusion of the operation, the patient was
placed on V-V ECMO for a multitude of reasons. First,
the patient was status post-MVC with prolonged extrica-
tion who required large-volume resuscitation with crystal-
loid and 4 units of packed red bloods cells, as well as
having severe pulmonary contusions of the remaining
lung. These combined contributed to postoperative hypox-
ia. Second, for protection of the complex tracheal recon-
struction, it was felt that low positive end-expiratory
pressure would be ideal for healing of the tracheal wound.
She underwent right internal jugular vein and right
femoral venous cannulation with an 18-Fr cannula in the
internal jugular vein and 25-Fr cannula in the groin. At
our institution, we preferentially use 2 separate venous
cannulas, as we have anecdotally had had some trouble
with flows using a single-catheter VV-ECMO cannula.
Her postoperative radiograph is seen in Figure 3, A. This

image shows a closed chest with gauze packing in right
chest space, chest tube in place, V-V ECMO cannulas in
the superior vena cava and inferior vena cava, and a left
lung with severe pulmonary contusions and volume over-
load. We also considered placing the patient on venoarte-
rial ECMO (V-A ECMO), assuming that she might
experience postpneumonectomy right heart strain. Due
to relative stability of her hemodynamics postoperatively,
we elected to pursue V-V ECMO to decrease the need for
anticoagulation that is needed for V-A ECMO in this
trauma patient.

Not surprisingly, transthoracic echocardiogram on post-
operative day 1 revealed a severely dilated right ventricle
with depressed right ventricular systolic function. The pa-
tient was extubated on postinjury day 3 and ambulated daily
in the intensive care unit with support from the intensive
care unit providers, nurses, and physical/occupational ther-
apy. By postinjury day 6, her echocardiogram exhibited
some recovery with now a moderately dilated right ventricle
and improved systolic function while on a milrinone drip.
Her right ventricular size and function had normalized on

©
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FIGURE 3. A, Postoperative image showing povidone-iodine-soaked gauze packing in right chest space with chest tube in place within the sponges and

closed chest with staples. In addition, venovenous extracorporeal membrane oxygenation cannulas can be seen in the superior vena cava and inferior vena
cava. The left lung is noted to have severe pulmonary contusions and volume overload after large volume resuscitation and postpneumonectomy. B, Follow-
up chest radiograph image as an outpatient showing normalized left lung and right pneumonectomy site that is appropriately fluid-filled.
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the echocardiogram obtained on postinjury day 16 on no
support. Ultimately, she was decannulated from ECMO
25 days after her injury. Figure 3, B, shows her chest radio-
graph after discharge.

The impalement from the fence not only caused signifi-
cant direct injury to the patient’s lung, but additionally it
introduced gross contamination into the pleural space.
The dirty fence went through-and-through the patient’s
body, and pieces of her shirt were also noted inside the chest
cavity as well. The fence was from a horse farm, and upon
direct inspection of the wood was noted animal hair, soil,
and mold. Small shards of the fence were inside the chest
cavity as well. For management of her severely contami-
nated pleural space, the patient required 6 washouts and de-
bridements with iodine—povidone- soaked gauze packs, and
broad-spectrum antibiotic and fungal coverage. This
approach has been described by Schneiter and col-
leagues”'” for postpneumonectomy empyema, and was
adapted for use in this traumatic setting. The patient under-
went reopening of the closed thoracotomy incision,
debridement of the pleural cavity, irrigation, and packing
with diluted povidone—iodine:normal saline (1:10)-soaked
gauze sponges. The chest is then fully closed, and the
pleural tube is then placed on suction. The pleural tube is
surrounded by the gauze, which applies a negative pressure
wound therapy to the pleural space via suction on the gauze
(Figure 3, A). This process is repeated every 48 to 72 hours
until the chest cavity is macroscopically clean. By macro-
scopically clean, in our case meant there were no longer de-
posits of gelatinous or fibrinous material on the gauze, foul
smell, or green coloration to the sponges as there had been
in previous washouts.

Finally, the chest cavity was obliterated with antibiotic
solution and the thoracotomy incision definitively closed.
The final closing of her chest was accomplished on postin-
jury day 20. She was maintained on V-V ECMO throughout
the process of the serial washouts to preserve the tracheal
repair even during intubation for the debridements. She
was discharged postinjury day 63 and made a full recovery.
The patient is now 3 years status post-MVC and pneumo-
nectomy doing well as an outpatient. She was positive for
the severe acute respiratory syndrome coronavirus 2 (coro-
navirus disease 2019) in December 2020, received remdesi-
vir, and made a full uneventful recovery.

DISCUSSION

Posttraumatic pneumonectomy is a rare event with poten-
tial for high morbidity and mortality. Pneumonectomy
alone carries a high risk, but the additive risk of injuries
from a high-speed MVC elevates the hazards for recovery.
Although lung-sparing techniques are associated with
improved outcomes compared with anatomic resection for
severe lung injuries,” this case required an emergent
completion pneumonectomy with carinal reconstruction
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due to the location of the injury. The addition of the com-
plex tracheal intervention and the grossly contaminated
pleural space creates a potentially lethal situation. We had
placed the patient on V-V ECMO after the completion of
the operation, but looking back, could have placed the pa-
tient on V-V ECMO before tracheal reconstruction. In addi-
tion, her eventual normalization of right heart function
confirmed our decision to not use V-A ECMO, although it
was certainly considered at the time.

Serial washouts and packing with iodine solution of the
pleural space until resolution of gross contamination has
been previously described for management of non-—
trauma-related early and late postpneumonectomy empy-
ema.”'” The ability to control a traumatically contaminated
space in this manner allowed for furthering of the ongoing
trauma. The alternative would have been open packing and
long-term wound-healing issues. The ability to temporarily
close the pleural space after each wash out allowed for
physical therapy and occupational therapy to advance the
patient’s recovery.

Furthermore, use of V-V ECMO for the enhancement
in the patient’s recovery was paramount. V-V ECMO al-
lowed for early extubation and offered protection of the
remaining lung and tracheal reconstruction by mini-
mizing the positive pressure ventilation. While cannu-
lated on ECMO, the critical care team, nursing, and
therapy continued to mobilize the patient and walk the
intensive care unit hallways. Ambulation in an ECMO
patient takes extraordinary support and buy-in from all
parties involved. This complex case highlights the impor-
tance of teamwork and highly specialized, advanced,
multidisciplinary care. Overall, this dramatic case dem-
onstrates the valuable use of V-V ECMO support after
traumatic injury and complex tracheal reconstruction, as
well as the confirms that serial washouts with iodine-
soaked gauze for a contaminated pleural space can be
an effective treatment strategy.

We acknowledge the entire staff of UF Health, including the
first responders, emergency and trauma services, the operating
room staff and perfusion, critical care teams, and therapy services,
and special thanks to Carlos Campos for graphic design.
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