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Arrival chest x-ray with arrow pointing projectile in
neck zone 1.

CENTRAL MESSAGE

We introduce a novel, multidis-

ciplinary, and minimally invasive
approach to managing pene-
trating esophageal trauma with
concomitant mediastinal abscess
formation and vascular injury
using thoracoscopy, transluminal
endoscopic drainage placement
(Houdini), and endovascular and
endoluminal stenting.
Video clip is available online.

Although the incidence of esophageal perforations caused
by trauma remains low, the morbidity and mortality associ-
ated with them remain high.1-3 Traditional management of
these types of injuries involves surgical exposure of the
esophagus and a 2-layered repair in stable patients.3-5 In
hemodynamically unstable patients or patients with
extreme esophageal destruction, this type of injury may
warrant a damage-control operation with esophageal diver-
sion.1,6 Over the past decade, as technology and techniques
have advanced, our ability to manage these injuries in a less-
invasive manner has become more prevalent.7-9 Techniques
in flexible endoscopy, advanced fluoroscopy, and
esophageal stenting and clipping have introduced new
methods for minimally invasive management of these
complex injuries.7,8,10-13 These injuries may be associated
with mediastinal abscess and fluid collections that
mandate drainage.8,10,12 These new techniques provide a
safe approach to appropriate candidates and avoid the
morbidity of major open surgery,1,13 in multiple body cav-
ities, and in the setting of infected fields submitted to blast
injury. This case report demonstrates the minimally inva-
sive approach to an esophageal gunshot wound (GSW)
with associated mediastinal abscess and vascular injury
integrating these new evolving techniques. Patient consent
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for procedure, perioperative care, and publication was
obtained.
CLINICAL SUMMARY
The patient is a 26-year-old man who presented with a

GSW to the right neck. There was concern for tracheal or
esophageal injury because the bullet was lodged near the
left first rib on chest x-ray (Figure 1), suggesting transcervi-
cal and mediastinal pathway. A computed tomography
angiography of the neck (Figure 2) was performed that re-
vealed a posterior mediastinal hematoma as well as a right
vertebral artery injury resulting in occlusion of the artery. A
bronchoscopy and upper endoscopy were performed by the
trauma team with only the findings of esophageal mucosal
bruising. Clinical suspicion remained high for an injury,
so a barium swallow was performed that demonstrated
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FIGURE 1. Arrival chest x-ray with arrow pointing the projectile in neck

zone 1.
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contrast leakage into the neck and mediastinum from the
upper esophagus.

At this time, the patient had started developing fevers,
tachycardia, and oliguria. The thoracic surgery team was
consulted, and the patient was brought to the operating
2 days from the injury. Bronchoscopy ruled out airway
injury, but upper endoscopy revealed a GSW immediately
below the cricopharyngeus muscle at the right-anterior
esophagus. With the use of transluminal endoscopy with a
5.4-mm diameter pediatric scope and antibiotic irrigation
(cefazolin and fluconazole), the tract from the esophagus
to the skin was identified. On the table, fluoroscopic
contrast study was performed and antibiotic solution used
extensively for irrigation and estimation of cavitary and
FIGURE 2. Computed tomography angiography of the neck demon-

strating trans-mediastinal trajectory of the projectile located in the left

lower neck.
possible mediastinal drainage pathways. Extension into
posterior thoracic inlet parallel to esophagus raised con-
cerns for more extensive blast trauma. Then using a fluoro-
scopic and endoscopic technique, a Jagwire High
Performance Guidewire (Boston Scientific) was threaded
through the bullet tract from the skin entrance site and
into the lumen of the esophagus gaining transluminal con-
trol of the trajectory of injury (Video 1). A drain was then
backed out transluminally in a retrograde fashion from the
injury site in the esophagus and into the posterior medias-
tinum. A #10 flat Jackson-Pratt drain tubing (Cardinal
Health) was pulled through the bullet’s skin entrance site
and secured in place. The flat portion was marked with
silk tips to aid in endoscopic manipulation. A 100 3 23-
mm fully covered esophageal stent (Alimaxx-ES; Merit
Endotek) was placed over the injury to provide further
esophageal protection, reduce surrounding tissues spaces,
stabilize transluminal drain, and minimize further
contamination of the mediastinum with anticipation of
possible progressive blast injury. An immediate sub-
cricopharyngeal placement of the proximal end is ensured,
with attention to keeping struts below the sphincter to avoid
globus sensation. In the absence of a refluxogenic hiatal her-
nia and with a stable tubular esophagus, a percutaneous
endoscopic gastrostomy (PEG) was then placed for the pro-
tracted oral intake period to come without risk of feeding
formula wash-back into the stented area. Post–stent place-
ment of a PEG was preferred because frail wound tissues
are protected and direct endoscopic guidance of the gastro-
stomy bumper with an endoscope was done to avoid
VIDEO1. Preoperative imaging, drain preparation, endoscopic translumi-

nal drain (Houdini) and stent placement, and thoracoscopic mediastinal

abscess drainage. Video available at: https://www.jtcvs.org/article/S2666-

2507(22)00306-6/fulltext.
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VIDEO 2. Houdini drain preparation, placement, and stent deployment.

Video available at: https://www.jtcvs.org/article/S2666-2507(22)00306-6/

fulltext.
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displacement or damage to exposed stent edges. The pa-
tient’s straight entrance, nontortuous tubular anatomy of
his esophagus, and our center’s extensive experience with
transluminal endoscopic approaches are taken into account
for this maneuver. An endoscopic “push” PEG or gastroje-
junostomy, unavailable to the authors on the night in ques-
tion, is a safer option for centers less familiar with this
approach (Video 2).

The patient was then placed in the left lateral decubitus
position, and a right video-assisted thoracoscopic surgery
was performed to proceed with mediastinal drainage. Poste-
rior and anterior mediastinal pleura were opened, identi-
fying a purulent cavity communicating with the cervical
space in the retroesophageal prevertebral space. Two Jack-
son-Pratt drains placed in parallel across the cervical space
and mediastinum and a chest tube were secured for wide
drainage of the injured area, anticipating possible further
breakdown in associated blast injury tissues (Video 3).
The patient tolerated the procedure well, was extubated
immediately postoperatively, and had an uneventful recov-
ery. He underwent stenting of his right vertebral artery
injury by vascular surgery (5 mm 3 5 cm Gore Viahbahn)
VIDEO 3. Thoracoscopic mediastinal abscess drainage and drain place-

ment. Video available at: https://www.jtcvs.org/article/S2666-2507(22)

00306-6/fulltext.
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on postoperative day 2. Antibiotics and an antifungal (pi-
peracillin/tazobactam eventually converted to enteral
amoxicillin and clavulanate and fluconazole) were
continued throughout the patient’s hospital course. His
chest tube and one of his thoracic drains were removed
before discharge. Hewas discharged home on postoperative
day 8.

The first stent exchange was performed approximately
2 weeks later. His drains were both “cracked” backed out
approximately 1 cm at this time to avoid suction injury
and commence “controlled fistula” management. His bullet
wound entrance healed within 2 weeks. As anticipated,
further breakdown occurred lower on the esophagus and
was well and directly controlled per mediastinal drains
and lower extension of stent. This was in the form of
ischemic-like ulceration. He underwent serial endoscopic
stent exchanges and drain manipulations by sequential
retraction over the following 2 months every 2 to 3 weeks.
This totaled 3 stent exchanges and 4 endoscopies. Patient
tolerated clear per os intake during this time without globus
sensation. His fistula closed, and the final stent was removed
3 months after the injury. The bullet was surgically removed
at this time because it had migrated to skin level and was
causing patient discomfort. He was monitored radiographi-
cally with computed tomography scans after his final stent
removal to ensure no fluid collections or infections were
developing, as well as integrity of the vascular structures.
The patient was noncompliant with dietary restrictions
throughout his course and used his gastrostomy tube only
intermittently, so this was removed approximately 4 months
after injury. Clinical and contrast imaging follow-up up to
3 years show no sequalae.
DISCUSSION
This case report demonstrates successful, minimally

invasive management of a penetrating esophageal trauma
across the neck and mediastinum with associated vascular
lesion and blast effect. Given the complex injuries that
may be associated with trauma patients, this type of innova-
tion is paramount in improving outcomes and reducing
morbidity and surgical trauma that escalate with multiple
cavity interventions and wide debridement in these situa-
tions. This patient also had a proximal vertebral artery
injury that was managed in a minimally invasive endovas-
cular fashion by the vascular surgery team. The coordina-
tion of care and communication among trauma, vascular,
and thoracic surgery in this case is an example of interdis-
ciplinary communication and planning that helped a patient
with a potentially devastating injury walk out of the hospital
with minimal morbidity.

Esophageal stenting is not without risks, technical fail-
ures, or need for reintervention. A revision of 201
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esophageal stenting articles comparing 785 surgical repair
strategies brings attention to the limitations and variances
on each approach.14 Factors such as delay from onset of
injury to intervention from 24 to 48 hours, compounding in-
juries, hemodynamic instability, sepsis, and need for other
extensive resection or surgical procedure, all present in
our patient, were recognized as conditioning failure of pri-
mary surgical approach. Stent and “go home” is a fallacy. It
is well established that resuscitation, antibiotics, adequate
drainage, reliable enteral access, and monitoring for stent
migration are also key components of successful manage-
ment of these patients.15 Other comparative studies have
reported propensity-matched multicenter comparison of
treatments with an esophageal stent or an operative repair
for an acute esophageal perforation.16 In these well-
matched groups, the esophageal stent cohort presents sig-
nificant favorable differences in morbidity (4% vs 43%;
P ¼ .02), mean length of stay (6 vs 11 days; P ¼ .0007),
time to oral intake (3 vs 8 days; P ¼ .0004), and cost
($91,000 vs $142,000; P<.0001) when compared with pa-
tients receiving surgical repair.When specifically looking at
the trauma population and mechanisms, blunt injuries do
worse than penetrating irrespective of approach. Granu-
larity of results is murky when attempts are made to differ-
entiate thoracic versus cervical esophageal injury.17 Thus,
our patient’s close-range GSW combining a penetrating
and blunt blast component presented a complex choice. It
is our group’s approach to closely monitor high esophageal
stents with endoscopy and imaging. Crossing of the crico-
pharyngeal plane with struts carries significant risks further
than discomfort, that is, aspiration, recurrent and laryngeal
nerves palsy, pharyngeal erosions, and vascular and laryng-
otracheal fistulation. Compulsive attention to landing of the
stent below this level and regular stent exchanges to vary
pressure points is important in mitigating these. Endolumi-
nal stitching is an adjunct to prevent migration in experi-
enced hands when available. It is all these complexities,
risks, patient’s mechanism of injury, and condition to our
choice of interventions, which although minimally invasive,
are extensive and incorporating directed drainage, soilage
control, nutrition, and attention to other injuries.

Although the patient did undergo numerous episodes of
general anesthesia for outpatient endoscopies and stent ex-
changes, his esophageal injury healed well without neuro-
vascular deficits or need for open incisions in a blast-
impacted and contaminated neck and chest. This technique
is not appropriate for all patients, such as those with hemo-
dynamic instability or a low tolerance for repeated episodes
of general anesthesia. This patient required close clinical
follow-up, screening endoscopies, and prolonged antibi-
otics. The multispecialty pathway presented is not meant
as a surgical shortcut. These approaches do not substitute
sound surgical open principles of infection source drainage,
hemostasis control, nutrition, viable tissue interposition,
preservation, and repair. They methodically preserve them
with the use of emerging techniques in situations where a
traditional open approach may be a source of greater surgi-
cal trauma, physiologic insult, and increased failure and
morbidity. A tertiary center with not only access to them
but also large case numbers and expertise in these tech-
niques is also necessary, as well as an open and clear
communication strategy with the patient and family of the
risks, surgical approaches and alternatives, and follow-up.
Despite some noncompliance issues, this patient followed
up appropriately and participated in his care, which led to
a good outcome. This approach would not be successful
in patients lost to follow-up.
CONCLUSIONS
As shown in this case report, when the appropriate patient

is chosen, the Houdini drains and minimally invasive tech-
niques can be effective in managing complex penetrating
esophageal and vascular injuries with minimal short- or
long-term morbidity, while respecting the surgical princi-
ples of traditional open surgery as a mandate.
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