Ann Thorac Cardiovasc Surg 2020; 26: 166—169

Case
Report

Online May 18, 2018
doi: 10.5761/atcs.cr.18-00022

Successful Rescue of a Ruptured Tracheoinnominate

Fistula with Extracorporeal Membrane
Oxygenation, Endovascular Stents, and
Debranching Surgical Bypass

Yu-San Chien, MD,! Yen-Chun Chao, MD,?> Kuo-Sheng Lee, MD,? and Kung-Hong Hsu, MD#*

We reported a case of ruptured tracheoinnominate fistula in a 14-year-old boy with his-
tory of repeated sternotomy. Tracheostomy was performed at age 2 years. Slide trache-
oplasty was done at age 13 years. He presented to outpatient clinic with episodic
hemosputum. Massive blood emanated from stoma during bronchoscopy evaluation.
Venous-arterial extracorporeal membrane oxygenation was installed for resuscitation.
A contrast-enhanced computed tomography (CT) and angiography confirmed the diag-
nosis. Immediate control of bleeding was achieved by an endovascular stent graft deployed
at innominate artery. Massive hemorrhage recurred on day 7. An aortic arch stent was
inserted and all arch vessels debranching via supraclavicular collar excision was per-
formed. A covered stent was used to fenestrate the aortic stent and establish antegrade
blood flow to all neck vessels via left common carotid artery. The patient remained stable
at 10-month follow-up. Combination of extracorporeal membrane oxygenation, endovas-
cular intervention, and surgical bypass could be effective in treating critical patients.
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Introduction

Tracheoinnominate artery fistula (TIF) is a rare but
fatal complication of tracheostomy. The incidence ranged
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from less than 1% to 2.3% and the mortality is 100%
without emergent repair."> Prompt diagnosis, effective
control of bleeding, and rapid establishment of airway are
critical for survival. Endovascular procedures have been
reported as successful alternatives or bridges to surgery.”
Here, we reported a case of ruptured TIF in a 14-year-old
boy with long-term tracheostomy, history of repeated
sternotomy, and chronic non-tuberculosis Mycobacteria
tracheobronchitis. Extracorporeal membrane oxygen-
ation (ECMO) was used for resuscitation. Then, TIF was
successfully managed with emergent endovascular stent
graft, followed by surgical debranching bypass and
innominate artery coil embolization.

Case Report
A 14-year-old boy presented to otolaryngological clinic
with episodic hemosputum for 2 days. He had history of

endocardial cushion defect status post-surgical repair of
atrial and ventricular septal defects and subglottic stenosis
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Stents and Debranching for Tracheoinnominate Fistula

Fig.1 Emergent angiography of ascending aorta. (A) Tracheoinnominate fistula is observed 14 mm distal to root of
innominate artery (arrow). (B) The thick arrow indicates the fistula, and the narrow arrows indicate contrast
enhancement in bronchial tree. (C) The arrow indicates a 8/26 mm balloon expandable vascular covered stent
(Lifestream, Bard Ltd) deployed by the transfemoral approach. No more contrast extravasation and good flow
of contrast medium through the stent graft.

status post-laryngeal reconstruction during infancy. He
also had long-segment congenital stenosis over lower tra-
chea and had been hospitalized 50 times due to recurrent
granulation and lower airway infections. Repeated bal-
loon dilatation and laser ablation were done but with lim-
ited effects. Tracheostomy was performed at age 2 years;
T-tube or uncuffed tracheostomy tube were used with
intermittent short-term positive pressure ventilator sup-
port. At age 10 years, he was diagnosed with non-tuber-
culosis mycobacterial tracheobronchitis; mycobacterial
culture of bronchial biopsy, and tracheal aspirate taken
every 3 months was persistent positive for Mycobacte-
rium chelonae despite prolonged antibiotics treatment.
Bronchoscopy showed progressive stenosis and tracheo-
malasia; therefore, slide tracheoplasty was done at age
13 years under cardiopulmonary bypass. The length of
trachea was shortened approximately 2 cm after surgery.

This time at otolaryngologic clinic, massive fresh
blood emanated from tracheostomy stoma during bron-
choscopic evaluation. Hemostasis could not be achieved
with hyperinflation of a tracheostomy tube cuff. The
patient collapsed, went into pulseless electricity activity
and ECMO was installed via right femoral artery and
right femoral vein. A Foley catheter was inserted via
tracheostomy stoma and balloon was inflated for control
of bleeding. A contrast-enhanced computed tomography
(CT) followed by angiography of ascending aorta con-
firmed the diagnosis of TIF. Emergent endovascular
intervention with 8/26 mm balloon expandable vascular
covered stent (Lifestream, Bard Ltd, Covington, GA,
USA) was deployed to innominate artery at the cardiac
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catheterization lab (Fig. 1). The immediate postoperative
angiography showed no more contrast enhancement in
the tracheobronchial tree and the patient’s hemodynam-
ics stabilized. Because massive blood accumulated in
both lungs, the patient presented with acute respiratory
distress syndrome and the ratio of partial pressure of
arterial oxygen and fraction of inspired oxygen (PaO,/
SpO,) persistently less than 50 mmHg. Another set of
venous-venous ECMO was added and PaO,/SpO,
improved to 80 mmHg. Bronchoscopy on hospital day 3
revealed diffuse mucosa necrosis, deformity of trachea
with a 1 cm width defect at anterior wall at the level of
tip of previous tracheostomy tube. Tracheostomy tube
was placed with balloon deflated. Massive hemorrhage
recurred on day 7 and an angiography revealed an active
bleeder at the base of innominate artery. Surgical inter-
vention was required. To avoid severe adhesion and frag-
ile tissue surrounding trachea resulted from previous
repeated sternotomy, an endovascular aortic arch stent
was inserted and all arch vessels debranching via supra-
clavicular collar excision was performed under ECMO
support. An 8 mm bypass graft (Intergard Woven,
MAQUET Ltd, Rastatt, Germany) was first used to con-
nect right subclavian, right common carotid artery, and
left common carotid artery. After establishment of addi-
tional temporary cerebral perfusion via arterial cannula
of venous-arterial ECMO, a thoracic aortic stent 26/21/10
(Gore TAG, Gore Ltd, Newark, NJ, USA) was place at
aortic arch to exclude antegrade blood flow to TIF. Then
a self-expanding covered stent (Gore Viabahn, Gore
Ltd) was used to fenestrate the aortic stent and establish
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Fig.2 Reconstructed 3D image of contrast-enhanced CT shows
blood in right vertebral artery (arrow) and innominate
artery. 3D: three-dimensional; CT: computed tomography

antegrade blood flow to the neck vessels via left com-
mon carotid artery. Finally, the bypass graft was anasto-
mosed with left subclavian artery and the proximal ends
of right subclavian artery and right common carotid
artery were ligated to exclude retrograde flow to TIF.
The defect of tracheostomy was not repaired because
of severe tissue necrosis. Bleeding subsided, and the
patient’s oxygenation improved gradually. On day 12,
venous-venoarterial ECMO was shifted venous-venous
mode. On day 17, a followed-up CT showed contrast in
innominate artery, retrograde flow from right vertebral
artery was suspected (Fig 2). Complete embolization of
innominate artery with multiple coil 35/14/12 (Nester,
Cook Medical Ltd, Bloomington, IN, USA) was done
and no more contrast enhancement was found on tracheo-
bronchial tree. On day 22, venous-venous ECMO was
removed successfully. During the 22 days of ECMO use,
heparin was used to maintain circuit and activated clot-
ting time was targeted at 160—180 seconds. It was tempo-
rarily discontinued on day 7 due to recurrent bleeding and
resumed after debranching bypass. Aspirin was pre-
scribed after removal of ECMO to maintain bypass graft
patent. Anti-mycobacterial antibiotics, including clari-
thromycin, amikacin, imipenem, and ciprofloxacin were
kept for a month and shifted to a combination of clari-
thromycin and amikacin. He was discharged on hospital
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day 147 and remained stable so far. At a 10-month follow-
up, the patient exhibited no evidence of graft infection or
recurrent bleeding but had hypoxic encephalopathy with
a Glasgow coma scale of E4V M5.

Discussion

TIF often occurred within the first 3 weeks of trache-
ostomy creation,*» but has been reported to occur long
after the procedure, especially in patients with neuro-
muscular disorders.>® Identified risk factors included
tracheostomy below the fourth tracheal ring,” high
located innominate artery, pressure necrosis of tracheal
wall related to overinflated tracheostomy tube cuff, local
infections, prolonged positive pressure ventilation, and
spinal deformity.!®!) Our patient developed TIF more
than 12 years after tracheostomy; the slide tracheoplasty
performed 2 years ago might have changed the anatomy
of innominate artery relative to trachea and the chronic
mycobacterial tracheobronchitis might have contributed
to the gradual necrosis and structural change of trachea,
eventually led to this episode of near fatal event.

Episodic hemosputum has been observed in more than
50% of patients prior to the dramatic episode. Hemor-
rhage with pulsation of tracheostomy tube that coincides
with heartbeats (sentinel bleeding) could be observed in
35% of patients.'” In any patient with tracheostomy and
subsequent hemoptysis, TIF should have top priority on
the differential.

Ideno S. et al. successfully resuscitated two pediatric
patients with TIF using ECMO.!» They proposed that
hemorrhagic shock cause by TIF is different from other
etiologies because bleeding into trachea would cause
ventilation and oxygenation failure, which may compro-
mise resuscitation. In our case, with different modes of
ECMO to ensure organ perfusion and oxygenation,
intra-tracheal Foley catheter could be used for immedi-
ate control of bleeding despite zero pulmonary ventila-
tion and multiple invasive procedures could be performed
without concern of temporary tissue hypoperfusion.

Mainstream surgical procedures to treat TIF were
ligation of innominate artery and bypass grafting of dis-
tal innominate artery.® Both required median sternotomy
or hemi-sternotomy and were difficult in our case
because of multiple previous cardiothoracic surgeries, an
endovascular stent graft implantation was performed
instead. Endovascular stent graft implantation is a mini-
mally invasive procedure that can be tolerated by criti-
cally ill patients and may be a feasible alternative to
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surgical treatment.>'¥ Complications included endograft
infections and re-bleeding related to stent migration® or
tracheal erosion.'” Our patient had recurrent hemorrhage
from innominate artery proximal to stent graft. Short land-
ing zone of the stent along with focal tissue necrosis due to
chronic and acute infection was possible contributing fac-
tors. Anticoagulant used to maintain ECMO circuit might
also have increased the risk of bleeding. Surgical bypass
was eventually required. If ECMO is used for resuscita-
tion, stent graft might be better to serve as a bridge to cura-
tive surgery rather than a definitive treatment.
Transarterial embolization of the innominate artery
can be used for immediate control of bleeding but it car-
ries a high risk of cerebral ischemia or infarction.'® In
the present case, the cerebral perfusion was from left
common carotid artery via the penetration stent, emboli-
zation of innominate artery helped to achieve complete
hemostasis and to eliminate the possibility of rebleeding.

Conclusion

A combination of multidisciplinary treatments could
be the key to successful treatment of TIF.
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