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Abstract

INTRODUCTION Post tracheostomy hemorrhage is a potentially life-threatening complication that occurs in approximately
1% of cases and requires immediate intervention. Iatrogenic vascular injury to the jugular and carotid vessels and branches
of the neck during surgery is usually the cause for major bleedings during the immediate postoperative period, lasting up to
3 days. Delayed bleeding is usually the result of a tracheal erosion by a major artery, leading to pseudoaneurysms or fistulae.
In most cases, the innominate artery is involved, resulting in trachea-innominate artery fistula (TIAF), with mortality rates
reaching 100%. In some cases, sentinel bleeding, hemoptysis, or pulsation around the cannula may precede. In the past, the only
treatment options for acute and delayed bleeding were open surgery to repair, ligate or resect the damaged vessels. Once the
bleeding is controlled, repair of the tracheal fistula is indicated. Reported success rates following surgical repairs are low, with
high morbidity and mortality of more than 75%. In recent years, an endovascular approach is replacing the need for surgery,
with higher survival rates of over 70% and fewer complications. Objectives To describe our experience with endovascular

treatments for immediate and delayed post-tracheostomy hemorrhage.

Endovascular Treatment for Early and Delayed Life-Threatening Hemorrhage Following Tra-
cheostomy:

Our Experience in Four Patients
KEY POINTS

e Immediate and delayed postoperative bleeding in a patient should always alert the clinician for the
possibility of a TIAF, occurring at 0.7% of tracheostomies

e Rapid patient assessment, with focus on respiratory and hemodynamic stability is crucial.

e Inflation of the tracheostomy cuff and performing a bed-side flexible nasendoscopy in the ED upon
arrival are warranted to assess for blood residues in the larynx, followed by prompt CTA or diagnostic
IR angiography in hope to trace the source of the bleeding.

e Surgical repair of TTAF is associated with high mortality rates, and complications that include cerebral
hypoperfusion, graft infection and re-bleeding.

e Contrary to open surgery, endovascular treatment offers a minimally invasive approach, rapid hemosta-
sis at the site of injury, easier recovery due to less morbidity, lower rates of complications including
re-bleeding, and better outcomes.



INTRODUCTION

Post tracheostomy hemorrhage is a potentially life-threatening complication that occurs in approximately 1%
of cases and requires immediate intervention !. Iatrogenic vascular injury to the jugular and carotid vessels
and branches of the neck during surgery is usually the cause for major bleedings during the immediate
postoperative period, lasting up to 3 days. Delayed bleeding is usually the result of a tracheal erosion by
a major artery, leading to pseudoaneurysms or fistulae 2. In most cases, the innominate artery is involved,
resulting in trachea-innominate artery fistula (TIAF), with mortality rates reaching 100% 3. In some cases,
sentinel bleeding, hemoptysis, or pulsation around the cannula may precede. In the past, the only treatment
options for acute and delayed bleeding were open surgery to repair, ligate or resect the damaged vessels. Once
the bleeding is controlled, repair of the tracheal fistula is indicated. Reported success rates following surgical
repairs are low, with high morbidity and mortality of more than 75%*. In recent years, an endovascular

approach is replacing the need for surgery, with higher survival rates of over 70% and fewer complications °.

Objectives

To describe our experience with endovascular treatments for immediate and delayed post-tracheostomy
hemorrhage.

MATERIALS AND METHODS

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for re-
porting observational studies and the CAse REport (CARE) guidelines were followed in the study.

Design and settings

After receiving the institution review board (IRB) approval, a retrospective chart review was conducted. Four
patients who were treated for acute life-threatening post-tracheostomy bleeding with endovascular stenting
during 2014-2016 qualified.

Participants

All patients were admitted to the emergency department (ED) after stomal bleeding had already commenced
at home and were treated in a single medical center with a multidisciplinary team of professionals from head
and neck surgery, vascular surgery, and interventional radiology (IR) departments. Diagnostic imaging
studies were performed on all patients and included CTA scans.

Interventional Angiography

Emergent interventional angiography was performed through a 10Fr sheath via a brachial or femoral ap-
proach. Stent grafts were used in all patients (Bard Fluency, C. R. Bard, Inc. New Jersey, USA), with
the additional use of a balloon expandable stent (Medtronic Assurant Cobalt, Medtronic Inc. Minneapolis,
USA) in some. After the procedure, patients were closely monitored in the intensive care unit (ICU) for
several days before being discharged home.

Follow-up

Follow-up period was of up to one year with no evidence of recurrent bleeding in any of presented patients.
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Brief patient presentations and clinical findings

Patient A

A T2-year-old male with ischemic heart disease treated with a coronary bypass 5 years ago, developed acute
pulmonary edema and respiratory distress due to severe aortic stenosis. He was intubated and later under-
went tracheostomy. On the 40" day following surgery (POD 40), the patient presented to the emergency



department (ED) with an active bleeding exiting the stomal area. Immediately upon arrival to the hospi-
tal the tracheostomy cuff was inflated. The patient was rushed to CTA, followed by an urgent diagnostic
angiography in the IR unit. A large right subclavian artery pseudoaneurysm was detected (Fig 1.A-C).
Through a 10Fr. sheath right brachial artery approach, three stent grafts sized 12-13.5mm, were placed in
an overlapping manner. Next, a 10mm balloon expandable stent was placed in the subclavian artery origin,
followed by remodeling with a 12mm balloon inflation. The patient was then transferred to the ICU and
was discharged after a week. No complications due to the angiography were seen. Six months following the
procedure, the patient remained asymptomatic.

Patient B

A 75-year-old woman was brought to the ED following a sentinel bleeding from the tracheostomy cannula.
She had been put on assisted ventilation and underwent tracheostomy 3 months prior due to a right-sided
hemisphere stroke. Upon arrival to the ED, acute intractable bleeding begun. The patient was immediately
transferred to the operating room (OR), for laryngo-tracheoscopy. During the procedure the bleeding had
already stopped, and the origin was not traced. She was then transferred to CTA, which demonstrated
the source of the bleeding from a TIAF (Fig 2). The patient was rushed to the IR unit, where a 12mm
stent graft was inserted to the innominate and subclavian arteries, covering the right common carotid artery
origin, through a 10Fr. sheath right brachial approach. A control of the bleeding was achieved. As the
patient had already suffered from a right sided stroke, no sequelae following the procedure was seen. A post
procedural CTA demonstrated accurate stent position without evidence of residual bleeding. In the ICU the
patient had undergone a successful cardiac resuscitation following an arrest, due to significant blood loss.
The patient was weaned from mechanical ventilation 3 days after the procedure. On follow-up, 9 months
after the incident, she remained asymptomatic.

Patient C

An 80-year-old woman presented had undergone tracheostomy following prolonged intubation 8 months ago.
She was admitted to the ED due to acute and significant bleeding from the stomal area. Hemostasis was
achieved by inflating the tracheostomy balloon and local dressing pressure. An emergency angiography
demonstrated TIAF (Fig 3A+B). Through a 10Fr. sheath right femoral approach, a 13.5mm stent graft
was placed in the innominate artery, followed by 14mm balloon inflation. Control of the bleeding was
achieved. The patient was discharged from the ICU after a week. On one year follow-up the patient
remained asymptomatic.

Patient D

A 92-year-old man underwent percutaneous tracheotomy in the ICU, following prolonged intubation. During
the procedure, a significant bleeding appeared in the incision site, resulting in a rapid expanding hematoma
of the neck. An immediate direct pressure controlled the bleeding. The patient was rushed to CTA, followed
by an emergency angiography in the IR unit. Active bleeding originating from the innominate artery was
demonstrated (Fig 4A-C). Through a 10Fr. sheath right femoral approach, a 12mm stent graft (Bard
Fluency, C. R. Bard, Inc. New Jersey, USA) was inserted to innominate artery and the common carotid
artery, covering the orifice of the right subclavian artery, with no residual bleeding.

DISCUSSION

Any significant bleeding following tracheostomy, either immediate or delayed is a potential life-threatening
complication. Peak incidence and the risk for bleeding is found during the first 6 weeks after surgery®. Most
of delayed postoperative bleedings are the result of TIAF, and in more than 50% of cases, a sentinel bleeding
occurs. Risk factors associated with an increased risk for TIAF are low tracheal ring incisions (lower than
3*4 ring), which lead to cannula-induced constant arterial pressure, surgical site infection and overinflated
cuff that can cause pressure necrosis to the tracheal wall ©.

Surgery to control early and delayed postoperative bleeding in general, and specifically in cases of TTAF, is
still considered the treatment of choice. Ligation or resection of the innominate artery and repair of the fistula



is usually performed via a median sternotomy approach, with the use of grafts if needed”. Complications
following surgery include cerebral hypoperfusion that may lead to stroke, graft infection, high risks of re-
bleeding and poor survival rates. Wang et al , reported a 7% 1-year survival rate following a surgical TIAF

repair 8.

Key findings

Following angiography, all 4 patients survived the procedures, without re-interventions. No neurological
sequala was seen. Follow-up period was of up to one year with no evidence of recurrent bleeding in any of
presented patients.

Comparison with other studies

Taechariyakul et al , published in a recent literature review of 260 cases, a comparison between surgical
and endovascular interventions for TIAF. Endovascular approach was associated with significantly lower
complication rate of 30%, compared to 50% in open surgery. A significantly lower 30-day mortality rare of
9% in endovascular approach was also seen, compared to 23% in open surgery®.

In a recently published systematic review by O’malley et al , covering 27 patients who underwent endovascular
interventions for TIAF, 23% of patients were hemodynamically unstable, and 96% were treated with stent
grafts. They reported re-bleeding in 19% of patients, that required re-intervention, and rescue sternotomy
in 11%. Overall mortality rate was 30% °.

This current literature support endovascular treatments for post-tracheostomy bleeding, as a safe alternative
to surgery. Our results consolidate these data.

Limitation

Although minimally invasive, complications associated with endovascular treatments reported in the litera-
ture include stent infection, migration, tracheal injury, and re-bleeding. Due to the relatively small cohort
of patients, these complications were not seen in our study. Comparative analysis between both modalities
and larger cohort studies are needed.

Data sharing and availability statements:

The data that support the findings of this study are available from the corresponding author upon reasonable
request.

CONCLUSIONS

Post tracheostomy bleeding, either acute or delayed, is a life-threatening complication that require prompt
diagnosis, as well as immediate assessment for respiratory and hemodynamically instability in the patient.
A multidisciplinary teamwork is needed to decide on the proper treatment in each patient, to maximize
the odds for survival. In an era of bursting technological advancement, endovascular treatments offer high
success rates and fewer complications, compared to open surgery.
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