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KEY POINTS

e Replacement of a decannulated tracheostomy fewer than 7 days old should be attempted
only under direct visualization.

e A completely obstructed tracheostomy tube must be removed to maintain airway
patency.

o All tracheostomy bleeding should be considered a sentinel bleed and the source must be
identified, even if the bleeding resolves.

e Chronic and subacute tracheostomy complications can present months to years after
placement or decannulation.

INTRODUCTION

More than 110,000 tracheostomies are placed annually in the United States.” The
overall complication incidence is 40% to 50%. Thankfully, the vast majority of these
complications are minor. One percent of tracheostomy patients, however, will suffer
a catastrophic tracheostomy-related complication. Of those patients, up to half will
die. It is, therefore, incumbent for the emergency provider to be able to recognize
the signs and symptoms of tracheostomy-related emergencies and provide initial sta-
bilization and, potentially, life-saving interventions.

Tracheostomy-related complications are generally grouped by their peak incidence
of occurrence.?® Intraoperative complications, including hemorrhage, air embolism,
and damage to the trachea, are not within the treatment domain of the emergency
physician and will not be discussed here. Intermediate (early postoperative) complica-
tions include hemorrhage, tube decannulation, extratracheal air (subcutaneous
emphysema, pneumothorax, pneumomediastinum), and infection. Late postoperative
complications include hemorrhage, tracheal stenosis, tube decannulation, and fistula
formation.?* The delineation between intermediate and late complications is variable;
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however, the Agency for Healthcare Research and Quality reported that tracheos-
tomies have the fifth-highest 30-day readmission rate for procedures performed dur-
ing the index stay. Nearly 1 in 4 patients with tracheostomy will require hospital
admission within 30 days of having their tracheostomy placed.® More than 90% of
catastrophic complications occur more than 1 week after tracheostomy placement.®

For the purposes of emergency management, tracheostomy complications are
grouped into emergent life-threatening complications and urgent complications.
Emergent life-threatening complications include tube decannulation, tube obstruc-
tion, and hemorrhage. Urgent subacute complications include tracheoesophageal fis-
tula formation, tracheal stenosis, infection, and tracheocutaneous fistula formation.

The management of both emergent and urgent tracheostomy complications may be
further complicated by the underlying condition of the patient who originally necessi-
tated the placement of the tracheostomy. Indications for tracheostomy placement
include upper respiratory tract obstruction, prolonged ventilation, copious secretions,
severe obstructive sleep apnea, and head/neck surgery.® Such comorbid conditions
must be considered when making management decisions.

ANATOMY

Tracheostomies are placed using a percutaneous dilational approach or open surgical
approach. With either approach, the goal is to create an opening into the trachea
through the anterior neck where the tracheal mucosa is brought into continuity
with the skin.” The complication rate between the 2 techniques is similar.® The indica-
tions for performing a tracheostomy are upper airway obstruction, control of secre-
tions, the necessity of long-term ventilation, and the necessity for long-term airway
protection.®°

Using either technique, tracheostomies are generally placed between the second
and third tracheal rings."" Higher incisions increase the risk of laryngeal injury and
lower incisions increase the risk of decannulation and vessel injury.”

EMERGENT LIFE-THREATENING COMPLICATIONS
Tracheostomy Decannulation

Inadvertent tracheostomy tube decannulation can occur at any time following trache-
ostomy placement. The reported incidence of tracheostomy displacement varies
widely. The literature reports rates between 0.35% and 15%.2"%'2 It is the second
most frequent life-threatening early pediatric tracheostomy complication,’® and in
the critical care setting, 50% of airway-related deaths were associated with tracheos-
tomy displacement.’® Many decannulations may be handled by the patient or care-
giver without seeking further care, so the incidence may be higher than reported.
Decannulations within the first week of placement are most concerning because of
the lack of mature stoma formation and a narrower tracheocutaneous tract, which in-
creases the risk of airway loss.'®

Risk factors for accidental tracheostomy decannulation include mental status
change, traumatic brain injury, increased secretions, recent tracheostomy change,
increased neck thickness, and pediatric age.>'*'® Tracheostomies placed using a
percutaneous technique are at higher risk for decannulation than those placed using
an open surgical approach.®

When a patient presents to the Emergency Department (ED) with a displaced tra-
cheostomy tube, 2 key pieces of information must be obtained. First, how long ago
was the tracheostomy placed, and second, how long before presentation did the tra-
cheostomy become decannulated. The patient may present with the tracheostomy
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completely displaced from the stoma or with the tracheostomy partially displaced with
the tip present in the soft tissue of the neck. When decannulation occurs, replacement
without delay is indicated. Even a mature stoma may significantly narrow over the
course of hours, making delayed recannulation more challenging and necessitating
the use of a smaller tracheostomy tube during replacement.’”

Replacement of a dislodged tracheostomy within the first week of placement should
be attempted only with direct visualization via fiberoptic endoscopy to reduce the risk
of creating a false passage into the soft tissue of the neck.>'” If fiberoptic visualization
is unavailable or is unsuccessful, then oral intubation may be necessary to secure the
airway and ventilate the patient (Fig. 1). For tracheostomies placed more than 7 days
before dislodgement, a new tracheostomy tube may be inserted through the stoma
with placement then confirmed by fiberoptic visualization.

Regardless of the age of the tracheostomy, if resistance is met, a smaller tracheos-
tomy tube should be selected and insertion reattempted. If recannulating is unsuc-
cessful, bag-valve ventilation and oral intubation may be necessary if the patient
fails to oxygenate or ventilate.> 718 If a replacement tracheostomy tube is not readily
available, an analogous size endotracheal tube may be inserted through the stoma un-
til a tracheostomy tube can be obtained.™®

Following recannulation, low-volume, gentle bag-valve ventilation can be used to
assist ventilation.'® If subcutaneous emphysema develops, tracheostomy placement
must be evaluated through direct visualization due to possible false passage
with placement of the tracheostomy tube into the paratracheal soft tissue of the
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Fig. 1. Tracheostomy decannulation algorithm.
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neck.'92C If proper placement is confirmed, the trachea must be subsequently evalu-
ated for injury. Once recannulated, continuous capnometry is used to monitor
ventilation.

Tracheostomy Obstruction

Obstruction of the lumen of a tracheostomy tube can result from dried secretions, mu-
cous plugs, clotted blood, partial tube displacement, impingement by the posterior
tracheal wall, granulation tissue buildup, or displacement of the tracheostomy into a
false lumen. It can occur at any time and is the leading cause of tracheostomy-
related death in pediatric patients.® Risk factors for obstruction include small trache-
ostomy tube size, single cannula tracheostomy tube, and poor tracheostomy care.® '8
Management of tracheotomy obstruction requires a stepwise approach (Fig. 2). An
initial simple step is to remove anything potentially obstructing the external end of the
tracheostomy lumen, such as a speaking valve, obturator, decannulation cap, ban-
dages, or humidifying devices.'® Removal of the inner cannula of a double-cannula
tracheostomy and suctioning of single or double-cannula tracheostomies are the
next steps when obstruction is suspected and will relieve most obstructions.>®

Remove inner
cannula
(if present)

Remove external
devices
(if present)

Oxygen to
oropharynx &
tracheostomy

Suction
tracheostomy

Deflate cuff
(if present)

Remove
tracheostomy

Bag ventilate, &/or
intubate, as
necessary

Fig. 2. Tracheostomy occlusion algorithm.
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If a suction catheter can be passed through the entire length of the tracheostomy
into the native trachea, a complete obstruction is not present. The patient’s ventilation
can be assisted with positive pressure as necessary to improve ventilation and
oxygenation. If a suction catheter cannot be passed, a complete obstruction of the tra-
cheostomy tube is present. Stiff instruments, such as gum-elastic bougies and tube
changers, are not recommended to assess patency because they do not allow for
removal of secretions and can create a false passage if the tracheostomy is
obstructed due to partial or complete displacement.’®

If the tracheostomy tube is cuffed, the cuff must be deflated to allow for airflow
around the tracheostomy tube because flow through the tracheostomy tube lumen
is occluded. If the obstruction is relieved by other means or if a new tracheostomy
is placed, the balloon will need to be inflated to provide effective positive pressure
ventilation.

When, despite these measures, a patient continues to be distressed from airway
obstruction, the tracheostomy tube must be removed. Although removing the artificial
airway may seem counterintuitive in a distressed patient, a nonfunctioning tracheos-
tomy offers no benefit to the patient. Following removal, ensure that the patient is
receiving high-flow oxygen via both face and tracheostomy stoma. If the obstruction
is relieved and the patient is ventilating, as monitored by capnometry, it is not neces-
sary to emergently reinsert an airway.'®

Following tracheostomy removal, if bag-valve-mask ventilatory assistance is used,
it is necessary to remember that the patient has 2 airway openings (tracheostomy and
oro-nasopharynx). If the patient is ventilated via the mouth, the tracheal stoma must be
occluded with gauze (Fig. 3). If the patient is ventilated via the tracheal stoma, the oral
and nasal pharynx must be occluded. To generate airway positive pressure when
ventilating, a pediatric face mask or laryngeal-mask airway can be placed over the
stoma (Fig. 4)."° If effective oxygenation and ventilation is not achieved with bag-
valve maneuvers, intubation should be attempted. If intubating by the oropharynx,
the endotracheal tube must be advanced beyond the stoma to generate positive pres-
sure in the lower airway after the balloon is inflated. If the tracheostomy is more than a
week old or if oral intubation is anticipated to be difficult, intubation of the stoma can
be attempted. A smaller tracheostomy tube or endotracheal tube can be placed
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Fig. 3. Occluding the ostomy to facilitate oro-nasopharyngeal bag-valve-mask ventilation.
(Courtesy of National Tracheostomy Safety Project; with permission.)
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Fig. 4. Ventilating via tracheostomy stoma with a pediatric bag-valve-mask. (Courtesy of Na-
tional Tracheostomy Safety Project; with permission.)

directly into the stoma. Guided placement using a fiberoptic scope, Bougie, or tube
exchange catheter is preferred.’®

When the obstruction is partially or completely relieved after any step in the algo-
rithm, the patient’s ventilation should be monitored with continuous capnometry
and pulse-oximetry and assisted with positive pressure ventilation as the clinical situ-
ation necessitates.

Hemorrhage

Tracheostomy bleeding complicates up to 5% of tracheostomies and ranges from mi-
nor to life-threatening. Bleeding within the first 48 hours after placement is usually
related to operative issues, including inadvertent vein puncture, suctioning, and infec-
tion.?" Beyond 48 hours, the most critical and feared hemorrhagic complication is the
development of a tracheo-innominate artery (TIAF) fistula. This is a direct connection
between the native trachea and the innominate artery branch of the aorta. The inci-
dence of TIAF is approximately 0.7% of patients with tracheostomy and the mortality
is more than 90%.2":22 Nearly 75% of TIAF bleeds will occur within 3 weeks following
tracheostomy placement but may occur at any time.2'=2%

Up to 50% of TIAF bleeds will have a sentinel event, such as tracheostomy site
bleeding, hemoptysis, or blood seen with tracheal suctioning.?! Therefore, any
tracheostomy-related hemorrhage, especially occurring within 3 weeks of place-
ment, must be considered a TIAF bleed until proven otherwise. Diagnostic options
include bronchoscopy, computed tomography or traditional angiography, or local
exploration. 1824

The innominate artery crosses anterior to the trachea, typically at the level of the
ninth tracheal ring; however, there is significant anatomic variation and the innominate
artery may cross the trachea superior enough to be anterior to a tracheostomy tube.
Pressure on the anterior tracheal wall results in mucosal ischemia and can lead to fis-
tula formation with the posterior wall of the innominate artery. Risk factors include a
cuffed tracheostomy tube, low tracheostomy placement, high cuff pressure, high-
riding innominate artery, excessive neck movement, and tracheostomy infection.?2%

If catastrophic tracheostomy bleeding occurs, a TIAF should be assumed and im-
mediate resuscitative measures undertaken while attempts to temporize the bleeding
and facilitate operative repair are made (Fig. 5). Initial intervention attempts include
external compression of the innominate artery by applying pressure posteriorly at
the sternal notch, and internal compression through overinflation of the tracheostomy
balloon with up to 50 mL of air. These interventions are reported to be successful as a
temporizing measure 85% of the time.2® If a cuffed tracheostomy tube is not present
or overinflation has failed to control the bleeding, the tracheostomy tube can be
removed and the airway secured via oral or stomal intubation with an endotracheal
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volume
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Remove
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Manual
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Fig. 5. Large-volume tracheostomy hemorrhage algorithm. ENT, otolaryngology; ETT, endo-
tracheal tube; IR, interventional radiology; OR, operating room. @ Advance balloon distal to
tracheostomy then inflate; may require concurrent tracheostomy removal.

tube whose cuff is then overinflated with up to 50 mL of air. If this also proves to be
unsuccessful, an oral endotracheal tube can be advanced beyond the stoma to secure
the airway with the addition of a finger inserted into the tracheostomy for digital
compression of the innominate artery anteriorly against the manubrium.?® Digital
compression must be maintained until definitive repair is undertaken.

These maneuvers are all performed in an attempt to decrease the amount of blood
loss while getting the patient to the operating room or interventional radiology suite for
definitive management.?’

URGENT COMPLICATIONS
Tracheoesophageal Fistula

A tracheoesophageal fistula (TEF) is a communication between the posterior wall of
the trachea and the anterior wall of the esophagus. Prolonged pressure on the poste-
rior membranous wall of the trachea from a tracheostomy balloon results in ischemic
necrosis, tissue breakdown, and subsequent fistula formation.?” Risk factors include
high airway pressures, prolonged presence of a cuffed tracheostomy tube, high cuff
pressures, excessive tracheostomy movement, steroid use, type 1 diabetes mellitus,

Downloaded for Staff Library (cwest@northshore.org) at NORTHSHORE UNIVERSITY HEALTHSY STEM from ClinicalKey.com by
Elsevier on January 06, 2020. For personal use only. No other uses without permission. Copyright ©2020. Elsevier Inc. All rights
reserved.



116 Bontempo & Manning

chronic hypoxia, poor nutritional status, hypotension, anemia, sepsis, the presence of
a nasogastric tube, and gastro-esophageal reflux disease (GERD).2"28

TEFs may manifest as persistent tracheal air leaks, abdominal distention (from air
entering the digestive tract), pulmonary aspiration injury, cough with swallowing,
copious bronchopulmonary secretions, and respiratory distress. In patients with tra-
cheostomy, the TEF is generally located 1 to 2 cm distal to the tracheal stoma at
the level of the balloon and can be large, measuring 4 to 5 cm. Diagnosis is made
by bronchoscopy or, if not available, esophagram.

Emergency management includes stopping contamination of the airway through
tracheal suctioning, discontinuation of oral feeding, and elevation of the patient’s
head to 45°. If a gastric tube is present, it should be used to drain the contents of
the stomach. However, if a nasogastric tube is in place, it should be removed to pre-
vent pressure necrosis and worsening of the fistula.?” Additionally, any suppurative
complications, such as pneumonia, should be treated.

Long-term treatment consists of conservative management with adjustment of the
tracheostomy balloon to a more distal position and nutrition via jejunostomy tube,
minimally invasive treatment with tracheal and esophageal stents, or surgery.?’

Tracheal Stenosis

Tracheal stenosis is common after prolonged intubation or tracheostomy, with most
patients experiencing some degree of tracheal narrowing. However, only 3% to
12% of cases require any intervention and very few of those patients experience crit-
ical stenosis requiring urgent intervention.?2°3° Stenosis occurs secondary to granu-
lation tissue and fibrosis of peristomal and tracheal tissues. After granulation tissue
forms, it eventually becomes covered with epithelial tissue.®

Trauma to the trachea either from injury during the procedure itself or ischemia from
balloon over inflation leads to tracheal inflammation and ulceration. Other risk factors
include surgical site infection, GERD, obesity, and hypotension.?®-*° Tracheal stenosis
frequently occurs at the site of the stoma, the level of the tracheostomy tube tip, the
site of the balloon, or in a suprastomal position. Stenosis will not cause symptoms until
the diameter of the tracheal lumen is reduced by more than 50%.2°-%° Early symptoms
include difficulty clearing secretions, cough, and exertional dyspnea. Dyspnea at rest
and stridor are associated with a tracheal diameter of <5 mm.2° Tracheal stenosis can
occur while a patient is still mechanically ventilated or years after decannulation, but
most will present within 2 months of decannulation.®

Stenosis can make tube exchanges difficult due to narrowing of the space
and bleeding risk. Early stenosis with exposed granulation tissue without overlying
epithelium can bleed easily with minor trauma.?® Stenosis can be treated with dilation,
excision with end-to-end anastomosis, or laser excision of granulation or fibrous
tissues.®3°

Infection

Tracheostomy is considered a “clean-contaminated” procedure due to the entrance of
the upper aerodigestive tract. Bacterial colonization of the skin and aerodigestive tract
combined with the rich environment of blood and secretions at the surgical site place
patients at risk of surgical site infection. Strict wound care with frequent dressing
changes is the cornerstone of preventing infection after tracheostomy. Common early
infections include cellulitis and tracheitis.” These infections frequently occur early in
the postoperative course and are more commonly observed after open versus percu-
taneous tracheostomy.® Most early infections are minor, but severe infections,
including mediastinitis and necrotizing fasciitis, are possible.®' Delayed presentations
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of serious infections have been observed, most notably osteomyelitis and septic
arthritis of the sternoclavicular joint.>?

The presence of a tracheostomy tube, especially a cuffed tube, disrupts swallowing,
thus increasing the risk of aspiration. An overinflated tube cuff can compress the
esophagus, leading to aspiration. This aspiration is often asymptomatic or silent
and therefore unrecognized by patients and caregivers.?® Aspiration of infected secre-
tions can result in pneumonia or lung abscesses. These infections are most commonly
attributed to Staphylococcus aureus, Pseudomonas, and mixed flora.?

Pneumonias and severe skin and soft tissue infections should be treated aggres-
sively. Despite the frequency of infectious complications, the role of perioperative an-
tibiotics in tracheostomy remains controversial.?*’

Cutaneous Fistula

After decannulation, most stomas close in approximately 6 weeks. Persistent epithe-
lialization of the stoma track can result in fistula formation. If the stoma persists after 3
to 6 months, a tracheocutaneous fistula is diagnosed.® Persistent tracheocutaneous
fistulas can lead to skin irritation and infection due to draining secretions, weak cough,
and aspiration leading to recurrent pneumonias, poor phonation, poor cosmesis, and
submersion intolerance.®® The most notable risk factor is prolonged tracheostomy
tube placement with one small series noting tracheostomy placement for at least a
year in all observed cases.? Other risk factors include steroid use, advanced age,
and malnutrition.® Management options include tract cauterization or excision with
healing by secondary intention or surgical closure.®*2

SUMMARY

With more than 110,000 tracheostomies being placed annually in the United States,
the emergency provider must be prepared to deal with both catastrophic and urgent
tracheostomy-related emergencies. Life-threatening complications, including acci-
dental decannulation, obstruction, and hemorrhage, are rare but require immediate
action. Having a predetermined, stepwise approach to these complications will help
guide management when such patients arrive in the ED.

Subacute complications, such as tracheoesophageal fistula formation, tracheal ste-
nosis, infection, and cutaneous fistula formation, may occur at any time, ranging from
the postoperative period to years after a tracheostomy was placed or even following
decannulation.

The emergency provider must maintain a high index of suspicion for a
tracheostomy-related complication when a patient with a present or prior tracheos-
tomy presents with fever, dyspnea, or hemoptysis.
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