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Introduction

Tracheostomy is one of the oldest surgical procedures in 
medical history and reference to this technique can be 
found dating 3,500 years ago (1). Percutaneous dilatational 
tracheostomy (PDT) has evolved substantially since its 
first description in 1957 and later modification in 1985 
by Ciaglia (2). It is a commonly performed procedure 
at bedside in the intensive care unit, with over 100,000 
performed annually in the United States alone (3). 

The Ciagla Blue Rhino (CBR) method uses a modified 

Seldinger technique where a single dilation using a 
tapered hydrophilic coated dilator is performed under 
bronchoscopic visualization (4). It is the most commonly 
utilized procedure technique for PDT, and has become the 
standard of care against which other techniques are tested 
in the 21st century. 

Despite its acceptance worldwide as the procedure of 
choice for tracheostomy, PDT can be associated with major 
complications, including death. Each year, approximately 
500 patients in the United States die or are permanently 
disabled because of a tracheostomy (5). In a meta-analysis of 
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8,324 PDT cases, the estimated procedure related morality 
was 2.18%, and of these 31% were intra-procedural 
fatalities and 49% with early mortality within seven days of 
the procedure (6). The incidence of late complications is 
estimated to be as high as 65% of patients (7).

This  procedure has  been adopted by mult ip le 
subspecia l t ies  inc luding otorhinolaryngologis t s , 
interventional pulmonologists,  thoracic surgeons, 
intensivists, anesthesiologists, and trauma surgeons. 
Although no formal surgical training is needed, performers 
of PDT should be appropriately trained in advanced airway 
management and emergent airway techniques, possess a 
comprehensive understanding of procedural indications and 
contraindications, and know how to recognize and manage 
complications that may arise (4). 

In this review, we will highlight complications of PDT 
and describe management strategies, with a special focus on 
post-tracheostomy tracheal stenosis (PTTS). In the latter 
part of this review, we describe the major and some minor 
complications, including strategies for their prevention and 
management. 

Complications of PDT

Studies are lacking in this field with the majority of data 
derived from retrospective and cohort studies rather than 
prospective, randomized controlled trials. Only few short 
series have analyzed long term complications. One of the 
greatest impediments to understanding complications of 
PDT is the lack of standardization of the definitions of 
complications and their mode of assessment. Furthermore, 
the characteristics of critically ill patients make longitudinal 
studies hard to conduct due to early death or lost to follow-
up in long term acute care facilities. The time course of 
various complications is highly variable. Complications 
such as tracheal stenosis, granulation tissue formation, or 
tracheomalacia from traumatic intubation or excessive cuff 
pressures can occur in as little as 1 to 14 days (7). Tracheal 
stenosis can occur months, or even years after and may be 
under-reported when it fails to yield clinically detectable 
symptoms. It is often difficult to differentiate these from 
complications of prior prolonged endotracheal intubation. 

Perioperative and early complications 

Bleeding 
Bleeding is the most common early complication of 
tracheostomy (6), with an estimated incidence of 0.6–5.0% (8).  

Early bleeding within 48 hours of the procedure is usually 
minor and comes from superficial veins (9). A more serious 
cause of hemorrhage from a tracheoinominate artery fistula 
usually occurs later and will be discussed in the latter part 
of this review. Several pre-procedural measures such as 
use of ultrasound to detect abnormal vascular anatomy 
and identify major superficial veins may help avoid injury 
to vessels (6). Reversal of underlying coagulopathy and 
administration of desmopressin in uremic patients prior 
to procedure can minimize bleeding risk (4). During 
tracheostomy placement, using lidocaine with epinephrine 
for local anesthesia, making a small incision at the entry site, 
and securing the neck plate firmly around tracheostomy 
tube can also minimize bleeding (4). 

Intra-operative tracheal hemorrhage can be life-
threatening, even if the actual blood loss is low. In patients 
with respiratory failure and already a low pulmonary 
reserve, even 150–200 mL of blood in the trachea can lead 
to severe hypoxia and inability to ventilate. Additionally, 
with flexible bronchoscopy, even small amounts of blood 
can significantly reduce visibility, as suction capacity is 
quite low. Therefore, intra-tracheal bleeding during PDT 
placement should trigger the algorithm to immediately 
secure the airway (10). 

In the case of minor bleeding around the stoma, local 
pressure and packing with hemostatic gauze pads soaked in 
adrenaline or tranexamic acid can help achieve hemostasis (11).  
If bleeding or oozing persists around the tracheostomy site, 
the stoma may need to be explored to locate and cauterize 
or suture the bleeding vessel (11). 

Pneumothorax and subcutaneous emphysema
Pneumothorax and subcutaneous emphysema are well 
described complications of PDT, with an estimated 
incidence of 0.8% and 1.4%, respectively (12). Deaths from 
tension pneumothorax or bilateral pneumothoraces post-
tracheostomy have been described in the literature (6).  
Operator inexperience, chronic obstructive pulmonary 
disease, obesity and anatomic spine abnormalities place 
patients at a higher risk for complications (6). Furthermore, 
malpositioning of tracheostomy tube inside the stoma, 
prolonged operative times in difficult procedures, and 
dissection of anterior neck tissue in obese patients can cause 
excessive air leak into subcutaneous tissue (12). 

The role of bronchosocopy in preventing pneumothorax 
remains controversial. While the use of bronchoscopy can 
reduce this complication by confirming that the guidewire 
and guiding catheter are inserted intratracheally (1,6,13), the 
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complete or almost complete tracheal occlusion by dilators 
or bronchoscope can cause air trapping and overinflation by 
valve effect, leading to an increased risk of barotrauma (14).  
This can be avoided by using a bronchoscope with O.D. (outer 
diameter) at least 2 mm less than the I.D. (inner diameter) 
of the endotracheal tube, neuromuscular blockade (4),  
and ventilation with lower pressures, smaller tidal volumes, 
and higher respiratory rates (14,15).

Tracheal wall perforation
Difficult insertions requiring increased amount of pressure 
to insert the tracheostomy tube have been associated with 
mechanical trauma and injury to the tracheal wall. This 
excessive force can cause dilator advancement over the 
bolstering catheter intra-tracheally onto the guidewire. The 
guidewire alone cannot provide enough support to keep 
the dilator within the trachea and therefore predisposes 
to perforation of the posterior tracheal wall during the 
procedure (1). Guidewire kinking has been associated 
with this phenomenon and if seen should therefore raise 
suspicion for posterior wall injury (1,16). The incidence 
of tracheal wall perforation is reported as <1%, but this 
may be an underestimation as most studies reporting the 
complications associated with PDT have not included 
bronchoscopic evaluation of the airway (1).

Stabilization of the guidewire and guiding catheter is a 
critical step to avoid posterior wall injury and barotrauma. 
Some authors even advocate for the use of a two-person 
technique where one operator performs the tracheostomy 
and the other is dedicated to stabilizing the guidewire 
and catheter (1). Most PDT kits, including the Ciaglia 
Percutaneous Tracheostomy Introducer Set, have now 
undergone modifications to include a ridge on the distal 
end, preventing the dilator from advancing over the 
catheter (1,6).

In the past, surgical repair of tracheal tears was the 
treatment of choice for any tracheal tear (17). Although 
there are no clear guidelines in place, there is increasing 
evidence suggesting conservative management as a safe 
alternative, as most tears self-resolve (17-19). The decision 
for treatment depends on characteristics of tracheal lesion 
such as location, length, depth, and the patient’s clinical 
condition. Non-surgical management can be used in 
clinically stable patients with small tears <2 cm (17,20) 
in the upper two-thirds of the trachea (21,22), with 
minimal non-progressing subcutaneous emphysema or 
pneumomediastinum (17,23), and no esophageal injury (24), 
respiratory distress (21), or mediastinitis (21), and imminent 

extubation. Similarly, tears not involving all tracheal layers 
are also suitable for conservative management (22). More 
recently, stent placement with silicone stents has gained 
traction as an alternative to surgical therapy, especially in 
non-operable candidates (25-27). Stent placement will be 
discussed in greater detail later in this review. Immediate 
surgical repair is indicated in patients with concomitant 
esophageal injury or mediastinitis (18). 

Early tube displacement, accidental decannulation, and 
paratracheal insertion 
The incidence of tracheostomy tube displacement is 1.5% (11).  
While uncommon, accidental tube displacement can be 
life-threatening if occurring early after PDT before track 
maturation. In the first 3–5 days post-PDT placement, the 
immaturity of the stomal tract can risk loss of the airway. 
Placement of endotracheal tube into the tracheal stoma 
to save the airway should be avoided, as the endotracheal 
tube can inadvertently be inserted paratracheally into 
a false track, especially in obese patients whose skin to 
trachea distance is >2–4 cm (28). Orotracheal intubation is 
therefore recommended, with the cuff inflated distal to the 
stoma. After securing an airway and stablizing the patient, 
the stoma can then be redilated and the tube replaced in a 
controlled setting, preferably under bronchoscopic guidance 
(29,30).

Suturing of the neck plate can minimize accidental 
decannulation and airway loss. Restricting the first tube 
change to after 7 days and using a guiding catheter during 
tracheal exchange can minimize paratracheal insertion 
(4,6,28). Additionally, the use of extra-long tracheostomy 
tubes in obese patients with short necks avoids malposition of 
tracheostomy tube and reduces incidence of airway loss (31).

Lastly, the development of a dedicated ‘crisis’ plan, the 
immediate availability of the required equipment in case of 
airway loss, and periodic staff training have been proposed 
to help reduce the grave outcomes of this potentially fatal 
complication (32). 

Late complications

Post-tracheostomy tracheal stenosis (PTTS) 
PTTS, the abnormal narrowing of tracheal lumen 
from fibrosis or granulation tissue formation after PDT 
placement, is perhaps the most common complication 
(7,33) (Figure 1). While most patients develop some degree 
of tracheal narrowing at the site of tracheostoma, only 
3–12% develop clinically significant stenosis and require 
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interventions (7,33).
In the early stages, this may present as failure to wean off 

the ventilator with high peak airway pressures or difficulty 
passing suction catheter (7). In the later stages, PTTS 
may manifest as a failure to decannulate, upper-airway 
obstruction with dyspnea or stridor, or even respiratory 
failure after decannulation. 

While some stenoses may remain subclinical, symptoms 
generally emerge when the lumen reaches <50% of its 
original diameter, causing cough and difficulty in clearing 
secretions. Exertional dyspnea occurs once the airway 
diameter is reduced to <10 mm, with stridor at <5 mm 
stenosis (34).

Multiple predisposing factors for the development of 
PTTS have been described in the literature including: 
high tracheostomy site, traumatic or prolonged intubation, 
history of prior intubation or tracheostomy, excessive 
corticosteroid steroid usage, advanced age, female sex, 
severe reflux disease, autoimmune diseases, obstructive sleep 
apnea, and local radiation therapy for oropharyngeal and 
laryngeal cancer (33,35). 

PTTS can occur at various levels within the trachea—
either at the level of the stoma, the cuff site, or the 
tracheostomy tube’s distal tip. Stenosis at the stomal level 
occurs due to bacterial infection and chondritis which 
weakens the anterior and lateral tracheal walls, causing 
focal malacia. Obstructive granulation tissue from abnormal 
tissue repair can also develop and cause scarring around 
the stoma. Traumatic injury at the time of placement can 
also lead to stenosis due to rupture or displacement of 
tracheal rings. These stenoses are usually triangular in 
shape, termed “A-shaped” or “A-frame” strictures (36,37). 

Stenosis at the cuff is usually occurs due to overinflation 
of cuff causing excessive cuff pressures that exceed the 
perfusion pressure of tracheal wall capillaries, causing focal 
ischemia. These circular mucosal erosions or pressure sores 
begin as tracheitis and mature into circumferential scars and 
stenoses (36). Stenosis at the tube tip is caused by prolonged 
impingement of the posterior, and rarely anterior, tracheal 
wall by the distal tip. The recurrent injury and irritation 
leads to granulation tissue formation, which can ultimately 
lead to tracheal stenosis and tube obstruction (7,36). 

Despite the frequency of PTTS, treatment strategies are 
not well defined, with no published guidelines or rigorous 
randomized controlled trials to guide management. A 
multidisciplinary approach is crucial, with collaboration 
between otolaryngologists, interventional pulmonologists, 
and thoracic surgeons being the key to success.

Surgical approach is the preferred treatment modality in 
symptomatic patients with PTTS, where the stenotic area 
is surgically resected followed by end-to-end reanastomosis. 
This is especially true for complex and recurrent stenoses. 
Surgical resection carries a not insignificant rate of 
morbidity and mortality. While some highly specialized and 
experienced centers report a mortality rate of 1.8% (38),  
others have found rates up to 5%. Morbidity related to 
restenosis, granuloma formation around the suture site, 
infections and bleeding occur in up to 14% of cases (35,39). 
Anastomosis within the cricoid or thyroid cartilage have 
poorer wound healing profiles (36). 

Bronchoscopy prior to surgery is performed to evaluate 
the airway, restore patency as a bridge to surgery, and 
facilitate ventilation during surgery. In many cases, 
however, surgical approach may be contraindicated due 

Figure 1 Complex tracheal stenosis >1 cm in length with anterior wall damage proximally and web-like stenosis distally. (A) Pre-dilation; (B) 
post-dilatation.

A B
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to severe comorbidities, high subglottic stricture location, 
or long vertical extent of >4–6 cm (37). In these patients, 
interventional bronchoscopy procedures can offer a less 
invasive option for definitive treatment, with success rates 
ranging from 32–66% (40). In emergency situations such 
as acute obstruction of airway, therapeutic bronchoscopic 
techniques to quickly stabilize the airway is the management 
of choice.

Severa l  f ac tor s  a re  cons idered  when  forming 
individualized treatment plans in patients with PTTS, 
including the location, severity, morphology and extent 
of stenosis, as well as swallowing dysfunction and degree 
of other functional impairment caused by stenosis 
(23,36,37,41). Light bronchoscopy is used to define the 
exact site (whether supraglottic, glottic, subglottic, tracheal 
or combined), etiology, complexity, focality, and degree of 
airway lumen obstruction (7,36,37). It also allows for precise 
measurements of the vertical length of stenosis and its 
location relative to vocal cords, cricoid and main carina (37).  
Optical coherence tomography (OCT) and radial probe 
endobronchial ultrasound can provide cross-sectional 
imaging of the airway wall and aid in the evaluation of 
inflammation of surrounding mucosa. However, these 
modalities are not routinely used in clinical practice and 
require larger studies confirming their usefulness (36,37). 
The qualitative and quantitative measurements obtained 
from bronchoscopy are crucial for determining candidacy 
for surgical versus endoscopic approaches, as stricture 
complexity and length are perhaps the most important 
predictors of outcomes after either intervention (36,37,41).

Depending on severity and duration of pressure injury, 
either weblike short stenosis or hourglass long stenosis 
with destruction of entire wall can form. Simple stenoses 
are short, <1 cm strictures that are restricted to mucosal 
disease with no damage to the underlying cartilage and 
no associated malacia (36). These are often weblike, and 
can be either eccentric or circumferential, with poorer 
outcomes associated with the latter (38). Mechanical 
dilation with a rigid bronchoscope or balloon tracheoplasty 
alone or in combination with radial incisions using thermal 
techniques such as electrocautery, carbon dioxide (CO2) or 
Neodymium-doped yttrium aluminum garnet (Nd-YAG) 
laser or APC (Argon Plasma Coagulation), is the treatment 
of choice, with success rate as high as 66–95% after 1–3 
sessions (38,40). 

Spray cryotherapy (SC) is a new modality being used 
in the treatment of tracheal stenosis. By causing minimal 
disruption of the extracellular matrix, SC allows for more 

appropriate wound repair, resulting in a more physiological 
healing process and minimizing further mucosal injury. 
With less fibrosis and long-term scarring, the need for 
re-interventions may be reduced and symptom-free time 
between procedures is prolonged (42). Compared to contact 
cryotherapy, SC has a more even and linear distribution 
of the cryogen over a larger area, therefore improving its 
efficacy (43).

Topical application of Mitomycin C can serve as adjunct 
to mechanical debridement or dilation. Mitomycin C is 
anti-proliferative agent that inhibits collagen formation 
by fibroblasts and delays re-epithelialization (35,39,43,44). 
Small pledgets soaked in Mitomycin C (0.4–2 mg/mL) are 
applied to the stenotic region radially using rigid forceps 
for 1–2 minutes at a time, for a total of around 10 minutes. 
Improved outcomes are seen when several applications are 
given 3–4 weeks apart rather than a single application, with 
delayed time to repeat dilations in complex stenoses (35,39). 

Complex stenoses are often long (>1 cm), hourglass 
shaped, and are associated with intramural disease and 
destruction of tracheal wall causing concomitant malacia. 
While simple-web like stenoses can often be cured using 
mechanical dilation, bronchoscopic therapies are less 
effective in complex stenoses, with a high failure rate of 
>30%. For example, rigid bronchoscopy with dilation alone 
has a 90% relapse rate in complex stenosis (36,45). Surgery 
when possible, therefore remains the gold standard for 
treatment. 

Bronchoscopic dilation with or without stent placement 
can be performed as a potential bridge to surgery or as 
a definitive long-term palliative treatment option when 
surgery is not possible. As a general rule, stent insertion 
should be used as a last therapeutic resort as it can further 
injure the airway and exacerbate potentially resectable 
disease (37). Silicone stents are recommended for benign 
strictures of PTTS (46) as self-expandable metallic stents 
are associated with extensive granulation tissue formation 
and higher risk of stent fracture or airway perforation upon 
removal (37). A meta-analysis of 24 studies by Murgu et al. 
showed that while initial outcomes are good, success rates 
for tracheal remodeling and achieving lumen patency after 
stent removal is low at 17.6% after 6 months and 46.8% 
after 12 months (37). Predictors of success of stent insertion 
include stenoses <1 cm in vertical extent and stenoses 
without associated malacia (47). 

There are no guidelines or criteria for timing of 
stent removal as the timing of cartilage regeneration 
without recurrence of stenosis is not always known (37). 
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The recommended stenting period, however, ranges 
from 6–18 months, depending on the degree of tracheal 
lesions, as full thickness lesions require longer period for 
stabilization (39,46). In severe circumferential stenoses 
with tracheomalacia, at least 2 years of stenting has been 
proposed by Puma et al. (48). Following stent removal, 
routine surveillance bronchoscopic evaluation is crucial 
for evaluating residual or recurrent tracheal stenosis or 
tracheomalacia. Individualized treatment plans should 
be made based on clinical symptoms, bronchoscopic 
evaluation, and the patient’s overall performance status. 
For example, residual tracheal stricture may be tolerated by 
patients with decreased physical activity (46). 

Novel techniques including tracheal implantation 
of a cartilage graft (49), transplantation with an aortic  
allograft (50), and transplantation of a tissue engineered 
cadaveric airway (51) have been proposed as alternatives to 
tracheal sleeve resection or laryngotracheal reconstruction, 
but these approaches need further larger studies (37). 

Tracheomalacia 
Tracheomalacia is the weakening of tracheal wall causing 
excessive expiratory collapse of trachea. This results 
from ischemic injury to trachea leading to chondritis and 
subsequent necrosis and destruction of supporting cartilage. 
This loss of airway support causes collapse of the tracheal 
airway during expiration, resulting in expiratory flow 

limitation, air trapping and retained secretions (52-54). In 
post-tracheostomy patients, this often occurs concomitantly 
with tracheal stenosis as a combination of fixed stenosis 
and malacia (Figure 2). It can manifest as either failure to 
wean from mechanical ventilation in the acute setting, or 
progressive dyspnea and cough in patients with a history of 
tracheostomy (7).

In patients with current tracheostomy tube, placement 
of a longer tracheostomy tube to bypass area of expiratory 
collapse is the recommended approach (7). In decannulated 
patients, management differs based on severity of symptoms 
and expiratory airway collapse. In mild cases, a conservative 
approach with non-invasive positive pressure ventilation is a 
reasonable initial strategy, with pressure settings determined 
during bronchoscopic titration (37). In more severe cases, 
surgical options such as tracheosplasty or tracheal resection 
and reanastomosis may be considered if conservative 
management has failed (7). Similar to treatment of tracheal 
stenosis, silicone stent placement may be considered when 
surgery is unsafe or not feasible (37). 

Tracheoinominate artery fistula (TIF)
Hemorrhage from TIF is a rare, but devasting complication 
of PDT, and occurs in <1% of all cases (4,7). It is the 
still the most common cause of death, and a true medical 
emergency, with mortality approaching 80–100% (6,7). In 
most cases, mild self-limited bleeding first occurs 1–6 weeks 
post-tracheostomy as a “sentinel bleed” followed by sudden 
massive hemoptysis several hours later (6,7,28,30).

Overinflation of the tracheostomy cuff can lead to focal 
ischemic necrosis with damage to tracheal mucosa and 
eventual erosion into innominate artery (7,55,56). Low tube 
placement below the third tracheal ring, which often occurs 
with procedures done without bronchoscopic guidance, can 
further increase this risk as the innominate artery crosses at 
tracheal rings 9–12, or 4–8 cm below cricoid (4,7,54). The 
inferior concave surface of cannula may then erode into 
the artery causing TIF (7). Other risk factors associated 
with TIF formation include repetitive head movements or 
excessive movement of tracheostomy (4,7), concomitant 
radiotherapy (6), and the presence of coagulopathies (6).

Immediate surgical repair of the innominate artery 
is imperative (7). For stablization prior to surgery, the 
tracheostomy tube should be removed and the patient 
intubated endotracheally with the cuff inflated distal to 
bleeding source (4). Digital tamponade by placing finger in 
stoma and applying pressure to the anterior wall should be 
performed during transport to surgery (4,28,57).

Figure 2 Complex trachel stenosis with tracheomalacia. (A) 
During inspiration; (B) anterior and posterior wall collapse during 
expiration.

A

B
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Given the high mortality rate despite surgical repair, 
the best treatment strategy is to avoid this complication (7)  
by ensuring low cuff pressures <25 mmHg, inserting 
tracheostomy above the 3rd tracheal ring, and removing 
the tracheostomy tube as soon as indicated (4). Avoiding 
prolonged or extreme hyperextension of neck to prevent 
excessive downward pulling of the tube can also relieve 
pressure against anterior tracheal wall (7).

Tracheoesophageal fistula (TEF) 
TEF, the development of a connection between the trachea 
and esophagus, is an extremely rare complication that 
occurs in <1% of patients (7). In a review of 1,130 PDTs, 
while the incidence of TEF was 0.08%, the development of 
this complication was universally fatal (11). This manifests 
as copious often bilious secretions through tracheostomy, 
recurrent aspiration of food, increased dyspnea, persistent 
cuff leak, or severe gastric distention as air goes from the 
trachea to stomach through the fistula (53).

TEF is usually iatrogenic as a result of injury to posterior 
wall during PDT, overinflation of tracheostomy cuff 
causing increased pressure and necrosis of tracheal wall, or 
erosion of tip of tracheostomy tube causing posterior wall 
injury (7,58). Nasogastric tubes can lead to irritation and 
subsequent esophageal injury, further increasing the risk of 
TEF formation (54,59). The widespread use of high-volume, 
low-pressure cuffed tracheostomy tubes has significantly 
decreased the incidence of TEF and other cuff related 
complications. The placement of small tracheostomy tubes 
necessitating over-inflation of the cuffs to provide adequate 
airway seal remains the most common cause of TEF (60). 

Spontaneous closure of TEF is rare, and surgical repair 
is the definitive treatment (59,61). The initial management 
of TEF however depends on the size of defect, level of 

ventilatory support needed, and clinical stability of the 
patient. TEFs that are small and not associated with 
significant air leaks, bleeding, or mediastinitis can initially 
be managed conservatively to delay surgery until the patient 
can be successfully weaned from mechanical ventilation. 
This includes exchanging the tracheostomy tube for one 
with a longer phlange with the cuff positioned below the 
fistula, adjusting ventilator settings to minimize airway 
pressures, and replacing any existing nasogastric tube 
with percutaneous gastrostomy feeding tube (62,63). 
Endotracheal stenting with silicone or metallic stent can 
also used as a temporizing measure until clinical stability is 
achieved, making sure to slightly undersize the stent to avoid 
further stress on tracheal wall. In decompensating patients, 
urgent surgical esophageal repair is recommended (60). 

Stomal infection and cellulitis
The tracheal stoma is at constant threat of infection and 
cellulitis as tracheal secretions contaminate the wound 
continuously (28). Proper daily wound care is imperative 
to avoid this complication (4). In patients with prolonged 
tracheostomy, the pressure of tube flange or swivel adapter 
edge against sternum can increase the risk. Stomal cellulitis 
should be treated with empiric antibiotics targeted towards 
skin and respiratory flora, and subsequently tailored to 
wound culture results if purulent drainage is present 
(Figure 3). In necrotizing wound infections, conversion 
to orotracheal intubation is recommended (4). Frequent 
routine tracheostomy changes every 30–60 days can prevent 
biofilm formation and subsequently minimize risk of 
infections (4,64). 

Prevention with checklists

In light of the potentially serious outcomes associated 
with complications of PDT, the emphasis should be placed 
on risk-reduction strategies to minimize morbidity and 
mortality. We present a comprehensive checklist to serve 
as a reference for clinicians involved in PDT placements 
(Table 1). Future studies must focus on prospective and 
randomized controlled trials to identify novel techniques 
for PDT that confer safer outcomes. 

Complications of PEG

Since its introduction by Gauderer et al. in the 1980s (65),  
percutaneous endoscopic gastrostomy (PEG), has 
rapidly become the most common method of feeding 

Figure 3 Cellulitis of stoma with purulent drainage.
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and nutritional support in patients with a functional 
gastrointestinal system who require mid to long term enteral 
feeding (66). Compared to nasoenteral feeding, it results in 
fewer complications such as aspiration pneumonia, reflux, 
or esophageal ulceration, and provides improved comfort 
and feeding efficiency for the patient (67,68). An estimated 
200,000–250,000 procedures are performed annually in 
the USA (69). PEG outperforms surgical and radiological 
gastrostomy in terms of safety profile, complication rates, 
and mortality (68,70). Although generally considered a 
safe and minimally invasive procedure, it is associated with 
both minor and major complications, with reported 30-day  
mortality as high as 24% in some studies (71). Here we 
describe the major and some minor complications, including 
strategies for their prevention and management. 

Published rates of complications after PEG are variable 

and range between 13–70%. Risk factors for complications 
include underlying malignancy (72,73), older age (72,74,75), 
history of aspiration pneumonia (75), diabetes (72), prior 
abdominal surgeries (76), and the presence of neurological 
diseases (77,78).

Major complications

Bleeding
Bleeding occurs in up to 2.5% of PEG placements (79,80). 
It can occur from the gastrointestinal tract due to gastric 
ulcerations (80,81), the abdominal wall, or from injury to large 
vessels such as the gastric artery and splenic or mesenteric 
veins (82,83). Intra- or retroperitoneal bleeding (84)  
and rectus sheath hematoma (85) have also been reported.

Bleeding is most commonly an early complication 

Table 1 Suggested checklist for bedside percutaneous tracheostomy placement

Pre-procedural Procedural Post-procedural

Strict consideration of contraindications:  
infection or malignant involvement of anterior 
neck wall, hemodynamic instability, high  
ventilator settings, non-palpable landmarks. 
Relative contraindications: prior neck surgery, 
repeat tracheostomy, limited neck extension, 
bleeding coagulopathies (platelets <50 k and 
INR >1.8)

Full sterile donning with drape, gown, and 
gloves; masks and hat for everyone in 
room; door closed

Prevent aspiration: head of bed at 45°; 
formal swallow evaluation before  
initiation of oral feeds

Correct coagulopathy Bronchoscopic guidance during entire 
procedure

Avoid cuff overinflation and excessive 
cuff pressures; daily recording of  
pressures; target pressures <25 mmHg

Physical exam and bedside ultrasound of neck Performance by or supervision by  
experienced operator

Avoid early trachesotomy change; first 
change after 7–14 days; use of guiding 
catheter; consider delaying first trach 
change to 30 days

Ensure vasopressors and fluids available in 
room

Airway management by physicians  
experienced in difficult airway  
management

Daily tracheostomy site asessement

Ensure emergency airway kit available in room Avoid low tracheostomy puncture site;  
aim for 1st-2nd or 2nd–3rd tracheal ring

Routine change every 30–60 days 

Preoxygenation with FiO2 at 100% Avoid guidewire kinking: use  
percutaneous tracheostomy kit with ridge; 
stabilize guiding catheter and dilator

Ventilator settings with low pressure, low tidal 
volumes, high respiratory rates

Use of extra-long proximal XLT cannulas in 
obese necks

Ensure adequate paralysis Bronchoscopic airway examination through 
tracheostomy tube to confirm absence of 
tracheal wall perforation
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and manifests as oozing around the gastrostomy site, 
hematemesis, melena, or unexplained anemia (86). Minor 
bleeding can be due to granulation tissue formation that 
occurs as a response to foreign body insertion, friction, and 
excess moisture due to fluid leakage (87,88). It is usually 
self-limited or resolves with application of manual pressure 
over the abdominal wound (66,86). If persistent bleeding 
occurs, however, tightening the external bolster to compress 
the gastrostomy tract can help tamponade the bleed (86). 
Tightening the bolster for more than 48 hours should be 
avoided, as this can lead to pressure injuries and necrosis. 
Cauterization of the granulation tissue with silver nitrate or 
APC can also be effective (76,86,88). Rarely, intraluminal or 
intraperitoneal bleeding may require endoscopic or surgical 
exploration (66,86). Transarterial embolization of injured 
branches of larger vessels such as superior mesenteric artery 
to achieve hemostasis has also been described (82). 

Not surprisingly, coagulopathy, thrombocytopenia, and 
the use of anticoagulation increases bleeding risk (89,90). 
Studies have shown no increased risk in patients taking 
clopidogrel or aspirin (91). There is scarse published 
data regarding the safety of performing PEG on newer 
agents such as prasugrel, ticagrelor, or novel direct oral 
anticoagulants (DOAC) (90). In one study, the use of 
selective serotonin receptor inhibitors (SSRI) placed patients 
at a higher risk for bleeding complications (91). 

Injury to internal organs
Intra-abdominal organs such as the colon (92,93), small  
bowel (94), liver (95,96), and spleen (84) are all potential 
sites of injury during PEG placement. Patients with 
prior abdominal surgeries and post-op adhesions are at 
a particularly high risk for this complication (76), as are 
older patients due to an increased laxity of the colonic  
mesentery (92). Viscus organ injury can manifest as bleeding 
or peritonitis in the early stages, and chronic colo-cutaneous 
or enterocutaneous fistula later on (86). If viscus organ 
perforation is suspected, computerized tomography (CT) 
scanning with water soluble contrast can be performed, 
looking for leakage of contrast into peritoneal cavity for 
confirmation. While asymptomatic pneumoperitonitis is 
often seen on post-operative imaging, any persistence of 
air over 72 hours, no matter how small, with development 
of new symptoms should prompt immediate evaluation for 
organ damage (86). 

Conservative management with close surveillance is a 
reasonable approach in hemodynamically stable patients 
with no signs of sepsis. Surgical exploration is indicated in 

all decompensating patients with signs of active peritonitis 
or sepsis. 

Proper technique with transillumination and careful 
palpation of stomach can help prevent such complications. A 
“safe-tract technique” proposed by Foutch et al. can further 
help avoid organ injury. In this method, the needle of the 
syringe with fluid in the barrel is advanced with traction on 
the plunger until air bubbles are seen in the chamber. Air or 
fluid reaching the syringe before the needle is visualized by 
the gastroscope inside the stomach indicates a problem with 
technique, warranting a careful revision of procedural steps 
taken (97).

Necrotizing fasciitis
Necrotizing fasciitis, a rare but potentially fatal complication 
of PEG placement, is a true surgical emergency and carries 
a mortality rate of 50–80% (98). It is characterized by a 
severe bacterial infection of the surrounding soft tissue with 
acute and rapid progression around the PEG site and along 
the fascial planes, leading to abdominal fascial necrosis  
(99-101). Group A streptococci, anaerobes, staphylococcus 
and Enterobacteriaceae are the most notable causative 
agents, although polymicrobial infections are also 
common (102). Underlying diabetes, malignancy, and 
immunosuppression can all predispose patients to this 
complication (101). Additionally, traction and pressure 
from external bolsters positioned too tightly against the 
abdominal wall are major contributing factors (101). 
Treatment consists of empiric intravenous broad-spectrum 
antibiotics and immediate wide surgical debridement (66,86).

Aspiration pneumonia
It is a common misconception that PEG placement 
prevents aspiration. In numerous studies, PEG placement 
for dysphagia after a stroke has failed to show a reduction 
in aspiration pneumonia (103,104). In one study of 
patients with a history of stroke aspiration pneumonia 
was the most common complication, occurring in 18% of 
patients (103). Aspiration can occur intra-procedurally as a 
consequence of moderate sedation in supine position, or as 
a late complication after initiation of tube feeds (86). Post-
pyloric or jejunal extension introduced transgastrically via 
gastrostomy tube may decrease aspiration, but is technically 
challenging with high failure rates and increased tube 
dysfunction and dislocation (105).

Buried bumper syndrome
Buried  bumper  syndrome occurs  f rom excess ive 
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compression of tissue due to tight apposition of the external 
bolster against the abdominal wall (106,107). This causes 
the internal bolster to migrate anywhere from the gastric 
wall outwards towards the outer abdominal wall and even 
subcutaneous tissue and skin (Figure 4). This can occur as 
early as 3 weeks after PEG placement, and can present as 
pain, loss of tube patency, and leakage around the tube (108).  
The bolster can at times be palpated subcutaneously 
on exam or seen buried in the mucosa on endoscopy. 
Left untreated, this complication can ultimately lead to 
bleeding, perforation of the stomach, peritonitis, abscess 
development, or even death (66,106). 

Treatment depends on the type of PEG tube placed. If 
a soft or balloon internal fixation is used, the buried system 
can be extracted simply by pulling (108). In some cases, the 
buried tube can also be extracted with the simultaneous 
insertion of a new tube (109,110). A wire introduced into 
the stomach through the existing system is then grasped 
endoscopically and pulled out of the mouth. The new tube 
is then attached to the wire and placed into the stomach 
by pulling the wire. As the new tube is pulled through the 
original gastrostomy tract, the old buried system is pushed 
out (109,110).

In another method called the “push-pull T technique”, 
a snare is passed via an endoscope through the gastric 
stoma opening and out of the pre-shortened tube. The 
snare is then used to grasp a short piece of the cut tubing 
and pull it internally toward the end of the gastrostomy 

tube. The endoscope and snare are retracted as one unit, 
with simultaneous pushing of the tube from the outside via 
surgical clamps, leading to extraction of the gastrostomy 
tube into the stomach (111). 

Other endoscopic techniques, such as dissection with a 
needle knife (112), incision with a papillotome (113,114) or 
destruction with argon plasma coagulation (115), have been 
reported. A novel safe technique using a HookKnife (Olympus 
Endotherapy) has recently been described for retrieval of 
buried PEG bumpers in which a rotating L-shaped cutting 
wire is used. This wire is designed for hooking tissue and 
pulling it away from the gastric wall towards the lumen, 
and is commonly used for colonic polypectomies (116). In 
rare circumstances, surgical extraction via laparotomy is 
performed if the bumper is buried in an abscess between 
gastric and abdominal wall (117).

It is often recommended to position the external bolster (or 
fixation device) around 1–2 cm from the abdominal wall (66).  
Gauze pads should be placed over, and not underneath 
the bolster to prevent even more pressure against the 
abdominal wall. The recommended distance, however, is 
still a matter of controversy. While some advocate for this 
looser positioning to prevent necrosis and buried bumper 
syndrome (101,107), other authors recommend a tighter 
apposition for at least the first 4 days to avoid leakage (106). 
During daily care, pushing the tube forward and performing 
180–360 degree rotation at least once weekly can prevent 
this complication (66). 

Figure 4 Buried Bumper Syndrome on computed tomography (CT). Blue arrow showing bumper position outside of the stomach wall and 
in the mesentary on (A) coronal view, (B) sagittal view, and (C,D) cross-sectional views. 

A B
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Tumor seeding
There is a theoretical risk of tumor seeding in patients 
with head and neck or esophageal cancer (118-120). It is 
thought to occur as the gastrostomy tube comes in contact 
with the primary tumor during placement, particularly with 
“push” and “pull” methods of placement. In a study of 40 
patients with oropharyngeal cancer who underwent PEG 
placement using the “pull” technique, 22.5% had malignant 
cells present in tubing and at the incision immediately after 
procedure based on brushings of these sites. Another 9% 
had document malignant cells at these locations 3 months 
post-PEG placement (118). Due to the increased incidence 
of seeding with older age and higher tumor burden (118),  
the use of direct access PEG in these instances is 
recommended (121).

Minor complications

Wound infection
Tube site infection is the most common complication 
of PEG placement and occurs in 5–25% of cases (66). 
Although erythema is normally seen to a certain degree due 
to friction and manipulation of the tube, the presence of 
tenderness, purulent discharge, or signs of sepsis indicate an 
evolving wound infection. Minor infections can be treated 
with topical antiseptics with frequent dressing change, 
however most infections ultimately require antibiotics 
effective for soft-tissue infections such as cephalosporins 
or fluoroquinolones (66,122). An increasing number of 
infections due to methicillin-resistant staphylococcus aureus 
(MRSA) and fungal infections have also been seen (86). 
Wound cultures from purulent discharge can help narrow 
antibiotics according to susceptibilities. Tube removal is 
generally not required when the infection is well-controlled 
with antibiotics alone (86). 

Current guidelines recommend a single dose of an 
intravenous cephalosporin one hour prior to PEG insertion 
(123,124). A systematic review of 10 randomized controlled 
trials involving 1,100 patients showed a significant 
relative risk reduction in the incidence of peristomal 
infections of 64% with prophylactic antibiotics (125). 
Other studies exploring trimethoprim-sulfamethoxazole 
administered immediately through the newly inserted 
catheter showed similar outcomes for wound infection 
reduction as pre-operative cefuroxime use (126,127). 
Lastly, a retrospective study of 331 patients showed that 
application of topical antibacterial polyhexamethylene 
biguanide gauze immediately following PEG insertion for  

3 days was comparable to parenteral antibiotics in preventing 
peristomal wound infection after PEG placement (128).

Tube dislodgement
Tube dislodgment is another common complication, with 
a reported incidence of 4–13% (86). The gastrostomy 
tube can either be dislodged interiorly into the stomach 
or externally due to internal balloon deflation, external 
bumper removal, or accidental pulling. The abdominal wall 
tract is considered mature one month after PEG insertion. 
If dislodgement occurs prior to this time frame, the 
stomach and abdominal wall may have already separated, 
and therefore blind placement is not recommended as it can 
lead to placement into peritoneal cavity (129). New tube 
placement near or through the dislodged tube side should 
be done with endoscopic confirmation. Older gastrostomy 
tubes with mature tracts should be replaced as soon as 
possible and can be done blindly at the bedside (129,130). 

Peristomal leakage
Peristomal leakage usually occurs as an early complication 
within a few days of PEG placement, although some cases 
have been reported after tube maturation (66). Patients 
with a history of prior gastric surgeries or with underlying 
medical conditions that lead to altered wound healing such 
as diabetes, immunodeficiency, or severe malnutrition are 
predisposed to peristomal leakage (72,131). Care must be 
taken to rule out potential causes of peristomal leakage such 
as a tight closure with the external bolster, infection, buried 
bumper, enlarged gastric fistula, slowed gastric emptying, 
excessive residual feeds, or ulceration (66,86). 

Treatment is largely targeted towards prevention 
and management of any of the potential underlying 
conditions mentioned above. Insertion of a larger bore 
gastrostomy tube is not recommended as it only serves to 
enlarge the existing leaking stoma and cause further skin  
breakdown (76). In an older gastrostomy tube with a mature 
tract, the tube can be removed for a few days to allow 
for partial closure. A wire is placed through the stoma to 
secure the tract and to guide placement of a new tube at the 
same site when ready (130). Alternatively, the tube can be 
removed longer-term to allow for complete tract closure 
before placement of a new PEG tube in a different location 
on the abdominal wall (132). 

Gastric outlet obstruction
Occasionally, the external bolster can pull away from the 
abdominal wall, allowing migration of the gatrostomy tube 
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into the stomach and duodenum, causing obstruction of 
pyloric area (133-135). This leads to crampy abdominal 
pain, nausea, and vomiting. Endoscopy is used to confirm 
the migration and subsequently retract the tube back to 
its original positioning. Secure positioning of the external 
bolster is key to preventing this complication (76).

Conclusion

Although complications from PEG placement are rare, 
they can be devastating with fatal outcomes. As many 
patients undergoing a PEG tube placement have underlying 
neurological disease, altered mental status, or critical illness, 
their ability to communicate symptoms is somewhat limited, 
rendering early diagnosis of complications somewhat 
challenging. We reinforce the pivotal role prevention plays 
in the success of PEG placement and lowering complication 
rates. We also present a comprehensive checklist to serve as a 
reference for clinicians involved in PEG placements (Table 2).
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Table 2 Suggested checklist for bedside percutaneous gastrostomy placement

Pre-procedural Procedural Post-procedural

Strict consideration of contraindications: 
esophageal obstruction, total gastrectomy, 
extreme obesity, massive ascites, portal 
hypertension, peritoneal dialysis, active 
gastric pathology, hemodynamic instability, 
coagulopathy

Performance by or supervision by  
experienced operator. Use the “safe-tract 
technique”. Confirm PEG site by  
gastroscopic transillumination and manual 
palpation 

Bed rest for at least 6 hours after placement

Administer prophylactic antibiotic Consider administration of  
sulfamethoxazole-trimethoprim through 
the PEG tube if pre-procedure antibiotic 
was not given

Clean the peristomal area, PEG tube and 
components daily with swab, mild soap, 
warm water; and dry after use. Keep the cap 
closed when not in use

Shave abdominal skin if needed, disinfect 
with a colorless disinfectant, remove  
dentures, suction oral secretions

Avoid tight apposition of the external  
bolster against the abdominal wall

Rotate tube clockwise and counterclockwise 
daily ensuring the external bolster is not 
tightly apposed against the abdominal wall

Correct coagulopathy After placement, repeat endoscopy to 
confirm optimal placement, rule out  
immediate complications, and set the 
internal bumper under direct vision
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