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Objectives/Hypothesis: To define the prevalence of tracheotomy tube complications and evaluate risk factors (RFs)
associated with their occurrence.

Study Design: Multi-institution historical cohort.
Methods: Data regarding tracheotomy tube complications from consecutive surgeries performed across eight participat-

ing institutions between January 1, 2008 and December 31, 2009 were retrospectively collected. Patient demographics,
comorbidities, physician specialty, and surgical technique were recorded and statistically analyzed to identify the incidence of
surgical complications following tracheotomy and associated RFs.

Results: The charts of 1,175 tracheotomy procedures were reviewed from eight academic institutions. Otolaryngologists
performed 66.2% of the tracheotomies. Intraoperative, early (<1 week), and late complication rates were 1.4%, 5.6%, and
7.1%, respectively. Postoperative bleeding was identified as the most common early complication (2.6%), whereas airway
stenosis was the most common late complication (1.7%). The use of outer flange security sutures to anchor the tracheostomy
tube was negatively associated with the incidence of early complication (P < .0001). The use of large endotracheal tubes
(size >7.5) and obesity were associated with the development of airway stenosis (P < .05).Twenty-two percent of patients
undergoing tracheotomy died during hospitalization.

Conclusions: Perioperative tracheotomy complications are rare; however, the rate of death for all causes is high (22%)
in this population. Obesity and the use of endotracheal tubes over 7.5 in size are major risk factors for the development of
airway stenosis. Although percutaneous tracheotomy resulted in a significantly higher rate of postoperative bleeding (6.6%)
than the open method (1.9%) (P < .05), the use of outer flange tracheostomy tube sutures may reduce this complication.
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INTRODUCTION
Although the tracheotomy procedure dates back to

the writings of the ancient Egyptians circa 3600 BC,
it was not until Chevalier Jackson published his

refinement of the procedure in 1909 that tracheotomy
became a safe surgical intervention.1 Today, tracheot-
omy is routinely performed for various indications,
such as ventilator dependence and airway obstruction,
and it is a widely accepted procedure within hospitals
globally. Despite its widespread use, there remains a
paucity of data on the complications associated with
tracheotomy.

Much of our current understanding of tracheotomy
technique and postoperative management is based on
studies performed decades ago.2 Since that time, how-
ever, there have been great advancements in
endotracheal and tracheotomy tube technology and new
surgical techniques. Perhaps the best example of a new
surgical technique is the percutaneous dilatational tra-
cheotomy, which has gained increasing popularity over
recent years. Unfortunately, since the advent of these
new procedures, there is little objective data comparing
complication rates across multiple institutions. The most
recent complication data are derived from single-site
case series reporting inconsistent complication rates.3–5

Due to methodological variability across individual stud-
ies, recent meta-analyses have also derived distinct
conclusions.6,7 The purpose of this investigation was to
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define the prevalence of tracheotomy tube complications
and evaluate risk factors associated with their
occurrence.

MATERIALS AND METHODS
Eight academic medical centers participated in the study:

University of Washington Medical Center (Seattle, WA), Univer-
sity Hospitals Case Medical Center (Cleveland, OH),
Westchester Medical Center, NY Medical College (Valhalla,
NY), Georgia Health Sciences University (Augusta, GA), Indi-
ana University School of Medicine (Indianapolis, IN), Eastern
Virginia Medical School (Norfolk, VA), Mayo Clinic (Rochester,
MN), and University of Cincinnati Medical Center (Cincinnati,
OH). Institutional review board approval was obtained from
each participating institution, and the charts of all patients
undergoing tracheotomy tube placement between January 1,
2008 and December 31, 2009 were retrospectively reviewed. In-
formation regarding complications, surgical outcomes, patient
demographics, medical comorbidity, and preoperative, intraoper-
ative, and postoperative factors were abstracted (Table I). Data
were deidentified, coded, and recorded into SPSS 17.0 (SPSS,
Inc., Chicago, IL). Descriptive statistics were first applied to the
data set to identify patient demographics, tracheotomy indica-
tions, procedures, management, and types of complications.
When two variables were found to have a statistically signifi-
cant association via logistic regression, v2 analysis was used for
categorical variables. Odds ratios with 95% confidence intervals
(CIs) were used to assess potential risk factors with postopera-
tive complications/outcomes.

RESULTS

Patient Characteristics and Tracheotomy
Indications

The charts of 1,175 patients having undergone tra-
cheotomy tube placement were identified. Fifty-two
percent of the cohort were male, and the mean age was
56.9 years, with ages ranging from 15 to 93 years. Sixty-
nine percent were Caucasian, 28% African American,
1.3% Asian, and 0.7% Hispanic. Mean body mass index
(BMI) was 29.56 (614.25). Twenty-eight percent of
patients had a history of laryngopharyngeal reflux or
gastroesophageal reflux disease, and 40% were being
treated with antireflux medications (proton pump inhibi-
tors and/or H2 blockers) perioperatively. Three percent
of the cohort had a history of autoimmune disease, and
8% were being treated perioperatively with steroids for
autoimmune disease, reactive airway disease, or another
indication. Five percent of the cohort had a prior history
of airway stenosis (posterior glottic, subglottic, or
tracheal).

Indications for tracheotomy included, in order of
prevalence: 1) ventilator dependence (VD) (62%), 2) air-
way obstruction (23%), and 3) prophylactic placement to
prevent airway obstruction, assist with pulmonary toilet,
or for other indications (15%). Of the 730 patients with
VD, 35% (252) were intubated for <1 week, 31% (225)
were intubated for 1 to 2 weeks, and 35% (253) were in-
tubated for >2 weeks. The median endotracheal tube
(ETT) size in the VD group was 7.5 (range, 4.5–9.0), and
18% (129) of the cohort had a record of one or more rein-
tubations due to failed extubation.

Tracheotomy Procedures
The type of tracheotomy and location (operating

room or bedside) are indicated in Table II. Details on the
surgeon type and the technique for entering the trachea
according to surgeon type are included in Table III. The
rate of percutaneous tracheotomies did not differ
between the otolaryngologists and general surgeons
(Table III). However, the otolaryngologists were much
more likely to perform open bedside tracheotomies, with
the rate of open bedside tracheotomies being 11.9% for
otolaryngologists, and 1.8% for the nonotolaryngologist
surgeons (P < .001). Because same sizes reflect different

TABLE I.
Data Collection Items.

Patient history

Age, race, gender, height, BMI

History of airway stenosis, autoimmune disease,

laryngopharyngeal reflux, and other comorbidities

History of antireflux medication or steroid use

Indication for tracheotomy

Preoperative factors*

Primary reason for ventilator dependence

Days intubated and size of endotracheal tube

Number of reintubations prior to tracheotomy

Intraoperative management factors

Surgeon (e.g., otolaryngologist, general surgeon)

Tracheotomy method (e.g., open, percutaneous dilation)

Technique and stay sutures (e.g., Bjork flap, skin sutures)

Site of tracheotomy (bedside, OR)

Direct laryngoscopy/tracheoscopy findings at time of

tracheotomy

Size/type/brand of tracheostomy tube

Postoperative management factors

Time to wean from ventilator after tracheotomy

Time to cuff deflation if weaned from ventilator

Time to change to cuffless tube after weaned off ventilator

Time to first tracheostomy tube change

Outcomes

Intraoperative complications

Complications within 1 week of tracheotomy

Complications identified more than 1 week after tracheotomy

Time to reach decannulation (if applicable)

Longest follow-up available

Death during follow-up and cause

*Only recorded for tracheotomies done for ventilator dependence.
BMI ¼ body mass index; OR ¼ operating room.
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diameters based on tracheotomy tube brands, tube sizes
were categorized as "12 mm in diameter or >12 mm in
diameter. Of the cases with recorded sizing information,
478 (53.3%) used tracheostomy tubes "12 mm in diame-
ter, whereas 418 (46.7%) used tracheostomy tubes >12
mm in diameter. The use of outer flange security sutures
to anchor the tracheostomy tube (SSTTs) were used in
76% of cases (893). Stay sutures to retract the cartilage
without securing the skin to the tube were used in 3% of

cases (36), whereas the remaining 21% (246) did not use
any stay sutures.

Post-Tracheotomy Management
Cuff deflation data were available in 328 patients

(28%) in our sample. Of these data, average time to cuff
deflation was 5.2 days (SD ¼ 11.23). Time to tracheos-
tomy tube change was available for 41.3% of the cohort
(n ¼ 485), and indicated that the average time to first
tracheostomy tube change was 3.8 days for patients who
did not require the ventilator after tracheotomy, 6.2 days
for those who were weaned from the ventilator postoper-
atively, and 8.3 days for those who remained ventilator
dependent. For patients who were weaned from the ven-
tilator, the average time to wean after tracheotomy was
6.0 days. Overall, information about decannulation sta-
tus was available in 40.1% of the cohort (n ¼ 472), with
39.6% of these patients (n ¼ 187) being decannulated
during a mean follow-up period of 25.3 weeks and a
mean time to decannulation of 46 days.

Perioperative Complications
Intraoperative, early postoperative and late postop-

erative complication rates were: 1.4%, 5.6%, and 7.1%,
respectively. Early complications were defined as those
occurring within 1 week of tracheotomy placement,
whereas late included those complications occurring

TABLE II.
Summary of Tracheotomy Method and Location of Procedure.

No. of Cases %

Open tracheotomy in operating room 813 69.2

Percutaneous tracheotomy in operating room 30 2.6

Open tracheotomy at bedside 101 8.6

Percutaneous tracheotomy at bedside 168 14.3

Site unknown* 63 5.4

Total 1,175 100.0

*Information on location was obtained from operative reports and
nursing documentation, which did not indicate the site of the procedure in
these cases. Based on the technique data presented in Table III, the
performance site for five percutaneous tracheotomies was not known,
whereas the remaining 58 unknown-site tracheotomies were open.

TABLE III.
Tracheotomy Technique Based on Surgeon Type.

Tracheotomy Technique

Type of Surgeon Performing
Tracheotomy

Bjork
Flap

Cartilage
Resection

Vertical
Incision

Horizontal
Incision

Percutaneous
Tracheotomy

Not
Specified* Total

Otolaryngologist Cases 347 119 22 89 159 52 788

% 44.0 15.1 2.8 11.3 20.2 6.6 100.0

General surgeon Cases 26 17 5 18 32 62 160

% 16.3 10.6 3.1 11.3 20.0 38.8 100.0

Cardiothoracic surgeon Cases 28 9 5 20 3 26 91

% 30.8 9.9 5.5 22.0 3.3 28.6 100.0

Trauma surgeon Cases 22 6 6 10 6 27 77

% 28.6 7.8 7.8 13.0 7.8 35.1 100.0

Transplant surgeon Cases 1 3 6 4 3 16 33

% 3.0 9.1 18.2 12.1 9.1 48.5 100.0

Plastic surgeon Cases 4 3 1 1 0 7 16

% 25.0 18.8 6.3 6.3 0.0 43.8 100.0

Other Cases 2 0 5 3 0 0 10

% 20.0 0.0 50.0 30.0 0.0 0.0 100.0

Total Cases 430 157 50 145 203 190 1,175

% 36.6 13.4 4.3 12.3 17.3 16.2 100.0

*All of the cases not specified were open, but the method of entering the trachea in the operative report was not dictated. Tracheotomies not specified
were significantly more common with each of the nonotolaryngologist surgeons than with the otolaryngologists (P < .05).
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beyond 1 week after tracheotomy placement. Postopera-
tive bleeding was identified as the most common early
complication (2.6%), whereas airway stenosis was the
most common late complication (1.7%). Table IV details
the specific types and prevalence of these perioperative
complications.

Factors Associated With Intraoperative
Complications

No significant associations were revealed between
patient demographics (those listed in Table I) and intra-

operative complications. Similarly, intraoperative
management factors, including specific method, tracheot-
omy technique, or surgical location (bedside vs.
operating room) were not associated with intraoperative
complication rate. The intraoperative complication rate
was 0.39% for otolaryngologists and 3.5% for nonotolar-
yngologists (P < .05). Nonotolaryngologists were 9.1
times more likely to have an intraoperative complication
(95% CI, 2.6–31.6). Specific complications observed to be
higher for nonotolaryngologists were severe/prolonged
intraoperative desaturations and intraoperative death
(Fig. 1). One death was directly related to tracheal inju-
ries at the time of tracheotomy, whereas others were
associated with hypotension/cardiac arrest. A breakdown
of the specific intraoperative complications according to
surgeon type is included in Table V. The surgeons with
the fewest tracheotomies in this series demonstrated the
highest complication rates, with plastic surgeon compli-
cation rate of 18.75% for 16 cases, and transplant
surgeons with an intraoperative complication rate of
6.06% for 33 cases.

Factors Associated With Early Postoperative
Complications

No significant associations were revealed for patient
demographics, pretracheotomy factors, or number of
reintubations with early postoperative complications
(P > .05). Intraoperative management technique, how-
ever, was associated with early postoperative
complication rates (Table VI). Specifically, percutaneous
tracheotomy had a significantly higher rate of post-
operative bleeding (6.6%) than the open method (1.9%)

TABLE IV.
Summary of Tracheotomy Complications.

No. of Cases %

Intraoperative complications

Severe desaturation 7 0.6

Death 5 0.4

CVA 2 0.2

Pneumothorax 2 0.2

Severe blood loss 1 0.1

Total 17 1.4

Early postoperative complications

Bleeding 30 2.6

Mucous plug* 12 1.0

Tracheitis/infection 10 0.9

Accidental decannulation† 9 0.8

Other 5 0.4

Total 66 5.6

Late postoperative complications

Airway stenosis 20 1.7

Accidental decannulation† 14 1.2

Tracheitis/infection 12 1.0

Mucous plug* 11 0.9

Granulation tissue 9 0.8

Tracheocutaneous fistula 9 0.8

Bleeding 8 0.7

Total 83 7.1

Intraoperative complications: severe desaturation and severe blood
loss were included if severe enough to be dictated in the operative note as
a complication.

*Early (within 1 week) mucous plug-related tracheostomy obstruction
was associated with respiratory arrest in four patients, with two dying from
the event, one having anoxic brain injury, and one dying a week later of
multiorgan failure. Late (>1 week) mucous plugs resulted in three cases of
respiratory arrest, with two patients dying from the event and one being
resuscitated.

†Early accidental decannulation events resulted in respiratory arrest
in four patients, with one dying from the event, three being resuscitated,
and all four patients having outer flange security sutures to anchor the tra-
cheostomy tube. Late accidental decannulation events were associated
with respiratory arrest in four patients, with all patients being resuscitated.

CVA ¼ cerebrovascular accident.

Fig. 1. Intraoperative complications based on type of surgeon per-
forming the tracheotomy. Based on logistic regression, type of
surgeon was found to be the only significant predictor for compli-
cations, with the odds ratio for intraoperative complication for
nonotolaryngologist surgeon being OR ¼ 7.4 (95% confidence
interval, 1.92–2.85; P ¼ .004). The only complications that differed
significantly between surgeon type were severe desaturations and
death. CVA ¼ cerebrovascular accident.
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(P < .05) and were 2.2 times more likely to suffer an
early postoperative complication (95% CI, 1.3–3.9). Type
of surgeon, tracheostomy tube size/type, and other intra-
operative management factors were not associated with
early postoperative complications (P > .05).

The use of SSTTs was associated with a lower rate
of early complications, specifically due to a lower rate of
early bleeding when SSTTs were used (Fig. 2). Sutures
placed in the cartilage alone (not anchored to the trache-
ostomy tube) were not associated with a lower risk of

TABLE V.
Intraoperative Complications Based on Surgeon Type.

Type of Surgeon Performing
Tracheotomy

Complication

TotalNone Desat* Severe Bleeding* CVA PTX Death

Otolaryngologist Cases 785 1 0 1 1 0 788

% 99.62 0.13 0.00 0.13 0.13 0.00 100.00

General surgeon Cases 155 2 0 0 0 3 160

% 96.88 1.25 0.00 0.00 0.00 1.88 100.00

Cardiothoracic surgeon Cases 88 1 0 0 1 1 91

% 96.70 1.10 0.00 0.00 1.10 1.10 100.00

Trauma surgeon Cases 76 1 0 0 0 0 77

% 98.70 1.30 0.00 0.00 0.00 0.00 100.00

Transplant surgeon Cases 31 1 0 0 0 1 33

% 93.94 3.03 0.00 0.00 0.00 3.03 100.00

Plastic surgeon Cases 13 1 1 1 0 0 16

% 81.25 6.25 6.25 6.25 0.00 0.00 100.00

Other Cases 10 0 0 0 0 0 10

% 100.00 0.00 0.00 0.00 0.00 0.00 100.00

Total Cases 1,158 7 1 2 2 5 1,175

% 98.55 0.60 0.09 0.17 0.17 0.43 100.0

*An operative note indicating that there was severe and/or prolonged desaturation during the tracheotomy or severe bleeding was required for the desa-
turation event or bleeding, respectively, to be included as an intraoperative complication.

Desat ¼ oxygen desaturation; CVA ¼ cerebrovascular accident; PTX ¼ pneumothorax.

TABLE VI.
Specific Early Complications Based on Tracheotomy Method.

Method

Specific Early Complications

TotalNone Bleeding* Mucous Plug
Accidental

Decannulation Tracheitis Other

Unknown Cases 61 0 2 0 0 0 63

Expected Cases 59.5 1.6 .6 .5 .5 .3 63.0

Open Cases 870 17* 9 8 8 2 914

Expected Cases 862.7 23.3 9.3 7.0 7.8 3.9 914.0

Percutaneous Cases 178 13* 1 1 2 3 198

Expected Cases 186.9 5.1 2.0 1.5 1.7 .8 198.0

Total Count 1,109 30 12 9 10 5 1175

Expected Cases 1,109.0 30.0 12.0 9.0 10.0 5.0 1175.0

v2 analysis of the specific early complications, with the actual number of cases involved in each upper row, and the number of statistically expected
cases depicted immediately below.

*Bleeding was the only early complication found to be significantly higher in the group of patients undergoing percutaneous tracheotomy, with the open
method having a lower bleeding rate than would be statistically expected, and percutaneous tracheotomy cases having a much higher rate (P ¼ .002; Pearson
v2 ¼ 27.8, 10 df, Cramer’s V ¼ 0.109).
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bleeding (5.6%) when compared to the group without
stay sutures. SSTTs were placed less frequently with
percutaneous tracheotomies than with open tracheoto-
mies (P < .001) (Fig. 3). Although the number of
percutaneous tracheotomies with SSTTs was limited
(n ¼ 95), early bleeding rates were lower when SSTTs
were used in both percutaneous and open tracheotomies
(Fig. 4). Accidental decannulation rates did not signifi-
cantly differ between the SSTTs group and the group
without stay sutures (P > .05). Analysis of early compli-
cations (described in Table IV), revealed that SSTTs
were in place in the four patients (0.3%) having acciden-
tal decannulations with respiratory arrest (three
resuscitated and one death).

Factors Associated With Late Postoperative
Complications

A significant association was revealed between late
postoperative complications and BMI, specifically when
obese individuals (BMI >30) were intubated with ETT
sizes>7.5. Overall, a higher rate of airway stenosis was
revealed in these individuals, with an overall rate of ste-
nosis of 9.9% in obese patients compared to 0.4% for

nonobese patients (Fig. 5). When obese individuals were
intubated with ETT sizes 7.5 or smaller, the airway ste-
nosis rate was only 1.9%, much closer to the (0.4%) rate
seen in nonobese individuals. Obese individuals, how-
ever, had a significantly higher rate of intubation with
ETT sizes >7.5 (Fig. 6), which appeared to be a major
factor in obese individuals being 27.64 times more likely
to suffer airway stenosis in this time interval then non-
obese patients (95% CI, 9.12–83.82). The significant
airway stenosis risk with the use of large ETT sizes in
obese patients was further supported by the finding that
obese patients intubated with an ETT size >7.5 (n ¼ 44)
developed airway stenosis at a rate of 9.6% compared to
1.9% in those obese patients intubated with an ETT size
7.5 or smaller (n ¼ 60) (P < .05) (Fig. 7). Types of sten-
oses for the population included posterior glottic stenosis
(n ¼ 2), subglottic stenosis (n ¼ 9), and tracheal stenosis
(n ¼ 9).

Individuals intubated for >1 week were 1.42 (95%
CI, 0.79–2.55) times more likely to have a late postoper-
ative complication and 2.54 (95% CI, 0.81–7.89) times

Fig. 2. Early complications based on the use of stay sutures.
Outer flange sutures to anchor the tracheostomy tube (SSTTs)
were associated with a significantly lower rate of early complica-
tions, with SSTTs associated with a much lower incidence of early
postoperative bleeding (P ¼ .014)*. Stay sutures inserted into the
cartilage alone (not anchoring the endotracheal tube) had early
postoperative bleeding rates that did not differ from the no-suture
group, but had a higher rate of complications in other categories,
including early mucous plugs, accidental decannulation, and
wound infection (P < .001).

Fig. 3. Use of outer flange sutures to anchor the tracheostomy tube
(SSTTs) based on tracheotomy method. SSTTs were used in the
majority of open tracheotomy cases, whereas they were used in
less than half of the percutaneous tracheotomy cases (P <.001).

Fig. 4. Bleed rate according to outer flange sutures to anchor the
tracheostomy tube (SSTTs) use. Early bleeding rates were higher
in the tracheotomy groups without SSTTs, regardless of the tra-
cheotomy method (percutaneous versus open). Although the per-
cutaneous tracheotomy group had a higher rate of early bleeds in
the SSTTs group than the open tracheotomy with SSTTs group,
the difference was not significant because of the limited number
of patients (n ¼ 95) undergoing percutaneous tracheotomies with
SSTTs, compared to those undergoing open tracheotomy with
SSTTs (n ¼ 784). *P < .05.

Fig. 5. Airway stenosis based on body mass index (BMI). BMI
categories were defined as follows: underweight, <18.5 kg/m2;
normal ¼ 18.5–24.9 kg/m2; overweight ¼ 25–29.9 kg/m2; obese,
#30 kg/m2. A significant association was identified using a v2 test
for independence between obesity and development of
late (>1 week) airway stenosis with P < .0001 (Pearson v2 ¼ 74.8,
df ¼ 4, N ¼ 1,175, Cramer’s V ¼ 0.252).
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more likely to develop airway stenosis than those intuba-
ted for <1 week (P > .05). Those individuals undergoing
a percutaneous tracheotomy were 4.81 (95% CI, 1.97–
11.72) times more likely to have postoperative airway
stenosis than those with the open method. However, in
this population of patients undergoing percutaneous tra-
cheotomies, 29.8% were obese and only 9.6% of patients
undergoing open tracheotomy were obese. When correct-
ing for this difference in patient populations, the
difference in airway stenosis rates for percutaneous and
open tracheotomies was not significant. No relationships
were identified between the use or nonuse of stay sutures
and late postoperative complications.

Factors Associated with Mortality Rates
No relationships were revealed between patient

demographics variables and mortality rates. Overall
attack rate of death from all causes was 22%, whereas
the mortality rate specific to a tracheotomy-related com-
plication was 0.85% (Table VII). In addition to five
intraoperative deaths, there were four cases of postoper-
ative mucous plugging and one accidental decannulation
resulting in patient deaths.

DISCUSSION
To our knowledge, this study represents the largest

multi-institutional retrospective study of tracheotomy
complications in the United States. Overall, complication
rates in this study were 1.4%, 5.6%, and 7.1% for intrao-
perative, early, and late complications, respectively,
which is consistent with previous reports.4–7

Controversy exists in the literature regarding rela-
tive complication risk of percutaneous tracheotomies
versus open tracheotomies, with discrepant conclusions
reported across studies.6,7 Percutaneous tracheotomies
in our cohort were 2.2 times more likely to suffer an
early postoperative complication (95% CI, 1.3–3.9). Early
postoperative bleeding was directly associated with the
lack of SSTTs, and SSTTs were not used in over half of
the percutaneous tracheotomies. When this factor was
controlled for, the overall early bleeding rates did not
significantly differ between percutaneous and open tra-
cheotomies. Thus, the use of SSTTs should significantly
reduce the postoperative hemorrhage associated with
percutaneous tracheotomy. Future studies involving a
larger series of percutaneous tracheotomies with SSTTs
would be helpful to further delineate this issue. Airway
stenosis rates during the late postoperative period were
higher for percutaneous tracheotomies than open trache-
otomies, but this difference was not significant after
controlling for the obese patients (intubated with large
ETTs) in the percutaneous tracheotomy group.

The type of surgeon performing the tracheotomy
procedure emerged as the only variable associated with
the rate of intraoperative complications. Nonotolaryngol-
ogists were 9.1 times more likely to have an
intraoperative complication (95% CI, 2.6–31.6). The ma-
jority of these complications were due to prolonged
desaturations and intraoperative deaths. The five intrao-
perative deaths for nonotolaryngologists were caused by
a tracheal injury (one) and hypotension/cardiac arrest
(four). It is feasible that both the rate of prolonged/
severe desaturations and deaths were a reflection of a

Fig. 6. Size of endotracheal tube based on obesity. The obese
group of patients had a significantly higher percentage of patients
intubated with 8.0-sized endotracheal tubes when compared to
the nonobese patients (P < .001, Pearson v2 ¼ 81.6, df ¼ 40,
Cramer’s V ¼ 0.270).

Fig. 7. Airway stenosis in obese patients based on endotracheal
tube (ETT) size used prior to tracheotomy. Obese patients intuba-
ted with an ETT size >7.5 (n ¼ 44) developed airway stenosis at a
rate of 22.7% compared to 3.3% in those intubated with and ETT
size 7.5 or smaller (n ¼ 60) (P < .05).

TABLE VII.
Summary of Total Mortality Rate With Reported Causes.

Causes of Death No.

Sepsis 59

Multiorgan failure 54

Respiratory failure 49

Cardiac arrest 37

Cancer 32

Cerebral vascular accident 16

Tracheotomy related complication* 10

Total deaths 257

Total study population 1,175

Mortality rate (%) 21.9

*Five cases were intraoperative deaths, whereas five were related to
postoperative complications.
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higher risk patient population undergoing tracheotomy
by the nonotolaryngologist surgeon. Unfortunately, our
study did not include any objective information on pre-
operative cardiac/pulmonary function, but with an
overall mortality rate over 20%, the population as a
whole could be considered quite frail, with many high-
risk patients. Interestingly, we also noted that those sur-
geons with the fewest cases in this cohort (plastic
surgeons and transplant surgeons) had the highest
intraoperative complication rates, suggesting procedure
infrequency/inexperience may be a factor. Future studies
are needed to assess preoperative risk factors and post-
operative outcomes before any conclusions are derived
regarding surgeon type.

The most common early postoperative complication
was intraoperative bleeding, which was directly associ-
ated with failure to place SSTTs at the time of
tracheotomy. Interestingly, placement of stay sutures
into the cartilage alone (without anchoring the tracheos-
tomy tube) had an early postoperative bleed rate of
5.6%, which was similar to those cases that failed to use
SSTTs (5.3%).This later finding suggests the sutures
must be anchored to the tracheostomy tube to help with
bleeding prevention. It is likely that suturing the trache-
ostomy tube to underlying tissue assists with early
postoperative hemostasis and/or prevents movement and
shearing forces around the tracheostomy tube that could
lead to early postoperative bleeding. Based on this data,
use of SSTTs is a reasonable recommendation. However,
SSTTs have traditionally been placed by many surgeons
based on a concept that the sutures help prevent acci-
dental decannulation. Interestingly, our data suggested
no difference in accidental decannulations based on the
presence or absence of SSTTs. However, early accidental
decannulations with respiratory arrest did occur in four
patients, with three being resuscitated from the code
and one patient dying. Although the events were too few
to derive any meaningful relationship regarding the
impact of SSTTs, it is logical that the SSTTs could make
replacement of the tracheotomy tube more difficult if
scissors were not readily available, and recognition of an
accidental decannulation may be more difficult with
SSTTs in place. Thus, although SSTTs may be useful to
prevent bleeding in the first postoperative week, we
believe that they should only be used if emergency
suture scissors accompany the patient at all times while
the sutures are in place.

The most common late postoperative complication
was airway stenosis, which included posterior glottic ste-
nosis, subglottic stenosis, and tracheal stenosis. An
interesting relationship emerged between BMI and rates
of airway compromises with obese patients having sig-
nificantly higher rates of stenosis. Across institutions,
physicians were more likely to intubate obese patients

with larger (>7.5 size) ETTs. It is possible that a large
tube was felt to be necessary to overcome the chest
resistance/restrictive effect of obesity; however, it
extremely unlikely that resistance from excessive chest
weight would really inhibit ventilation with a 7.5 or
smaller ETT. In fact, in the current series, there was no
record that ventilation with a smaller tube (7.5 or
smaller) had been attempted prior to intubation with
the large (8.0 or greater) tube in these patients. It is
important for physicians to consider that the glottic, sub-
glottic, and tracheal airway diameters do not correlate
with body weight, as there may be a tendency to intu-
bate with a large ETT for larger patients. Although
otolaryngologists tend not to play a role in the original
intubation for ventilatory-dependent patients, having
open communication with the intensive care providers
may help address this problem. Based on the finding
that 100% of the airway stenosis cases had been intuba-
ted with an ETT size over 7.5, it is reasonable to
recommend that an ETT larger than a 7.5 be avoided
unless upsizing is required due to inadequate ventilation
with a 7.5 or smaller tube.

CONCLUSION
Perioperative tracheotomy complications are rare.

Intraoperative, early (<1 week), and late complication
rates were 1.4%, 5.6%, and 7.1%, respectively, with an
overall mortality rate of only 0.85%. The placement of a
tracheotomy tube, however, is a poor prognostic sign for
hospital survival with an attack rate of death for all
causes of 22%. The mean time to decannulation was 46
days. Obesity and the use of endotracheal tubes over
size 7.5 are major risk factors for the development of air-
way stenosis. Percutaneous tracheotomy had resulted in
a significantly higher rate of postoperative bleeding
(6.6%) than the open method (1.9%) (P < .05). However,
the use of SSTTs at the time of tracheotomy tube place-
ment may reduce this complication.

BIBLIOGRAPHY
1. Jackson C. Tracheostomy. Laryngoscope 1909;19:285–290.
2. Chew JY, Cantrell RW. Tracheostomy: complications and their manage-

ment. Arch Otolaryngol 1972;96:538–545.
3. Timmis HH. Tracheostomy: an overview of implications, management and

morbidity. Adv Surg 1973;7:199–233.
4. Goldenberg D, Ari EG, Golz A, Danino J, Netzer A, Joachims HZ. Tracheot-

omy complications: a retrospective study of 1130 cases. Otolaryngol
Head Neck Surg 2000;123:495–500.

5. Waldron J, Padgham ND, Hurley SE. Complications of emergency and elec-
tive tracheostomy: a retrospective study of 150 consecutive cases. Ann R
Coll Surg Engl 1990;72:218–220.

6. Freeman BD, Isabella K, Lin N, Buchman TG. A meta-analysis of prospec-
tive trials comparing percutaneous and surgical tracheostomy in crit-
ically ill patients. Chest 2000;118:1412–1418.

7. Oliver ER, Gist A, Gillespie MB. Percutaneous versus surgical tracheotomy:
an updated meta-analysis. Laryngoscope 2007;117:1570–1575.

Laryngoscope 122: January 2012 Halum et al.: Analysis of Tracheotomy Complications

45


