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OBJECTIVES: Describe the longitudinal national epidemiology of tracheostomies 
performed in acute care hospitals and describe the annual rate of tracheostomy 
performed for patients with respiratory failure with invasive mechanical ventilation.

DESIGN: Serial cross-sectional study.

SETTING: The 2002–2014 and 2016–2017 Healthcare Utilization Project’s 
National Inpatient Sample datasets.

PATIENTS: Discharges greater than or equal to 18 years old, excluding those 
with head and neck cancer or transferred from another hospital. We used diag-
nostic and procedure codes from the International Classification of Diseases, 
9th and 10th revisions to define cases of respiratory failure, invasive mechanical 
ventilation, and tracheostomy.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: There were an estimated 80,612 
tracheostomies performed in 2002, a peak of 89,545 tracheostomies in 2008, 
and a nadir of 58,840 tracheostomies in 2017. The annual occurrence rate was 
37.5 (95% CI, 34.7–40.4) tracheostomies per 100,000 U.S. adults in 2002, with 
a peak of 39.7 (95% CI, 36.5–42.9) in 2003, and with a nadir of 28.4 (95% 
CI, 27.2–29.6) in 2017. Specifically, among the subgroup of hospital discharges 
with respiratory failure with invasive mechanical ventilation, an annual average of 
9.6% received tracheostomy in the hospital. This changed over the study period 
from 10.4% in 2002, with a peak of 10.9% in 2004, and with a nadir of 7.4% in 
2017. Among respiratory failure with invasive mechanical ventilation discharges 
with tracheostomy, the annual proportion of patients 50–59 and 60–69 years 
old increased, whereas patients from 70 to 79 and greater than or equal to 80 
years old decreased. The mean hospital length of stay decreased, and in-hospital 
mortality decreased, whereas discharge to intermediate care facilities increased.

CONCLUSIONS: Over the study period, there were decreases in the annual total 
case volume and adult occurrence rate of tracheostomy as well as decreases in the 
rate of tracheostomy among the subgroup with respiratory failure with invasive me-
chanical ventilation. There is some evidence of changing patterns of patient selec-
tion for in-hospital tracheostomy among those with respiratory failure with invasive 
mechanical ventilation with decreasing proportions of patients with advanced age.

KEY WORDS: epidemiology; health services research; respiratory failure; 
tracheostomy

Respiratory failure (RF) with invasive mechanical ventilation (IMV) is one 
of the most common diagnoses in adults admitted to the ICU, with over 
90% of these patients requiring ICU services (1). Patients with RF who 

require prolonged IMV with an endotracheal tube may be offered tracheostomy 
to alleviate some of the discomfort and potential complications from prolonged 
endotracheal tube use such as ventilator-associated pneumonia, decreased 
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mobility, prolonged sedation, pressure ulcers, direct 
damage to oropharyngeal structures, delirium, and 
muscle weakness (2). Tracheostomy has become one of 
the most common procedures done for ICU patients 
with prolonged RF and IMV (3). One study done by 
Mehta et al (4) showed that age-adjusted rates of tra-
cheostomy among all patients with MV increased from 
16.7 to 34.3 cases per 100,000 adults from 1993 to 2012.

Given the significant morbidity and mortality of tra-
cheostomy patients as well as their costs to health sys-
tems, understanding and ongoing surveillance of the 
epidemiology is essential for careful patient selection, 
resource allocation, and healthcare workforce pla-
nning. Data on the overall occurrence rate of tracheos-
tomy vary widely depending on patient subgroup (5–8),  
and our first objective in this article is to describe the 
annual national case volume and adult occurrence rate 
of tracheostomy procedures in acute care hospitals in 
the United States. We then narrow our focus to de-
scribe the annual rate of tracheostomies and charac-
teristics of the subgroup of patients hospitalized with a 
diagnosis of RF and a procedural code for IMV.

MATERIALS AND METHODS

Study Design and Database

This is a serial cross-sectional study using the 2002–
2014 and 2016–2017 Healthcare Utilization Project’s 
(HCUP) National Inpatient Sample (NIS). The NIS is a 
complex, stratified sample of administrative hospital dis-
charge records from nonfederal, short-term hospitals from 
participating states and is the largest publicly available all-
payer inpatient healthcare database in the United States, 
including more than 7 million hospital stays per year.  
There have been important changes in the annual sample 
over our study period: 1) the number of participating 
states increased from 35 to 48, including the District of 
Columbia; 2) in 2012, the sample no longer included long-
term acute care (LTAC) hospitals; 3) in 2012, the sample 
design changed from a sample of all discharges from 
selected hospitals to a selected sample of discharges from 
all available hospitals; and 4) in 2015, diagnosis and proce-
dure reporting changed from International Classification 
of Diseases, 9th revision, Clinical Modification (ICD-
9-CM) coding to the International Classification of 
Diseases, 10th revision, Clinical Modification (ICD-
10-CM). To facilitate national estimation in trend analy-
ses across these years, the NIS constructed new sampling 

weights. Relevant to this study, these new HCUP trend 
weights set the weight of discharge records from LTACs 
to zero for the 2002–2011 years of this study. Therefore, 
although LTAC data are still included in the dataset 2002–
2011, the discharges are not counted in our weighted 
analyses. The 2015 year was not included in this anal-
ysis, given that the International Classification of Diseases 
(ICD) coding changed during the year, preventing the use 
of standard methods for making annual estimates with 
either coding system for that year.

Study Populations and Main Measurements

From the NIS, we included all discharges with age 
greater than or equal to 18 years old and excluded those 
patients with a diagnosis of head and neck cancer or 
who were transferred from other hospitals. Head and 
neck cancer was identified using the HCUP’s Clinical 
Classification Software, one of the tools provided by 
HCUP that collapses ICD codes into smaller, manage-
able, clinically meaningful groups (9). In addition to 
HCUP-NIS, we used the annual U.S. Census Bureau 
data for our annual adult population denominators to 
calculate national, annual occurrence rate. Specifically, 
we used annual population estimates for those greater 
than or equal to 18 years old (10, 11).

There were three national, annual measurements we 
sought to estimate: 1) the total number of tracheosto-
mies performed in U.S. acute care hospitals to estimate 
case volume for practitioners, 2) the occurrence rate 
of tracheostomies per 100,000 U.S. adults to estimate 
population burden, and 3) the proportion of those 
specifically with both RF and IMV (RF-IMV) that 
received a tracheostomy to estimate practice pattern 
in this clinical population. We used combinations of 
ICD diagnosis and procedure codes to capture these 
measurements. ICD-9-CM codes were used for years 
2002–2014 and ICD-10-CM codes for years 2016–2017 
(Tables 1–3, Supplemental Digital Content 1, http://
links.lww.com/CCX/A762 for complete list codes 
used). First, we used a case definition that specifically 
captured discharges with just a procedure code for 
tracheostomy. We used this definition to calculate na-
tional, annual weighted case volume of tracheostomies. 
Second, we identified discharges with both a diagnosis 
code for RF and a procedure code for IMV. This served 
as the denominator to calculate the annual percentage 
of this population who received a tracheostomy. This 
also served to define the population with both RF-IMV 
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and tracheostomy for further descriptive examination 
of population characteristics and outcomes. We used 
the combination of diagnosis and procedure code as it 
conceptually approached our study population of in-
terest, and one published validation study provides ev-
idence that the combination may optimize the balance 
between sensitivity and specificity over using either di-
agnosis or procedure codes alone (10).

Outcomes and Other Variables

Among the population with RF-IMV and tracheos-
tomy, we examined the hospital outcomes of length 
of stay (LOS) and discharge disposition. NIS catego-
rizes discharge disposition into seven categories: “rou-
tine;” “transfer to short-term hospital;” “transfer other: 
includes skilled nursing facility, intermediate care fa-
cility (ICF), another type of facility;” “home healthcare;” 
“against medical advice;” “died;” and “discharged alive, 
destination unknown,” the names of which we have ab-
breviated in our Results section (11). Other variables 
extracted to describe this population included demo-
graphic characteristics, hospital characteristics, chronic 
comorbidities, category of principle diagnosis, and mor-
tality risk subclasses. For identifying chronic comorbidi-
ties in discharge records, HCUP provides software using 
the Elixhauser framework that uses ICD codes to identify 
28 common chronic comorbidities (12). For the risk of 
mortality classification, HCUP provides software using 
the All Patient Refined Diagnosis Related Groups clas-
sification system that uses age, principle diagnosis, sec-
ondary diagnoses, and procedures to classify discharges 
into “minor,” “moderate,” “severe,” and “extreme” risk 
of mortality groups (13, 14). For describing discharges’ 
principle diagnosis, we first used HCUP’s Clinical 
Classifications Software to categorize the principle diag-
nosis ICD code into a shorter list of clinical categories. 
Since this still produces many principle diagnosis catego-
ries (285 for ICD-9 and 530 for ICD-10), we additionally 
recategorized these into six categories of principle diag-
noses: respiratory, infection, cardiovascular, neurologic, 
neurotrauma, and trauma (Tables 4 and 5, Supplemental 
Digital Content 1, http://links.lww.com/CCX/A762 for 
our recategorization crosswalk).

Statistical Analysis

We used the SAS 9.4 (by SAS Institute, Cary, NC) 
survey family of procedures to account for the 

complex, multistage NIS sampling design and pro-
duce national estimates. We used the HCUP’s strata 
and cluster survey design variables along with HCUP’s 
trend weights that were especially designed to examine 
trends across multiple years in order to estimate annual 
counts of cases. We used the U.S. Census Bureau an-
nual population estimates for persons greater than or 
equal to 18 years to determine tracheostomy rates per 
100,000 U.S. adults (15, 16). We calculated weighted 
annual proportions for all categorical variables and 
means for continuous variables. We included weighted 
95% CIs for all our estimates and defined statistical sig-
nificance between annual measures as those with non-
overlapping 95% CIs.

This work was performed with publicly available, 
deidentified data and therefore is not considered 
human subjects research or requires Institutional 
Review Board review.

RESULTS

Annual Case Volumes and Occurrence Rate  
of Tracheostomy

From 2002 to 2014 and 2016 to 2017, there was an 
estimated weighted total of 554,346,148 hospital dis-
charges. After excluding those less than 18 years old 
(n = 90,734,549) or with a diagnosis of head and neck 
cancer (n = 1,859,049), there were a total estimated 
1,241,428 tracheostomies over the study period with 
an average of 84,762 tracheostomies per year. Over 
the study period, there were 80,612 tracheostomies 
performed in 2002, a peak of 89,545 tracheostomies 
in 2008, and a nadir of 58,840 tracheostomies in 2017 
(Fig. 1) (Table 6, Supplemental Digital Content 1, 
http://links.lww.com/CCX/A762). National estimates 
of the annual occurrence rate were 37.5 (95% CI, 34.7–
40.4) tracheostomies per 100,000 U.S. adults in 2002, 
with a peak of 39.7 (95% CI, 36.5–42.9) per 100,000 
U.S. adults in 2003, and with a nadir of 28.4 (95% CI, 
27.2–29.6) per 100,000 U.S. adults in 2017 (Fig. 2).

Tracheostomy in RF-IMV

After our exclusions mentioned above, we identified 
an estimated 10,096,755 hospital discharges coded for 
RF-IMV. Of those with RF-IMV, an estimated 958,856 
(9.4%) had an ICD code for tracheostomy with an an-
nual average of 9.6%. This changed over the study pe-
riod from 10.4% in 2002, with a peak of 10.9% in 2004, 

http://links.lww.com/CCX/A762
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and with a nadir of 7.4% in 2017 (Fig. 3) (Table 6, 
Supplemental Digital Content 1, http://links.lww.com/
CCX/A762).

For readability, in this section, we compare se-
lect patient characteristics of discharges with both 
RF-IMV and tracheostomy between the 2 years 2002 
and 2017 (Table  1). See Tables 7–10 (Supplemental 
Digital Content 1, http://links.lww.com/CCX/A762) 
for complete data on each study year. From 2002 to 
2017, the proportion of female patients decreased, and 
there was a high proportion of patients with missing 
race/ethnicity (some years over 20%) that precludes 
informative reporting. Over the study period, the 
mean age of patients decreased, with an examination 
of age as a categorical variable revealing more specifi-
cally that the proportions of patients in the 18–29- and 
50–69-year-old groups increased, the proportions in 
the 30–49-year-old groups remained stable, and the 
proportions in the greater than or equal to 70 age groups 

decreased. Throughout the 
study period, the most 
common expected pri-
mary payer was Medicare 
followed by private insur-
ance and Medicaid. From 
2002 to 2017, the propor-
tion of patients with ex-
pected payer as Medicare 
decreased, the proportion 
of patients with Medicaid 
increased, and the propor-
tions of patients with pri-
vate insurance, on self-pay, 
no charge, and other payer 
remained unchanged.

The most common prin-
ciple diagnosis category for 
discharges with RF-IMV 
and tracheostomy changed 
over the study period 
(Table 11, Supplemental 
Digital Content 1, http://
links.lww.com/CCX/
A762). In 2002, the most 
common principle diag-
nosis category was respi-
ratory (26%), followed by 
infection (12%), cardiovas-

cular (10%), neurologic (8%), neurotrauma (8%), and 
trauma (6%). In 2017, the most common principle di-
agnosis category was infection (25%), followed by res-
piratory (15%), neurologic (10%), neurotrauma (9%), 
trauma (9%), and cardiovascular (8%). Additionally, 
there were changes in patterns of comorbidities among 
RF-IMV patients who underwent tracheostomy be-
tween 2002 and 2017 (Table 2). The comorbidities that 
demonstrated a relative doubling of proportion among 
the annual RF-IMV with tracheostomy study popula-
tions were deficiency anemias, coagulopathy, depres-
sion, diabetes mellitus with complications, drug abuse, 
hypertension, hypothyroidism, liver disease, obe-
sity, paralysis, peripheral vascular disease, and renal 
failure. The comorbidities that showed smaller relative 
increases in proportion were alcohol abuse, rheuma-
toid arthritis, fluid and electrolyte disorders, other neu-
rologic disorders, psychoses, pulmonary circulation 
disorders, peptic ulcer disease, and weight loss. The 

Figure 1. Annual case volume of adult tracheostomies in acute care hospitals. Figure includes 
annual point estimates with shaded area representing 95% CIs of the estimates. We excluded 
patients with head and neck cancer. Over the study period: 1) the number of participating states in 
sample increased from 35 to 48, including the District of Columbia; 2) in 2012, there was a change 
in sample design; and 3) in 2015, diagnosis and procedure reporting changed from International 
Classification of Diseases (ICD), 9th revision, Clinical Modification coding to the ICD, 10th revision, 
Clinical Modification (8). The 2015 year was not included, given that the ICD coding changed 
during the year, preventing the use of standard methods for making annual estimates with either 
coding system for that year.

http://links.lww.com/CCX/A762
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comorbidities that demonstrated no change include 
AIDS/HIV, congestive heart failure, pulmonary di-
sease, lymphoma, metastatic cancer, and valvular dis-
order. The comorbidities that demonstrated a decrease 
in proportion among the annual study groups were 
blood loss anemia, diabetes mellitus without compli-
cations, and solid tumor without metastases. For mor-
tality risk subclasses, the majority of RF-IMV patients 
with tracheostomy had a predicted “extreme likelihood 
of dying,” followed by “major likelihood of dying.” 
From 2002 to 2017, the proportion with “extreme like-
lihood of dying” increased, whereas the proportion 
with a “major,” “moderate,” and “minor” likelihood of 
dying decreased. In terms of outcomes, from 2002 to 
2017, the mean LOS per patient decreased, hospital 
mortality decreased by half, and mean hospital charges 
more than doubled. Further examining discharge dis-
position, the proportion of patients with routine dis-
charge home or transfer to short-term care decreased, 
and the proportion discharged to intermediate care 
facilities increased.

Hospital 
Characteristics

In terms of hospital char-
acteristics among patients 
with RF-IMV and trache-
ostomy, the South had 
the greatest proportion of 
tracheostomy patients fol-
lowed by the Northeast. 
From 2002 to 2017, the pro-
portion of patients in the 
Southern region increased, 
the proportion in the 
Northeast decreased, and 
proportions in the West 
and Midwest remained 
stable. The proportion of 
patients from urban-teach-
ing hospitals increased, 
whereas those from urban 
nonteaching and rural hos-
pitals decreased by more 
than half. The majority of 
patients were from pri-
vate, nonprofit hospitals 
with this proportion re-
maining stable from 2002 

to 2017. The proportion of patients from small hos-
pitals increased, whereas those from large hospitals 
decreased (Table 9, Supplemental Digital Content 1, 
http://links.lww.com/CCX/A762).

DISCUSSION

In this study, we report modern annual case volume and 
occurrence rate of adult tracheostomies performed in 
acute care hospitals from 2002 to 2017. Over the study 
period, the overall case volume and occurrence rate for 
tracheostomies in adults without head and neck cancer 
appear to increase from 2002 till around 2008 and then 
maintain an annual decrease from 2010 onward. In 
addition to examining total adult tracheostomy pro-
cedures, we additionally examined the rate of trache-
ostomies specifically in patient group with RF-IMV, 
demonstrating that the tracheostomy rate appears 
stable from 2002 to 2008 with annual decreases from 
2008 onward. Given that tracheostomy and the subse-
quent ventilator weaning for these patients are highly 

Figure 2. Annual occurrence rate of adult tracheostomies in acute care hospitals. Figure includes 
annual point estimates with shaded area representing 95% CIs of the estimates. We excluded 
patients with head and neck cancer. Over the study period: 1) the number of participating states in 
sample increased from 35 to 48, including the District of Columbia; 2) in 2012, there was a change 
in sample design; and 3) in 2015, diagnosis and procedure reporting changed from International 
Classification of Diseases (ICD), 9th revision, Clinical Modification coding to the ICD, 10th revision, 
Clinical Modification (8). The 2015 year was not included, given that the ICD coding changed 
during the year, preventing the use of standard methods for making annual estimates with either 
coding system for that year.

http://links.lww.com/CCX/A762
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specialized and resource-intensive services, continued 
descriptive knowledge of the epidemiology for trache-
ostomy for RF-IMV patients is critical for workforce 
and healthcare resource planning.

The findings from this study must be interpreted 
within the context of its strengths and limitations. Our 
study has several strengths. We used the largest all-
payer hospitalization database available, which in turn 
uses a complex national sampling design in order to 
generate nationally representative estimates of trache-
ostomy occurrence rate and outcomes over a 15-year 
period across two ICD classification systems. We used 
the HCUP’s trend analysis design weights and appro-
priate statistical procedures to produce generalizable 
national estimates available from this data. We used 
an exhaustive list of ICD-9 and ICD-10 diagnosis and 
procedure codes to capture an important patient pop-
ulation that we believe is relevant from clinical and 
healthcare resource utilization perspectives.

As with any study, there 
are important limitations 
to the data. These are ad-
ministrative hospital data 
and therefore subject to 
any potential inaccuracies 
or biases in the utilization 
of ICD coding to identify 
diagnoses and conditions. 
Furthermore, it does not 
account for procedures 
performed in the outpa-
tient setting. Notably, for 
tracheostomies performed 
in the ambulatory setting, 
providers use Common 
Procedural Terminology 
coding which may lead 
to an underestimation of 
the national tracheosto-
mies from this dataset. 
Additionally, there were 
changes in the NIS over 
the study period described 
in our Methods section that 
could influence results. 
In 2012, the NIS sample 
no longer included LTAC 
hospitals. However, our 

use of HCUP’s trend weights in the analysis addition-
ally excludes the counts of discharges from LTACs 
in weighted estimates making our results generaliz-
able to procedures performed in acute care hospitals. 
Additionally, although the NIS sample design vari-
ables may help adjust national estimates for the under-
lying increase in the number of states represented in 
the study sample over time, our results demonstrating 
changes in the proportions of tracheostomies from dif-
ferent U.S. regions suggest that changes in the under-
lying representation may influence results over time. 
Although the change in ICD coding in 2015 precluded 
including this year in our annual estimates and likely 
effects occurrence rate, this characteristic of our study 
is also a strength in providing data across this impor-
tant transition.

Within the context of these strengths and limitations, 
we believe that these data represent an important piece 
of the puzzle of the epidemiology of tracheostomy in 

Figure 3. Annual rate of tracheostomy among U.S. adults hospitalized with respiratory failure 
with invasive mechanical ventilation. Figure includes annual point estimates with shaded area 
representing 95% CIs of the estimates. We excluded patients with head and neck cancer. Over the 
study period: 1) the number of participating states in sample increased from 35 to 48, including the 
District of Columbia; 2) in 2012, there was a change in sample design; and 3) in 2015, diagnosis 
and procedure reporting changed from International Classification of Diseases (ICD), 9th revision, 
Clinical Modification coding to the ICD, 10th revision, Clinical Modification (8). The 2015 year was 
not included, given that the ICD coding changed during the year, preventing the use of standard 
methods for making annual estimates with either coding system for that year. Annual U.S. Census 
Bureau annual population estimates for those greater than or equal to 18 yr old comprise the 
denominators in the calculation of annual occurrence rates (10, 11).
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TABLE 1. 
Demographic Characteristics of Patients With Respiratory Failure With Invasive 
Mechanical Ventilation and Tracheostomy

 2002 2006 2010 2014 2017

Characteristic
Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

Age, yr      

 Mean 63.8 (63.0–64.6) 62.2 (61.5–63.0) 60.1 (59.5–60.8) 60.3 (59.8–60.7) 59.6 (59.2–60.1)

Categories      

 18–29 4.5 (3.8–5.2) 5.3 (4.7–6.1) 6.5 (5.8–7.3) 6.4 (5.9–7.0) 6.8 (6.2–7.3)

 30–39 6.0 (5.3–6.7) 5.0 (4.4–5.5) 6.5 (6.0–7.0) 6.0 (5.6–6.5) 6.9 (6.4–7.4)

 40–49 10.2 (9.5–10.8) 11.5 (10.7–12.3) 11.9 (11.2–12.7) 10.3 (9.8–10.9) 10.1 (9.6–10.7)

 50–59 14.8 (14.0–15.6) 18.1 (17.3–18.9) 20.1 (19.4–20.8) 20.8 (20.1–21.5) 21.0 (20.2–21.7)

 60–69 20.0 (19.1–20.9) 21.5 (20.8–22.3) 22.3 (21.5–23.0) 24.9 (24.1–25.8) 24.8 (24.0–25.6)

 70–79 26.8 (25.5–28.1) 23.2 (22.2–24.2) 20.2 (19.2–21.1) 20.0 (19.2–20.8) 20.8 (19.92–1.6)

 ≥ 80 17.8 (16.6–19.0) 15.4 (14.2–16.6) 12.6 (11.7–13.4) 11.4 (10.7–12.1) 9.6 (9.01–0.3)

Female, % 46.7 (45.4–48.0) 45.5 (44.3–46.7) 43.5 (42.3–44.6) 43.4 (42.4–44.3) 41.3 (40.4–42.3)

Payer      

 Medicare 57.5 (55.4–59.7) 54.8 (52.7–56.8) 48.9 (46.9–50.8) 51.4 (50.2–52.6) 49.8 (48.6–51.0)

 Medicaid 12.3 (11.2–13.4) 14.3 (13.0–15.7) 17.9 (16.3–19.4) 18.5 (17.6–19.4) 20.4 (19.4–21.3)

 Private including  
 HMO

23.9 (22.3–25.5) 22.9 (21.4–24.3) 24.1 (22.7–25.5) 22.5 (21.6–23.4) 22.6 (21.7–23.6)

 Self-pay 2.9 (2.2–3.6) 3.8 (3.1–4.4) 4.8 (3.6–5.9) 3.9 (3.4–4.4) 3.6 (3.1–4.1)

 No charge 0.3 (0.1–0.6) 0.5 (0.2–0.7) 0.5 (0.2–0.9) 0.3 (0.2–0.5) 0.2 (0.1–0.4)

 Other 2.8 (2.2–3.4) 3.8 (3.0–4.5) 3.6 (2.9–4.4) 3.3 (2.9–3.7) 3.2 (2.8–3.6)

the United States but also exercise caution in our spec-
ulations as to the causes of the visible trends. Our work 
is a comparable extension of the work done by Mehta 
et al (4) that examined tracheostomy epidemiology 
using the NIS data from 1993 to 2012. They demon-
strated increases in both the national occurrence rate 
of tracheostomy and in the rate of IMV patients who 
received tracheostomy from 1993 with a visible pla-
teau followed by annual decreases from around 2008 
onward. Of note, although our two articles appear to 
have similar trends in their years of overlap, there are 
differences in the actual national estimates. For ex-
ample, in 2012, Mehta et al estimated 34.3 tracheos-
tomies per 100,000 U.S. adults, whereas we estimated 
33.1 (95% CI, 31.5–34.7) (4). These differences may be 
attributed to different use of survey design variables in 
analysis, case definition, and exclusions. Specifically, 
the HCUP trend weights that  were used to generate 
national, weighted estimates underwent a significant 

change in 2012 to account for the redesign of the NIS 
sampling strategy and may effect final weighted esti-
mates. Additionally, for our occurrence rate calcula-
tions, we counted only those with a procedure code 
for tracheostomy, whereas to our understanding from 
their article, Mehta et al counted those with IMV and 
tracheostomy (4). Additionally, we excluded those with 
head and neck cancer as we thought this represented a 
distinct clinical population.

In interpreting the trends in our data, in general, the 
hypothetical reason for any changes in estimates over 
time may be due to changes in ICD coding utilization, 
changes in location of tracheostomy procedures outside 
of the hospital setting, changes in the underlying sample 
frame of the data, changes in the occurrence rates of 
acute conditions that precede tracheostomy, changes 
in the utilization of tracheostomy, or some combina-
tion of these factors. We offer our speculations on each 
of these components but encourage future research to 
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TABLE 2. 
Clinical Characteristics of Patients With Respiratory Failure With Invasive Mechanical 
Ventilation and Tracheostomy

 2002 2006 2010 2014 2017

Characteristic
Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

Elixhauser comorbidity      

 HIV/AIDS 0.4 (0.2–0.5) 0.6 (0.4–0.7) 0.6 (0.3–0.9) 0.4 (0.3–0.5) 0.6 (0.5–0.8)

 Alcohol abuse 6.3 (5.6–7) 7.8 (7.1–8.5) 8.5 (7.7–9.3) 9.7 (9.1–10.2) 9.1 (8.6–9.7)

 Deficiency anemias 13.7  
(11.9–15.5)

18.1  
(16–20.1)

26.2  
(24.1–28.4)

29.1  
(28–30.3)

28.1  
(26.9–29.2)

 Rheumatoid arthritis 1.4 (1.1–1.6) 1.7 (1.5–2) 2.3 (2–2.6) 2.5 (2.2–2.8) 2.6 (2.3–2.8)

 Blood loss anemia 2.9 (2.4–3.4) 3.1 (2.5–3.6) 1.8 (1.4–2.1) 1.5 (1.3–1.7) 1.3 (1.1–1.5)

 Congestive heart failure 28.7  
(26.8–30.7)

31.4  
(29.5–33.3)

24  
(22.5–25.5)

27.8  
(26.8–28.9)

30.6  
(29.5–31.6)

 Pulmonary disease 32.2  
(30.2–34.2)

32.8  
(31.1–34.5)

25.7  
(24–27.5)

28.3  
(27.3–29.3)

29.5  
(28.4–30.5)

 Coagulopathy 11  
(9.9–12)

14.7  
(13.6–15.9)

17.8  
(16.4–19.2)

20.9  
(20–21.7)

22.5 ( 
21.6–23.4)

 Depression 2.9 (2.5–3.3) 4.5 (3.9–5.2) 6.5 (5.8–7.1) 8.7 (8.1–9.3) 9.8  
(9.2–10.4)

 Diabetes without 
complications

13.4  
(12.2–14.7)

16.7 (15.4–18) 19.5  
(18.1–20.9)

22.6  
(21.8–23.5)

9.2 (8.6–9.7)

 Diabetes with 
complications

4 (3.5–4.6) 4.6 (4–5.2) 4.9  
(4.3–5.4)

6.4  
(5.9–6.9)

20.8  
(19.9–21.7)

 Drug abuse 2.3 (1.9–2.7) 3.7 (3.3–4.2) 3.8 (3.3–4.3) 5.6 (5.1–6) 5.8 (5.3–6.2)

 Hypertension 20.3  
(18.4–22.2)

38.1  
(35.8–40.4)

44.8  
(42.1–47.4)

55.4  
(54.2–56.6)

58.8  
(57.5–60.1)

 Hypothyroidism 3.8 (3.3–4.4) 5.3 (4.7–6) 7.3 (6.6–8) 9.4 (8.8–9.9) 8.8 (8.2–9.3)

 Liver disease 2.7 (2.3–3) 3.5 (3.2–3.8) 4.3 (3.7–4.8) 5.1 (4.7–5.5) 6.1 (5.7–6.6)

 Lymphoma 0.8 (0.6–1) 0.9 (0.7–1) 1.1 (0.9–1.2) 1 (0.9–1.2) 1 (0.8–1.2)

 Fluid and electrolyte 
disorders

43.1  
(40.4–45.9)

52.1  
(50–54.2)

62.4  
(60–64.9)

73.7  
(72.6–74.8)

74.8  
(73.5–76.1)

 Metastatic cancer 3 (2.6–3.4) 3 (2.7–3.4) 3.2 (2.7–3.7) 2.7 (2.4–3) 2.9 (2.6–3.2)

 Other neurologic disorders 20.9  
(19.4–22.4)

16.8  
(15.8–17.8)

18.2  
(17–19.4)

21.8  
(21–22.7)

25  
(24.2–25.9)

 Obesity 4.5 (3.9–5.1) 7 (6.2–7.8) 12.5  
(11.4–13.5)

20.7  
(19.8–21.5)

21.5  
(20.7–22.4)

 Paralysis 6.7 (5.9–7.5) 7.5 (6.8–8.2) 13.6 (12.7–14.5) 15.3  
(14.6–16.1)

20.3  
(19.5–21.2)

 Peripheral vascular disease 3.3 (2.7–3.8) 4 (3.5–4.5) 6.7 (6.1–7.3) 8.7 (8.2–9.3) 8.6 (8.1–9.1)

 Psychoses 2.7 (2.3–3.1) 3.5 (3.1–4) 5 (4.6–5.4) 6.4 (6–6.8) 4.7 (4.3–5.1)

 Pulmonary circulation  
 disorders

3.3 (2.7–4) 3.5 (2.9–4) 9.3 (8.5–10) 10.9 (10.4–11.5) 5.2 (4.8–5.6)

 Renal failure 9.8  
(8.8–10.8)

17.5  
(16.3–18.7)

16.6  
(15.3–17.9)

20.1  
(19.2–21)

21.2  
(20.3–22)

(Continued )
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 Solid tumor without  
 metastasis

4.3 (3.8–4.8) 2 (1.7–2.2) 2.3 (2–2.5) 2.1 (1.8–2.3) 2.7 (2.4–3)

 Peptic ulcer disease 1.2 (0.9–1.5) 0.1 (0.1–0.2) 0.1 (0–0.1) 0.1 (0–0.1) 3.1 (2.8–3.5)

 Valvular disease 6.9 (6–7.7) 7.7 (6.8–8.6) 5 (4.4–5.6) 6.8 (6.2–7.3) 6.3 (5.8–6.8)

 Weight loss 19.3  
(16.7–21.9)

21.3  
(19.2–23.4)

35.5  
(32.2–38.7)

37.7  
(36.3–39.2)

33.3  
(31.9–34.7)

 Elixhauser mortality score, 
mean

13.7  
(13–14.4)

14.4  
(13.8–15)

16.4  
(15.7–17.1)

18.3  
(17.9–18.6)

18.2  
(17.9–18.6)

Risk of mortality, %      

 Minor 3.3 (2.8–3.8) 2.8 (2.3–3.2) 1.5 (1.3–1.8) 1.2 (1–1.5) 0.8 (0.7–1)

 Moderate 12.1  
(11.1–13)

10.8  
(9.8–11.8)

7 (6.3–7.7) 4.6 (4.1–5) 3.9 (3.5–4.3)

 Major 37.3  
(35.6–39)

34.7  
(33.6–35.8)

28.5  
(27.4–29.6)

27.5  
(26.5–28.4)

24.3  
(23.4–25.2)

 Extreme 42.2  
(39.8–44.6)

51.7  
(49.8–53.6)

63  
(61.3–64.6)

66.7  
(65.6–67.9)

71  
(69.9–72)

Discharge location      

 Routine 8.2 (6.9–9.5) 7.5 (5.9–9) 8.2 (6.2–10.2) 6.3 (5.7–6.8) 6.1 (5.5–6.7)

 Transfer to short-term 7 (6–8) 5.8 (4.8–6.9) 6.3 (5.1–7.6) 6 (5.3–6.8) 4.9 (4.4–5.4)

 Transfer to intermediate 52.6  
(50.7–54.6)

59.1  
(56.9–61.2)

62.7  
(60–65.4)

67.4  
(66.3–68.5)

70.2  
(69.1–71.3)

 Home healthcare 5 (4.3–5.8) 5.4 (4.8–5.9) 5.9 (5–6.8) 5.5 (5–5.9) 5.7 (5.2–6.2)

 Against medical advice 0.1 (0.1–0.2) 0.1 (0.1–0.2) 0.1 (0.1–0.2) 0.2 (0.1–0.3) 0.3 (0.2–0.4)

 Died in hospital 25.7  
(24.4–27)

21.9  
(20.7–23.1)

16 (15–17) 14.4  
(13.8–15.1)

12.7  
(12–13.4)

 Length of stay, mean days 39.4  
(38–40.7)

36.7  
(35.5–37.9)

34.9  
(33.2–36.6)

33  
(32.3–33.8)

32.8  
(32.1–33.5)

 Total charges, mean dollars 233,949  
(221,692.3– 
246,204.9)

275,808  
(262,928.3– 
288,688.5)

360,747  
(337,423.2– 
384,070.9)

470,727  
(454,006.2– 
487,447.3)

566,857  
(543,750.2– 
589,964.8)

TABLE 2. (Continued).
Clinical Characteristics of Patients With Respiratory Failure With Invasive Mechanical 
Ventilation and Tracheostomy

 2002 2006 2010 2014 2017

Characteristic
Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

Estimate  
(95% CI)

better understand the patterns documented here. First, 
we note that, unfortunately, the dataset is not able to 
assess the accuracy of or changes in coding practices, 
and this remains an important unknown factor in our 
results. In regard to changes in the underlying occur-
rence rate of RF-IMV, our previously published work 
in these data has demonstrated the annual occurrence 
rates of RF-IMV over the same study period (17). Briefly, 
among U.S. adults from 2002 to 2017, the occurrence 
rate of discharges with RF diagnoses increased nearly 
two-fold, occurrence rate of discharges with procedural 

codes for IMV remained stable, and discharges with RF 
and any mechanical ventilation (including non-IMV) 
increased 83% (17). Although that work did not spe-
cifically describe the RF-IMV population of this study, 
it seems reasonable to infer that the underlying patient 
RF-IMV population for potential tracheostomy is stable 
to growing. Although speculative, such growth could 
potentially drive the reduced proportions of RF-IMV 
patients receiving tracheostomy that we observe in this 
study if there is not proportional growth in the proce-
dural workforce or LTAC capacity for these patients. 
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Regarding changing patient selection over time, it is 
difficult to unpack this scenario in the present analysis. 
Although decreasing annual proportions of advanced 
age groups and changing proportions of various comor-
bidities among RF-IMV tracheostomy discharges seem 
to suggest evolving selection, in the context of our prior 
analysis, these changes actually seem to reflect changes 
in the underlying RF-IMV population in general (17). 
Finally, another potential factor playing a role in the 
decreases in tracheostomies among RF-IMV discharges 
is greater collaboration with palliative care physicians 
and earlier initiation of goals of care discussion that pre-
clude decisions to perform tracheostomy in this popu-
lation (18, 19).

In regard to the reported outcomes of RF-IMV 
patients with tracheostomy, it is not possible in this 
dataset to elucidate the reasons for the declining mean 
LOS and hospital mortality demonstrated in the data. 
In general, some potential reasons for such a finding 
include changes in selection of RF patients for IMV, 
changes in selection of RF-IMV patients for tracheos-
tomy, improvements in general critical care manage-
ment, changes of the underlying discharge sample, 
changes in where patients eventually expire outside 
of hospital encounter, or some combination of any 
of these factors. Of note, average LOS from LTACs is 
greater than 30 days, and discharges to these long-term 
facilities have likely shortened the LOS of our popula-
tion in acute care hospitals (20). Although lower LOS 
could be due to better implementation of multidiscipli-
nary teams that facilitate efficient discharge out of the 
hospital (21, 22), it is worth mentioning that despite 
decreasing hospital LOS, these patients may possibly 
be staying longer in other facilities. The decreased in-
hospital mortality among RF-IMV patients with tra-
cheostomy follows the same rationale—either we are 
truly improving patient outcomes given the improving 
care in RF-IMV patients (23–25) or there is increased 
selection of patients appropriate for IMV and trache-
ostomy and those who receive these therapies may be 
increasingly dying outside of the hospital. Of note, the 
NIS discharge disposition category of “transfer to ICF” 
includes LTACs and Hospice. Within this context, it is 
worth observing that although hospital mortality for 
this study decreased from 25.7% to 12.7% (absolute 
difference of 13.0%), the proportion of patients dis-
charged to an “ICF” rose from 52.6% to 70.2% (abso-
lute difference of 17.6%).

CONCLUSIONS

Although there are challenges to the study of the epide-
miology of tracheostomy, given that this is a highly spe-
cialized procedure and these patients subsequently have 
very specialized healthcare resource needs in LTACs, it is 
paramount to continue to strive toward a comprehensive 
understanding of the annual case volumes and patient 
characteristics of this population. Better understanding 
of outcomes of these patients after discharge can help us 
identify what their resource needs are in the community, 
recognize if any subgroup requires specialized needs, 
and promote better collaboration between inpatient and 
outpatient healthcare teams to allow smoother transition 
of tracheostomy patient care after hospital discharge.
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