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Abstract

Rationale: National trends in tracheostomy for mechanical
ventilation (MV) patients are not well characterized.

Objectives: To investigate trends in tracheostomy use, timing,
and outcomes in the United States.

Methods:We calculated estimates of tracheostomy use and
outcomes from the National Inpatient Sample from 1993 to 2012.
We used hierarchical models to determine factors associated with
tracheostomy use among MV patients.

Measurements andMain Results:We identified 1,352,432 adults
who received tracheostomy from1993 to 2012 (9.1%ofMVpatients).
Tracheostomy was more common in surgical patients, men, and
racial/ethnic minorities. Age-adjusted incidence of tracheostomy
increased by 106%, rising disproportionately to MV use. Among
MV patients, tracheostomy rose from 6.9% in 1993 to 9.8% in 2008,
and then it declined to 8.7% in 2012 (P, 0.0001). Increases in
tracheostomy use were driven by surgical patients (9.5% in 1993;

15.0% in 2012; P, 0.0001), with little change among nonsurgical
patients (5.8% in 1993; 5.9% in 2012; P, 0.0001). Over time,
tracheostomies were performed earlier (median, 11 d in 1998;
10 d in 2012; P, 0.0001), whereas hospital length of stay
declined (median, 39 d in 1993; 26 d in 2012; P, 0.0001),
discharges to long-term facilities increased (40.1% vs. 71.9%;
P, 0.0001), and hospital mortality declined (38.1% vs. 14.7%;
P, 0.0001).

Conclusions: Over the past two decades, tracheostomy use
rose substantially in the United States until 2008, when use
began to decline. The observed dramatic increase in discharge
of tracheostomy patients to long-term care facilities may
have significant implications for clinical care, healthcare
costs, policy, and research. Future studies should
include long-term facilities when analyzing outcomes of
tracheostomy.
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mechanical ventilation

Nearly 800,000 U.S. residents require
invasive mechanical ventilation (MV)
annually (1), accounting for at least 25% of
intensive care admissions in many hospitals

(2). Use of MV has increased over time
and is expected to continue to rise with
the aging of the population (3, 4). More
than 30% of patients who require MV for

at least 2 days require prolonged MV (5, 6)
often defined as MV for at least 21 days
or continued MV following hospital
discharge. Patients who cannot readily be
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weaned from MV, their families, and
their physicians often face choices of
whether to proceed with tracheostomy to
facilitate prolonged MV.

The choice to proceed with
tracheostomy has substantial implications
for cost, resource use, and outcomes during
the acute hospitalization and following
hospital discharge (5, 7, 8). Yet little is
known about population-based trends
in use of tracheostomy for prolonged
MV in the United States. Although one
study showed a near-doubling in use of
tracheostomy among MV patients in
North Carolina from 1993 to 2002 (9),
it is unknown whether this trend is
generalizable to the rest of the country, and
if so, whether rapid growth in tracheostomy
has continued into contemporary practice.

Determining the optimal timing for
tracheostomy for patients anticipated to

require prolonged MV is a challenging
clinical decision (10). Although small
studies published in 1995 and 2004
suggested that tracheostomy within
48 hours of intubation decreased both
ventilator-associated pneumonia and
30-day mortality (11, 12), subsequent trials
of early tracheostomy (within z1 wk of
intubation) have not replicated these
benefits (13–16). Studies have also
suggested other benefits to early
tracheostomy including improved patient
comfort (17), reduced sedative use (14,
16, 17), early mobility (18), improved
physiology (19), and early oral feeding (14,
17). Despite potential benefits, performing
tracheostomy earlier may result in more
patients receiving a potentially unnecessary
procedure with complication rates as high
as 39% (13, 16); in randomized trials,
roughly twice as many patients in the
early tracheostomy arm underwent
tracheostomy, because patients in the late
tracheostomy arm were able to be
successfully liberated from MV before the
scheduled tracheostomy date (13, 16).

In light of these controversies, we
sought to examine how use, timing, and
outcomes of tracheostomy for anticipated
prolonged MV have changed over the last
two decades in the United States, and to
determine factors associated with receipt of
tracheostomy. Taking into consideration
early studies favoring shorter time to
tracheostomy and secular trends that
facilitate and incentivize tracheostomy
placement (e.g., development of bedside
percutaneous tracheostomy techniques, high
hospital reimbursement associated with
tracheostomy diagnosis-related groups
[DRGs] [7], pressures to reduce hospital
length of stay [LOS], and increased
availability of long-term acute care hospitals
[LTACHs]) (10, 20), we hypothesized that
MV patients would show a trend toward
earlier and increased tracheostomy use
during the study period. Some of the results
of these studies have been previously
reported in the form of an abstract. (21)

Methods

Study Design
We used the U.S. Agency for Healthcare
and Research Quality’s Healthcare Cost
and Utilization Project’s (HCUP) National
Inpatient Sample (NIS) from 1993 to 2012.
The NIS is a 20% stratified probability

sample of all nonfederal U.S. acute care
hospitalization that contains deidentified
administrative claims data from 5 to 8
million hospital discharges per year (22).

We identified adult (>18 yr) patients
receiving MV during an acute
hospitalization via International
Classification of Disease, Ninth Revision,
Clinical Modification (ICD9-CM) code 96.7x.
We identified tracheostomies with ICD9-
CM codes 31.1x, 31.21, and 31.29. Patients
with a Major Therapeutic ICD9-CM
procedure code (excluding tracheostomy)
according to the HCUP classification
system (23) were considered “surgical.” All
others were defined as “nonsurgical.”

Our primary outcome was yearly
rates of tracheostomy use among MV
patients. Secondary analyses included
hospital LOS, hospital mortality, discharge
location (see Table E1 in the online
supplement), and factors associated with
receipt of tracheostomy. We used
previously described methods related to
time-stamped procedure codes in the
NIS (24) to conduct an exploratory analysis
into tracheostomy timing, defined as first
MV procedure day subtracted from the
tracheostomy procedure day (limited to
availability of procedure timing data,
1998–2012 and excluding records with
missing timing data). We performed
prespecified subgroup analyses stratified
by surgical status.

Statistical Analysis
We used U.S. Census Bureau yearly
population estimates (25) to determine
age-standardized rates per 100,000 U.S.
adults. We derived national estimates
using survey-weighted methods. We
determined average annual percentage
change in tracheostomy rates among
MV patients using Joinpoint Software
version 4.1 (Statistical Research and
Applications Branch, National Cancer
Institute, Bethesda, MD) with tests for
significant changes in average annual
percentage change using a Monte Carlo
permutation method (26, 27). We used
logistic and Poisson regression models to
assess for changes in patient and hospital
characteristics as well as count variables,
such as LOS and tracheostomy timing
with time as a continuous variable. We used
the presence of multisystem organ failure
(two or more acute organ failures other
than respiratory failure) (see Table E2)
(28) as a measure of severity of illness.

At a Glance Commentary

Scientific Knowledge on the
Subject: Evidence about the optimal
timing of tracheostomy for patients
expected to require prolonged
mechanical ventilation has evolved,
with studies showing conflicting results
about the benefits of early versus later
tracheostomy. To our knowledge, no
prior studies have examined how
practice patterns or outcomes
of tracheostomy among
patients requiring mechanical
ventilation may have
changed nationally in association with
an evolving evidence base.

What This Study Adds to the
Field: Our study shows a doubling in
population-based use of tracheostomy
over the past two decades in the United
States, with a peak in 2008 and
declining use subsequently. Over time,
tracheostomies have been placed
earlier among mechanically ventilated
patients, with dramatically
increased rates of discharge to
long-term care facilities, shorter
lengths of stay, and lower in-hospital
mortality rates among patients
receiving tracheostomy. The changing
use and outcomes of tracheostomy
have implications for clinical care,
healthcare costs, and research.
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Using hierarchical multivariable
logistic regression models with hospital-
level random intercepts, adjusting for
patient demographics (age, sex, race/
ethnicity, primary insurance payer,
median income of patient zip code),
patient comorbidities (HCUP Comorbidity
Software, Version 3.7) (29, 30), and hospital
characteristics (bed size, location/teaching
status, U.S. region, control/ownership
status), we identified patient and hospital
factors associated with tracheostomy
among MV patients in 2012.We excluded
hospitals with fewer than 25 MV cases
for the regression analysis for 2012 (31).

Our primary goal was to evaluate
patterns of tracheostomy use among
patients with anticipated prolonged MV
for respiratory failure, as opposed to
patients who received an emergent or
prophylactic tracheostomy for acute airway
injury or facial or airway pathology.
Thus, we conducted a sensitivity analysis
excluding patients with DRGs for
tracheostomies related to face, head, or
neck conditions (DRG 482 before and
including 2007; DRG 011, 012, and 013
after 2007) and an analysis excluding
patients with time to tracheostomy less
than or equal to 0 days.

Statistical testing was two-tailed and
performed with a = 0.05 with SAS v9.3
(Cary, NC) and Joinpoint v4.1 software
(Bethesda, MD). This study was deemed
exempt from review by the Boston
University Medical Campus Institutional
Review Board.

Results

Cohort Characteristics
Among 14,937,014 (3,128,913 unweighted)
hospitalizations with MV from 1993 to
2012, 1,352,432 patients (9.1%) received

Table 1. Characteristics of Patients Receiving Tracheostomy in Selected Study Years

1993 (n = 36,401) 1999 (n = 60,104) 2006 (n = 78,077) 2012 (n = 82,350) P Value*

Tracheostomies per 100,000 U.S. adults 18.9 29.1 34.7 34.3 ,0.0001
% of mechanically ventilated patients

(No. of mechanically ventilated patients)
6.9 (529,960) 9.0 (678,456) 9.6 (811,961) 8.7 (951,660) ,0.0001

Surgical admission, % 42.7 45.5 49.6 52.0 0.02
Female, % 46.1 46.4 44.0 43.0 ,0.0001
Age
Mean (SE), yr 63.2 (0.2) 63.3 (0.2) 61.4 (0.1) 60.3 (0.1) ,0.0001
,65 yr, % 42.3 44.9 52.4 56.3 ,0.0001
65–84 yr, % 52.2 48.1 41.9 38.6
>85 yr, % 5.6 7.0 5.7 5.1

Race/ethnicity, % ,0.0001
White 63.9 57.4 51.0 59.9
Black 14.0 13.9 13.5 18.7
Hispanic 5.8 4.7 8.3 9.1
Other† 16.3 24.0 27.2 12.3

Primary payer, % ,0.0001
Medicare 57.1 54.2 52.6 50.7
Medicaid 11.4 12.9 15.0 17.4
Private insurance 23.7 25.9 23.9 22.9
Self-pay 4.4 3.2 4.2 4.7
Other† 3.4 3.8 4.4 4.3

Median income for patient zip code, %‡ Not available Not available 0.03
Level 1 31.1 33.5
Level 2 25.7 25.2
Level 3 23.2 22.8
Level 4 20.1 18.5

Comorbidities, median (IQR) 1.3 (2.0) 1.7 (2.1) 2.2 (2.4) 3.6 (2.9) ,0.0001
Hospital location and teaching status, % ,0.0001
Rural 6.4 5.3 3.6 3.2
Urban nonteaching 41.7 35.0 32.4 28.4
Urban teaching 52.0 59.3 64.0 68.4

Hospital size, % ,0.0001
Small 7.9 10.3 9.2 9.8
Medium 27.5 28.3 24.7 25.3
Large 64.6 62.4 67.7 64.9

Hospital region, % ,0.0001
Northeast 23.1 21.6 20.7 18.7
Midwest 15.7 20.2 21.1 21.4
South 41.9 39.1 37.8 39.8
West 19.3 19.2 20.4 20.1

Definition of abbreviation: IQR = interquartile range.
Sample sizes represent survey-weighted estimates.
*P value for trend for 1993–2012.
†Includes values listed as missing.
‡For 2006, Level 1 = $1–37,999; Level 2 = $38,000–46,999; Level 3 = $47,000–61,999; Level 4. $62,000. For 2012, Level 1 = $1–38,999;
Level 2 = $39,000–47,999; Level 4 = $48,000–62,999; Level 4. $63,000.

ORIGINAL ARTICLE

448 American Journal of Respiratory and Critical Care Medicine Volume 192 Number 4 | August 15 2015



tracheostomy. For the study period, 55.4%
of tracheostomy patients were male, 55.8%
were white, and 48.9% were surgical. The
mean age of the group was 61.8 years
(SE = 0.03).

Temporal Trends in Tracheostomy
Use
Age-adjusted, population-based rates of
tracheostomy increased by 106% over the
study period, rising from 16.7 to 34.3
tracheostomies per 100,000 U.S. adults
in 1993 versus 2012 (P, 0.0001). This
represents 36,401 tracheostomies placed for
MV patients in 1993 compared with 82,350
in 2012. The rise in tracheostomy was
disproportionate to the age-adjusted
growth in MV over the same time period,
which rose 63%, from 242.8 to 396.2
episodes of MV per 100,000 U.S. adults.
Among MV patients, tracheostomy use
increased from 6.9% in 1993 to a peak
of 9.8% in 2008, with subsequent decline
to 8.6% in 2012 (P, 0.0001) (Table 1,
Figure 1). Severity of illness, as evidenced
by the presence of multisystem organ
failure, steadily increased among all MV
patients throughout the study period and
did not mirror changes in tracheostomy
use (see Figure E1).

Trends in usage rates for tracheostomy
differed significantly based on surgical status
(P = 0.0002); surgical patients were more
likely to receive tracheostomy compared
with nonsurgical patients (unadjusted
odds ratio, 2.29; 95% confidence interval,
2.27–2.31). Tracheostomy rates for surgical
MV patients increased from 9.5% in 1993

to 15.0% in 2012 (P, 0.0001), outpacing
the increase in MV among surgical
patients that occurred during the same
time period. By contrast, among
nonsurgical MV patients, tracheostomy
rates were relatively stable (5.7% in 1993 to
5.9% in 2009; P, 0.0001), keeping pace
with the rise in MV among nonsurgical
patients during this time period. Joinpoint
analysis demonstrated two significant
inflection points for changing rates of
tracheostomy use (1995 and 2007 for
surgical patients, P, 0.0001; 1998 and
2009 for nonsurgical patients, P, 0.0001).
Tracheostomy among surgical patients
rose from 1993 to 2007 before beginning
to decline, whereas tracheostomy among
nonsurgical patients rose from 1993 to
1998 and then began to decline more
rapidly beginning in 2009 (Figure 2; see
Table E3).

Patient Characteristics Associated
with Tracheostomy
Across all study years, white male patients
withMedicare insurance accounted for most
tracheostomies (Table 1). However, over
time, patients receiving tracheostomy were
younger (63.2 in 1993 vs. 60.3 yr in 2012;
P, 0.0001), less likely to be female
(46.1% in 1993 vs. 43.0% in 2012; P,
0.0001), more likely to belong to a racial/
ethnic minority (36.1% vs. 40.1%; P,
0.0001), and more likely to have Medicaid
insurance (11.4% vs. 17.4%; P, 0.0001).
These trends outpaced smaller changes
in the overall MV population (e.g., racial/
ethnic minorities, 35.9% in 1993 vs.

35.6% in 2012; Medicaid, 9.3% vs. 13.4%).
Surgical patients accounted for 42.7% of
tracheostomies in 1993, and increased to
52.0% in 2012 (P, 0.0001). Patients
undergoing tracheostomy showed an
increasing number of comorbidities
over time (median, 1.3 in 1993 vs. 3.6
in 2012; P, 0.0001).

From 1993 to 2012, the characteristics
of hospitals where patients received
tracheostomies evolved (Table 1), with
tracheostomies more likely to be performed
in urban, teaching hospitals in later years.
Additionally, we identified wide regional
variation in distribution of tracheostomy.
Across all study years, most tracheostomies
were performed in the South, and over
time tracheostomy increased in the
Midwest and decreased in the Northeast
(P, 0.0001).

Factors Associated with Receipt of
Tracheostomy in 2012
We examined factors associated with
receipt of tracheostomy among all
patients who received MV in 2012
(Table 2). Among MV patients, older
and female patients were less likely to
receive a tracheostomy. In addition,
racial/ethnic minorities had higher odds
of receiving a tracheostomy compared
with white patients. Patients with
Medicaid and private insurance also
had higher odds of tracheostomy
compared with Medicare patients,
whereas self-pay patients were less likely
to receive a tracheostomy. Surgical
admission was strongly associated with
tracheostomy, whereas increasing number
of comorbidities was inversely associated
with tracheostomy (see Table E4 for
individual comorbidities). Patients
admitted to private/for-profit, larger,
urban, teaching hospitals were more
likely to receive tracheostomy.

Tracheostomy Timing
Tracheostomy timing was available
for 74.5% of our cohort from 1998 to
2012. Median time to tracheostomy
decreased over the study period from
a median of 11 days in 1998 to 10 days
in 2012 (P, 0.0001) with similar decreases
for surgical and nonsurgical patients
(Table 3). Over the study period, both
surgical and nonsurgical patients
experienced fewer late tracheostomies
(.14 d), with shifts to the first and
second week of MV (P, 0.0001).
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Figure 1. Tracheostomy use rates in the United States, 1993–2012. Left y-axis: Age-adjusted U.S.
population incidence, cases of tracheostomy per 100,000 U.S. adults. Right y-axis: Tracheostomy
use rates as percentage of all patients receiving invasive mechanical ventilation (MV).
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Patient Outcomes
Hospital mortality for patients receiving
tracheostomies decreased from 38.1% in
1993 to 14.7% in 2012 (P, 0.0001) with
similar changes for surgical and nonsurgical
patients (Table 4). Hospital LOS among
tracheostomy survivors decreased from
a median of 39 days (interquartile range,
37) in 1993 to 26 days (interquartile range,
21) in 2012 (P, 0.0001). Declining
hospital mortality and shorter LOS were
accompanied by changing sites of discharge
for tracheostomy patients, with a significant
increase in discharges to long-term facilities
(LTACH and skilled nursing facilities,
40.1% in 1993, 71.9% in 2012) and
decreasing discharges home (21.4% in 1993,
13.1% in 2012; P, 0.0001).

Sensitivity Analysis
When we excluded patients with a DRG
code for tracheostomy related to a face,
head, or neck condition (2.1%) or patients
recorded as having a tracheostomy time of
less than or equal to 0 days (10.7%), we
observed similar trends in tracheostomy
use over time (see Figure E2). When we
excluded DRGs for tracheostomy related to
face, head, or neck condition, 6.7% of MV
patients received tracheostomy in 1993,
increasing to a peak of 9.7% in 2008, and
decreasing to 8.5% in 2012 (P, 0.0001).

Under both exclusion criteria, multivariable
modeling for factors associated with
tracheostomy trends remained similar to
the primary analysis (see Table E5).

Discussion

We report trends in tracheostomy practices
and outcomes among MV patients in the
United States across two decades from
1993 to 2012. Tracheostomy use increased
rapidly through 2008, at which point
we began to observe yearly declines in
tracheostomy use. Among MV patients,
increases in tracheostomy were primarily
driven by surgical patients, with little change
in the proportion of nonsurgical MV
patients who received tracheostomy across
the study period. We observed shifts
toward earlier tracheostomy, shorter
hospital LOS, more frequent discharges
to long-term care facilities, and fewer
discharges from hospital to home. We
also observed shifting demographics of
tracheostomy patients out of proportion to
MV patients, with tracheostomy in later
study years performed more often among
younger men, surgical hospitalizations,
racial/ethnic minorities, and Medicaid
beneficiaries than in earlier years. Our
findings were robust to several sensitivity

analyses aimed at increasing the likelihood
that we were identifying patients who
received tracheostomies for anticipated
prolonged MV.

Few studies have investigated the
epidemiology of tracheostomy use in the
United States. Our national findings of
increases in tracheostomy rates during
the 1990s, accompanied by decreasing
time to tracheostomy, shorter hospital
LOS, and increase in discharge to long-term
facilities, are similar to those that Cox
and coworkers (9) identified when
examining trends in tracheostomy use
in North Carolina from 1993 to 2002.
However, with the benefit of 10
additional years of data, we found that
tracheostomy use peaked in 2008
nationally and has begun to decline
thereafter. Our findings of a decrease in
median time to tracheostomy are similar
to those observed internationally
(32), but have not previously been
described at the national level in the
United States.

Several factors likely contributed
to the rise in tracheostomy use over the
past 20 years. Greater recognition of
complications from prolonged endotracheal
intubation may have influenced the
decision to opt for tracheostomy over
continued endotracheal intubation. The
dissemination of percutaneous dilational
tracheostomy (33), which can often be
performed by intensivists at the bedside,
may have lowered the threshold to
perform tracheostomy. Furthermore
findings in some studies that tracheostomy
may improve aspects of care of MV
patients, such as sedation requirements,
mobility, and oral feeding, may have
contributed to a push toward tracheostomy
to avoid complications of prolonged
MV (12, 14, 15, 17, 18). Although
increasing severity of illness of MV
patients could account for some degree
of the increase in tracheostomy use, we
found that tracheostomy use began to
decrease after 2008 even as severity of
illness continued to rise, suggesting that
changes in tracheostomy use were not
driven exclusively by changes in severity
of illness. It is unclear whether changes
in hospital reimbursement for
tracheostomy may have contributed to
changes in use.

The disproportionate rise in
tracheostomy rates among surgical patients
may in part result from a growing number
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of studies focusing on surgical
patients that demonstrate improvements
in outcomes for early tracheostomies
(e.g., days on MV and hospital LOS)
(14, 34, 35). Because surgeons are often
the ones who perform tracheostomies,
some of the disproportionate rise
observed in surgical patients may be
explained by the fact that surgeons are
able to perform their own procedures.
Additionally, surgical patients may have
higher tracheostomy use because patients
with underlying conditions that may
require prolonged MV, such as intracranial
bleeding and trauma, are often managed
surgically.

Although many factors may have
contributed to rising use of tracheostomy
from 1993 to 2008, it is less clear why rates
of tracheostomy subsequently have begun
to decline. We speculate that more
recent randomized trials (13, 16) and
metaanalyses that have showed no
difference in mortality or ventilator-
associated pneumonia with early
tracheostomy (36–38) may have decreased
enthusiasm for early tracheostomy,
resulting in fewer tracheostomy
procedures. Alternatively, it is possible
that with increasing use of advance
directives (39) and better data on long-term
outcomes of chronic critical illness (40, 41),

fewer families are opting to pursue
prolonged MV and are instead choosing to
pursue less invasive, more comfort-based
care. Finally, it is possible that emerging
evidence and guidelines encouraging
reduced use of sedatives and improved
processes for ventilator weaning (42)
have resulted in fewer cases of prolonged
MV and less need for tracheostomy in
later study years.

We identified shifting demographics
with an increasing percentage of racial/
ethnic minorities receiving tracheostomies
over time relative to the overall MV
population, as well as higher adjusted odds
of tracheostomy for racial/ethnic minorities
in 2012. Greater use of tracheostomies
among racial/ethnic minorities is consistent
with studies demonstrating that minorities
are less likely to use hospice services and
more likely to use aggressive care, such as
intensive care unit procedures, at the end of
life compared with white patients (43–45).

In our exploratory analysis of
tracheostomy timing, we demonstrate a shift
toward earlier tracheostomy over the study
period. Many of the factors driving the
increase in tracheostomy use have likely
also contributed to shift toward earlier
tracheostomy. Studies from the 1990s and
2000s that suggested multiple clinical
benefits of early tracheostomy (11, 12, 14,
15, 17, 18) may have influenced the
observed trends in tracheostomy timing.
Moreover, secular trends and financial
incentives favor earlier tracheostomy.
Pressures to reduce hospital LOS have risen
over time, and concurrently, the availability
of LTACHs to care for patients requiring
prolonged MV has expanded dramatically
(20). Tracheostomy DRGs receive high
reimbursement (7, 46), and earlier
tracheostomy allows hospitals to maximize
efficiency by reducing LOS and turning
over intensive care beds for new admissions
sooner. Indeed, we observed both reduced
LOS and dramatic increases in proportions
of patients discharged to LTACHs over the
study period.

Our study highlights the shifting
burden of care for patients with
a tracheostomy toward Medicaid and long-
term care facilities. This increase in
percentage of Medicaid patients receiving
tracheostomy over time suggests a shift from
federal to state payment. Because Medicaid
also tends to have lower reimbursement
rates for long-term care facilities compared
with Medicare and private insurance,

Table 2. Factors Associated with Receiving Tracheostomy in 2012 among
Mechanically Ventilated Patients

Odds Ratio 95% CI

Age
,65 yr Ref —
65–84 yr 0.94 0.89–0.98
.85 yr 0.59 0.54–0.64

Female 0.93 0.90–0.96
Race/ethnicity
White Ref —
Black 1.17 1.11–1.24
Hispanic 1.11 1.04–1.19
Other 1.10 1.03–1.17

Primary payer
Medicare Ref —
Medicaid 1.30 1.16–1.35
Private insurance 1.26 1.16–1.34
Self-pay 0.79 0.72–0.86
Other 1.10 1.00–1.21

Median income for patient zip
code

$1–38,999 Ref —
$39,000–47,999 0.99 0.95–1.04
$48,000–62,999 0.99 0.94–1.04
.$63,000 0.99 0.94–1.05

Surgical admission 2.60 2.51–2.70
Number of comorbidities 0.94 0.90–0.99
Hospital size
Small Ref —
Medium 1.18 1.07–1.30
Large 1.35 1.23–1.47

Hospital location/teaching status
Rural Ref —
Urban nonteaching 1.50 1.32–1.71
Urban teaching 1.97 1.73–2.24

Hospital region
Northeast Ref —
Midwest 0.78 0.72–0.84
South 0.88 0.81–0.95
West 0.81 0.75–0.88

Hospital ownership
Private, nonprofit Ref —
Government, nonfederal 1.17 1.08–1.27
Private, invest-own/profit 1.15 1.06–1.24

Definition of abbreviations: CI = confidence interval; Ref = reference.
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Medicaid patients are typically less likely
to transfer to LTACHs (47). Although
current payment structures are financially
beneficial to LTACHs (40), it is unclear
if the change in payer-mix could affect
the financial viability of long-term care
facilities. Perhaps more concerning is the
finding of lower use of tracheostomy
among self-pay patients, a group that likely
represents the uninsured. Confronted with
the potential to bear a larger share of the
cost of care for prolonged MV and long-
term care, many families may forego the
decision to proceed with tracheostomy.

We identified striking changes in
discharge status over time, with fewer
tracheostomy patients dying in the hospital,
fewer patients discharged to home, andmost
(.70%) patients discharged to long-term
facilities by the end of the study period.
Although hospital mortality may be
reduced, we cannot conclude this

represents a true improvement in
outcomes. Indeed, other studies have
shown 1- and 2-year mortality is
similar whether patients receive care for
prolonged MV in the hospital or LTACH
(8, 40, 48), suggesting that the location
of death may merely have shifted to
LTACHs in more recent years.
Moreover, even patients who survive the
first year after tracheostomy have
remarkably poor outcomes, with multiple
readmissions to acute care hospitals and
very few patients (,10%) ultimately
returning to their homes with full
functional capacity (8). To capture more
patient-centered outcomes, future studies
should use time-defined (e.g., 60-d or 1-yr)
mortality rates and plan to track
tracheostomy patients as they transfer to
long-term care facilities, because much of
their morbidity and mortality occurs
outside the acute care setting.

Our study had several limitations. We
used administrative data, which relies on
ICD9-CM and DRG coding and lacks
markers of disease severity, such as
physiologic parameters, ventilator settings,
advance directives, and other factors that
may affect tracheostomy use. Moreover,
over the course of the 20-year study period,
there may have been changes in coding
practices. However, we attempted to
identify and account for all relevant
changes to ICD9-CM and DRG codes in
use during the study period. In addition,
because MV and tracheostomy were
associated with high levels of
reimbursement throughout the study
period, it is unlikely that these procedures
would be inaccurately coded (49); indeed,
sensitivity and specificity of these codes
have been documented to be high dating
back to the 1990s (50). Nonetheless, we
believe the ability to generate nationally
representative estimates of tracheostomy
use among all payers is a strength of our
study. Our exploratory analysis of time to
tracheostomy was limited by missing data
and should be confirmed in subsequent
studies with more complete data on
procedure timing.

In summary, we found substantial
changes to tracheostomy practices and
outcomes over the past two decades in the
United States. We identified a doubling
in the incidence of tracheostomy, a rate
far outpacing the rise in use of MV.
Interestingly, the rising rates of
tracheostomy use over the 1990s and early
2000s may now be slowing, with a decline in
use identified beginning in 2008.
Additionally, we found significant decreases
in time to tracheostomy and hospital LOS
with large increases in discharge to long-
term care facilities, perhaps explained in
part by the overall push for faster hospital
discharge and promising initial findings in

Table 3. Timing of Tracheostomy among Mechanically Ventilated Patients

1998 2006 2012 P Value*

Nonsurgical
n 32,657 39,335 39,560
Days to tracheostomy,† median (IQR) 11 (10) 10 (9) 10 (8) ,0.0001
Time to tracheostomy, % ,0.0001

0–7 d 32.5 32.7 33.7
8–14 d 36.3 38.3 41.5
.14 d 31.3 29.1 24.7

Surgical
n 27,446 38,741 42,790
Days to tracheostomy,† median (IQR) 11 (11) 11 (11) 10 (9) ,0.0001
Time to tracheostomy, % ,0.0001

0–7 d 35.0 34.6 37.8
8–14 d 34.7 34.1 37.7
.14 d 30.4 31.3 24.6

Definition of abbreviation: IQR = interquartile range.
Tracheostomy timing was available for 74.5% of our cohort from 1998 to 2012.
*P value for trend for 1998–2012.
†Days to tracheostomy were calculated as the difference between the procedure day for
tracheostomy and the first procedure day for mechanical ventilation. Data only available after 1998.

Table 4. Outcomes of Patients Receiving Tracheostomy

1993 (n = 36,401) 1999 (n = 60,104) 2006 (n = 78,077) 2012 (n = 82,350) P Value*

LOS among survivors, d, median (IQR) 39 (37) 31 (26) 29 (24) 26 (21) ,0.0001
Discharge status, % ,0.0001
Died 38.1 27.7 21.2 14.7
Home 21.4 14.8 14.8 13.1
LTACH/SNF 40.1 57.2 63.7 71.9

Definition of abbreviations: IQR = interquartile range; LOS = length of stay; LTACH= long-term acute care hospital; SNF = skilled nursing facility.
*P value for trend for 1993–2012.
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the literature regarding the benefits of
early tracheostomy. The near doubling
in discharge to long-term facilities
represents a major shift in the site of
care for tracheostomy patients over time

and has significant implications for clinical
care, healthcare costs, and research related
to prolonged MV in the United States.
Future studies should consider morbidity
and mortality in long-term facilities when

investigating outcomes related to
tracheostomy. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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