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Who Gets Early Tracheostomy?

Evidence of Unequal Treatment at 185 Academic Medical Centers

Joshua J. Shaw, MD, and Heena P. Santry, MD

BACKGROUND: Although the benefits of early tracheostomy in patients dependent on ventila-
tors are well established, the reasons for variation in time from intubation to tracheostomy
remain unclear. We identified clinical and demographic disparities in time to tracheostomy.

METHODS: We performed a level 3 retrospective prognostic study by querying the University
HealthSystem Consortium (2007-2010) for adult patients receiving a tracheostomy after initial
intubation. Time to tracheostomy was designated early (<7 days) or late (> 10 days). Cohorts
were stratified by time to tracheostomy and compared using univariate tests of association and
multivariable adjusted models.

RESULTS: A total of 49,191 patients underwent tracheostomy after initial intubation: 42% early
(n=21,029) and 58% late (n =28,162). On both univariate and multivariable analyses, women,
blacks, Hispanics, and patients receiving Medicaid were less likely to receive an early tracheos-
tomy. Patients in the early group also experienced lower rates of mortality (OR, 0.84; 95% CI,
0.79-0.88).

CONCLUSIONS: Early tracheostomy was associated with increased survival. Yet, there were still
significant disparities in time to tracheostomy according to sex, race, and type of insurance.
Application of evidence-based algorithms for tracheostomy may reduce unequal treatment
and improve overall mortality rates. Additional research into this apparent bias in referral/

rendering of tracheostomy is needed.
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Tracheostomy, for many, is a life-saving intervention
that is routinely offered to critically ill patients who
require prolonged mechanical ventilation. The reasons
for ventilator dependence can be quite variable, with
myriad presenting illnesses, ranging from traumatic
injury to exacerbated medical conditions. Often, a
tracheostomy is the only way for patients to regain their
respiratory independence. Regardless of the underlying
pathology, patients requiring prolonged mechanical
ventilation are alike in resource use and contribute
greatly to the overall burden of critical illness on our
health-care system, which is estimated to consume more
than one-fourth of the United States’ annual $2 trillion
health-care expenditures.! In the last 2 decades, there
has been an approximate 150% increase in the number
of tracheostomies being performed, from 427,100 in
1993 to 643,575 in 2010.2 Presently, it is one of the most
common procedures performed on patients in the ICU.?

Like other common surgical procedures, tracheostomy
is not without risks. However, its benefits, such as
expedited weaning from the ventilator, increased patient
comfort, reduced risk of ventilator-associated pneumonia
(VAP), sepsis, and potentially mortality, as well as shorter
ICU and hospital stays,*? typically outweigh these risks.
Furthermore, fewer ventilator days, shorter ICU lengths
of stay (LOSs), and shorter overall hospital LOS translate
to a reduction in hospital operating costs as well as an
increase in the availability of otherwise limited critical
care resources.?

These benefits have, in part, fueled contentious debates
surrounding tracheostomy timing for patients who are
mechanically ventilated. Specifically, how many days
after a patient is intubated and placed on a ventilator
should the team, consisting of family members, clinicians,
and ancillary staft, wait before pursuing a tracheostomy?
To date, there has yet to be a consensus regarding the
definition of an “early” tracheostomy across multiple
specialties. In previous literature, the definition early
tracheostomy ranges from 3 days to <21 days, depending
on author, specialty, and patient population.6711.12
However, although the definition of early remains to be
agreed upon, there is an increasing amount of literature
that suggests > 21 days is too late.!3

Given the various reasons for prolonged mechanical
ventilation, some variation in timing of tracheostomy is
to be expected. However, although there have been
numerous studies spanning multiple specialties demon-
strating sex-, racial-, age-, and insurance-based disparities
in referral, as well as receipt and timeliness of care in
other areas, it is unclear if such disparities exist in the
receipt of a tracheostomy.'*'6 We undertook this
study to validate that an early compared with a late
tracheostomy does impart some benefit across diagnosis
groups. Additionally, we sought to identify the specific
patient and system factors that predict timing of
tracheostomy and to determine whether any demo-
graphic disparities exist in the receipt of a timely
tracheostomy.

Materials and Methods

Database

The University HealthSystem Consortium (UHC) is an alliance of
the nation’s leading nonprofit academic medical centers composed of
116 academic medical centers and 261 affiliated hospital members.
UHC’s membership includes > 90% of academic medical centers in
the United States. Patient, hospital, and economic outcomes can be
compared across different centers. The data housed in UHC’s Clinical
Database Resource Manager (CDB/RM) is primarily acquired from
submitted UB-04 billing forms that use standard International Classification
of Diseases, Ninth Revision (ICD-9) codes to report both diagnoses and
procedures.

The CDB/RM provides the following information: synthetic hospital
and surgeon identifiers, unique patient visit identifiers, patient demo-
graphics, hospital financials, and procedural and diagnostic informa-
tion. Morbidity is defined using the UHC morbidity profiler (e-Table 1).
Both cost and charge information are reported in UHC. Charges are
reported by each center, and costs are then calculated using institution-
specific cost-to-charge ratios obtained from the department-level Medi-
care cost reports. Federally reported area wage indexes are used to
account for regional and center-specific variation.

For risk stratification, UHC has developed a severity of illness (SOI)
score for both risk adjustment and predicted resource allocation. This
method has been both verified and validated by the Agency for Health-
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care Research and Quality.'” SOI takes into account a number of patient
variables and weights them in the context of their illness, including
other comorbid conditions, age, and diagnoses.

Cohort

Time to tracheostomy was designated as early, intermediate, or late
based on a priori categories established after an extensive multispecialty
literature review. Patients receiving their tracheostomy within 6 days
of intubation were designated early. Patients receiving their tracheos-
tomy on days 7 through 10 of intubation were designated intermediate.
Patients receiving their tracheostomy > 10 days after intubation were
designated as late.

We queried the CDB/RM from 2007 to 2010 for adult patients (= 18 years
of age) whose initial date of endotracheal tube insertion (ICD-9 96.04)
and date of tracheostomy (ICD-9 31.1, 31.2, 32.21, and 31.29) were
captured. We excluded anyone who was intubated multiple times,
readmitted to the ICU after an initial discharge, or did not receive a tra-
cheostomy. Furthermore, as our primary purpose was to ascertain the
benefits of early tracheostomy and determine disparities in receipt of
early tracheostomy, we excluded patients who underwent tracheostomy
on days 7 through 10 after initial intubation (intermediate).

Analysis

For univariate analyses, we compared patient characteristics, resource
use, and outcomes between the Early and Late cohorts using Pearson
X2 for categorical variables and Kruskal-Wallis nonparametric tests for
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continuous variables. For multivariable analyses, a number of adjusted
linear and logistic regression models were created. These models
included one for each outcome of interest (in-hospital mortality, VAP,
ICU LOS, hospital LOS, total charges, total direct cost) where early
vs late tracheostomy was the primary predictor variable and an addi-
tional model for timing of tracheostomy to determine factors predicting
early vs late tracheostomy. At each iteration, variables with univari-
ate P values =.25 entered the model, whereas those with adjusted
P values = .10 were retained. The final models used generalized estimat-
ing equations and robust variance calculations to account for center-
specific and SOI clustering where appropriate. Covariates for these
models included age groups (18-24, 25-44, 45-64, 65-83, and > 83 years
of age), sex, race (white, black, Hispanic, Asian, and other), payer status

(private, Medicare, Medicaid, uninsured, and other), grouped admit-
ting diagnoses (trauma, cardiovascular, pulmonary, surgical, neuro-
logic, sepsis, and other), SOI (minor, moderate, major, and extreme),
and admission status (elective and emergent). Grouped admitting
diagnoses were derived using both ICD-9 diagnosis codes and Clini-
cal Classification Software provided by Healthcare Cost and Utilization
Project.!8 All statistical analyses were performed using SAS version 9.2
(SAS Institute Inc) and JMP 10 Pro (SAS Institute Inc).

This study was reviewed by the University of Massachusetts Medical
School institutional review board and was deemed appropriate for
exemption from institutional review board oversight, as all data were
deidentified. Statistical significance was defined as any P value <.05.

Results

Our initial query identified 538,293 adult patients who
were intubated between 2007 and 2010. A total of
471,929 patients did not receive or require a tracheostomy
and were excluded. In addition, 4,847 patients were
excluded because of either multiple intubations or
multiple ICU admissions, 5,967 patients were excluded
because they were transferred from another hospital on
ventilator support, and 6,359 patients were excluded
because they underwent tracheostomy on days 7 through
10 after intubation. The final population consisted of
49,191 patients from 185 different medical centers in
which 7,585 different clinicians had performed a trache-
ostomy (Fig 1).

There were 21,029 patients in the early cohort and
28,162 patients in the late cohort. Table 1 summarizes
differences in sociodemographics and clinical character-
istics between these two cohorts (P <<.0001 for all patient
characteristics). The early cohort is slightly younger
(58 years vs 60 years); more likely to be men (63%

vs 57%), white (63% vs 55%), and privately insured (35%
vs 26%); and more likely to have a grouped admitting
diagnosis related to either trauma (17% vs 10%) or an
acute neurologic event (19% vs 11%).

Univariate outcomes, as depicted by Table 2, show that
the incidence of VAP after tracheostomy was significantly
lower for the early cohort compared with the late cohort
(12% vs 15%, P value <.0001), as was mortality (14%
vs 21%, P value <.0001). Patients in the early cohort
had both a shorter ICU LOS and hospital LOS com-
pared with those in the late cohort (16 days vs 27 days,
P<.0001 and 25 days vs 38 days, P <.0001, respectively).
Patients in the early cohort also incurred lower total
direct costs and total charges compared with the late
cohort ($61,163 vs $97,292, P value <.0001 and
$251,333 vs $400,061, P value <.0001, respectively).

In multivariable models, as shown in Tables 3 and 4,
receipt of an early tracheostomy was found to indepen-
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dently predict mortality, ICU LOS, overall hospital LOS,
total charges, and total direct costs. However, early tra-
cheostomy did not independently predict incidence of
VAP. Patients who received a late tracheostomy were
12% less likely to survive than those who received an
early tracheostomy (OR, 0.88; 95% CI, 0.84-0.9). Total

Exclusion Criteria

538,293

adult patients intubated
between 2007-2010

excluded
471,929
did not receive
tracheostomy
66,364
received a tracheostomy
ICD-9 (31.1-31.29)
excluded
4,847
multiple intubations or
multiple ICU admissions

61,517
single intubation and ICU
admission
excluded
5,967
presented to hospital
already intubated
55,550
no transfers
excluded
6,359
tracheostomy between
day 7 and 10
49,191
cohort

Figure 1 - Exclusion criteria. ICD-9 = International Classification of
Diseases, Ninth Revision.
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TABLE 1 | Comparison of Characteristics of Critically
Ill Patients Undergoing Early vs Late
Tracheostomy at 185 Academic Medical
Centers/Affiliates

TABLE 2 | Comparison of Outcomes Between Early
and Late Tracheostomy in Critically Ill
Patients With a Single Intubation at
185 Academic Medical Centers/Affiliates

Early Late Early Late
Tracheostomy, | Tracheostomy, Tracheostomy, | Tracheostomy,
<7d >10d <7d >10d
Characteristic (n=21,029) (n=28,162) P Value® Outcome (n=21,029) | (n=28,162) | P Value:
Median age, y 58 60 <.0001 Median total LOS, d 25 38 <.0001
Male sex, % 63 57 <.0001 Median ICU LOS, d 16 27 <.0001
Race, % <.0001 Median post- 14 18 <.0001
White 63 55 tracheostomy
LOS, d
Black 22 24 .
i i Median total 251 400 <.0001
Hispanic 5 charges, x $1,000°
Asian Median total direct 61 97 <.0001
Other 8 9 hospital
Payer, % <.0001 cost, x$1,0000
Private 35 26 VAP, % 12 15 <.0001
. In-hospital 14 21 <.0001
Medicaid 17 19 mortality, %
Medicare 42 47
Free care/ 3 a LOS = length of stay; VAP = ventilator-associated pneumonia.
If- ax2 test for categorical variables, Kruskal-Wallis test for continuous
sell-pay variables.
Other 3 4 ®Charges are reported by each center and costs are then calculated
Primary diagnosis - 0001 using institution-specific cost-to-charge ratios obtained from the
ca{ego?y o ’ department-level Medicare cost reports.
, Yo
Cardiovascular 20 23
BUlmanary 11 12 $76,700 (95% CI, $72,800-$80,700) and $18,200
Surgical 3 3 (95% CI, $17,300-$19,199) more, respectively, for
urgi
. . 0 patients who underwent late tracheostomy.
rauma
Acute neurologic 19 11 The multivariable model of tracheostomy timing identi-
Sepsis 8 16 fied male sex, younger age, white race, payer status, SOI,
Other 22 25 grouped admitting diagnosis, and elective admission as
UHC severity of <.0001
iliness score, % TABLE 3 | Effect of Early Tracheostomy Compared
Minor <1 <1 With Late Tracheostomy on Outcomes in
—— > = Linear Models
Major 16 7 Parameter
Linear Models Estimate 95% CI
Extreme 81 92
q 000 Total Hospital LOS, d -11.8 —-12.4 to —11.7
Admission <. 1
status, % ICU LOS, d -5.3 -5.5t0 -5.1
Emergent 85 87 Post-tracheostomy =37 —-6.8to —-2.3
LOS, d
Elective 15 13
Total charges, X $1,000 -76.7 —-80.7 to —72.8
Only patients with a single intubation prior to tracheostomy where Total direct hospital —~18.2 ~19.1to —-17.3
early indicates <7 d and late indicates >10 d. UHC= University cost, X $1,000

HealthSystem Consortium.
ax? test for categorical variables, Wilcoxon rank sum test for age.

hospital LOS and ICU LOS were on average 11.8 (95% CI,
11.7-12.4) and 5.3 (95% CI, 5.1-5.5) days longer, respec-
tively, for patients who underwent late tracheostomy.
Total charges and hospital direct costs were on average
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Covariates in each model included age groups (18-24, 25-44, 45-64,
65-83, and >83y), sex, race (white, black, Hispanic, Asian, and other),
payer status (private, Medicare, Medicaid, uninsured/self-pay, and
other), grouped admitting diagnoses (trauma, cardiovascular,
pulmonary, surgical, neurologic, sepsis, and other), severity of illness
score (minor, moderate, major, and extreme), and admission status
(elective and emergent). See Table 2 legend for expansion of
abbreviation.
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TABLE 4 | Effect of Early Tracheostomy Compared
With Late Tracheostomy on Outcomes in

TABLE 5 | Logistic Regression Model of Early
Tracheostomy vs Late Tracheostomy

Logistic Models (N=49,191)

Logistic Models Hazards Ratio 95% CI Covariates Referent OR 95% CI

VAP 0.92 0.83-1.09 Sex

In-hospital mortality 0.88 0.84-0.92 Male Referent
Covariates in each model included age groups (18-24, 25-44, 45-64, eI 05 D7
65-83, and >83y), sex, race (white, black, Hispanic, Asian, and other), Race
o st i, Mesore, Vs, oot e
surgical, neurologic, sepsis, and other), severity of illness score (minor, Black 0.85 0.81-0.90
moderate, major, and extreme), and adm.ission status .(el.ective and Hispanic 0.85 0.78-0.92
emergent). See Table 2 legend for expansion of abbreviation.

Asian 0.90 0.79-1.03
independent predictors of early tracheostomy (Table 5). Other 0.95 0.88-1.21
Women were 16% less likely to receive early tracheostomy Age groups, y
compared with men (OR, 0.84; 95% CI, 0.81-0.87). 18-24 Referent
Blacks and Hispanics were also less likely to get an early 25-44 0.88 0.80-0.97
tracheostomy compared with whites, (OR, 0.85; 95% CI, 45-64 0.85 0.77-0.93
0.81-0.90 and OR, 0.85; 95% CI, 0.78-092, respectively). 65-83 0.86 0.78-0.91
Those with Medicaid and without insurance were less -3 g
likely to get an early tracheostomy compared with those

. . . Payer status
with private insurance (OR, 0.95; 95% CI, 0.89-0.99 :
and OR, 0.86; 95% CI, 0.83-0.90, respectively). Com- Private Referent
pared with those admitted with a trauma diagnosis, Medicare 1.01 0.95-1.07
all other groups were less likely to get an early trache- MIZEHEIE UEEE IR
ostomy. As patients’ SOI increased from minor to Uninsured 0.86 | 0.83-0.90
extreme, they were less likely to get an early tracheos- Other 1.19 1.11-1.31
tomy. Patients who had been admitted electively were Diagnosis
more likely to receive an early tracheostomy, (OR, 1.28; Trauma Referent
95% CI, 1.21-1.35). Cardiovascular 0.66 | 0.61-0.70
Discussion Pulmonary 0.86 0.80-0.93
This study examined the timing of a tracheostomy at surgical 0.63 0.56-0.71
nearly 200 academic medical centers and their affiliates e Lz el
across the United States. Our findings that receipt of Sepsis 0.46 | 0.42-0.50
early tracheostomy decreased ICU LOS, hospital LOS, Other 0.69 0.64-0.74
hospital costs, and overall mortality are consistent with Severity of illness
prior studies that have found significant benefits for Minor Referent
both the patient and hospital in the receipt of an early Moderate 0.66 0.44-0.94
tracheostomy.'>192! Major 0.40 | 0.28-0.56
There are a number of potential explanations as to why Extreme 0.12 | 0.08-0.16
these benefits exist. Decreased ICU LOS and hospital Admission status
LOS are attributable to improved ventilator weaning that Emergent Referent
is seen in patients who have undergone a tracheostomy.!"1? Elective 1.28 1.21-1.35

The sooner this procedure happens, the sooner the weaning
process can begin. A patient who can be weaned from a
ventilator is also moving closer to potential ICU discharge
and eventual hospital discharge, which translates into a
potentially shorter LOS.1922

Usually, patients on ventilators can only be housed in
intensive care settings. Ventilator support and ICU
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Early tracheostomy timing was defined as <7 d after index intubation;
late tracheostomy was defined as >10 d after index intubation.

room and board, along with all support services that
they necessitate, are among the most expensive billing
items in a hospital for both the patient and the hospital .2
For example, an ICU will use almost three times the
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nurse hours per patient day as a general floor would.?
Patients off a ventilator, tracheostomy or no tracheos-
tomy, can usually go to less financially expensive and
resource-intense floors in the hospital or could even
potentially be transferred to less costly long-term care
or rehabilitation facilities.2s

Although others have shown that early tracheostomy
reduces VAP rates,* we did not find this to be true
when controlling for other patient factors. Still, even
with presumably even distribution of VAP between
early and late tracheostomy groups, we found that early
tracheostomy decreased ICU LOS, hospital LOS, hospi-
tal costs, and overall mortality.

Despite all the current advances in medicine, prognosti-
cation in critical illness remains an imprecise art. Yet,
some ability to predict survival and quality of life must
play a role in clinician decisions to offer tracheostomy
to critically ill, ventilator-dependent patients. Our find-
ings in this study of patients who all eventually undergo
tracheostomy after a single intubation suggest that
patients who may be assumed to have higher mortality
or worse outcomes at the outset are less likely to undergo
early tracheostomy. Factors such as SOI, age, and diag-
nosis have all been associated with worse outcome in
the critically ill population.?” Furthermore, clinician
prediction of high mortality has been shown to correlate
with decreased use of advanced life support.22 Compared
with trauma and neurologic diagnoses, which are often
entirely unexpected but may result in return to accept-
able quality of life with aggressive rehabilitation,
patients with underlying chronic diseases or acute
conditions with less-favorable long-term outcomes,
such as COPD requiring intubation, MI severe enough
to require intubation, or cancer surgery requiring intu-
bation, similarly may not be considered for early trache-
ostomy. Thus, it is not surprising that more severely ill
patients, older patients, and patients with cardiovascular,
pulmonary, or surgical diagnoses are less likely to
receive early tracheostomy in our study.

There is an increasing body of evidence showing
sociodemographic disparities in surgical care.?-3! It has
been reported that unequal access to care is responsible
for suboptimal outcome observed in certain minority
and indigent groups undergoing surgery.>> However,
receipt of tracheostomy for ventilator dependence is a
unique surgical intervention when considering the pos-
sibility of demographic bias. The need for tracheostomy
is only identified after hospital admission. Tracheostomy
can be indicated for patients with various underlying
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diseases or reasons for admission and can be recom-
mended and performed by a number of providers across
specialties and subspecialties. Thus, the selection bias at
play for other treatments may not be the same as with
tracheostomy. In our study, access to care was essentially
standardized by including only patients who were venti-
lated. Yet, we still observed sociodemographic disparities
in receipt of early tracheostomy. One possibility is that
of unconscious bias, wherein clinicians may be unaware
that they are preferentially offering early tracheostomy
to some groups while delaying it in others. Such uncon-
scious bias may play a role in a number of observed
sociodemographic disparities in surgical patients.!*

Sociodemographic disparities have also been shown
among critically ill patients.** Women have been shown
to require mechanical ventilation longer than men.>* It
is possible that perceived aesthetic preferences by both
providers and proxies may have resulted in fewer women
undergoing tracheostomy. However, like the findings of
Valentin et al* in an Austrian cohort and Fowler et al’
in a Canadian cohort that critically ill men received
more intensive therapy and more invasive interventions
than women, we found that US men were more likely to
undergo early tracheostomy. Again, physician bias may
be playing a role. But, it is also possible that women and
men have different cultural preferences on intensity of
care in the presence of critical illness, resulting in fewer
women (or their proxies) opting for early tracheostomy
even if it is offered early after intubation.

We found that blacks and Hispanics are less likely than
whites to undergo early tracheostomy. Nonwhite race
has been shown to be associated with fewer advance
directives, more discord among family members
regarding goals of care, and increased deaths with full life
support.’” Thus, although unconscious bias may be play-
ing a role, inability to arrive at consensus regarding
tracheostomy early after intubation may explain our
finding that nonwhites were less likely to undergo early
tracheostomy. Structural factors, however, may also be
at play, as suggested by the findings of Mayr et al,?*
Hasnain-Wynia et al,* and others who have shown that
facilities that care for higher proportions of minority
patients are less likely to achieve quality benchmarks.

Lack of insurance has been shown to be associated with
both higher ICU mortality and fewer invasive proce-
dures and delays in discharge compared with insured
patients.* Our study supports these previous findings,
as uninsured patients were less likely to receive early
tracheostomy compared with insured patients.
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There are a number of important limitations to our
study. This was a retrospective study without random
assignment for which we ascribed a priori categories for
tracheostomy timing. Thus, we cannot account for all of
the complex factors that clinicians consider for tracheos-
tomy timing. However, given the difficulties in arranging
a randomized controlled trial across this large of a
cohort, disparate diagnoses, and different critical care
settings, our dataset allowed us to control for a number
of potential clinical confounders. The dataset, however,
like all administrative data, is subject to coding errors on
the original billing forms. The sample size of > 49,000
should mitigate the effect of misclassification due to
coding errors. Unfortunately, we were not able to differ-
entiate between open and percutaneous tracheostomies
in our analyses. It is possible that ecologic trends for one
technique over another may have been an unmeasured
confounding factor in our multiyear study. It is possible
that there are unmeasured differences in technological
capabilities at the hospital level, in particular since cer-
tain sociodemographic groups cluster at certain hospi-
tals; others have proposed that this may contribute to
disparities in outcomes after injury, cardiac surgery, and
colorectal surgery, among other interventions.*-* The
UHC database is from academic medical centers and
their affiliates whose leadership have made a commit-
ment to quality improvement and cost control as evident
by their participation in the consortium. Thus, our find-
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ings may not be generalizable to community hospitals
across the United States or academic centers that do
not participate in the UHC. Still, > 90% of academic
medical centers along with their affiliates do participate.
Given the fact that academic medical centers serve as
tertiary referral centers for some of our country’s most
critically ill patients, the implications of our findings are
still meaningful. Despite these potential limitations, this
is one of largest studies focusing on tracheostomy timing
in the literature and the first, to our knowledge, to iden-
tify the benefits of early tracheostomy across multiple
categories of disease and specialties.

Conclusions

Tracheostomy is a potentially life-saving intervention
for ventilator-dependent patients. The benefits of
tracheostomy, including shorter ICU and hospital LOS,
lower costs, and improved in-hospital mortality, are
greatest when tracheostomy is performed early in the
course of mechanical ventilation. Yet, there are notable
sociodemographic disparities in receipt of early trache-
ostomy even after controlling for a number of clinical
factors. Further research is needed to determine why
women, certain minorities, and those with Medicaid are
less likely to receive an early tracheostomy. Standardized
protocols to determine the timing of tracheostomy for
patients who are mechanically ventilated may help to
correct these disparities.
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