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ABSTRACT

Introduction Acute care surgeons are frequently
consulted for tracheostomy placement in the intensive
care unit (ICU). Tracheostomy may facilitate ventilator
weaning and improve physical comfort. Short-term
outcomes after tracheostomy are not well studied. We
hypothesize that a high proportion of ICU patients who
underwent tracheostomy died prior to discharge. These
data will help guide clinical decision-making at a key
pivot point in care.

Methods We identified 177 mixed ICU patients who
received a tracheostomy for respiratory failure between
January 2013 and December 2018. We excluded patients
with trauma. Patient information was collected and
comparisons made with univariable and multivariable
statistics.

Results Of the 177 patients who underwent a
tracheostomy for respiratory failure, 45% were women,
median age was 63 (51-71) years. Of this group 18%
died prior to discharge, 63% were discharged to a care
facility and only 16% discharged home. Compared with
survivors, patients with tracheostomies who died during
their admission were older, age 69 (64—76) versus 61
(49-71) years (p<0.01) on univariable analysis. In this
model, no single comorbid condition or length of stay
(LOS) variable was predictive of death before discharge.
A multivariable model controlling for covariation similarly
identified age, as well as a longer ICU LOS of 34 (20-49)
versus 23 (16-31) days (p=0.003) as factors associated
with increased likelihood of death before discharge.
Conclusions Tracheostomy placement in a mixed ICU
population is associated with a nearly 20% inpatient
mortality and the vast majority of surviving patients
were discharged to a care facility. This suggests that the
need for tracheostomy could be considered a trigger
for re-evaluation of patient goals. The high risk of

death due to underlying illness and high intensity care
after their hospitalization emphasize the need for clear
advanced care planning discussions around the time of
tracheostomy placement.

Level of Evidence Level IV, Retrospective cohort study.

BACKGROUND

Each year, over 100 000 adult patients receive
tracheostomies in the USA, the majority occur in
the setting of prolonged mechanical ventilation in
critical illness.! 2 Tracheostomy in the critically ill
patient is considered beneficial in that it may lessen
the work of breathing, improve pulmonary hygiene,
and allow for lower sedation and analgesia needs

, Aaron D Streblow, Scott P Sherry, Konrad Dobbertin,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Tracheostomy for respiratory failure in critical
illness is associated with a high 1-year mortality
due to the underlying disease process. There is
little data, however, on shorter term outcomes
and disposition after tracheostomy for
respiratory failure.

WHAT THIS STUDY ADDS

= Primarily an understanding of all-cause
post-tracheostomy inpatient mortality at a
quaternary-care academic medical center. This
approaches 20%, nearly all of whom died
after transitioning to comfort measures only
as a result of their underlying disease process.
Importantly the chances of dying from the
underlying critical illness during the hospital
stay exceed the chances of being discharged
directly home. These data can and should be
incorporated into advanced care planning
discussions.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= These conclusions support further research
to identify specific patient factors associated
with inpatient mortality and level of post-
discharge care needs, and this study reinforces
the importance of early and honest advanced
care planning discussions prior to tracheostomy
for respiratory failure in the intensive care unit
setting.

shortly after placement. In concert, these factors
may improve patient engagement with rehabilita-
tion and the ability to communicate.’*

The 1-year mortality rate among all patients
who undergo tracheostomy placement in the inten-
sive care unit (ICU) approaches 50%, frequently
with multiple hospital readmissions in this time
frame.?® There is also a marked decrease in health-
related quality of life and increases in distress due
to impaired communication, mobility, and social-
ization.® 7 Tracheostomy could be considered as
a procedural marker of risk in these cases, as the
underlying factor is almost certainly the primary
cause of critical illness. Even in cases where trache-
ostomy was initially welcomed, the longer term and
more negative physical, psychological, and social
impacts were frequently more severe than initially
expected.”® It may be that the decision to proceed
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with a tracheostomy is a key, and potentially perilous, pivot
point in a patient’s care and an opportunity to critically re-eval-
uate goals and undertake thoughtful advanced care planning.

Acute care surgeons frequently perform tracheotomy for trau-
matically injured patients as well as those in respiratory failure in
the ICU setting. Although injury patterns and clinical guidelines
facilitate tracheostomy decision-making in the setting of trauma,
acute care surgeons considering tracheostomy placement in crit-
ically ill patients are met with a challenging decision for which
there is little guiding evidence.’ > To better guide acute care
surgeons, patients and their surrogate decision-makers, there is
a need for more information on the short-term outcomes after
tracheostomy for respiratory failure.

The purpose of this project is to help fill the above-noted gap
by characterizing the in-hospital outcomes after tracheostomy
placement. We hypothesize that tracheostomy placement for
prolonged mechanical ventilation in a mixed ICU population is
associated with a high inpatient mortality and that many patients
require prolonged high intensity care after hospital discharge.
These data will help inform risk/benefit discussions around the
decision to proceed with tracheostomy and facilitate advanced
care planning in critically ill patients.

METHODS

This study is a retrospective cohort study of all critical care
patients receiving tracheostomy for prolonged mechanical venti-
lation at the Oregon Health and Science University Hospital
between January 2013 and December 2018. A search of Current
Procedural Terminology and International Classification of
Disease codes identified all tracheostomies performed during
this 6-year period. Each electronic health record was reviewed
by study personnel to determine inclusion in the study. Patients
were excluded if prior documentation of tracheostomy planning
existed, or if a tracheostomy was placed in the setting of traumatic
injury. Pediatric patients (<18 years) were also excluded. For all
patients meeting inclusion criteria, electronic health record data
were collected and maintained in a secure REDCap electronic
database. Data regarding technique of tracheostomy (ie, open
vs percutaneous) were not recorded, as the authors assume deci-
sions around technique were made to provide maximum benefit.

Recorded variables include basic demographic data, admission
information (length of stay (LOS), ICU LOS, timing of tracheos-
tomy), comorbidities, primary diagnoses, specialties of treating
teams and discharge disposition. Additionally, palliative measures
were recorded. The presence of a formal palliative care consult
was noted, and each patient chart was reviewed to determine if
the patient was transitioned to comfort care prior to discharge.

The primary outcome was discharge disposition, which was
categorized as inpatient mortality, discharge to skilled nursing
facility (SNF), discharge to a long-term acute care hospital
(LTAC), or discharge to home. Patient data was then dichoto-
mized and compared by discharge disposition: survival to time
of discharge (ie, discharge to SNF, LTAC, or home), or death
prior to discharge. Baseline demographics, LOS parameters,
primary diagnoses, and comorbidities were compared between
groups. Among those who survived to time of discharge, further
categorization and comparison was performed between patients
who were discharged home and those who were discharged to
a healthcare facility. Finally, the electronic health records of all
patients surviving until discharge were searched for documen-
tation of death within 30 days of tracheostomy placement;
this patient group was combined with the inpatient mortality
cohort and compared with patients surviving 30+ days after
tracheostomy.

Descriptive statistics are reported for all patients, and by
discharge group. Because most continuous variables were skewed,
all are presented and compared as medians with IQR. All cate-
gorical variables are presented as frequencies and percentages.
For all univariable comparisons made between discharge groups,
Wilcoxon rank-sum tests were used to compare median values
for continuous variables and ¥ tests were used to compare
frequency and percentages for categorical variables.

A multivariable logistic regression model was used to iden-
tify variables independently associated with inpatient mortality
among all patients, and to assess for characteristics associated
with home discharge among patients surviving until discharge.
Variables for this model were selected to include clinically useful
and readily available data (ie, data available at time of trache-
ostomy decision) whereas restricting highly collinear variables
as to not confound analysis (eg, “total LOS prior to trach” and

(n=757)

All Tracheostomies Placed

Excluded (n = 580)
436 planned

> 111 trauma
33 pediatric/other

Included in Analysis
(n=177)

Survived to Discharge
(n=145)

Death Prior to Discharge
(n=32)

Figure 1  Flow diagram of tracheostomy patients included in analysis.
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Table 1 Baseline demographic, admission, and discharge data by
survival versus death prior to discharge groups

All patients Survived to Died prior to
Characteristic (N=177) discharge (N=145) discharge (N=32) P value
Patient
characteristics
Age 63.0 (51.0-71.0)  61.0 (49.0-71.0) 69.0 (63.8-76.2) 0.003
% female 78 (44.1) 64 (44.1) 14 (43.8) 0.968
BMI 27.7 (23.9-33.4)  27.7 (23.9-33.9) 27.2 (24.0-32.4) 0.515
Team placing trach
EGS 95 (53.7%) 79 (54.5%) 16 (50.0%) 0.646
ENT 73 (41.2%) 62 (42.8%) 11 (34.4%) 0.385
Comorbidities
Comorbid HTN 116 (65.5%) 95 (65.5%) 21 (65.6%) 0.991
Comorbid CAD 47 (26.6%) 32(22.1%) 15 (46.9%) 0.005
Comorbid COPD 31 (17.5%) 23 (15.9%) 8 (25.0%) 0.223
Comorbid DM 37 (20.9%) 35 (24.1%) 2 (6.2%) 0.039
Comorbid CKD 5 (2.8%) 5 (3.4%) 0(0%) 0.989
None of above 38 (21.5%) 35 (24.1%) 3 (9.4%) 0.078
Primary diagnosis
Neuromuscular Dz~ 15 (8.5%) 15 (10.3%) 0 (0%) 0.987
Stroke/CVA 48 (27.1%) 43 (29.7%) 5 (15.6%) 0.113
Respiratory failure 58 (32.8%) 44 (30.3%) 14 (43.8%) 0.147
LOS variables
Total hospital LOS ~ 32.8 (23.1-50.2)  30.3 (21.5-50.0) 36.4 (29.5-50.7) 0.783
LOS prior to trach 15.2 (10.3-20.6)  14.7 (9.9-19.9) 17.7 (14.6-21.6) 0.179
Total ICU LOS 23.9(16.4-34.8)  23.1(15.9-31.4) 33.6 (19.9-49.0) 0.061
Discharge
disposition
Home 28 (15.9%) 28(19.3%) - -
SNF 31 (17.6%) 31 (21.4%) = -
LTAC 80 (45.5%) 80 (55.2%) = =
Death (inpatient) 32 (18.2%) - 32 (100%) -
Other healthcare 6 (2.8%) 6 (3.4%) = =
facility
Palliative measures
Palliative care 81 (45.8%) 58 (40.0%) 23 (71.9%) 0.001
consult
Comfort care only 32 (18.1%) 2 (1.4%) 30 (93.8%) 0.002

Data reported as median (IQR) or count (per cent). Wilcoxon rank-sum tests were used to compare
median values. X? tests were used to compare count/per cent data.

BMI, body mass index; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; CVA, cerebrovascular accident; DM, diabetes mellitus; Dz, Disease;
Dz, Disease; EGS, emergency general surgery; ENT, otolaryngology; HTN, hypertension; ICU, intensive
care unit; LOS, length of stay; LTAC, long-term acute care hospital; SNF, skilled nursing facility; trach,
tracheostomy .

“ICU LOS prior to trach” were not included in the same model).
The unit of change for all included LOS variables was 1 day;
when considering patient age, the unit of change was 1 year.
Logarithmic odds were converted to ORs for readability and
presented in table form.

RESULTS

We identified 757 patients who received a tracheostomy during
our study period. Of these patients, 436 were excluded as
tracheostomy was placed as a planned procedure (almost exclu-
sively in the context of head and neck malignancy). An addi-
tional 111 patients with trauma were excluded, as were 33
pediatric patients (figurel). All remaining 177 patients were
included in analysis, 44.1% were women, with a median age of
63 years. Patients were most often admitted to neurosurgery/
neurology services (38%), followed by general surgery (20%)
and medicine/medical ICU (20%). Principle diagnoses were
most often primary respiratory failure/adult respiratory distress
syndrome (33%), followed by stroke/cerebrovascular accident

(CVA) (27%), and neuromuscular disease (9%). For 56 patients
(32%), no standalone primary indication for tracheostomy was
identifiable on review of health records (ie, tracheostomy indi-
cation was multifactorial and eluded categorization), as groups
were intentionally restrictive to ensure proper categorization, as
further discussed in limitations. The emergency general surgery
service placed 95 (54%) tracheostomies, whereas the otolaryn-
gology service placed 73 (41%) tracheostomies. The remaining
nine tracheostomies were placed either by cardiothoracic
surgery or primary ICU services. During review of records, no
significant complications or technical mistakes directly associ-
ated with tracheostomy were noted. To evaluate the potential for
overfitting of the multivariable models, a McFadden’s R? value
was calculated for each. This is a likelihood-based pseudo-R?
for logistic regression similar to the R? used in ordinary least
squares or linear regression. Each multivariable model presented
here had a pseudo-R? value below 0.4, consistent with good fit,
suggesting that overfitting of these models is unlikely.

Of all 177 patients, 32 (18.1%) died prior to discharge from
any cause, regardless of comfort care status or any other clin-
ical factor. 80 (45.5%) patients were discharged to LTAC, 31
patients (17.6%) to an SNF, and 28 patients (15.9%) discharged
home. 6 patients were discharged to healthcare facilities (other
than home) that were not listed above.

Among the cohort presented here, 81 of 177 (45.8%) had an
official palliative care consult note during their admission. 32
of 177 (18.1%) of patients transitioned to comfort measures
only, including 30 of 32 (93.8%) who died prior to discharge.
These measures of palliative care involvement are not included
in statistical models below, as they are not readily available at
time of decision-making and are directly related to outcomes of
mortality and discharge disposition.

Compared with patients surviving until discharge, those who
died in the inpatient setting were older, median age 69 (64-76)
versus 61 (49-71) years (p<0.01) on Wilcoxon rank-sum anal-
ysis. There were no significant associations between any prin-
cipal diagnoses and inpatient mortality risk, nor where there any
LOS parameters associated with inpatient mortality on univari-
able analysis (table 1).

On multivariable analysis, increased age (OR 1.04; 95% CI
1.00 to 1.08) and longer ICU LOS (OR 1.12; 95% CI 1.05
to 1.22) were both independently associated with inpatient
mortality. Conversely, total hospital LOS was negatively associ-
ated with mortality (OR 0.90; 95% CI 0.83 to 0.97) (table 2).

Among the 145 patients surviving to discharge, 117 (80.7%)
went to a care facility (SNF, LTAC, or other), and the remaining
28 patients (19.3%) discharged home. Median age was not
significantly different between those patients discharged home
and those discharged to a care facility (p=0.06). There were no
significant differences in the LOS parameters between groups,
although median total hospital stay was higher among patients
discharged home (38.2 days, IQR 24.8-56.8) compared with
those discharging to care facility (29.4 days, 21.2-45.0) (table 3).

Of the 145 patients who survived until discharge, 9 had docu-
mented evidence of out-of-hospital mortality within 30 days
of tracheostomy placement. This subgroup was combined with
the 32 patients who died prior to discharge and compared with
the 136 patients in the survival group. This health record-based
search method may underestimate total 30-day mortality when
compared with a more exhaustive method (eg, search of the
Centers for Disease Control and Prevention’s National Death
Index), as discussed further in the limitations section.

In concordance with inpatient mortality analysis presented in
table 2, greater age and longer total ICU LOS were associated
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Table 2  Univariable and multivariable analyses for characteristics
associated with death prior to discharge

Univariable model Adjusted multivariable model

Characteristic OR 95% CI OR 95% CI

Age 1.05 1.02 to 1.08 1.04 1.00 to 1.08
Sex (male) 1.02 0.47 t0 2.23 0.92 0.34t02.48
BMI 0.99 0.94 to 1.02 1.00 0.95 to 1.05
Total hospital LOS 1.00 0.98 to 1.01 0.90 0.83 t0 0.97
LOS prior to trach 1.03 0.99 to 1.07 1.05 0.97t0 1.13
Total ICU LOS 1.02 1.00 to 1.04 1.12 1.05 to 1.22
ICU LOS prior to trach  1.03 0.98 t0 1.08 - -

Comorbid HTN 1.00 0.46 t0 2.32 0.67 0.18 t0 2.50
Comorbid CAD 3.12 1.40 to 6.95 1.69 0.57 t0 5.03
Comorbid COPD 1.77 0.68 to 4.30 - -

Comorbid DM 0.21 0.03t0 0.74 0.22 0.03 t0 0.94
None of above 0.33 0.07 to 0.99 0.44 0.07 t0 2.38
Stroke/CVA 0.44 0.14t01.13 0.32 0.07 to 1.33
Respiratory failure 1.79 0.81 t0 3.90 0.98 0.34t0 2.87

Note: Univariable model displays ORs without controlling for any covariates. Values in the adjusted
multivariable model reflect ORs controlling for each of listed variables for which an OR is calculated.
Bolded values are statistically significant (p<0.05). Comorbid CKD and primary diagnosis of
neuromuscular disease were excluded as n=0 for the inpatient mortality group.

BMI, body mass index; CAD, coronary artery disease; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; CVA, cerebrovascular accident; DM, diabetes mellitus; HTN,
hypertension; ICU, intensive care unit; LOS, length of stay; trach, tracheostomy.

with 30-day mortality risk (table 4). Differing from analysis of
death prior to discharge (table 2), when considering out-of-
hospital deaths within 30 days, a longer hospital LOS prior to
tracheostomy was positively associated with mortality, and a
primary diagnosis of stroke/CVA was negatively associated with
30-day mortality.

DISCUSSION
In a group of critically ill adults receiving a tracheostomy for
respiratory failure during a 6-year period at a single academic
medical center, we found a nearly 20% risk of inpatient mortality
and, among survivors, a greater than 80% chance of being
discharged directly to another healthcare facility. The cause of
death in the majority of patients is an intentional decision to
transition to comfort measures only, presumably related to an
assessment of the underlying disease process rather than the
technical details of the tracheostomy procedure itself. Although
a relatively straightforward technical undertaking, the decision
to proceed with a tracheostomy could be considered a key, and
potentially perilous, moment in the clinical course that should be
a point to stop and reconsider a patient’s care goals and under-
take detailed, formal advanced care planning. The high acuity
and clinical breadth of patients included in this study is useful
to contextualize bedside clinical decision-making, particularly
given that clinical guidelines for tracheostomy placement in crit-
ical illness remain poorly defined.’ 1°

Our data are broadly consistent with Pandian et al who
demonstrated a 19% mortality within 30 days of a percutaneous
dilatational tracheostomy (PDT).!! In addition to replicating this
single center study, we extend their findings by focusing specif-
ically on the outcomes after tracheostomy in the non-trauma
population, not restricting our inclusion criteria to PDT and
including patient-centric data on discharge disposition. There
currently exists a trend toward earlier tracheostomy placement
and this decision may be associated with a shortened hospital
stay and decreased in-hospital mortality.! 212 Although these data
seem to provide reason for optimism, it is important to note that

3

no associated decrease in 1-year mortality has been shown and
utilization of post-hospital care facilities has increased.” 12

Post-tracheostomy mortality
In our study, all-cause inpatient mortality was 18.1%, with total
ICU LOS and greater patient age shown to be the variables
most strongly associated with mortality. All-cause mortality was
specifically chosen for this study because it is highly likely that
death after tracheostomy is due to the underlying medical condi-
tion rather than any sequelae of the operation. Our reported
inpatient mortality rate of 18.1% may be higher than expected
in a more broad mixed-ICU cohort, as this cohort was specifi-
cally enriched in patients who had prolonged respiratory failure
whose clinical courses were likely more complex than average.
Although the positive association between mortality and
greater patient age is neither a particularly novel nor clinically
surprising finding, it bears consideration as practice patterns
regarding tracheostomy continue to evolve. The median age of
patients in our study is 4 years greater than in a national cross-
section published 6 years ago.! It is unclear whether there are
distinct factors surrounding tracheostomy at a quaternary care
center such as ours that may explain this relatively greater patient
age or if this finding is reflective of changing patient selection.

Table 3 Baseline demographic and admission data for all patients
surviving to discharge by home versus other discharge location groups

Survived to Discharge home Other discharge

Characteristic discharge (N=145) (N=28) location (N=117) P value
Patient

characteristics

Age 61.0 (49.0-71.0) 59.0 (35.8-65.8)  63.0 (50.0-71.0)  0.06
% female 64 (44.1) 13 (46.4) 51 (43.6) 0.786
BMI 27.7 (23.9-33.9) 26.3(23.9-32.4) 28.1 (24.2-34.4) 0.342
Team placing trach

EGS 79 (54.5%) 10 (35.7%) 69 (59.0%) 0.03
ENT 62 (42.8%) 17 (60.7%) 45 (38.5%) 0.036
Comorbidities

Comorbid HTN 95 (65.5%) 16 (57.1%) 79 (67.5%) 0.301
Comorbid CAD 32 (22.1%) 4(14.3%) 28 (23.9%) 0.275
Comorbid COPD 23 (15.9%) 5 (17.9%) 18 (15.4%) 0.748
Comorbid DM 35 (24.1%) 7 (25.0%) 28(23.9%) 0.906
None of above 35 (24.1%) 7 (25.0%) 28 (23.9%) 0.906
Primary diagnosis

Neuromuscular Dz~ 15 (10.3%) 4 (14.3%) 11 (9.4%) 0.449
Stroke/CVA 43 (29.7%) 2 (7.1%) 41 (35.0%) 0.01
Respiratory failure 44 (30.3%) 9 (32.1%) 35 (29.9%) 0.818
LOS variables

Total hospital LOS 30.3 (21.5-50.0) 38.2 (24.8-56.8) 29.4(21.2-45.0)  0.119
LOS prior to trach 14.7 (9.9-19.9) 14.4 (8.4-19.8) 14.8 (9.9-20.5) 0.921
Total ICU LOS 23.1(15.9-31.4) 23.6(10.9-37.7)  23.1(16.4-31.0) 0.608
ICU LOS prior to 13.3(8.8-18.3) 12.5(7.8-19.4)  13.6(9.2-18.1) 0.954
trach

Palliative measures

Palliative care 58 (40.0%) 12 (42.9%) 46 (39.3%) 0.731
consult

Comfort care only 2 (1.4%) 1(3.6%) 1(0.9%) 0.308

Data reported as median (IQR) or count (per cent). Wilcoxon rank-sum tests were used to compare
median values. X? tests were used to compare count/per cent data.

The only characteristic that was independently associated with discharge location on both univariable
and multivariable analysis was a primary diagnosis of stroke/cerebrovascular accident (OR 0.09, 95%
C1 0.01 to 0.44), meaning among these patients, discharge to a care facility was significantly more
likely than discharge home (table 4).

BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease;
CVA, cerebrovascular accident; DM, diabetes mellitus; EGS, emergency general surgery; ENT,
otolaryngology; HTN, hypertension; ICU, intensive care unit; LOS, length of stay; trach, tracheostomy.
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Table 4  Univariable and multivariable analyses of characteristics
associated with discharge home for all patients surviving to discharge

Univariable model Adjusted multivariable model

Characteristic OR 95% Cl OR 95% CI
Age 0.98 0.95 to 1.00 0.98 0.95t0 1.01
Sex (male) 0.89 0.39 t0 2.06 1.02 0.39t02.73
BMI 0.98 0.93t0 1.02 0.97 0.92 to 1.02
Total hospital LOS 1.01 1.00 to 1.02 1.02 1.00 to 1.06
LOS prior to trach 1.00 0.95to 1.04 0.96 0.90 to 1.02
Total ICU LOS 1.01 0.98 t0 1.03 0.97 0.93 t0 1.02
ICU LOS prior to trach 1.00 0.94 to 1.05 - -

Comorbid HTN 0.64 0.28t0 1.51 0.67 0.17 t0 2.88
Comorbid CAD 0.53 0.15t0 1.52 0.53 0.13t0 1.87
Comorbid COPD 1.20 0.37t03.37 1.16 0.28 t0 4.30
Comorbid DM 1.06 0.38 t0 2.66 0.95 0.26 t0 3.25
None of above 1.06 0.38 t0 2.66 0.24 0.04 to 1.30
Neuromuscular Dz 1.61 0.42 t0 5.16 0.70 0.14 to 3.00
Stroke/CVA 0.14 0.02 to 0.51 0.09 0.01t00.44
Respiratory failure 1.1 0.44 t0 2.64 0.53 0.17 to 1.56

Note: Univariable model displays ORs without controlling for any covariates. Values in the adjusted multivariable
model reflect ORs controlling for each of listed variables for which an OR is calculated. Bolded values are statistically
significant (p<0.05).

Neither univariable nor multivariable analysis did not reveal any variables independently associated with discharge
location beyond primary diagnosis of stroke/CVA (table 5).

BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CVA,
cerebrovascular accident; DM, diabetes mellitus; Dz, Disease; HTN, hypertension; ICU, intensive care unit; LOS, length
of stay; trach, tracheostomy.

These findings, however, should be integrated into advanced
care planning discussions around the time of tracheostomy.

In this study, we additionally demonstrated a 23.2% mortality
rate within 30 days of tracheostomy, though this number is likely
somewhat low due to missing patient data. In contrast to our
results from the inpatient mortality cohort, multivariable regres-
sion analysis of death within 30 days identified a longer hospital
LOS prior to tracheostomy to be independently associated with
death within 30 days. An important data point, it must also be
considered that prolonged hospital stay prior to tracheostomy

Table 5 Univariable and multivariable analyses for characteristics
associated with death within 30 days of tracheostomy

Univariable model Adjusted multivariable model

Characteristic OR 95% CI OR 95% CI

Age 1.05 1.02 to 1.08 1.05 1.02to0 1.10
Sex (male) 1.50 0.74t03.13 2.01 0.83 t0 5.11
BMI 0.98 0.94 t0 1.02 1.01 0.95 to 1.05
Total hospital LOS  1.00 0.98 to 1.01 0.90 0.84 t0 0.96
LOS prior to trach 1.04 1.01 to 1.08 1.09 1.02t0 1.18
Total ICU LOS 1.02 1.00 to 1.04 1.1 1.04t0 1.19
ICU LOS prior to 1.04 0.99 to 1.08 - -

trach

Comorbid HTN 1.02 0.49t02.17 0.57 0.19t02.24
Comorbid CAD 217 1.02 to 4.55 0.74 0.33t02.42
Comorbid COPD 1.77 0.73 to 4.07 0.60 0.18t0 1.77
Comorbid DM 0.34 0.10 t0 0.92 0.43 0.10t0 1.36
None of above 0.43 0.14t0 1.1 0.47 0.10 to 2.44
Neuromuscular Dz 0.22 0.01to 1.14 0.10 0.00 to 0.69
Stroke/CVA 0.48 0.18t0 1.11 0.23 0.05 to 0.71
Respiratory failure ~ 1.43 0.68 t0 2.94 0.79 0.24t01.83

Univariable model displays ORs without controlling for any covariates. Values in the adjusted
multivariable model reflect ORs controlling for each of listed variables for which an OR is
calculated. Bolded values are statistically significant (p<0.05).

BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary
disease; CVA, cardiovascular accident; DM, diabetes mellitus; Dz, Disease; HTN, hypertension;
ICU, intensive care unit; LOS, length of stay; trach, tracheostomy.

may be a result of clinical uncertainty, decisional challenges,
rapid decompensation, or other factors that may influence
mortality. As with the inpatient mortality data, however, the
important point for advanced care planning is that nearly one
in four patients who underwent tracheostomy for respiratory
failure died within the next month. This is essential information
to convey to patients and their surrogates at this perilous pivot
point in patient care.

Site of discharge

Although inpatient mortality is of central focus in this study,
quality of life and discharge disposition are well known to be
key patient centered outcomes in the critically ill."* In our study,
only 15.9% of all patients discharged directly home from the
hospital, with most discharging to LTAC and SNF. Unsurpris-
ingly, identification of prognostic variables associated with
discharge disposition proved challenging, given the diversity of
the underlying pathophysiology.

A primary diagnosis of stroke or CVA was the only character-
istic associated with a specific discharge disposition, with these
patients more likely to require discharge to a care facility. Inter-
estingly, a primary diagnosis of stroke/CVA was negatively asso-
ciated with 30-day mortality. Although those data present reason
for optimism for the neurologic patient considering tracheos-
tomy, this suggests that the short-term care needs, and by exten-
sion, degree of disability, are quite high, even if their likelihood
of death may be lower. As before, these are key data to be inte-
grated into advanced care planning discussion.

Care planning considerations

Patient and caregiver expectations regarding quality of life
and future functional status can be widely discordant. As an
example, surrogate decision-makers vastly overestimated patient
independence and happiness when interviewed at the time of
tracheostomy versus 1 year later.® '* Although the source of this
discordance is beyond the scope of this study, there is a clear
inequity of information as it pertains to critically ill patients
undergoing tracheostomy between physicians and patients. We
observed that nearly 94% of the inpatient deaths in this hospital
were due to a transition to comfort measures only. Reframed,
30 of 177 (16.9% of our cohort) were consented for and under-
went tracheostomy only to transition to comfort measures and
die during the same admission. This suggests an opportunity for
more detailed advanced care planning prior to a tracheostomy
procedure.

Palliative care consultations in the ICU represent an excellent
path towards better understanding patient goals, but are often
called too late in the patient’s course.” ' In our study, less than
50% of patients received a formal palliative care consultation.
This may be due to a demonstrated emphasis on practicing
primary palliative care among our acute care surgery group and
warrants attention in future studies.'” It is reasonable to think,
however, that virtually all patients will find benefit from pallia-
tive care involvement at these key pivot points in care.'® 1

Limitations

This retrospective cohort study is limited in its ability to infer
causality and is not intended to serve as a predictive model to
guide decision-making. Similarly, the retrospective structure
of this study did not allow for inclusion of important subjec-
tive patient data or continued follow-up assessments and reli-
ance on past documentation often complicated categorization
of patients into clear diagnostic groups. There may be limited
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Ethics approval This study involves human participants and was approved by
Oregon Health and Science University IRB, under study ID STUDY00021365. Exempt:
Secondary research on data or specimens (no consent required).

generalizability of data from a single, academic medical center as
patient populations, practice patterns, and societal expectation
vary. A further drawback of the relatively limited sample size
exists in that there are not ample patients to populate important
subcategories that warrant further study. Groupings based on
primary diagnosis were constructed to be highly specific as to
avoid mischaracterization, at the expense of excluding some
participants from group analysis. It must also be considered
that practice patterns have changed during the period of study,
which would not have been captured well in this study design.
Similarly, the period of study did not include the COVID-19
pandemic, which caused innumerable changes to the practice of
critical care as well as more specific considerations for the role of
tracheostomy. Creation of the 30-day mortality cohort relied on
manual chart review by study team rather than a National Death
Index search; it is possible that additional patients may have
died between discharge and 30-days status post tracheostomy
that escaped categorization, although it is unlikely any patients
included in the mortality group were incorrectly included.

CONCLUSION

In this study we demonstrate that a mixed ICU population of
patients who underwent tracheostomy were more likely to die
in the inpatient setting than they were to discharge to home.
Nearly one in four patients who underwent a tracheostomy died
in the subsequent 30 days and nearly all patients who died prior
to discharge did so after transitioning to comfort measures only.
This speaks to the severity of their underlying critical illness
and importance of advanced care planning at this perilous
pivot point in care. These findings warrant additional study and
emphasis in early and honest advanced care planning discussions
with patients, families, and caregivers.
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