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Abstract

Purpose: Out-of-hospital cardiac arrest (OHCA) is a major public health burden. The purpose of this study was to assess the incidence of tra-
cheostomy placement after OHCA and to evaluate trends over time and cost.

Methods: Using the National Inpatient Sample data 2016-2021, we examined a weighted sample of adults admitted after OHCA who underwent
mechanical ventilation within the first 24 h of arrival and had an admission longer than 24 h. The primary outcome of interest was incidence of tra-
cheostomy placement after cardiac arrest. Secondary outcomes of interest included hospitalization costs, days to tracheostomy placement, length of
stay and discharge disposition.

Results: A total of 47,550 admissions fulfilled the inclusion criteria. Of those, 1,450 (3.0%) patients received a tracheostomy during their hospital-
ization. There was no change in the incidence of tracheostomy placement over the analyzed years. Median hospitalization costs for patients with
OHCA who received a tracheostomy were $96,038 (IQR= $66,415—$148,633). Hospitalization costs steadily increased over the analyzed years,
from $83,668 in 2016 to $109,032 in 2021. Median days to tracheostomy placement was 11 days (IQR = 8-15) and median length of stay of patients
with OHCA and tracheostomy was 23 days (IQR = 16-36). There was no significant change over the years in days to tracheostomy placement or in
length of stay to explain the increase in hospitalization costs. Among patients with tracheostomy, 76.2% were discharged to a Skilled Nursing Facil-
ity, 13.8% died, 4.8% were discharged to a short-term hospital, and 5.2% were discharged home.

Conclusions: An estimated 3.0% of patients who are admitted to the hospital after OHCA and require mechanical ventilation will receive a tra-
cheostomy. Between 2016—2021 the rates and timing of tracheostomy placement remained stable in patients admitted with OHCA. However, we
observed a rise in hospitalization costs associated with patients admitted for OHCA.
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placement is critical because tracheostomy placement confers sub-
stantial costs to health systems and impacts OHCA survivorship.
In the setting of acute stroke, for instance, tracheostomy placement
increased hospitalization costs up to 10 times.® In 2017 alone, the
hospitalization costs for patients with strokes who had a tra-

Background

Out-of-hospital cardiac arrest (OHCA) affects around 3.8 million peo-
ple annually worldwide." In the United States alone, around 356,000

people suffer from OHCA every year,® and the survival rate for
OHCA has most recently been estimated to be ~10%.%* Over the
past decades, this survival rate has gradually increased from
improved resuscitation practice, standardized post-cardiac arrest
care, and avoidance of early withdrawal of life-sustaining therapies,*
but the rise in survival rates may have led to a larger population of
individuals suffering from chronic iliness, requiring extended reliance
on mechanical ventilation.> Understanding trends in tracheostomy

cheostomy placed was 824 million dollars/year.®° Tracheostomy
placement also carries a significant social impact, both for family
members and for patients, with studies showing few out-of-
institution days in the first year after tracheostomy among general
critically ill patients.”®

Previous nationwide studies have described trends in tra-
cheostomy placement after acute brain injury, although none have
specifically focused on an OHCA population. Krishnamoorthy et al.
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found an increase in tracheostomy placement in the patients with
Severe Acute Brain Injury (SABI) due to cardiac arrest during the
period of 2002 to 2011.° However, more recent data suggests that
trends in tracheostomy have reversed in the last decade.’® Given
the rise in tracheostomy utilization in patients with SABI due to car-
diac arrest, but also recently reported decrease in trends of tra-
cheostomy, it remains unclear what recent trends have been for
tracheostomy placement among patients with OHCA. In this nation-
wide study, we aim to describe the incidence and trends in tra-
cheostomy placement after OHCA, along with median days to
tracheostomy placement, hospitalization costs, length of stay and
discharge disposition, using a contemporary cohort from the National
Inpatient Sample (NIS) database.

Methods

Data source

We used data from the Healthcare Cost and Utilization Project’s
National Inpatient Sample, 2016—-2021. The NIS is a publicly avail-
able database created by the Agency for Healthcare Research and
Quality (AHRQ) and is the largest all-payer inpatient data set in the
United States.'" It provides a stratified sample of 20% of discharges
from US hospitals, and unweighted, includes up to 7 million hospital
discharges per year.'? Weighted, it estimates around 35 million hos-
pitalizations nationally.'® This database includes primary diagnoses
and secondary diagnoses using the International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes.
ICD-10 procedure codes were used to identify inpatient procedures.
This database is completely de-identified and publically available.
The Albert Einstein College of Medicine Institutional Review Board
has provided an exempt status for this work (IRB# 2024-15910).

Weighted hospitalizations for
OHCA from 2016 - 2021
(N= 87,615)

\4

Hospitalizations for
OHCA after exclusion
(N= 47,550 - 54.3%)

—

Study population

We identified hospitalizations of adults >= 18 years of age admitted
for OHCA with the ICD-10-CM code 146 as the primary diagnosis.
This approach has been used in prior studies to identify patients with
OHCA using administrative billing codes', and the positive predic-
tive value of this code for identifying patients with OHCA is greater
than 90%.'°~'” Patients with a secondary billing code for OHCA were
excluded given a higher risk of misclassification. Patients who were
not placed on mechanical ventilation within the first 24 h of admission
were excluded, and patients with suspected early death based on a
hospitalization lasting less than 24 h from admission were excluded
as well. Data reported is from the weighted cohort.

Covariates

Sociodemographic data (including age, sex, race or ethnicity, median
household income for each patient’s zip code, insurance), hospital
region, hospital size, hospital location and teaching status were col-
lected from the database. Comorbidities were identified using the
AHRQ’s Elixhauser Comorbidity Software,'® which uses the
“present-on-admission” indicator to identify pre-existing conditions.

Study exposures and outcomes

Patients who had a tracheostomy placed during their hospitalization
were identified with the ICD-10 procedure codes 0B110F4, 0B113F4
and 0B114F4. The outcome of interest was the incidence of tra-
cheostomy placement after cardiac arrest. Secondary outcomes of
interest included days to tracheostomy placement, hospital costs
and discharge disposition.

Statistical analysis
Baseline characteristics are described in the inclusion cohort by
year. Categorical variables are presented as total numbers and

Excluded hospitalizations
(N= 40,065 - 45.7%)

- Age <18 years (N= 2,525 - 2.9%)
- Did not receive mechanical
ventilation within 24 hours of
admission (N= 22,110 - 25.2%)

- Hospitalization lasted <24 hours
(N= 15,430 - 17.6%)

|
Hospitalizations for OHCA who

underwent tracheostomy
(N= 1,450 - 3.0%)

v v

v

Hospitalizations for OHCA who

did not undergo tracheostomy
(N= 46,100 - 97.0%)

v v

Died
(N= 200 - 13.8%)

Discharged alive
(N= 1,250 - 86.2%)

Died
(N= 35,065 - 76.1%)

Discharged alive
(N= 11,035 - 23.9%)

Fig. 1 - CONSORT diagram for inclusion criteria. Flowchart of weighted hospitalizations for OHCA between the years
2016-2021, then substratified into those who underwent tracheostomy or not. OHCA: Out-of-Hospital Cardiac Arrest.
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percentages, while continuous variables are presented as means
with standard deviations or medians with IQR as appropriate.

The incidence of tracheostomy was reported as the percentage
of the included cohort of patients with OHCA who received tra-
cheostomy as well as population-adjusted rates, (i.e., the number
of tracheostomies performed in patients with OHCA per 100 million

U.S. adults).'®2° Data visualization techniques were used to illus-
trate our findings in the context of overall OHCA outcomes. The
Mann-Kendall trend test was used to assess if there was any signif-
icant change in rate of tracheostomy placement over the analyzed
years. Hospitalization costs were analyzed for the included cohort,
including those with tracheostomy and those discharged alive

Table 1 - Baseline characteristics of patients admitted for OHCA described by years.

Variables

2016

2017

2018

2019

2020

2021

Age, mean (SD)
Female Sex, %
Race, %

White or Caucasian

Black or African American

Hispanic

Asian or Pacific Islander
Native American
Other
Quartile classification of median
household income by the patient’s ZIP
code, %

0-25%

26-50%

51-75%

76-100%
Insurance, %

Medicare

Medicaid

Private Insurance

Self-Pay

Other
Elixhauser comorbidities, mean (SD)
Had comorbid COVID-19, %
Hospital location and teaching status,
%

Rural

Urban non-teaching

Urban teaching
Hospital size, %

Small

Medium

Large
Hospital region, %

Northeast

Midwest

South

West
Total hospitalization costs in median
(IQR)

Comorbidities, %

Congestive Heart Failure
Chronic Pulmonary Disease
Renal Disease
Liver Disease
Substance Abuse
Hypertension
Diabetes

Patients who died during the

hospitalization

Patients discharged alive without

tracheostomy

63.6 (£11.0)
3,300 (44.8%)

4,270 (62.2%)
1,530 (22.3%)
585 (8.5%)
220 (3.2%)
20 (0.3%)
240 (3.5%)

2,710 (37.5%
1,800 (24.9%
1,545 (21.3%
1,180 (16.3%

NI

4,325 (58.8%)
1,125 (15.3%)
1,350 (18.3%)
340 (4.6%)
220 (3.0%)
5.5 (£2.1)

0 (0.0%)

350 (4.7%)
1,860 (25.2%)
5,160 (70.0%)

1,135 (15.4%)
2,160 (29.3%)
4,075 (55.3%)

1,145 (15.5%)
1,720 (23.3%)
3,110 (42.2%)
1,395 (18.9%)
$18,746
($11,416 —
$32,436)

2,645 (35.9%)
2,020 (27.4%)
2,245 (30.5%)
1,660 (22.5%)
685 (9.3%)

4,965 (67.4%)
2,855 (38.7%)
5,670 (77.1%)

1,530 (20.8%)

65.1 (+10.6)
3,555 (43.9%)

4,525 (58.7%)
2,000 (25.9%)
710 (9.2%)
185 (2.4%)
60 (0.8%)
230 (3.0%)

2,900 (36.5%)
2,040 (25.7%)
1,700 (21.4%)
1,305 (16.4%)

4,950 (61.1%)
1,240 (15.3%)
1,335 (16.5%)
380 (4.7%)
195 (2.4%)
5.6 (x2.1)

0 (0.0%)

470 (5.8%)
1,900 (23.4%)
5,735 (70.8%)

1,240 (15.3%)
2,615 (32.3%)
4,250 (52.4%)

1,275 (15.7%
1,700 (21.0%
3,705 (45.7%
1,425 (17.6%
$18,672
($11,266 —
$32,068)

NOINSIC N

3,295 (40.6%)
2,400 (29.6%)
2,625 (32.4%)
1,755 (21.6%)
675 (8.3%)

5,595 (69.0%)
3,440 (42.4%)
6,005 (74.1%)

1,855 (22.9%)

64.2 (£11.1)
3,580 (42.6%)

4,835 (59.3%)
1,935 (23.7%)
795 (9.7%)
225 (2.8%)
40 (0.5%)
320 (3.9%)

2,825 (34.4%
2,295 (27.9%
1,790 (21.8%
1,300 (15.8%

NI

4,890 (58.3%)
1,360 (16.2%)
1,390 (16.6%)
445 (5.3%)
305 (3.6%)
5.7 (£2.1)

0 (0.0%)

495 (5.9%)
1,795 (21.4%)
6,110 (72.7%)

1,530 (18.2%)
2,695 (32.1%)
4,175 (49.7%)

1,495 (17.8%)
1,725 (20.5%)
3,670 (43.7%)
1,510 (18.0%)
$20,289
($11,725 —
$33,112)

3,535 (42.1%)
2,580 (30.7%)
2,710 (32.3%)
1,915 (22.8%)
795 (9.5%)

5,860 (69.8%)
3,545 (42.2%)
6,305 (75.1%)

1,880 (22.4%)

64.5 (x11.2)
3,455 (44.2%)

4,620 (61.3%)
1,720 (22.8%)
700 (9.3%)
235 (3.1%)
30 (0.4%)
230 (3.0%)

2,665 (34.9%)
2,040 (26.7%)
1,685 (22.0%)
1,250 (16.4%)

4,560 (58.4%)
1,175 (15.0%)
1,365 (17.5%)
490 (6.3%)
220 (2.8%)
5.7 (x2.1)

0 (0.0%)

410 (5.2%)
1,340 (17.1%)
6,070 (77.6%)

1,455 (18.6%)
2,510 (32.1%)
3,855 (49.3%)

1,220 (15.6%)
1,585 (20.3%)
3,565 (45.6%)
1,450 (18.5%)
$20,477
($12,333 —
$35,021)

3,270 (41.8%)
2,310 (29.5%)
2,440 (31.2%)
1,735 (22.2%)
755 (9.6%)

5,410 (69.2%)
3,200 (40.9%)
5,705 (72.9%)

1,895 (24.2%)

62.8 (x11.7)
3,035 (42.0%)

4,225 (61.1%)
1,570 (22.7%)
590 (8.5%)
175 (2.5%)
70 (1.0%)
280 (4.0%)

2,490 (35.1%)
1,835 (25.9%)
1,565 (22.1%)
1,195 (16.9%)

3,940 (54.5%)
1,245 (17.2%)
1,350 (18.7%)
455 (6.3%)
235 (3.3%)
5.6 (+2.2)
165 (2.3%)

295 (4.1%)
1,410 (19.5%)
5,520 (76.4%)

1,430 (19.8%)
2,190 (30.3%)
3,605 (49.9%)

1,010 (14.0%)
1,535 (21.2%)
3,330 (46.1%)
1,350 (18.7%)
$21,861
($12,635 —
$37,235)

2,940 (40.7%)
2,060 (28.5%)
2,030 (28.1%)
1,870 (25.9%)
785 (10.9%)

4,730 (65.5%)
2,670 (37.0%)
5,350 (74.0%)

1,685 (23.3%)

63.2 (x11.1)
3,545 (41.1%)

5,060 (61.5%)
1,885 (22.9%)
730 (8.9%)
215 (2.6%)
35 (0.4%)
305 (3.7%)

2,990 (35.2%)
2,170 (25.6%)
1,880 (22.2%)
1,440 (17.0%)

4,430 (51.5%)
1,640 (19.1%)
1,675 (19.5%)
495 (5.8%)
355 (4.1%)
5.7 (x2.2)
255 (2.9%)

430 (5.0%)
1,480 (17.1%)
6,720 (77.9%)

1,760 (20.4%)
2,620 (30.4%)
4,250 (49.2%)

1,355 (15.7%)
1,925 (22.3%)
3,930 (45.5%)
1,420 (16.4%)
$22,113
($13,360 —
$36,450)

3,560 (41.2%)
2,375 (27.5%)
2,485 (28.8%)
2,265 (26.2%)
1,065 (12.3%)
5,700 (66.0%)
3,120 (36.1%)
6,230 (72.2%)

2,190 (25.4%)

a. All the numbers represented in this Table are admissions in which discharge-level weights were applied, as recommended by AHRQ.*?
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without tracheostomy. All costs were adjusted to 2024 US dollars
using the gross domestic product price index to adjust for inflation.?’
A Mann-Kendall trend test was used to assess if there was a statis-
tical difference in hospital costs during the analyzed years. Days to
tracheostomy from admission were calculated using medians with
IQR. An analysis of days to tracheostomy placement and length of
stay was performed to analyze for observed trends in hospitalization
costs, and a Mann-Kendall trend test was run to analyze if there were
significant differences over the years. As a sensitivity analysis, the
same data but excluding patients who were admitted with a sec-
ondary diagnosis of COVID-19 was used. Discharge-level weights,
strata, and cluster elements were applied to account for the complex
survey design and clustering as recommended by the AHRQ.?? All
analyses were performed using the survey suite of commands in
STATA 18.0 (StataCorp, Texas, USA).

Results

We identified a total of 47,550 weighted admissions for OHCA meet-
ing the inclusion criteria between 2016-2021. Of these, 1450 (3.0%)
patients received a tracheostomy during their hospitalization (Fig. 1).
The mean age of the patients who received a tracheostomy was
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59.5 years (SD 14.8) and 770 (53.1%) were male. Additional base-
line characteristics of the groups categorized by year are shown in
Table 1.

Annual incidence of tracheostomy placement, both in percent-
ages of patients with OHCA and in population-adjusted rates, is
shown in Fig. 2. There was no significant temporal trend in tra-
cheostomy placement in patients admitted with OHCA over the ana-
lyzed years (trend test p = 0.92). Annual trends of tracheostomy
placement in the context of OHCA outcomes are shown in Fig. 3.
The results of the sensitivity analysis excluding those who had
COVID-19 can be found in Table 2.

Median hospitalization costs for all of the patients admitted with
OHCA was $20,401 (IQR= $12,061 — $34,442). Costs steadily
increased through the years from 2016 to 2021 (trend test
p < 0.001). For those patients who had a tracheostomy placed, med-
ian hospitalization costs were $96,038 (IQR= $66,415 — $148,633).
Median total hospitalization costs stratified by year of OHCA patients
with tracheostomy are denoted in Table 2. These also steadily
increased through the years, from $83,668 in 2016 to $109,032 in
2021 (trend test p = 0.04). For the patients who were discharged
alive without tracheostomy, median hospitalization costs were
$29,013 (IQR= $17,193 — $48,792), and costs stratified by year
are also depicted in Table 2. These remained stable through the
study period (trend test p = 0.23).
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Fig. 2 - Incidence of Tracheostomy Placement in Patients with OHCA by Percentage and Population-Adjusted Rates
by Year On the left Y-axis, the graph depicts the percentage of patients who received a tracheostomy, with the
denominator being the cohort of patients that fulfilled the inclusion criteria. On the right Y-axis, the graph depicts
the population-adjusted tracheostomy incidence in patients with OHCA by year. OHCA: Out-of-hospital cardiac

arrest.
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WEIGHTED DISCHARGES IN NUMBERS

m Discharged alive after tracheostomy M Dead after tracheostomy m Discharged alive without tracheostomy M Dead without tracheostomy

Fig. 3 - Yearly Trend Of Patients Admitted With OHCA Who Underwent Tracheostomy. The figure shows the summed
total discharges for patients admitted with an OHCA, where the blue bars represent patients who died without
tracheostomy, the yellow bars represent patients who were discharged alive without tracheostomy, the black bars
represent patients who died after tracheostomy placement, and the orange bars represent patients who received a
tracheostomy and were discharged alive. Percentages representing each discharge category of the total patients
with OHCA that year are depicted next to the numbers for reference. OHCA: Out-of-Hospital Cardiac Arrest. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

2016 2017 2018 2019 2020 2021
Total number of tracheostomies performed 190 275 255 270 210 250
Number of tracheostomies performed excluding 190 275 255 270 210 245
patients who had a concomitant diagnosis of
COVID-19
Median day of tracheostomy placement (IQR) 11 (8-15) 12 (8-17) 13 (7-18) 10 (7-16) 11 (9-12) 11.5 (8-15)
Median length of stay (IQR) 22 (14-37) 22 (15-35) 29 (18-46)  23.5 (15- 22 (19— 21 (16-33)
37) 27.5)
Median hospitalization costs of patients admitted $83,668 $92,501 $103,633 $96,038 $96,039 $109,032
with an OHCA who had a tracheostomy (IQR)  ($53,148 — ($62,458 — ($66,151 —  ($66,415 — ($72,022 — ($74,236 —
$139,515)  $129,804)  $190,520)  $137,918)  $138,291)  $150,671)
Median hospitalization costs of patients admitted $30,971 $27,692 $28,109 $28,689 $31,633 $29,552
with an OHCA who were discharged alive ($16,452 —  ($16,910 — ($17,886 —  ($16,142 — ($17,369 — ($17,646 —
without tracheostomy (IQR) $48,077) $48,191) $43,838) $46,133) $54,646) $52,823)

All the numbers represented in this Table are admissions in which discharge-level weights were applied, as recommended by AHRQ.??

The median day of tracheostomy placement was 11 days after
admission (IQR = 8-15). The median and interquartile range for
day of tracheostomy placement by year is shown in Fig. 4 and the
values are displayed in Table 2. Median length of stay of patients
with  OHCA who received a tracheostomy was 23 days
(IQR = 16-36). There was no significant change in median day of tra-
cheostomy placement (trend test p = 0.42) or in length of stay (trend
test p = 0.98) in patients with OHCA who received a tracheostomy
over the analyzed years.

Among the patients who had a tracheostomy placed, 76.2% were
discharged to a Skilled Nursing Facility, 13.8% died, 4.8% were dis-
charged to a short-term hospital, and 5.2% were discharged home.

Discussion

In our study of a nationwide cohort, we found that the incidence of
tracheostomy placement after OHCA remained approximately 3%
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Fig. 4 - Days To Tracheostomy Placement by Year depicted in a Box Plot. The chart depicts in box plots the days
from admission in which tracheostomy was placed. Box plots demonstrate the median in the line, the interquartile
range in the box, the minimum and maximum values in the longer lines, and the outliers in dots.

between 2016 and 2021. During this period, costs of hospitalization
increased for all OHCA patients, and was especially high for patients
who received a tracheostomy. The median hospitalization day of
tracheostomy placement was day 11. Most OHCA patients who
underwent tracheostomy were discharged to a skilled nursing facility.

The results of the present study extend prior work which found an
increasing incidence of tracheostomy placement in patients with
SABI in the setting of cardiac arrest between 2002 and 2011.° Mehta
et al. found that the age-adjusted incidence of tracheostomy place-
ment on mechanically ventilated patients in the U.S. increased from
6.9% in 1993 to 9.8% in 2008, and then started to decrease to 8.7%
in 2012.2° Similarly, Abril et al.?* described a decrease in tra-
cheostomy placement in the years 2002-2017 in all patients and
Law et al.'® also described a decrease in tracheostomy placement
in the years 2011-2019 in critically older adults. Taken together, this
data suggests that the general incidence of tracheostomy has been
decreasing over the last decade and a half and now remains at a
stable, low rate following OHCA.

Median hospitalization costs were found to be $96,038 in patients
with OHCA who received a tracheostomy. In our analysis, hospital-
ization costs for patients with tracheostomy were 5 times higher com-
pared to the whole cohort of patients admitted with OHCA — all of
whom underwent mechanical ventilation. This is similar to the differ-
ence in costs reported in patients with stroke who received invasive
mechanical ventilation ($23,774) compared to those with stroke who
received mechanical ventilation and also underwent tracheostomy
placement ($95,380).° In addition to this, there was a significant
yearly increase in hospitalization costs in OHCA patients who under-
went tracheostomy placement over the years 2016 to 2021.

The median time to tracheostomy placement in this cohort was
found to be 11 days, and median length of stay in patients with tra-
cheostomy was 23 days. Early and late tracheostomy placement
have different definitions depending on the literature, but late tra-
cheostomy placement is often defined as tracheostomy placement
after day 10 of hospitalization.?>*° In our analysis, we found that tra-
cheostomies were done at a median time of 10—13 days throughout

the years, consistent with late tracheostomy placement, and the
length of stay for these patients was a median of 21-29 days. We
had hypothesized that later placement of tracheostomy could have
explained rising hospitalization costs, however the timing of tra-
cheostomy placement remained largely stable over the study period.

The findings from the present study should be interpreted in the
context of its limitations: First, the study relies on administrative data-
bases, which may be vulnerable to misclassification. However, as
previously described, the billing code for OHCA has positive predic-
tive values > 90%, and procedure codes have good-to-excellent
quality in reflecting administrative data.®' Second, although we per-
formed a sensitivity analysis excluding patients with COVID, we can-
not exclude the possibility that the COVID-19 pandemic’s impact on
health care systems and emergency medical services could have
also affected the outcomes of patients without COVID-19 who had
an OHCA during the years 2020 and 2021. Third, with administrative
databases, data such as the etiology of the arrest, location of the
arrest, duration, shockable vs non-shockable rhythm and funtional
outcomes are unable to be obtained.

Conclusions

In this study we found that between 2016-2021, the incidence in tra-
cheostomy placement in patients admitted with OHCA remained
stable at approximately 3%. However, we observed a yearly increase
in the hospitalization costs in all patients with OHCA and in those
who received a tracheostomy. The findings of this study should guide
future epidemiologic efforts regarding OHCA survival and
survivorship.
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