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Abstract

Objectives. (1) Assess overall COVID-19 mortality in venti-
lated patients with and without tracheostomy. (2) Deter-
mine the impact of tracheostomy on mechanical ventilation
duration, overall length of stay (LOS), and intensive care
unit (ICU) LOS for patients with COVID-19.

Study Design. Case series with planned chart review.
Setting. Single-institution tertiary care center.

Methods. Patients with COVID-19 who were >18 years old
and requiring invasive positive pressure ventilation (IPPV) met
inclusion criteria. Patients were stratified into 2 cohorts: IPPV
with tracheostomy and IPPV with intubation only. Cohorts
were analyzed for the following primary outcome measures:
mortality, LOS, ICU LOS, and IPPV duration.

Results. An overall 258 patients with IPPV met inclusion cri-
teria: 46 (18%) with tracheostomy and 212 (82%) without
(66% male; median age, 63 years [interquartile range, 18.75]).
Average LOS, time in ICU, and time receiving IPPV were
longer in the tracheostomy cohort (P < .0l). Ability to wean
from IPPV was similar between cohorts (P >.05). The number
of deaths in the nontracheostomy cohort (54%) was signifi-
cantly higher than the tracheostomy cohort (29%, P < .0l).

Conclusions. While tracheostomy placement in patients with
COVID-19 did not shorten overall LOS, mechanical ventilation
duration, or ICU LOS, patients with a tracheostomy experienced
a significantly lower number of deaths vs those without. One
goal for tracheostomy is improved pulmonary toilet with associ-
ated shortened IPPV requirements. Our study did not identify
this advantage among the COVID-19 population. However, this
study demonstrates that the need for tracheostomy in the
COVID-19 setting does not portent a poor prognostic factor, as
patients with a tracheostomy experienced a significantly higher
survival rate than their nontracheostomy counterparts.
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evere acute respiratory syndrome coronavirus 2

(SARS-CoV-2), the virus causing coronavirus disease
(COVID-19), created an unprecedented pandemic with
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many unknowns surrounding optimal management. While the
majority of patients are asymptomatic or present with mild
flu-like symptoms, approximately 20% to 25% experience
severe acute respiratory distress syndrome, requiring admis-
sion to an intensive care unit (ICU) for respiratory support.'
The rapid and sudden influx of patients, potentially requiring
a high level of care, created a challenge for hospitals and
health care systems. In response to the influx of patients with
this novel illness, guidelines for COVID-19 care necessitated
continual updating by the Centers for Disease Control and
Prevention, World Health Organization, hospitals, and indi-
vidual societies from around the world.

The potential need for intubation and respiratory support
for long periods in patients with COVID-19 prompted exten-
sive discussions surrounding the best protocol for tracheost-
omy. Tracheostomy has known benefits to patients requiring
long-term mechanical ventilation: improved pulmonary toilet,
reduced mechanical ventilation requirement, decreased laryn-
geal injury, and ability to improve comfort management by
reducing the need for sedatives and paralytics.” As such, mul-
tiple protocols were published regarding tracheostomy in
patients with COVID-19. These protocols largely focus on the
timing of tracheostomy, as well as patient and provider safety
with emphasis on limiting the spread of the virus during the
procedure and postoperative tracheostomy care.” Early stud-
ies evaluated outcomes of patients with COVID-19 requiring
tracheostomy; however, a direct comparison of mechanically
ventilated cases with and without tracheostomy is lacking.*
To better understand the implications of tracheostomy for
intubated patients, this study aims to investigate the impact of
tracheostomy on patients with COVID-19 requiring invasive
positive pressure ventilation (IPPV) with respect to mortality,
mechanical ventilation duration, and hospital as well as ICU
length of stay (LOS).
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Methods

This case series with planned chart review was approved by
the Temple University Institutional Review Board (protocol
27116). Data were collected via chart review at a single ter-
tiary care center between February 2020 and December 2020.
Patients were initially identified by /CD-10 code U07.1
(COVID-19 diagnosis). Patients were included if they were at
least 18 years of age, had a positive objective test result for
COVID-19, and required IPPV. Objective COVID-19 testing
consisted of a positive nasal or throat swab or computed tomo-
graphy (CT) chest consistent with COVID-19. All chest CT
scans were read by a faculty member from the Department of
Radiology and graded as category 1 to 3: category 1, consis-
tent with multifocal pneumonia, including viral/atypical
pneumonia (ie, COVID-19); category 2, indeterminate; cate-
gory 3, consistent with other diagnosis. This grading system
was institution specific and formulated by the most common
CT scan findings seen in patients with COVID-19 at the time
of the study period.®® For the purpose of this study, patients
were included by CT scan alone if there was a radiologist’s
interpretation of category 1.°® Patients were excluded if they
had a preexisting tracheostomy or did not have adequate data
available for primary outcome measures.

Patients were divided into 2 cohorts: patients requiring
IPPV who underwent tracheostomy (tracheostomy cohort)
and those who required IPPV but did not undergo tracheost-
omy (nontracheostomy cohort). Tracheostomies were per-
formed by various services, such as cardiothoracic surgery,
general surgery, and otolaryngology. The decision for tra-
cheostomy placement was made by the attending physician
on the consulting service. The primary indications consisted
of prolonged intubation and ventilator-dependent respiratory
failure based on hospital practices at the time. Descriptive sta-
tistics were used to define each cohort based on race, sex,
smoking status, body mass index (BMI), and comorbidities
(hypertension, diabetes mellitus, coronary artery disease,
asthma, and malignancy).

Primary outcome variables were included mortality, over-
all hospital LOS, ICU LOS, and days requiring mechanical
ventilation. A comparison of the 2 cohorts was conducted
with Fisher’s exact test for categorical data and 2-tailed Stu-
dent’s ¢ test for continuous variables via an online calculation
tool.” A P value of .05 was required to reach statistical
significance.

Results

An overall 258 patients met inclusion criteria. The majority of
patients were treated with IPPV alone, with 46 (18%) requir-
ing tracheostomy. Demographics of the entire sample and a
cohort comparison based on tracheostomy status are summar-
ized in Table I. There were 89 females (34%) and 169 males
(66%). The median age was 63 years, and the interquartile
range (IQR) was 18.75. The majority of patients were African
American (n = 129, 50%) and never smokers (n = 150, 58%).
The most common comorbidity was coronary artery disease

(n=141, 55%), followed by diabetes mellitus (n = 140, 54%).
The median BMI for the sample was 29.5 (IQR, 11.1). There
was no significant difference between groups with regard to
age, ethnicity, sex, smoking status, or BMI. There were signif-
icantly more patients with diabetes in the tracheostomy cohort
(n = 34, 74%) as compared with the nontracheostomy cohort
(n =106, 50%; P = .003). The majority of patients had a CT
viral screen of category 1 (n = 170, 66%), followed by cate-
gory 2 (n =139, 15%) and category 3 (n =22, 9%).

COVID-19—related treatments per group are summarized
in Table 2. The majority of patients received corticosteroids
(80%) and azithromycin (78%). Overall, 23% of patients
requiring IPPV were treated on clinical trial. There were sig-
nificantly more patients in the tracheostomy cohort treated
with hydroxychloroquine (n = 18, 38%) vs the nontracheost-
omy cohort (n = 47, 22%; P < .05). Similarly, significantly
more patients in the tracheostomy cohort were enrolled in a
clinical trial (n = 24, 50%) when compared with the nontra-
cheostomy cohort (n =35, 17%; P < .05).

Tracheostomy-specific characteristics and outcomes are
summarized in Table 3. Forty-six patients (18%) underwent
tracheostomy placement. To limit patient transport, most tra-
cheostomies were placed via a percutaneous approach in the
ICU bedside setting. Only 2 patients required a cricothyrot-
omy prior to tracheostomy placement. The median time on
mechanical ventilation prior to tracheostomy was 14 days
(IQR, 6). Following tracheostomy placement, the majority of
patients (54%) were weaned off mechanical ventilation at an
average a median of 13 days (IQR, 10).

Outcome comparisons between the nontracheostomy and
tracheostomy cohorts are summarized in Table 4. Median
hospital LOS was 13 days (IQR, 12) and 30 days (IQR, 23),
respectively (P < .001). Median ICU LOS was 6 days (IQR,
9) and 21 days (IQR, 16; P < .001). The number of deaths
was 115 (54%) in the nontracheostomy cohort and 14 (29%)
in the tracheostomy cohort (P < .01). Patients without a tra-
cheostomy were intubated for a median 4 days, and 131
(62%) were weaned off the ventilator prior to discharge.
Patients with a tracheostomy were intubated for a median 14
days (IQR, 6) prior to tracheostomy placement. Following tra-
cheostomy, 25 patients (54%) were weaned off the ventilator
at a median 13 days (IQR, 10) following tracheostomy place-
ment. Total time intubated and total time on mechanical venti-
lation were significantly decreased in the nontracheostomy
group (P < .0001). The number of patients weaned off
mechanical ventilation did not differ between the cohorts (P =
.329).

Outcome comparisons between early and late tracheost-
omy placement are summarized in Table 5. Early tracheost-
omy was defined as tracheostomy placement on or before day
13 of intubation (n = 21); the remaining 25 patients were clas-
sified as late tracheostomy. A statistically significant differ-
ence between groups was not identified with respect to overall
LOS, ICU LOS, number of deceased patients, total time on
the ventilator, ability to wean off the ventilator, and time on
the ventilator following tracheostomy placement.
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Table 1. Demographics and Clinical Characteristics.
Patients, No. (%)
All (N = 258) Nontracheostomy (n = 212) Tracheostomy (n = 46) P value
Age, y* 63 (18.75) 64 (18.25) 62.5 (15.75) .96
Ethnicity (>1 allowed)
Caucasian 43 (17) 37 (17) 6 (13) >.99
African American 129 (50) 103 (49) 26 (56) 41
Hispanic 57 (22) 47 (22) 10 (22) >.99
Asian 48 (18) 40 (19) 8 (17) >.99
Other 13 (6) 13 (6) 0 13
Sex
Female 89 (34) 71 (33) 18 (39) .50
Male 169 (66) 141 (67) 28 (61) .50
Smoking status
Current 45 (17) 38 (18) 7 (15) .83
Former 63 (24) 48 (22) 15 (33) .18
Never 150 (58) 126 (60) 24 (52) 41
Comorbidity
Hypertension 112 (43) 90 (42) 22 (48) .52
Diabetes 140 (54) 106 (50) 34 (74) .003°
Coronary artery disease 141 (55) 118 (56) 23 (50) .52
Asthma 31 (12) 28 (13) 3(7) .32
Malignancy 21 (8) 18 (8) 2 (4) 75
Body mass index® 29.5 (11.1) 29.0 (10.7) 31.4 (10.3) .10
Chest viral screen®
Category | 170 (66) 134 (63) 36 (78) .06
Category 2 39 (15) 37 (17) 2 (4) 02°
Category 3 22 (9) 21 (10) I (3) .14
None available 27 (10) 20 (10) 7 (15) .29
?Median (interquartile range).
®P <.05.
“Computed tomography.
Table 2. COVID- 19 Treatments.
Patients, No. (%)
All (N = 258) Nontracheostomy (n = 212) Tracheostomy (n = 46) P value
Azithromycin 202 (78) 160 (75) 42 (88) .02°
Remdesivir 35(14) 25 (12) 10 (21) .10
Corticosteroids 206 (80) 168 (79) 38 (79) .69
Hydroxychloroquine 35(14) 17 (8) 18 (38) <.001*
Intravenous immunoglobulin 65 (25) 47 (22) 18 (38) .02*
Clinical trial 59 (23) 35 (17) 24 (50) <.001*
P <.05.
Discussion in the COVID-19 population. The benefit of tracheostomy in

This study is one of the first to compare the outcomes of
patients with COVID-19 requiring IPPV who did and did not
undergo tracheostomy placement. This comparison in essen-
tial when determining the risk-benefit ratio of tracheostomy

patients with prolonged intubation is well known, but in the
setting of COVID-19, this has to be balanced with the risk of
exposing health care workers, as well as the risk that the
patient undergoes with this procedure, especially in the setting
of low pulmonary reserve.
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Table 3. Tracheostomy Characteristics (46 Patients).

No. (%)
Tracheostomy technique
Open 12 (26)
Percutaneous 34 (74)
Tracheostomy setting
Operating room 17 37)
Bedside 29 (63)
Required cricothyrotomy prior to tracheostomy 2 (4)
Time from intubation to tracheostomy, d* 14 (6)
Weaned from ventilator 25 (54)
Time on ventilator following tracheostomy, d* 13 (10)
?Median (interquartile range).
Table 4. Comparison Nontracheostomy vs Tracheostomy Groups.
Patients, No. (%)
All (N = 258) Nontracheostomy (n = 212) Tracheostomy (n = 46) P value
LOS, d*
Hospital 14 (18.75) 13 (12) 30 (23) <.001°
ICU 7 (13) 6(9) 21 (16) <.001°
Disposition
Home 56 (22) 54 (25) 2 (4) <.001°
Skilled nursing facility 32 (12) 26 (12) 6 (13) 8l
LTAC 17 (7) 0 17 (38) <.001°
Death 129 (50) 115 (54) 14 (29) .0053°
Hospice 8 (3) 7 (3) 1 (2) >.99
Rehabilitation 114 5(2) 6 (15) .005°
Left AMA 5(2) 5(2) 0 .59
Total time, d*
Intubated for nondeceased patients 50) 4 (8) 14 (6) .0001°
On ventilator 6 (14) 4 (8) 26 (13) .0001°
Weaned off the ventilator 156 (60) 131 (62) 25 (54) 41
Abbreviations: AMA, against medical advice; ICU, intensive care unit; LTAC, long-term assisted care.
?Median (interquartile range).
°p <.05.
Table 5. Outcomes Early vs Late Tracheostomy Placement.
Patients, No. (%)
Early® (n = 21) Late (n = 25) P value
LOS, d°
Hospital 32 (21) 36 (30) .13
ICU 25.7 (10.8) 24 (14) 44
Deaths 5 (24) 9 (36) .52
Time on ventilator, d° 27.3 (22.3) 255 (13.8) .84
Weaned off ventilator 13 (62) 12 (48) .39
Time on ventilator after tracheostomy, d° 16 (16) 12 (9) .09

Abbreviations: ICU, intensive care unit; LOS, length of stay.
By day 13 of intubation.
®Median (interquartile range).
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With respect to surgical intervention, the majority of tra-
cheostomies in this study were placed via a percutaneous
approach. Recent literature suggests increased aerosolization
during this approach vs an open approach due to more exten-
sive airway manipulation.'® Chao et al, however, demonstrated
the absence of health care worker transmission of COVID-19
with either approach as long as the appropriate personal protec-
tive equipment was utilized (airborne, contact, and droplet pre-
caution level).* The majority of tracheostomies in this study
were performed at the bedside, which is supported by prior lit-
erature if done in a negative pressure room, due to avoidance of
unnecessary transport of patients and repeated connection and
disconnection of ventilatory circuits during transfer.'®

The current study suggests that, when compared with non-
tracheostomy status, tracheostomy placement did not shorten
the total length of hospital stay, days on positive pressure ven-
tilation, or length of ICU stay. While tracheostomy in patients
without COVID-19 has traditionally been associated with
improved pulmonary toilet and shortened IPPV require-
ments,” our study did not identify this advantage among the
COVID-19 population.

Although need for surgical tracheostomy in the setting of
IPPV is often associated with patients having declining clini-
cal status and ultimately a higher mortality, the current data
suggest that patients with COVID-19 and a tracheostomy
experienced significantly fewer deaths than those who did not
undergo tracheostomy. Therefore, the need for tracheostomy
and use of early tracheostomy intervention in the COVID-19
setting should not be deemed a poor prognostic factor, as
patients with a tracheostomy experienced a significantly
higher survival rate vs their nontracheostomy counterparts.

Chao et al studied a cohort of 53 patients with COVID-19
who underwent a tracheostomy. They found an average time
of 19 days from intubation to tracheostomy; furthermore,
56% of patients were able to be weaned from the ventilator,
and the average time from tracheostomy to ventilator wean
was 11.8 days.* The current study utilized a shorter average
time from intubation to tracheostomy (13 days), and it identi-
fied a similar number of patients with a tracheostomy able to
wean off the ventilator (54%) although at a slightly longer
time following tracheostomy (14 days).

Kwak et al evaluated the outcomes of 148 patients with
COVID-19 who underwent tracheostomy.” They found an
average time of 12 days from intubation to tracheostomy pla-
cement, 33 days from intubation to time weaned off the venti-
lator, and 51 days for total length of hospital stay, as well as a
mortality rate of 20%. We report a shorter LOS in our tra-
cheostomy group (30 days; IQR, 23), which may be due to the
higher percentage of patients (50%) on clinical trial. In addi-
tion, our findings differ from Kwak et al in that we found a
higher death rate at 29%. Kwak et al also evaluated the effect
of timing of tracheostomy placement on outcomes. They indi-
cated that early tracheostomy (before day 10 of intubation)
was noninferior to later tracheostomy placements. Early tra-
cheostomy placement was associated with a shorter LOS, and
the late tracheostomy group was 16% less likely to wean off

mechanical ventilation.” The current study compared early
tracheostomy placement (within 13 days of intubation) vs late
and similarly found that early was noninferior to later place-
ment. More so, there was no significant difference in outcomes
between early and late placement. This finding may be due to
the difference in definition of early and late tracheostomy pla-
cement between studies. Last, our study adds to the current lit-
erature by detailing tracheostomy characteristics, including the
technique of tracheostomy placement (percutaneous vs open)
and surgical setting (operating room vs bedside).

This study is limited by a lack of follow-up data after hos-
pital discharge; therefore, late complications to include laryn-
gotracheal stenosis and overall pulmonary status were not
captured. This study commenced at the onset of our COVID-
19 pandemic, and set criteria for associated surgical interven-
tion with tracheostomy were not established. The decision for
tracheostomy was made by the individual attending on the
consulting service, which included 3 disciplines (cardiothor-
acic surgery, general surgery, otolaryngology). Because this
is a post hoc study based on chart review, it is subject to the
inherent selection bias of a nonrandomized study. While we
tried to elucidate such biases by comparing patient demo-
graphics and characteristics to include BMI and comorbidities
(Table 1), we acknowledge the potential for perceived heal-
thier patients to receive the surgical intervention. Future ran-
domized prospective studies would be helpful in further
assessing this topic. Subtyping by COVID-19 variant was not
available for comparison. In addition, the electronic medical
record did not allow investigation of the rate of COVID-19
conversion, if any, among the surgeons and health care provi-
ders caring for the tracheostomy cohort.

In conclusion, this study is one of the first to directly com-
pare outcomes of intubated patients with COVID-19 with and
without tracheostomy placement. This study suggests that
while tracheostomy placement does not appear to decrease
length of hospital or ICU stay or time to wean from mechani-
cal ventilation, placement of a tracheostomy does not portend
a worse prognosis in the COVID-19 setting as compared
with IPPV alone. Specifically, this subset of patients had an
improved mortality rate vs their IPPV counterparts who did
not undergo tracheostomy placement. Therefore, the surgical
and medical team should proceed to tracheostomy placement
based on individual patient needs and anticipated prognosis,
similar to algorithms applied in the non—COVID-19 setting.
As the pandemic continues with the introduction of new
COVID-19 variants and we begin to understand the late
sequela of the virus, future studies with larger sample sizes
and longer follow-up will be essential to continue to under-
stand the outcomes of patients with COVID-19 who undergo
tracheostomy placement.
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