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Introduction: Tracheostomy in patients with COVID-19 is a controversial and difficult clinical

decision. We hypothesized that a recently validated COVID-19 Severity Score (CSS) would

be associated with survival in patients considered for tracheostomy.

Methods: We reviewed 77 mechanically ventilated COVID-19 patients evaluated for decision

for percutaneous dilational tracheostomy (PDT) fromMarch to June 2020 at a public tertiary

care center. Decision for PDT was based on clinical judgment of the screening surgeons.

The CSS was retrospectively calculated using mean biomarker values from admission to

time of PDT consult. Our primary outcome was survival to discharge, and all patient charts

were reviewed through August 31, 2021. ROC curve and Youden index were used to esti-

mate an optimal cut-point for survival.

Results: The mean CSS for 42 survivors significantly differed from that of 35 nonsurvivors

(CSS 52 versus 66, P ¼ 0.003). The Youden index returned an optimal CSS of 55 (95% con-

fidence interval 43-72), which was associated with a sensitivity of 0.8 and a specificity of

0.6. The median CSS was 40 (interquartile range 27, 49) in the lower CSS (<55) group and 72

(interquartile range 66, 93) in the high CSS (�55 group). Eighty-seven percent of lower CSS

patients underwent PDT, with 74% survival, whereas 61% of high CSS patients underwent

PDT, with only 41% surviving. Patients with high CSS had 77% lower odds of survival (odds

ratio ¼ 0.2, 95% confidence interval 0.1-0.7).

Conclusions: Higher CSS was associated with decreased survival in patients evaluated for

PDT, with a score �55 predictive of mortality. The novel CSS may be a useful adjunct in

determining which COVID-19 patients will benefit from tracheostomy. Further prospective

validation of this tool is warranted.
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Introduction following general parameters: minimumof 6 d of intubation, a
The severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) is responsible for a worldwide pandemic with almost

200 million cases and over 600,000 deaths in the United States

alone.1 Patients with SARS-CoV-2 infection have disease se-

verities that range from mild symptoms to life-threatening

pulmonary and other organ system manifestations necessi-

tating intensive care unit admissions. These patients often

have a complex hospital course with prolonged intubation

andmultisystem organ failure, requiring tracheostomy, acute

dialysis, or even extracorporeal membrane oxygenation

(ECMO). The benefits of tracheostomywhen performed during

the standard accepted timeframe (less than 10-14 d) in pa-

tients requiring long-term mechanical ventilation have been

well documented and include decreased sedation needs,

improved ventilatorweaning, and earlier rehabilitation. These

favorable outcomes have been similarly documented in the

COVID-19 patient population.2-5 However, the risk of a tra-

cheostomy procedure as a “super-spreader event” must be

weighed against the potential benefits in these critically ill

patients. Prior research of severe acute respiratory syndrome

(SARS/SARS-CoV-1) infected patients identified endotracheal

intubation as a high-risk procedure, with an odds ratio (OR) of

6.6 for the transmission of the virus.6 Several studies have

demonstrated significant risk of infection and contamination

with the virus after endotracheal intubation despite the use of

personal protective equipment.7,8

Because of the well-documented risk to providers per-

forming airway procedures, patient selection becomes para-

mount. It can be difficult for the acute care surgeon to decide

which critically ill patients will survive their COVID-19 hos-

pitalization and thus derive the most benefit from a trache-

ostomy. To facilitate this clinical decision-making, we used a

novel COVID-19 severity score (CSS). The CSS includes patient

age and laboratory values of procalcitonin (PCT), C-reactive

protein (CRP), and D-dimer levels. This score was initially

validated to identify high-risk COVID-19 patients who would

require inpatient admission, calculating a score of 27 as the

cut-off for hospitalization. The scoring system was later

adapted to predict disease severity and assessmortality risk in

those more critically ill hospitalized patients.9

We hypothesized that patients with higher CSS would be

less likely to survive to discharge and sought to determine

whether an optimal score can be used to assist with the pre-

operative evaluation for tracheostomy.
Methods

Study design, participants, and inclusion criteria

We included all SARS-CoV-2einfected mechanically venti-

lated patients evaluated for percutaneous dilational trache-

ostomy (PDT) fromMarch to June 2020 at a public tertiary care

center, and all patients were followed through August 31,

2021. Patients were selected to undergo tracheostomy based

on the clinical judgment of the screening surgeons using the
fractional inspired oxygen concentration (FiO2) of �60%, pos-

itive end-expiratory pressure of �12, no significant organ

dysfunction except acute kidney injury, and minimal vaso-

pressor requirements (<5 mcg/kg/min of norepinephrine, or

equivalent). An Institutional Review Boardeapproved waiver

was obtained to assess outcomes after tracheostomy in COVID

patients.

Data points and outcome measures

Demographic data, including age, gender, ethnicity, medical

comorbidities, and body mass index (BMI) at admission, as

well as Sequential Organ Failure Assessment (SOFA) score at

the time of tracheostomy consultation, were retrospectively

obtained through electronic medical record and recorded for

both patients who underwent PDT and those who were

screened but not offered PDT. The CSS was calculated using

the mean value of all available biomarker data (PCT, CRP, and

D-dimer) from admission to tracheostomy or to the time of

tracheostomy consult in those not offered PDT. The primary

outcome measure was survival to discharge.

Statistical analysis

We performed descriptive statistics for the demographic

characteristics of the study population. Continuous normally

distributed variables were reported as a mean and standard

deviation, whereas skewed variables were reported as a me-

dian and interquartile range (IQR). Categorical variables were

reported as counts and proportions. We used unpaired Stu-

dent’s t-test for analysis of continuous normally distributed

variables and Pearson’s chi-squared test for the categorical

data. The ManneWhitney test was used for analysis of

continuously skewed data. Two-sided tests were considered

statistically significant for P < 0.05. The optimal cut-off value

for survival using the biomarker-based CSS score10-13 was

estimated using the R cutpointr library based on the Youden

index, sensitivity and specificity, and area under curve (AUC),

with a bootstrap estimate for 95% confidence interval (CI). The

Youden index is a statistical measure commonly used for

biomarkers or biomarker-based tests to evaluate their effec-

tiveness in detecting a disease. It balances the specificity and

sensitivity of a test to provide a percentage between 0 and 100,

with anything >50% indicating an effective test. It also pro-

vides an optimal threshold value or cut-off point. This study

was reviewed and approved by the institutional review board.
Results

Fifty-five of the 77 patients evaluated underwent PDT, and the

remaining 22 patients were screened and not considered

appropriate PDT candidates. The demographic data of these

dichotomized groups are presented in Table 1. There were

more patients in the Other ethnicity category (mainly Ban-

gladeshi and South Asian descent) in the group that did not

undergo tracheostomy, but there were no other significant
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Table 1 e Demographic data of tracheostomy and nontracheostomy groups.

Individual-level variables Tracheostomy (n ¼ 55) No tracheostomy (n ¼ 22) P-value (a ¼ 0.05)

Age (y) 58.4 (�10.9) 63.2 (�7.8) 0.64

Male (%) 44 (80%) 14 (63%) 0.14

Ethnicity (%)

Black/African American 16 (29.1%) 5 (22.7%) 0.70

Asian 3 (5.5%) 1 (4.5%) 0.86

Hispanic/Latino 33 (60%) 11 (50%) 0.42

Caucasian 2 (3.6%) 1 (4.5%) 0.85

Others 1 (1.8%) 4 (18.2%) 0.008

Comorbidities (%)

Hypertension 28 (50.9%) 14 (63.6%) 0.71

Type 2 diabetes mellitus 18 (32.7%) 10 (45.5%) 0.29

CAD/CHF 8 (14.5%) 2 (9.1%) 0.52

Chronic kidney disease 10 (18.2%) 6 (27.3%) 0.37

Chronic respiratory disease (COPD, asthma) 6 (10.9%) 1 (4.5%) 0.38

CVA/stroke 4 (7.3%) 2 (9.1%) 0.79

Cancer history 5 (9.1%) 2 (9.1%) 1.00

BMI at admission 30.2 ( � 7.1) 28.7 ( � 7.3) 0.38

SOFA score at consult 6.4 ( � 2.8) 10 ( � 2.8) <0.001

Fifty-five of 77 patients underwent tracheostomy. The group who did not receive tracheostomy had significantly higher SOFA scores, 6.4 versus

10, p � 0.001. There were more patients in the Other ethnicity category who did not undergo tracheostomy, one versus four patients, P ¼ 0.008.

The groups were otherwise similar.

CAD ¼ coronary artery disease; CHF ¼ congestive heart failure; COPD ¼ chronic obstructive pulmonary diesease; CVA ¼ cerebrovascular

accident.
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differences between the groups in terms of age, gender,

ethnicity distribution, medical comorbidities, and BMI at

admission. Patients in the group who underwent tracheos-

tomy had statistically significantly lower mean SOFA scores

than those who did not undergo the intervention (6.4 versus

10; P � 0.001).

Of those who received a PDT, 76% (42/55) survived to

discharge. Conversely, there was 100%mortality (22/22) in the
Fig. 1 e Outcomes of patients who underwent tracheostomy. O

underwent tracheostomy, there was a 76% survival rate. There

time of discharge, 71% of survivors were decannulated, 9.5% we

had persistent ventilator requirements.
nontracheostomy group. At the time of discharge, 30 patients

were decannulated, four patients were downsized, capped or

on tracheostomy collar, and the remaining eight survivors had

persistent ventilator requirements (Fig. 1). One of the patients

had a preexisting medical condition requiring chronic venti-

lator support, and another patient was also ventilator

dependent before tracheostomy secondary to an in-hospital

arrest. By the end of the study period, an additional three
verall survival for all patients was 55%. Of the group who

was 100% mortality in the nontracheostomy group. At the

re downsized, capped, or on tracheostomy collar, and 19%
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Fig. 2 e Youden index, J-statistic 0.7, 95% confidence

interval 43-72. The test has a sensitivity of 0.8 and

specificity of 0.6. The optimal cut-point for the CSS was 55,

allowing the data to be further analyzed into risk-

dichotomized groups, <55 deemed the lower risk group

and ‡55 deemed the high risk group.

Table 2 e Demographic data for stratified CSS groups.

Individual-level variables CSS <55 (n ¼
Age (y) 55.7 (�11.7

Male (%) 23 (74%)

Ethnicity (%)

Black/African American 9 (29%)

Asian 3 (9.7%)

Hispanic/Latino 16 (51.6%

Caucasian 2 (6.5%)

Other 1 (3.2%)

Comorbidities (%)

Hypertension 14 (45%)

Type 2 diabetes mellitus 9 (29%)

CAD/CHF 2 (6.5%)

Chronic kidney disease 4 (12.9%

Chronic respiratory disease (COPD, asthma) 3 (9.7%)

CVA/stroke 2 (6.5%)

Cancer history 3 (9.7%)

BMI at admission 29.3 (�8.1)

SOFA score at consult 5.84 (�3.2)
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patients were deceased, one from each subgroup of survivors.

The patient in the decannulated group died from a newly

diagnosed aggressive metastatic cancer. The patient in the

ventilator group died from his preexisting medical condition.

Fourteen patients were lost to follow-up. Nearly 60% of pa-

tients were doing well on chart review, with the majority of

those patients in the decannulated group.

The mean CSS for survivors versus nonsurvivors was

significantly lower in the survivor group (CSS 52.4 versus 66.4;

95% CI 4.8-23.2; P ¼ 0.003). The Youden index yielded an

optimal CSS cut-off value of 55 (AUC 0.7; 95% CI 43-72; Fig. 2).

The CSS was associated with approximately 3% less likely log

odds of discharge (OR ¼ 0.97; 95% CI 0.94-0.99; P ¼ 0.005),

meaning there was a 3% decrease in the likelihood of survival

to discharge for each CSS point above 55.

Patients in the two CSS groups, lower risk <55 (n ¼ 31) and

high risk �55 (n ¼ 46), were demographically similar with

respect to gender, ethnicity, medical comorbidities, and

admission BMI. The high risk group was significantly older

(62.6 y versus 55.7, P¼ 0.007) and had higher SOFA scores at the

time of the tracheostomy consult (8.54 versus 5.84, P ¼ 0.003;

Table 2). The median CSS was 40 (IQR 27, 49) in the lower risk

group and 72 (IQR 66, 93) in the high risk group (U¼ 0, P¼ 0.000,

r ¼ 0.84; Fig. 3).

There were a total of 35 deaths in the study population.

Eight deaths in the lower CSS group for a survival rate of 74%

(23/31) and 27 deaths in the high CSS group for a survival rate

of 41% (19/46). In the lower CSS group, 27 of the 31 patients

(87%) underwent tracheostomy. Of those, 85% survived to
31) CSS �55 (n ¼ 46) P-value (a ¼ 0.05)

) 62.6 (�8.3) 0.007

35 (76%) 0.84

12 (26%) 0.77

1 (2.2%) 0.15

) 28 (61%) 0.41

1 (2.2%) 0.34

4 (8.7%) 0.34

28 (61%) 0.17

19 (41.3%) 0.27

8 (17.4%) 0.16

) 12 (26%) 0.16

4 (8.7%) 0.88

4 (8.7%) 0.93

4 (8.7%) 0.88

30.1 (�6.5) 0.66

8.54 (�2.8) <0.001
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Fig. 3 e CSS range by risk stratification group. The median

CSS for lower risk group 40 (range 27-49), the median CSS

for high risk group 72 (range 66-93). ManneWhitney U test

analysis with U [ 0, P < 0.001, r [ 0.84. U [ 0, P £ 0.0001.
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discharge (23/27). Four patients (15%) in the tracheostomy

group and all four of the patients in the nontracheostomy

group (100%) died. In the high CSS group, 28 of the 46 (61%)

patients underwent tracheostomy. Of those, 68% survived to

discharge (19/28). Nine patients (32%) who received a trache-

ostomy died, and all 18 of the patients in the nontracheostomy

group (100%) died (Fig. 4).

In comparing the SOFA scores of lower risk and high-risk

CSS groups, the score was only significantly different in the

patients who underwent tracheostomy and survived (5.04

versus 6.89; P¼ 0.02). Therewas no significant difference in the

SOFA scores of the two risk groups in patients who underwent

tracheostomy and died (7.5 versus 8.5; P ¼ 0.58) or those who

did not receive the intervention (8.75 versus 10.3; P ¼ 0.5).

Subset analysis comparing the survivors and nonsurvivors

of the high risk groupwho received a tracheostomy found that
Fig. 4 e Survival by CSS risk stratification group. A total of 35 d

risk group. Eighty-five percent of the patients who underwent tra

68% of those in the high risk group. All patients not offered a tr
patients who survived were significantly younger (59 y versus

68 y; P ¼ 0.008). There was no significant difference in gender,

ethnicity, BMI, SOFA score, and number of comorbidities.

There was a significant difference of cancer history in the

nonsurvivors; however, the sample size was very small and

only represented two patients of the 28 (0% versus 22%;

P ¼ 0.03; Table 3). Overall, patients with a CSS �55 had 77%

lower odds of survival to discharge (OR ¼ 0.2; 95% CI 0.1-0.7).
Discussion

With increasing mortality rates around the world from

COVID-19 infections, many researchers have attempted to

identify factors associated with increased risk of death in an

effort to help triage and risk stratify these critically ill patients.

In an effort to delineate risk factors associated with mor-

tality in COVID-19 patients, we used a novel scoring system

(CSS) developed specifically for these patients.We applied this

scoring system to admitted COVID-19einfected patients who

were undergoing tracheostomy evaluation. A higher CSS was

associated with decreased survival to discharge in patients,

with a CSS �55 predictive of mortality. In the subset analysis

of the high risk group, age was the only significant factor

associated with survival, which correlates with multiple

studies citing increasing age as a risk factor for worse out-

comes and mortality.

The decision to perform a tracheostomy in this study

population was a clinical one and based on conventionally

accepted parameters for PDT. The appropriateness of their

clinical assessment is mirrored in the survival outcomes
eaths with eight in the lower risk group and 27 in the high

cheostomy in the lower risk group survived compared with

acheostomy died.

https://doi.org/10.1016/j.jss.2022.10.098
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Table 3 e Demographics of survivors versus nonsurvivors who underwent tracheostomy in CSS ‡55 group.

Individual-level variables Survivors (n ¼ 19) Nonsurvivors (n ¼ 9) P-value (a ¼ 0.05)

Age (y) 59.4 (�8.5) 68 (�6.6) 0.008

Male gender (%) 15 (79%) 8 (89%) 0.52

Ethnicity

Black/African American 6 (32%) 2 (22%) 0.61

Asian 0 0 1.00

Hispanic/Latino 13 (68%) 6 (67%) 0.93

Caucasian 0 0 1.00

Other 0 1 (11%) 0.14

BMI at admission 30.6 (�6.7) 29 (�5.5) 0.50

SOFA score 6.9 (�2.2) 8.6 (�2.5) 0.11

�1 comorbidity 15 (79%) 6 (67%) 0.48

>3 comorbidities 4 (21%) 3 (33%) 0.48

Cancer history (%) 0 2 (22%) 0.03

Nonsurvivors were significantly older, 59 versus 68 y, P ¼ 0.008. Nonsurvivors had significantly more cancer history 0% versus 22%, P ¼ 0.03.
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presented in Table 3. Of the 55 tracheostomies performed

during the study period, there were a total of 13 deaths (24%),

with nine of those deaths (69%) occurring in the high-risk CSS

group. There was an overall 76% survival rate for the study

population based on physician evaluation. This number in-

creases to 85% when risk stratifying the patients retrospec-

tively by their CSSs and analyzing the lower risk group. Based

on clinical parameters and surgeon judgment, some patients

were not offered an intervention, and there were no survivors

in this group. The CSS may serve as an objective evaluation

that can guide clinical decision-making and substitute for the

advanced training and experience that is otherwise required

for such clinical assessments.

The CSS has been validated with outpatient data, using age

and three laboratory values, with a score greater than 27

identifying higher risk patients who would require hospital

admission and further monitoring (AUC 0.95, 95% CI 0.92-

0.98). It was shown to predict mortality among hospitalized

patients and could be used to monitor patients over time and

track the trend of their biomarkers during their hospital

course.

The scoring system was both internally and externally

validated (0.95 and 0.97, respectively), reflecting its general-

izability for different patient demographics and patient care

settings.8

Early in the COVID-19 pandemic, hospitals relied on

biomarker data to guide care plans and treatment protocols,

with cytokine biomarkers driving the development of targeted

therapies. Biomarkers have also been used to risk stratify or

further characterize the severity of a disease or illness.

Elevated levels of D-dimer are often seen with thrombotic

events, CRP with infection or nonspecific inflammation, and

PCT with bacterial infection or sepsis. These values can be

trended over a patient’s treatment course and used to guide

duration of therapy. A study from a group in Wuhan, China,

noted a significant increase in biomarker levels such as CRP,

D-dimer, and PCT in COVID-19einfected patients who died

compared with survivors (AUC 0.87, 0.866, 0.90, respec-

tively).14 Other studies found elevated CRP levels in all
deceased critically ill COVID-19einfected patients and

elevated D-dimer levels to be a prognostic factor associated

with risk of death.15,16 In the initial study of the CSS, PCT was

also noted to be a predictor of mortality, with both PCT and

CRP levels significantly elevated in patients who died from

COVID-19 infection compared with survivors (0.05 versus 0.55,

P < 0.001 for PCT and 18.5 versus 140.3, P < 0.001 for CRP).17

Using a scoring system initially validated for intensive care

unit patients, the SOFA score was co-opted for COVID-

19einfected patients with mixed results. Initially developed

for sepsis, the SOFA score evaluates six organ systems

equally, with only three systems (pulmonary, renal, and

hepatobiliary) correlating with mortality in COVID patients.

Furthermore, platelet levels may not be the most accurate

assessment of the coagulation system dysfunction, and as

such, this scoring system may underestimate the significant

impact of coagulopathy in this patient population. Some

studies found the SOFA score to be a poormarker formortality

prediction,18 whereas others reported strong predictive accu-

racy.19,20 Within our study population, the SOFA score was

higher in patients who did not undergo tracheostomy and in

the high risk group stratified by the Youden index. Although

there was a significant difference in the SOFA score of the

patients who underwent tracheostomy and survived in the

risk-stratified groups, there was no difference in the groups

who underwent tracheostomy and died or in the subset

analysis of the survivors in the high risk group, limiting its

generalizability and utility in our study population.

The study is limited by its relatively small sample size, with

a total of 77 patients. Comparing the patients who received a

tracheostomy to those who did not, further risk stratification

by the severity score yielded even smaller groups, with un-

equal sample sizes. No patients survivedwho did not receive a

tracheostomy, which inherently introduces selection bias.

Throughout the duration of the study, treatment protocols for

COVID-19 were rapidly changing in accordance with guide-

lines recommendations, which may have also had an unde-

tectable impact on outcomes. Different laboratory valueswere

trended at different points during study period, with not all
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patients having every data point for each day of their hospi-

talization. To more accurately reflect the patient’s overall

clinical status and illness severity throughout their hospital

course, all data points available were averaged and used in the

score calculator to provide a single CSS. With more available

data points, the severity score could be trended over the

course of the patient’s hospitalization and may help further

define those who survive to discharge. The scoring system is

limited by maximum input values for the laboratory data,

accepting up to a CRP of 300 mg/mL, PCT of 9 ng/mL, and

D-dimer of 10,000 ng/mL. Seven patients, all with CSS�55, had

data values greater than the upper limit for the score calcu-

lator, with resulting severity scores lower than expected.

Three of these patients died, and none of them received a

tracheostomy.
Conclusions

The novel CSS may be a useful adjunct along with careful

clinical evaluation in determining which mechanically venti-

lated COVID-19 patients will benefit from tracheostomy.

Further prospective validation of this novel scoring tool is

warranted.
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