
Critical Care Science
https://doi.org/10.62675/2965-2774.20260366

Crit Care Sci. 2026;38:e20260366
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SUPPLEMENTARY MATERIAL

SECTION 1S - ADDITIONAL METHODS INFORMATION

Data construction

Patient demographic data, including age, sex, race, ethnicity, and primary language, were extracted from the electronic 
health record (EHR). Race, ethnicity, and primary language are self-reported in accordance with local hospital practices. 
Baseline Elixhauser Comorbidity Index (ECI) weighted mortality and readmission indices were calculated using EHR 
ICD-10 code data and previously published weighting methods.(1) Most recent code status prior to the high-flow nasal 
cannula (HFNC) episode and following code status were extracted from the EHR.(2)  

Illness severity was measured using the Sequential Organ Failure Assessment (SOFA) Score and the ROX Index for 
Intubation (ROX), both calculated from physiologic and laboratory data as previously described.(3,468 (35.6%) SOFA scores 
were calculated for the day of admission and the day of initiation of a HFNC episode; missing data were imputed as zero, 
consistent with standard practice. SOFA scores were calculated excluding the neurologic subscale because of concerns 
about the reliability and availability of the input data from chart extraction in our hospital system at present. ROX score 
was categorized as ≥ 5 (low) or < 5 (high) risk.(5) Coronavirus disease-2019 (COVID-19) status during hospitalization was 
assessed from ICD-10 billing code for COVID-19.

All time variables, including time of HFNC initiation, time HFNC was stopped, ICU admission and discharge times, 
hospital admission and discharge times, and time of death, were extracted in seconds and subsequently converted to hours 
or 24-hour periods (“days”). HFNC episode duration was calculated as the difference between HFNC start and end time 
and evaluated as a continuous variable (hours). 

Hospitalization characteristics identified from the EHR included admitting hospital, unit type (intensive care unit 
[ICU], intermediate care unit [IMC], emergency department [ED], procedural/labor & delivery suite, or wards), admitting 
clinical service (medical, surgical, or other), and discharge location. Hospital and ICU length of stays were calculated using 
hospital and ICU admission start and end times, respectively.

Statistical analysis 

Proportions were compared using chi-square tests. Continuous variables were compared using Student’s t-tests or 
one-way analysis of variance (ANOVA) for normally distributed data and Wilcoxon rank-sum or Kruskal-Wallis tests for 
non-normally distributed data. 

Variation across hospitals

Mixed-effects logistic regression models adjusting for patient and illness characteristics included fixed effects for age, 
sex, race, ethnicity, ECI mortality index, number of ECI comorbidities, admission month, SOFA score the day of HFNC 
initiation, ROX index at the start of HFNC, prior code status, whether intubated was permitted, extubation in the previous 
24 hours, COVID status, and responsible clinical service. 
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For each outcome, Model 1 included only a random-effects  
term for hospital, and Model 2 included fixed effects for 
patient and illness characteristics and a random-effects term 
for hospital. We calculated the intraclass correlation coefficient 

(ICC) using the conventional method with π2/3 for the 
residual variance(6) and the proportional change in variance 
attributable to between-hospital random effects.(7) Confidence 
intervals were calculated using parametric bootstrapping.(8)  

HFNC - high-flow nasal cannula; LOS - length of stay.
Figure 1S - Analytic cohort flow diagram.
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Table 1S - Full results of multivariable linear regression with cluster-robust standard errors for factors associated with high-flow nasal cannula 
episode duration  

Estimate CI lower CI upper p-value

Age >65  2.29 1.02 3.57 0.000

Male 0.04 -1.16 1.23 0.946

White race 1.06 -0.18 2.3 0.076

Hispanic ethnicity 5.23 1.83 8.63 0.000

Unknown ethnicity -0.71 -2.76 1.35 0.504

ECI mortality index > 40 0.33 -1.13 1.79 0.634

# of ECI co-morbidities -0.28 -0.45 -0.11 0.001

SOFA day of HFNC initiation > 4 -0.4 -1.67 0.86 0.525

SOFA day of admission > 4 -2.12 -3.35 -0.89 0.001

High risk ROX Index -0.68 -2.06 0.7 0.306

COVID19 positive 12.07 10.03 14.11 0.000

Initiated in ED -1.77 -6.31 2.78 0.415

Initiated in the Procedural area or L&D 1.43 -7.09 9.96 0.724

Initiated in IMC 8.32 3.84 12.81 0.000

Initiated on wards 9.55 7.15 11.96 0.000

Community hospital 1.47 0.13 2.81 0.023

Admission Month - 2 -0.51 -3.39 2.37 0.704

Admission Month - 3 -3.13 -5.89 -0.37 0.018

Admission Month - 4 -3.72 -6.39 -1.05 0.004

Admission Month - 5 -1.71 -4.53 1.1 0.187

Admission Month - 6 -2.11 -4.95 0.74 0.125

Admission Month - 7 -1.94 -4.78 0.91 0.153

Admission Month - 8 -0.78 -3.58 2.02 0.555

Admission Month - 9 -1.95 -4.73 0.82 0.141

Admission Month - 10 -0.83 -3.63 1.96 0.526

Admission Month - 11 0.6 -2.17 3.38 0.634

Admission Month - 12 -1.8 -4.39 0.79 0.136

Intubation permitted by code status 0.19 -1.69 2.08 0.833

Service - other -0.43 -4.9 4.04 0.841

Service - surgical -4.08 -5.52 -2.64 0.000

ECI - Elixhauser Comorbidity Index; SOFA - Sequential Organ Failure Assessment; IMC - intermediate care unit.
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Table 2S - Descriptive table of intubation versus vital status 

Discharged alive 
n (%)

Discharged deceased 
or to hospice

n (%)

Not intubated after HFNC 16,111 (57.0) 5,242 (18.5)
Total not intubated: 

21,353 (75.5)

Ever intubated after HFNC 3,883 (13.7) 3,033 (10.7)
Total intubated:

6,916 (24.5)

Total discharged alive:
19,994 (70.7)

Total discharged deceased/hospice:
8,275 (29.3)

HFNC - high flow nasal cannula.

Table 3S - Multivariable mixed-effects logistic regression model assessing hospital-level variance

Results of mixed-effects logistic regression models Death Intubation

Unadjusted model Hospital-level variance 0.0412 0.0907

ICC (hospital-level variance/total variance) 0.0123 0.0177

Adjusted with patient factors Hospital-Level Variance 0.0067 0.0057

ICC (hospital-level variance/total variance) 0.0020 0.0053

Proportional change in variance (compared to the unadjusted model), % 83.7 80.5

Note that additional specifications of the methods used are available above.
The ICC for the empty model (Model 1) was 1.23%, suggesting 1.23% of variation in in-hospital mortality was attributable to differences between hospitals. Adding patient and illness characteristics 
(Model 2), the ICC decreased to 0.2% and hospital-level variance decreased by 83.7%, suggesting that 16.3% of between-hospital variability was not explained by the included patient or illness 
characteristics. The analogous analysis for intubation demonstrated that 1.77% of the variation in intubation was attributable to differences between hospitals, and 80.5% of the between-hospital 
variation was explained by patient and illness characteristics.

Table 4S - Characteristics of included hospitals

Hospital
Hospital 

type

# of
hospital 

beds

# of 
IMC 
beds

# of 
ICU 
beds

ICU 
type

Average 
annual # 

of IMV 
patients*

Average 
# of ECI 

comorbidities✝

Average ECI 
mortality 

Index‡

# of HFNC 
episodes 

(2017-2025)

Proportion 
of HFNC 
episodes 
intubated

(%)

Proportion 
DNI prior
 to HFNC

(%)

1 Academic 420 15

12
12
12
8
10

Medical
Coronary care

Surgical
Neurological

Burn

949 8 [5 - 11] 18 [3 - 36] 4,371 24.8 11.5

2 Academic 1,091 33

24
12
10
12
12
22
22

Medical
CCU

Oncological
SICU1
SICU2

Cardiothoracic
Neurological

2,264 8 [6 - 11] 27 [10 - 45] 13,035 28.3 7.8

3 Community 225 17 33 General 375 8 [5 - 10] 20 [5 - 38] 4,685 15.8 21.4

4 Community 230 20
18
18

General
General

687 7 [5 - 10] 23 [8 - 41] 4,279 25.3 15.8

5 Community 318 0 14 General 139 7 [5 - 10] 27 [8 - 47] 899 16.5 21.5

IMC - intermediate care unit; ICU - intensive care unit; IMV - invasive mechanical ventilation; ECI - Elixhauser comorbidity index; HFNC - high flow nasal cannula; DNI - do not intubate code status; 
CCU – cardiac care unit; SICU – surgical intensive care unit. *Average calculated over 2017-2025; ✝ median [interquartile range] number of Elixhauser Comorbidities of patients in study cohort, 
stratified by hospital; ‡ median [interquartile range] ECI mortality index of patients in study cohort, stratified by hospital.
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