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Online Supplemental Methods:

Patients: Using the Healthcare Cost and Utilization Project’s California State Inpatient
Database (CA SID)(1, 2) we performed a retrospective cohort study on adult patients (>18 years
of age) who required ventilatory support. The CA SID contains administrative discharge data for
100% of discharges from non-federal hospitals in the state of California and, uniquely, includes
information about patient early do-not-resuscitate (DNR) status (within 24 hours of
admission).(3, 4) Our primary patient cohort consisted of patients who received initial ventilatory
treatment with NIV identified by previously validated International Classification of Disease, 9™
edition, Clinical Modification (ICD9-CM) billing code 93.90(5). Patients were considered to
have a strong evidence condition for NIV if they were admitted for an acute exacerbation of
COPD or HF (eTable 1 for ICD9-CM codes to identify disease cohorts).(5-7). We excluded
patients who had a DNR order as they could be started on NIV but may not be eligible for IMV,
patients transferred to or from another acute care hospital as it would be unclear which hospital
practices contributed to NIV outcomes, patients with obstructive sleep apnea (ICD9-CM code
327.2 and 780.57) as they would potentially receive NIV for sleep disordered breathing rather
than respiratory failure, and patients admitted to hospitals that treated fewer than 25 patients with
NIV during 2011 given the instability of individual hospital estimates for hospitals with fewer
than 25 patients (Figure 1).

Exposures and Outcomes: The primary exposure was the hospital-level rate of NIV for
strong evidence conditions (NIV-SEC), calculated as the number of patients who received NIV
for strong evidence conditions divided by the total number of patients treated with NIV. Because
of non-linear association between NIV-SEC rates and outcomes, hospital NIVV-SEC rate was

divided into quartiles. The primary outcome was NIV failure [initial treatment with NIV
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followed by treatment with IMV (ICD9-CM code 96.7x(7, 8))]. NIV failure was selected as the
primary outcome because patients who suffer NIV failure have a higher risk of death compared
to those treated initially with IMV.(9-11) Using the hospital procedure start day, NIV failure was
identified as hospitalizations where IMV was initiated on the same day or after NIV was started
as previously described.(9-11) Patients who received NIV after IMV were not included in our
primary cohort. In-hospital mortality for patients receiving NIV was a secondary outcome.

Statistical Analysis: We compared continuous variables using Student’s t test, Wilcoxon
Rank sum test, and linear regression as appropriate and categorical variables with Chi-Square
and Cochrane Armitage tests for trends. We describe hospital variation in evidence based patient
selection for NIV by calculating the median odds ratio which describes the odds of a patient with
a strong evidence condition receiving NIV at hospital with more evidence-based practices
compared to hospitals with less evidence-based patient selection.(12) To evaluate the association
between hospital NIV-SEC rates and patient outcomes, we used multivariable hierarchical
logistic regression(13) with hospital level random intercepts to 1) determine the association of
patient diagnosis (strong evidence condition or not) with patient outcomes (NIV failure and NIV
in-hospital mortality), 2) calculate hospital risk-adjusted NIV failure and hospital risk-adjusted
mortality rates from random effects output, and 3) determine the association between hospital
NIV-SEC rates and patient outcomes. These models were adjusted for patient demographics
(age, gender, race/ethnicity, median income of the patient’s Zip Code), individual Elixhauser
comorbidities(14, 15), acute organ failures (Table E2)(16, 17) present on admission(3, 18), and
cause of respiratory failure (COPD, HF, pneumonia, non-pneumonia sepsis, asthma or

other)(Table E3). To determine the association between hospital NI\VV-SEC rates and hospital
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risk-adjusted NIV failure and mortality rates we used Spearman’s correlation test with Penalized
B-spline regression(19) to visualize the relationship.

Sensitivity and Exploratory Analyses: Controversy exists about the benefits of NIV for
immunocompromised patients with acute respiratory failure with some studies showing a
mortality benefit and others showing potential harm.(20-24) As such, we conducted a sensitivity
analysis in which immunocompromised patients (ICD9-CM code 279.0, 279.1, 279.2, 279.3, and
288.0) were defined as having a strong evidence condition for NIV use.

Additionally, given previous work demonstrating an inverse relationship between NIV
case-volume and outcomes(11), we conducted an exploratory analysis investigating the
relationship between hospital evidence-based NIV case-selection, NIV case-volume, and NIV
outcomes. We created four hospital groupings based on NIV case-volume and NIV-SEC rate:
Group 1 — low hospital NIV case-volume and high hospital NIV-SEC rate, Group 2 - low
hospital NIV case-volume and low hospital NIVV-SEC rate, Group 3 — high hospital NIV case-
volume and high hospital NIVV-SEC rate, and Group 4 - high hospital NIV case-volume and low
hospital NIV-SEC rate. High and low levels were defined as being above or below the median
case-volume or NIV-SEC rate. We compared NIV failure rates across hospital groups using the
Analysis of Variance test with the post-hoc Tukey test for pairwise comparisons.

All statistical testing was two-tailed and performed at a critical alpha=0.05 and conducted
with SAS v9.4 (Cary, NC). The study was deemed to be exempt from review by the National

Jewish Health Institutional Review Board (Denver, CO).
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Figure E1 Study Design: We identified patients > 40 years old who received initial ventilatory
treatment with NIV. We excluded patients who had a DNR order, were transferred to or from
another acute care hospital, had obstructive sleep apnea, and patients admitted to hospitals that
treated fewer than 25 patients with NIV in 2011 (low case-volume). Abbreviations: DNR — do-
not-resuscitate. OSA — obstructive sleep apnea. NIV — non-invasive ventilation. IMV — invasive

mechanical ventilation.
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Table E1: ICD9-CM Codes for Strong Evidence Conditions

COPD
Principal Diagnosis Secondary Diagnoses POA
Criteria 1 490.x or N/A
491.x or
492.x or
496.Xx
Criteria 2 518.81 or 491.21 or
518.82 or 491.22
518.84 or
799.1
Heart Failure
Principal Diagnosis Secondary Diagnoses POA
Criteria 1 402.01 or N/A
402.11 or
402.91 or
404.01 or
404.03 or
404.13 or
404.91 or
428.x
Criteria 2 518.81 or 428.21 or
518.82 or 428.83 or
518.84 or 428.31 or
799.1 428.33 or
428.41 or
428.43
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Abbreviations: ICD9-CM — International Classification of Disease, 9™ Edition Clinical Modification. POA — present

on admission
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Table E2: ICD9-CM Codes for Acute Organ Failures Present on Admission

Respiratory Failure 518.81, 518.82, 518.84, 799.1x

Cardiovascular Failure/Shock 458.0, 458.8, 458.9, 785.5, 785.51, 785.52, 785.59 796.3
Renal Failure 584 .x

Neurological Failure 293.x, 348.1, 348.3, 780.01, 780.09

Hematological Failure 287.3, 287.4, 287.5, 286.9, 286.6

Hepatic Failure 570.x, 572.2,573.3,573.4

Acidosis 276.2

Abbreviations: ICD9-CM — International Classification of Disease, 9™ Edition Clinical Modification.
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Table E3: ICD9-CM Codes for Pneumonia, Non-Pneumonia Sepsis, and Asthma

Pneumonia

Principal Diagnosis

Secondary Diagnoses POA

Criteria 1 480.x or N/A
481.x or
482.x or
483.x or
484.x or
485.x or
486.x or
487.x or
488.x or
507.x
Criteria 2 518.81 or 480.x or
518.82 or 481.x or
518.84 or 482.x or
799.1 483.x or
484.x or
485.x or
486.x or
487.x or
488.x or
507.x
Criteria 3 038.x 480.x or
481.x or
482.x or
483.x or
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484.x or

485.x or

486.x or

487.x or

488.x or

507.x

Non-Pneumonia Sepsis*

Principal Diagnosis

Secondary Diagnoses POA

Criteria 1 402.01 or N/A
402.11 or
402.91 or
404.01 or
404.03 or
404.13 or
404.91 or
428.X
Criteria 2 518.81 or 428.21 or
518.82 or 428.83 or
518.84 or 428.31 or
799.1 428.33 or
428.41 or
428.43
Asthma
Principal Diagnosis Secondary Diagnoses POA
Criteria 1 493.x N/A
Criteria 2 518.81 or 493.01 or
518.82 or 493.02 or
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518.84 or 493.11 or

799.1 493.12 or

493.21 or

493.22 or

493.91 or

493.92

*Excludes patients with a secondary diagnosis of pneumonia POA
Abbreviations: ICD9-CM — International Classification of Disease, 9™ Edition Clinical Modification. POA — present

on admission
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Figure E2: Association of Hospital NIV Case-Volume with NIV-SEC Rate. Hospital NIV case-
volume was not associated with hospital NIV-SEC rate (# of NIV for SEC/total # of NIV) (p=-

0.05, p=0.47). Abbreviations: NIV — non-invasive ventilation. SEC — strong evidence condition.
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