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Background: Non-invasive mechanical ventilation (NIV) use in patients admitted with acute
respiratory failure due to COPD exacerbations (AECOPDs) varies significantly between hospi-
tals. However, previous literature did not account for patients’ illness severity. Our objective was
to examine the variation in risk-standardized NIV use after adjusting for illness severity.
Methods: We retrospectively analyzed AECOPD hospitalizations from 2011 to 2017 at 106
acute-care Veterans Health Administration (VA) hospitals in the USA. We stratified hospitals
based on the percentage of NIV use among patients who received ventilation support within
the first 24 hours of admission into quartiles, and compared patient characteristics. We
calculated the risk-standardized NIV % using hierarchical models adjusting for comorbidities
and severity of illness. We then stratified the hospitals by risk-standardized NIV % into
quartiles and compared hospital characteristics between quartiles. We also compared the risk-
standardized NIV % between rural and urban hospitals.

Results: In 42,048 admissions for AECOPD over 6 years, the median risk-standardized
initial NIV % was 57.3% (interquartile interval [IQI]=41.9-64.4%). Hospitals in the highest
risk-standardized NIV %

ventilators less frequently, and had longer length of hospital stay, but had no difference in

quartiles cared for more rural patients, used invasive
mortality relative to the hospitals in the lowest quartiles. The risk-standardized NIV % was
65.3% (IQI1=34.2-84.2%) in rural and 55.1% (IQI=10.8-86.6%) in urban hospitals
(p=0.047), but hospital mortality did not differ between the two groups.

Conclusion: NIV use varied significantly across hospitals, with rural hospitals having
higher risk-standardized NIV % rates than urban hospitals. Further research should investi-
gate the exact mechanism of variation in NIV use between rural and urban hospitals.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of mortality in
the USA' and is associated with high resource utilization.> COPD patients experi-
ence exacerbations of the disease (AECOPD), defined as acute worsening of
respiratory symptoms according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) guidelines.” Standard therapy for moderate AECOPDs
includes bronchodilators, glucocorticoids, and antibiotics.

Severe AECOPDs, defined as those requiring an emergency room visit or hospi-
talization, have a l-year mortality of 26.2% and are associated with high rates of

hospital readmission.* AECOPD-related hospitalizations are also associated with
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reduced quality of life and are responsible for 70% of the
total direct health-care costs for COPD.>° Severe AECOPD
may lead to acute respiratory failure requiring supplemental
oxygen and/or ventilation support in addition to standard
therapy. The most effective treatment for acute respiratory
failure due to severe AECOPD is non-invasive ventilation
(NIV). NIV reduces the need for invasive mechanical venti-
lation (IMV) by 64% and mortality by 46%, according to
a 2017 meta-analysis.”

Despite the benefit of NIV in severe AECOPDs, NIV
use in AECOPD-related hospitalizations varies signifi-
cantly across the USA.*® This variation in NIV use may
be due to hospital- and patient-level characteristics, such
as the patient’s severity of illness (acuity). Facilities with
high-acuity patients may use NIV more frequently.
Nevertheless, prior studies examining NIV variation
across US hospitals did not account for patient acuity.®’
Variation in NIV use may also be related to the hetero-
geneity in its adoption across hospitals. High-resource
hospitals may use NIV more frequently, as opposed to
low-resource facilities, which may often transfer patients
who require NIV because they do not feel comfortable
treating these patients in case of NIV failure. We hypothe-
sized that NIV varies significantly across US hospitals,
even after adjusting for patient acuity. Our primary objec-
tive was to investigate NIV use in AECOPD-related hos-
pitalizations across the Veterans Health Administration
(VA) and assess whether patient characteristics (eg, demo-
graphics, residential location, and comorbidities) or hospi-
tal characteristics (eg, location, volume, and resources are)
were associated with NIV use.

Methods

This retrospective cohort study included AECOPD-related
hospitalizations to acute-care VA hospitals between
October 1, 2011 and September 30, 2017. This work was
approved by the Institutional Review Boards and Research
and Development Committee at the lowa City VA Health
Care System [IRB 201712713] as part of a larger study
with a previous publication.'® The study was conducted in
accordance with the Declaration of Helsinki. A waiver of
informed consent was granted for this retrospective study
because the study examined only existing patient-level
data. Patients’ data were kept confidential.

Setting
We obtained data from the Veterans Informatics and
Computing Infrastructure (VINCI), an integrated system

that includes VA’s electronic health records and adminis-
trative data. Admissions to VA acute-care hospitals were
identified via the Corporate Data Warehouse (CDW) using
the inpatient domain. These datasets contain patient demo-
graphics, including residential address and ZIP code, diag-
nosis and procedure codes during admission, admission
source, and admission and discharge dates.

Definitions

We identified patients hospitalized with AECOPD based
on the International Classification of Diseases, Ninth and
Tenth Revisions, Clinical Modification (ICD-9-CM and
ICD-10-CM) and using the following criteria: 1)
a principal diagnosis of COPD (ICD-9-CM codes: 490.x,
491.xx, 492.xx, and 496.xx; or ICD-10-CM codes: J41,
J43,J43.1, J43.2, J43.8, J43.9, J44.0, J44.1, J41.8, J42, or
J44.9) or 2) a principal diagnosis of acute respiratory fail-
ure (518.81, 518.82, 518.84, or 799.1; ICD-10-CM:
J96.00, J96.01, J96.02, J96.11, 196.12, J96.20, J96.21,
J96.22, J96.90, J96.92, or R06.03) with a secondary
AECOPD diagnosis (ICD-9-CM codes: 491.21, 491.22;
ICD-10-CM codes: J44.1, J44.0).

NIV use was defined using ICD-9-CM procedure code
93.90 or, for ICD-10, codes 5A09357, 5A09457, and
5A09557. IMV use was defined using ICD-9-CM proce-
dure codes 96.04 and 96.70-96.72 or, for ICD-10, codes
0BH17EZ, 0BHI8EZ, 5A1935Z, 5A1945Z, and 5A1955Z.
Primary ventilation support was defined based on whether
the patient received NIV and/or IMV within one day from
the admission date.

Patient rurality was defined using census tracts based
on Rural Urban Commuting Area (RUCA) codes. RUCA
codes reflect measures of urbanization, commuting, and
population density.!'™'> RUCA codes were further con-
densed to designate an area as urban (RUCA codes: 1
and 1.1), rural (RUCA codes: 2, 2.1, 3, 4, 4.1, 5, 5.1, 6,
7, 7.1, 7.2, 8, 8.1, 8.2, and 9), or isolated rural (RUCA
codes: 10, 10.2, 10.2, and 10.3), using the categories
defined by the VA Office of Rural Health.'® Travel time
to the nearest VA hospital was determined from VA
Planning Systems and Support Group (PSSG) geo-coded
enrollment files. PSSG calculates distances to tertiary care
VA sites for all enrolled patients using actual longitude and
latitude coordinates of patient residences and the nearest
VA hospitals. Travel time to the nearest VA hospital was
estimated using geospatial technologies, which reflect
roads and average driving conditions.'' Comorbidities
were defined using ICD-9-CM and ICD-10-CM diagnosis
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codes within 1 year prior to admission in the inpatient,
outpatient, or fee-basis data files, except for pneumonia,
which was defined based on the presence of the corre-
sponding diagnosis code during the hospitalization, as
previously described.!” Severity of illness was quantified
using a modified APACHE score (mAPACHE), which
includes vital signs and commonly obtained laboratory

121819 and has also been externally validated.* In

values,
brief, mAPACHE uses the same scoring assignments as
APACHE III and includes all the predictor variables from
the APACHE III excluding the Glasgow Coma Scale,
urine output, arterial blood gas, and mechanical ventilator
components. mMAPACHE variables include age, comorbid-
ities, mean arterial blood pressure, heart rate, respiratory
rate, temperature, hematocrit, white blood cells, sodium,
blood urea nitrogen, creatinine, glucose, albumin, and
bilirubin. We retrieved all the data from electronic medical
records, as described previously.''®' Obstructive sleep
apnea was defined using ICD-9 diagnosis code 327.2 or
780.57, or ICD-10 diagnosis codes G47.30-G47.39.

Hospital rurality was defined using the same methods
as patient rurality, but the facilities in rural and isolated
rural areas were collapsed to one category (rural). Hospital
complexity was defined by VA as 1 (high resource), 2
(medium resource), and 3 (low resource).”’ Hospital
COPD-case volume was classified as high (above the
median) or low (below the median) based on the total
COPD volume during the study period. Hospital length
of stay was calculated from the admission and discharge
dates, in days. Hospital mortality was defined using the
date of death listed in the VA Vital Status File and the
occurrence of this date between the admission and dis-
charge dates inclusive.

We included admissions with AECOPD at 121 VA acute-
care facilities from 2011 to 2017. We excluded records
admitted to facilities with complexity 3 (low resource) and
newly opened facilities because these facilities may not pro-
vide ventilator support. We also excluded patients in
hospices (V667/Z51.5 code within 1 year prior to the hospita-
lization date) and admissions of patients who received no oral
or intravenous glucocorticoids during the hospitalizations.

Statistical Analysis

As NIV use may vary depending on the patient’s severity of
illness (acuity), we calculated the risk-standardized NIV % to
assess the NIV variation across the hospitals. We followed
a similar approach to that used in a previous study.® In brief,
we created a hierarchical multivariable logistic regression

model with NIV use within the first 24 hours of admission
as the dependent variable (outcome) among records started
on ventilation (records without NIV or invasive ventilation
within first 24 hours were not used). Hospital was included as
a random effect. Models were adjusted for severity of illness
(mAPACHE) and several comorbidities (obstructive sleep
apnea, presence of comorbid pneumonia, diabetes mellitus,
congestive heart failure, hypertension, peripheral vascular
disease, coronary artery disease, cancer, chronic kidney dis-
ease, stroke, and liver disease).”> Similarly to the approach
used for publicly reported hospital performance metrics,>=*
we calculated the expected and predicted proportion of NIV
use for each hospital using these models. Specifically, the
expected rate is calculated based on hospital patient charac-
teristics and does not include the hierarchical model hospital-
specific random intercepts, whereas the predicted rate does
incorporate hospital-specific random intercepts. The risk-
standardized proportion of NIV use for each hospital was
determined by multiplying the overall unadjusted proportion
of NIV use by the ratio of the predicted to expected propor-
tion for each hospital. Then, we stratified hospitals into
quartiles based on hospital risk-standardized NIV % and
compared patient characteristics among quartiles for trend
and differences between Q1 and Q4. We used linear regres-
sion to examine trends between risk-standardized NIV %
quartiles (Q1 to Q4) for continuous variables (p for trend),
and a Cochran—Mantel-Haenszel test to examine trends
between risk-standardized NIV % quartiles for categorical
variables. The #-test (for continuous variables) and chi-square
d test (for categorical variables) were also used to compare
differences in characteristics between the lowest (Q1) and
highest (Q4) quartiles of risk-standardized NIV %.
Subsequently, we compared the risk-standardized NIV %
using the Wilcoxon—-Mann—Whitney test, and unadjusted
hospital mortality using the chi-squared test between: 1)
rural and urban, 2) low-volume and high-volume, and 3)
complexity 2 (medium-resource) and complexity 1 (high-
resource) hospitals. We also created a hierarchical logistic
regression model to examine the association of hospital
characteristics with hospital mortality adjusted for severity
of illness and accounting for repeated admissions. All statis-
tical analyses were conducted using SAS Enterprise Guide,
2014 (SAS Institute Inc).

Results

Of 64,895 admissions with AECOPD exacerbations at 121
VA acute-care facilities from 2011 to 2017, 22,847 records
met the exclusion criteria (Figure 1). The final cohort

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

3159

Dove:


https://www.dovepress.com
https://www.dovepress.com

Fortis et al

Dove

included 42,048 admissions in 106 VA hospitals and all of
them were ICU admissions. We stratified these records by
ventilator support within the first 24 hours of admission
(primary ventilation support). Figure 1 also shows the
outcomes of admissions stratified by ventilation support.

The percentage of total admissions who received any
ventilation support (NIV, IMV, or both) within the first 24
hours across all 106 hospitals ranged from 0.8% to 13.7%,
with a median of 5.4% (interquartile interval [IQI]=3.7—
7.8%) (Figure 2). The percentage of total admissions who
received primary NIV ranged from 0% to 9%, with
a median of 2.8% (IQI=1.2-4.5%). Among only those
admissions who received ventilation support within the
first 24 hours (primary NIV, IMV, or both), the unadjusted
NIV % use ranged from 0 to 100, with a median of 54.7%
(IQI=34.8-68.2%).

The risk-standardized NIV % (the adjusted initial NIV
of those admissions receiving ventilation support in the
initial 24 hours) ranged from 10.8% to 86.6%, with
a median of 58.0% (IQI=41.9-64.4%). Table 1 shows the
characteristics stratified by
standardized NIV % into quartiles. Risk-standardized
NIV % use accounted for severity of illness and

of the hospitals risk-

comorbidities. Quartile 1 (Q1) included hospitals with
the lowest risk-standardized NIV while quartile 4 (Q4)
included hospitals with the highest risk-standardized
NIV; other patient- and hospital-level characteristics are
reported by risk-standardized NIV % quartiles. There were
more black and rural patients in the highest risk-
standardized NIV % relative to lower quartiles. Patients
in the highest risk-standardized NIV % quartile had longer
travel time to the nearest VA hospitals than those in the
lowest quartiles. The IMV rates were lower and hospital
length of stay was longer in hospitals in the highest NIV
quartiles relative to the lowest quartiles.

Table 2 shows a risk-standardized NIV % of 55.1%
(min=10.8%; max=86.6%) in urban hospitals, while the
NIV % was 65.3.5% (min=34.2%; max=84.2%) in rural
hospitals (p=0.047). There was no difference in risk-
standardized NIV % between high- and low-COPD-volume
facilities (p=0.33), or between complexity 1 (high-resource)
and complexity 2 (medium-resource) hospitals (p=0.45).

Table 3 shows unadjusted mortality stratified by hospi-
tal characteristics. After adjusting for patient acuity and
taking into account repeated admissions, admission at an
urban hospital was not associated with mortality (odds

64,895
COPD admissions

Excluded:
3,431 to low recourse/newly open facilities

4,453 patients in hospice
14,963 records received no systemic glucocorticosteroids

All
n=42,048

Primary Primary
No ventilation support NIV
n=39,644 (94.3%) n=1,165 (2.8%)

RN N

Secondary Death Secondary Death
IMV IMV
n=525 (1.3%) | | n=749 (1.9%) n=55 (4.7%)

n=68 (5.9%)

l l

Death Death

h=173 (33.0%) n=15 (27.3%)

Primary Primary
IMV Both NIV and IMV

n=1,142 (2.9%) n=97 (0.2%)

| l

Death Death

n=139(12.2%) n=15 (15.5%)

Figure | Patient flowchart and outcomes by ventilation support within one day from admission.

Abbreviations: IMV, invasive mechanical ventilation; NIV, non-invasive ventilation.
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Primary Ventilation Support among all hospitalizations per hospital (n=106)
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Figure 2 Percentage of ventilatory support within one day from admission across the 106 facilities.

Abbreviations: IMV, invasive mechanical ventilation; NIV, non-invasive ventilation.

ratio [OR]=0.90; 95% CI=0.68 to 1.19, p=0.46) relative to
admission at a rural hospital. Similarly, admission to
a low-volume hospital was not associated with mortality
(OR=1.00; 95% CI=0.86 to 1.18, p=0.96) relative to
admission at a high-volume hospital, but admission to
a medium-resource facility (complexity 2) was associated
with increased mortality (OR=1.55; 95% CI=1.20 to 2.00,
p<0.001) relative to admission at a high-resource facility.

Discussion

In a cohort of 42,048 patients admitted with AECOPD to
VA hospitals over 6 years, we observed considerable var-
iation in NIV use across hospitals. After taking into
account patient acuity using a validated critical illness

severity score'®2%%

and comorbidities, we observed that
hospitals in the highest NIV use quartile cared for more
rural patients, used IMV less, and had longer length of
hospital stay, but had no difference in mortality relative to
hospitals in the lowest quartiles. The NIV use rate was
higher in rural than in urban hospitals. Hospital mortality
did not differ between rural and urban facilities.

It is well established that NIV reduces the need for
IMV and hospital length of stay, and improves mortality
in acute respiratory failure due to AECOPD?*® and heart
failure,?’ but its role in other causes of respiratory fail-
ure, such as pneumonia, is controversial.?® In a study

using 2011 claims data from California, the most com-
mon reason for NIV (26.1%) was pneumonia. Among
hospitalizations with NIV as the primary ventilator sup-
port, hospitals that used NIV for strong-evidence condi-
tions (COPD and heart failure) had lower NIV failure
rates.” We found that concomitant pneumonia was pre-
sent in more than 50% of the AECOPD patients requir-
ing NIV and/or IMV within 24 hours of admission.
Although this may merely represent pneumonia over-
diagnosis or using an ICD code to order a chest X-ray,
pneumonia and AECOPD frequently coexist.*”" In our
analysis, we included only admissions with a primary
diagnosis of AECOPD. We also adjusted for concomitant
pneumonia when we calculated the risk-standardized
NIV use because pneumonia is associated with worse
outcomes.>’

Several observational studies conducted in various
countries have reported approximately a five-fold increase
in NIV use rates in the early 2010s compared to those in
the early 2000s.*'* Using the Premier inpatient database,
Stefan et al showed that initial NIV use increased by
15.1% annually in the USA.** In 2001, NIV use was
5.9% but by 2011 it was 14.8%. This increase concurred
with a decline in IMV use. The widespread use of NIV is
due to its easy application. This may be the reason why we
observed an inverse association between NIV and IMV in
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Table | Patient and Hospital Characteristics of 106 Hospitals Stratified by Risk-Standardized Non-Invasive Ventilation Percentage

Within One Day from Admission

NIV QI NIV Q2 NIV Q3 NIV Q4 p Value for | p Value QI
(N=11,810) (N=10,031) (N=11,719) (N=8488) Trend vs Q4*

Risk-standardized NIV % 10.8—41.9% 42.2-56.7% 58.0-64.3% 64.4-86.6%
N hospital 26 27 27 26
Age, mean (SD) 70.29 (8.69) 69.92 (9.01) 70.49 (9.74) 70.33 (9.21) 0.10 0.79
Sex (female), N (%) 507 (4.29) 471 (4.70) 476 (4.06) 350 (4.12) 0.11 0.55
Race, N (%) <0.001 <0.001

White 9126 (77.30) 7505 (74.82) 9047 (77.20) 6249 (73.62)

Black 1896 (16.05) 1780 (17.74) 1989 (16.97) 1637 (19.29)

Other 364 (3.08) 365 (3.64) 262 (2.24) 290 (3.42)

Missing 421 (3.56) 381 (3.80) 421 (3.59) 312 (3.68)
Patient residential location, N (%) <0.001 <0.001

Urban 7454 (63.12) 6999 (69.77) 7422 (63.33) 5155 (60.73)

Rural 3549 (30.05) 2416 (24.09) 3525 (30.08) 2717 (32.01)

Isolated 478 (4.05) 347 (3.46) 468 (3.99) 354 (4.17)

Missing 329 (2.79) 269 (2.68) 304 (2.59) 262 (3.09)
Obstructive sleep apnea 4372 (37.02) 3895 (38.83) 4568 (38.98) 3059 (36.04) <0.001 0.15
Diabetes mellitus 1964 (16.63) 1643 (16.38) 2349 (20.04) 1614 (19.02) <0.001 <0.001
Congestive heart failure 1532 (12.97) 1386 (13.82) 1759 (15.01) 1179 (13.89) <0.001 0.058
Pneumonia 6377 (54.00) 5532 (55.15) 6472 (55.23) 4783 (56.35) 0.010 <0.001
Hypertension 665 (5.63) 690 (6.88) 1038 (8.86) 795 (9.37) <0.001 <0.001
Peripheral vascular disease 903 (7.65) 746 (7.44) 1028 (8.77) 676 (7.96) 0.001 0.40
Cancer 931 (7.88) 814 (8.11) 1126 (9.61) 788 (9.28) <0.001 <0.001
Coronary artery disease 565 (4.78) 569 (5.67) 780 (6.66) 530 (6.24) <0.001 <0.001
Chronic kidney disease 770 (6.52) 709 (7.07) 925 (7.89) 673 (7.93) <0.001 <0.001
Stroke 627 (5.31) 550 (5.48) 727 (6.20) 521 (6.14) 0.006 0.012
Liver disease 398 (3.37) 338 (3.37) 424 (3.62) 320 (3.77) 0.34 0.13
Admission source, N (%) <0.001 <0.001

Hospital 515 (4.36) 337 (3.36) 371 (3.17) 238 (2.82)

Nursing home 140 (1.19) 135 (1.35) 170 (1.45) 131 (1.55)

Other facility 20 (0.17) I (.11) 12 (0.10) 26 (0.31)

Outpatient 11,100 (93.99) 9494 (94.65) 11,041 (94.21) | 7963 (94.44)

Unknown 35 (0.30) 54 (0.54) 125 (1.07) 74 (0.88)
Travel time to VAMC (min), mean (SD) 67.26 (68.46) 68.11 (73.11) 72.51 (55.21) | 82.71 (76.47) <0.001 <0.001
Any IMV during hospital stay, N (%) 604 (5.11) 486 (4.84) 437 (3.73) 277 (3.26) <0.001 <0.001
mAPACHE, mean (SD) 35.73 (11.95) 35.00 (12.02) 35.30 (11.91) | 35.63 (11.98) 0.60 0.55
Hospital mortality, N (%) 303 (2.57) 303 (3.02) 315 (2.69) 238 (2.80) 0.21 0.30
Hospital length of stay (days), mean (SD) 5.54 (15.21) 6.32 (27.04) 7.13 (40.05) 7.68 (43.30) <0.001 <0.001

Note: *QI vs Q4 using chi-squared or t-test.

Abbreviations: IMV, invasive mechanical ventilation; NIV, non-invasive ventilation; Q, quartile; SE, standard error; VAMC, Veterans Health Administration Medical Center.

the hospitals, and not necessarily that NIV reduced the

need for IMV.

A plethora of studies have shown significant variation
in NIV use across hospitals.>*** Mehta et al showed that

the risk-standardized NIV % rate among 37,516 hospitali-
zations for AECOPD across 250 hospitals in California
was 10% (IQI=1.6-35.7%).° In another cross-sectional
of 77,576 hospitalizations 386 US

analysis across

3162

Dove!

International Journal of Chronic Obstructive Pulmonary Disease 2021:16


https://www.dovepress.com
https://www.dovepress.com

Dove Fortis et al
Table 2 Risk-Standardized Non-Invasive Ventilation Percentage Stratified by Hospital Characteristics
Number of Hospitals | Number of Patients | Risk-Standardized NIV %, Median (Min—-Max) | p Value*
Overall 106 42,048 57.3 (10.8-86.6)
Rural/urban 0.047
Rural 10 2548 65.3 (34.2-84.2)
Urban 96 39,500 55.1 (10.8-86.6)
Hospital volume 0.33
Low 53 12,813 59.90 (10.8-86.6)
High 53 29,235 53.43 (13.7-84.9)
Hospital complexity 0.45
2 (Medium resource) 15 2944 62.14 (20.4-86.6)
I (High resource) 91 39,104 55.71 (10.8-84.9)
Note: *Wilcoxon two-sample test.
Table 3 Unadjusted Mortality Stratified by Hospital Characteristics
Number of Hospitals | Number of Patients | Unadjusted Hospital Mortality, Deaths (%) | p Value*
Overall 106 42,048 1159 (2.8%)
Rural/urban 0.22
Rural 10 2548 80 (3.14%)
Urban 96 39,500 1079 (2.73%)
Hospital volume 0.004
Low 53 12,813 398 (3.11%)
High 53 29,235 761 (2.60%)
Hospital complexity <0.001
2 (Medium resource) 15 2944 128 (4.35%)
| (High resource) 9l 39,104 1031 (2.64%)

Note: *Chi-squared test.

hospitals, the risk-standardized NIV % among those
admissions requiring ventilation support ranged from
47.4% at the 10th percentile to 84.7% at the 90th
percentile.® We also observed significant variation even
though we conducted the study in a single health system
that has published guidelines to provide care for COPD
patients.*

NIV variation across hospitals may be related to the
case mix of patients admitted to those hospitals. Large
tertiary centers may care for very sick patients, and for
that reason, IMV (and not NIV) is more frequently used
there than in small rural hospitals. Adjusting for patient
illness severity is crucial for studying NIV variation across
hospitals. Prior reports studying risk-standardized NIV use
were limited because patient acuity was not included in the
analysis. Instead, comorbidities identified using ICD-9
codes were used as surrogates for severity of illness. In

our analysis, we not only adjusted for comorbidities, but
also accounted for severity of illness. Adjusting for patient
acuity is critical as NIV may be underused or overused.
NIV may be unnecessary in low-acuity patients, but it may
be harmful in high-acuity patients who may require IMV,
and delays in initiating IMV in these patients may increase
the level of mortality.?>*® Our findings showed that rural
hospitals used NIV more, which is in agreement with
previous literature.®

Numerous hospital factors may also be responsible for
variations in NIV use. In the early years of NIV, lack of
the
Subsequent surveys showed that insufficient training of

equipment was main reason for underuse.’’
physicians was the main reason for NIV underuse, fol-
lowed by lack of equipment.*® Inadequate training of
respiratory therapists was another contributor. A survey

of Canadian physicians conducted in 2003 did not show
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variation in practice among various facilities, but rather
variation among specialties.>® A national survey of VA
physicians and respiratory therapists in 2004 revealed
that lack of training and experience was a significant factor
in NIV underutilization.** A study using a qualitative
approach with in-depth interviews of 32 participants in
seven US hospitals, including nurses, physicians, respira-
tory therapists, and leaders, showed that respiratory thera-
pist autonomy, interdisciplinary teamwork, staff education,
and the presence of policies and protocols were features of
high-performing hospitals.*!

Lindenauer et al demonstrated that among several hospital
characteristics, including teaching status, staffing levels, and
hospital location and volume, only the presence of intensivists
and hospital rurality was associated with high risk-adjusted
NIV use.® Although we found that rural hospitals more fre-
quently use NIV, we did not find any difference in risk-
standardized NIV % between medium- and high-resource
hospitals, or between low- and high-volume hospitals. We
did find fewer black and rural patients in hospitals with higher
risk-standardized NIV %. This finding may be related to how
and where patients seek medical care (eg, rural patients may
seek care in nearby low-resource hospitals). Racial disparities
in treatment are also possible. A previous study in VA demon-
strated that rates of IMV were higher in black than in white
patients.*?

Another finding of this study is that hospitals in the
highest risk-standardized NIV % use quartiles had longer
hospital length of stay and received more rural patients,
indicating that these hospitals delay discharging rural
patients (perhaps because of a lack of skilled nursing and
rehabilitation facilities in the area).

Our study has several limitations. It was conducted in
a single health-care system, with most of the patients being
male. Therefore, we should generalize our findings with cau-
tion. Because we did not have smoking exposure data or
pulmonary function data, we cannot confirm the diagnosis of
COPD. We cannot exclude the misdiagnosis of hypercapnic
respiratory failure due to obesity hypoventilation as COPD-
related respiratory failure. Nevertheless, we included only
patients who received oral steroids and we took obstructive
sleep apnea into account to calculate our risk-standardized NIV
%. In addition, our previous work, which used less stringent
ICD code criteria, showed an accuracy in identifying
AECOPD of between 80% and 90%.'® We did not exclude
patients with obstructive sleep apnea, as obstructive sleep
apnea—COPD overlap is common, in particular among patients
with advanced disease.** Excluding those patients would have

resulted in a sample that was not a good representative of the
true population. We have no data regarding NIV modes used
(eg, BIPAP). Physiological parameters such as partial pressure
of CO, in the arterial blood, which are indicators of patient
acuity, were not available. Moreover, we did not have data
from civilian hospitals. Veterans may have been hospitalized at
civilian hospitals owing to ease of access or convenience.
There were no available data regarding the staffing levels of
hospitals, including whether a board-certified critical care phy-
sician or ICU telemedicine was available, which are associated
with improved outcomes. The above limitations do not under-
mine the strengths of our study, which are the large sample size,
the strict exclusion criteria, and the fact that we used an illness
severity scoring system to calculate the risk-standardized
NIV %.

Conclusions

Among patients admitted with AECOPD in VA hospitals,
NIV use varied significantly across hospitals, with rural
hospitals having higher risk-standardized NIV % than
urban ones. Hospitals with the highest NIV rates cared
for more rural patients and had longer hospital length of
stay than hospitals with the lowest NIV rates. Further
research should investigate the exact mechanism of varia-
tion in NIV use between rural and urban hospitals.
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