Pulmonary
Original Research Article C| rcu |at| on

Outcomes of pulmonary vasodilator use in Veterans with
pulmonary hypertension associated with left heart disease
and lung disease

Kari R. Gillmeyer'?®, Donald R. Miller'?, Mark E. Glickman'*, Shirley X. Qian',
Elizabeth S. Klings?, Bradley A. Maron®®¢, Joseph T. Hanlon”2?, Seppo T. Rinne'? and

Renda S. Wiener'’

'Center for Healthcare Organization & Implementation Research, Edith Nourse Rogers Veterans Hospital, Bedford, MA, USA; 2The Pulmonary Center, Boston
University School of Medicine, Boston, MA, USA; *Center for Population Health, University of Massachusetts, Lowell, MA, USA; “Department of Statistics, Harvard
University, Cambridge, MA, USA; 5Depar‘tment of Cardiology, Veterans Affairs Boston Healthcare System, Boston, MA, USA; Division of Cardiovascular Medicine,
Brigham and Women’s Hospital, Boston, MA, USA; ”Center for Health Equity Research and Promotion, Veterans Affairs Pittsburgh Healthcare System, Pittsburgh,
PA, USA; ®Geriatric Research Education and Clinical Center, Veterans Affairs Pittsburgh Healthcare System, Pittsburgh, PA, USA; *Center for Healthcare
Organization & Implementation Research, Veterans Affairs Boston Healthcare System, Boston, MA, USA

Abstract

Randomized trials of pulmonary vasodilators in pulmonary hypertension due to left heart disease (Group 2) and lung disease
(Group 3) have demonstrated potential for harm. Yet these therapies are commonly used in practice. Little is known of the effects
of treatment outside of clinical trials. We aimed to establish outcomes of vasodilator treatment for Groups 2/3 pulmonary
hypertension in real-world practice. We conducted a retrospective cohort study of 132,552 Medicare-eligible Veterans with
incident Groups 2/3 pulmonary hypertension between 2006 and 2016, and a secondary nested case—control study. Our primary
outcome was a composite of death by any cause or selected acute organ failures. In our cohort analysis, we calculated adjusted
risks of time to our outcome using Cox proportional hazards models with facility-specific random effects. In our case—control
analysis, we used logistic mixed-effects models to estimate the effect of any past, recent, and cumulative exposure on our
outcome. From our cohort study, 3249 (2.5%) Veterans were exposed to pulmonary vasodilators. Exposure to vasodilators
was associated with increased risk of our primary outcome, in both Group 3 (HR: 1.58 (95% ClI: 1.37-1.82)) and Group 2 (HR:
1.26 (95% Cl: 1.12—1.41)) pulmonary hypertension patients. The case—control study determined odds of our outcome increased
by 11% per year of exposure (OR: I.11 (95% ClI: 1.07—1.16)). Treating Groups 2/3 pulmonary hypertension with vasodilators in
clinical practice is associated with increased risk of harm. This extension of trial findings to a real-world setting offers further
evidence to limit use of vasodilators in Groups 2/3 pulmonary hypertension outside of clinical trials.
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Introduction inadequate to relieve symptoms or prevent disease progres-
sion,”'® driving the search for effective therapies.

Pulmonary hypertension (PH) is a common and serious Pulmonary vasodilators have been viewed as an attractive

complication of left heart disease and chronic lung disease

(known as Group 2 and Group 3 PH, respectively), occur-

ring in more than 50% of at-risk patients.'** Patients with ‘

Gr.oups 2and 3 PH suffer from higher morbidity and,mor_ (K:::ir:fpgirl]linei::iﬁgPulmonary Center, 72 East Concord Street, R304,
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potential treatment for Groups 2/3 PH given their proven
clinical efficacy in Group 1 PH (pulmonary arterial hyper-
tension) and Group 4 PH (due to chronic thromboembolic
disease).'" !

Unfortunately, results of randomized controlled trials of
pulmonary vasodilators in Groups 2/3 PH have been disap-
pointing, with no consistent benefit observed in mortality,
hemodynamics, functional capacity, or quality of life.!* 7 A
search for a specific patient subgroup that might benefit
from vasodilators has also been unsuccessful, with no
clear improvements observed in heart failure with
reduced'®! or preserved'*?° ejection fraction, valvular
heart disease,”’ interstitial lung disease,”>** or chronic
obstructive lung disease,'” among other patient groups.
Even more troubling, several clinical trials have raised
safety concerns of using vasodilators in Groups 2 and 3
PH, including increased fluid retention, worsened gas
exchange, progression of underlying disease, and even
higher mortality.'®** On this basis, clinical practice guide-
lines recommend against use of pulmonary vasodilators for
the treatment of Groups 2/3 PH.?**

Despite empirical evidence and clinical guidelines, many
patients with Groups 2/3 PH are treated with pulmonary
vasodilators outside of clinical trials, and use is increasing
over time.”*?® Groups 2/3 PH patients in usual clinical
practice are older with a higher burden of comorbid illnesses
compared to trial participants,” and may experience differ-
ent outcomes from use of pulmonary vasodilators. Yet little
is known of the effectiveness of treating Groups 2/3 PH with
vasodilators outside of clinical trials. The objective of this
study was to establish the effect of vasodilator treatment on
the morbidity and mortality of patients with Groups 2/3 PH
in usual clinical practice by utilizing longitudinal data from
the Veterans Health Administration (VA), the largest

national integrated healthcare system in the United States.
We hypothesized that use of pulmonary vasodilators in
Groups 2/3 PH is associated with serious morbidity includ-
ing increased risk of acute organ failures and death.

Methods

Study designs and data sources

We assessed outcomes of pulmonary vasodilator use in
Groups 2 and 3 PH using two distinct yet complementary
approaches. In our primary approach, we conducted a
cohort study of Medicare-cligible Veterans with Groups 2
and 3 PH, linking national patient-level data from the VA
and Centers for Medicare and Medicaid Services. From this
cohort, we additionally performed a nested case—control
study. The timeline and definitions for our two study
designs and analyses are shown in Fig. 1. Our Hospital
Institutional Review Board approved this study.

Cohort study methods

Study population. We identified a cohort of all Veterans diag-
nosed with incident PH between 1 January 2006 and 31
December 2017, requiring at least two [International
Classification of Diseases, 9th or 10th Revision diagnosis
codes for PH (416.xx or 127.x). We excluded patients diag-
nosed with PH in calendar year 2017 so that all patients
would have at least one year of follow-up time. To select
incident PH, we excluded those with a PH code between 1
October 1999 (the inception of the VA Corporate Data
Warehouse) and 31 December 2005. We restricted our
sample to Medicare-eligible Veterans (age >65 or in the
Medicare-denominator file) who were active pharmacy
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Fig. 1. Timeline and definitions of cohort and nested case—control study designs and analyses.

PH: pulmonary hypertension; VA: Veterans Health Administration.
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users. Finally, we narrowed our sample to Veterans with
Groups 2/3 PH using a previously validated algorithm
intended to exclude those with Groups 1, 4, and 5 PH,
which showed a high positive predictive value for identify-
ing Groups 2/3 PH.?® In order to maximize the specificity of
the algorithm to identify Groups 2/3 PH, we preferentially
classified patients as Groups 1, 4, or 5 over Groups 2 or 3.
For example, a patient with a diagnosis code for both a
Group 1 PH-associated disease (such as scleroderma) and
a Group 3 PH-associated disease (such as interstitial lung
disease) would be classified as Group 1 PH. The derivation
of our study sample is shown in e-Figure 1 in the
Supplemental material.

Exposures. From our study population, we identified all
patients treated for PH with a pulmonary vasodilator,
including phosphodiesterase-5-inhibitor (PDES5i), endothe-
lin receptor antagonist, prostacyclin analogue, or soluble
guanylate cyclase stimulator between 1 January 2006 and
31 December 2016 (e-Table 1 in the Supplemental material).
Based on prior medical record validation,”® we considered
PDESi prescriptions specifying treatment on > 15 days per
month to be for PH rather than erectile dysfunction. We
defined the index date as the date PH treatment began (date
of first pulmonary vasodilator prescription in VA or
Medicare). Those who were treated with a pulmonary vaso-
dilator, other than low-dose PDED5i for treatment of erectile
dysfunction, between 1 October 1999 and 31 December
2005 were excluded.

Four unexposed patients were matched to each exposed
patient sequentially. To select unexposed comparators for
each exposed patient, we first identified a pool of eligible
unexposed (i.e. no prior vasodilator treatment) patients who
met the following criteria on the exposed patient’s index
date: alive, within the same five-year age group as the
exposed patient, Medicare-eligible, active pharmacy user,
diagnosed with Group 2/3 PH in the same calendar year
as the exposed patient (based on date of first PH diagnosis
code or first pulmonary vasodilator treatment, whichever
was earlier), and not previously selected for another exposed
patient. We then matched four unexposed patients random-
ly selected from the pool of eligible comparators and
assigned the unexposed patients the index date of their
exposed counterpart.

Primary and secondary outcomes. We selected outcomes based
on harms of vasodilators observed in clinical trials'®!-3032
and adverse event data collected by the Food and Drug
Administration. Our primary outcome was a composite of
time to death by any cause or an acute care presentation
(hospitalization or emergency department visit) for the pri-
mary diagnosis of acute right-sided heart failure, respiratory
failure, or renal failure, defined using validated algorithms
when available®® (e-Table 2 in the Supplemental material).
Our three secondary outcomes evaluated time to each acute

organ failure or death individually: right-sided heart failure
or death, respiratory failure or death, and renal failure or
death. In order to avoid immortal time bias, we chose
follow-up to start at the index date.*

Covariates. We identified patient- and facility-level variables
we hypothesized would be associated with our outcomes
based on clinical experience and prior literature on PH
prognosis,®> as listed in Table 1. All variables were derived
from both VA and Medicare data and were measured at the
index date. Patients were assigned to VA facilities based on
the location of the most recent PH-associated visit on or
before the index date. We captured patient demographics
(age, gender, race and ethnicity, marital status), VA enroll-
ment priority status (a proxy for level of disability and VA
benefits*®), indicators of general health (body mass index,
Elixhauser comorbidity index,?’ specific comorbid condi-
tions), and markers of healthcare utilization. Facility-level
characteristics included geographic factors and facility com-
plexity rating, which is comprised of patient volume and
risk, level of teaching and research, number of specialists,
and presence of intensive care units.*® Missing data for body
mass index and marital status were imputed using a regres-
sion imputation algorithm.*® E-Table 2 in the Supplemental
material shows full definitions of variables.

Statistical analyses. For our primary outcome, we assessed
organ failure-free survival distributions of exposed and
unexposed patients through the comparison of Kaplan—
Meier curves and made formal comparisons using a log-
rank test. We analyzed adjusted risks of our primary and
secondary outcomes using Cox proportional hazards
models with normally-distributed facility-specific random
effects. Patients were assumed to be censored non-
informatively at the end of the study period (31 December
2017). Additionally, unexposed patients who initiated ther-
apy over the course of follow-up were censored from the
unexposed group and considered exposed beginning at the
date of treatment. To assess the validity of our findings, we
performed three sensitivity analyses. First, to increase our
confidence that PDES5i prescriptions were intended for PH
and not erectile dysfunction, we excluded Veterans with an
International Classification of Diseases code for sexual impo-
tence and repeated our Cox proportional hazards models
for each of our outcomes. Second, to assess whether our
findings were driven by patients with more severe disease,
we repeated the analyses for each of our outcomes after
excluding those who had had an episode of organ failure
within 90 days prior to the index date. Finally, to evaluate
outcomes of vasodilator use independently in Group 2 vs
Group 3 PH, we repeated our analysis limiting our study
sample to Veterans with only Group 2 PH (excluding those
with underlying conditions associated with Group 3 PH)
and Veterans with only Group 3 PH (excluding those with
underlying conditions associated with Group 2 PH).



4

Pulmonary vasodilator use in Groups 2 and 3 PH Gillmeyer et al.

Table |. Baseline characteristics of exposed and unexposed patients from cohort study.

Exposed (n=3249)

Unexposed (n=12,991)

Patient characteristics

Age, yr, mean (SD)
Female sex
Race/ethnicity
White
Black
Hispanic
Other
Married
VA benefits (priority status)
Highly disabled
Low/moderately disabled
Limited with copayments
Poverty/no copayments
Body mass index
Underweight
Normal
Overweight
Class | obesity
Class Il or Ill obesity
Elixhauser comorbidity index, mean (SD)
Recent acute organ failure®
Recent acute right heart failure
Recent acute left heart failure
Recent acute respiratory failure
Recent acute renal failure
Comorbidities
Major adverse cardiac event”
Congestive heart failure
Arrhythmia
Coronary atherosclerosis
Stroke
Transient ischemic attack
Chronic lung disease®
Interstitial lung disease
Obstructive sleep apnea
Pneumonia
Hypertension
Hyperlipidemia
Peripheral vascular disease
Venous thromboembolism
Diabetes
Chronic kidney disease
Hepatitis C
Cirrhosis
Malignancy
Anemia
Thyroid disease
Arthritis
Dementia
Neurodegenerative disease
Depression
Post-traumatic stress disorder
Schizophrenia
Other psychiatric condition
Alcohol/substance use disorder

72.8 (9.3)
52 (1.6)

2568 (79.0)

525 (16.2)
78 (2.4)
78 (2.4)

2085 (64.2)

867 (20.9)
767 (26.7)
859 (23.6)
679 (28.8)

23 (0.7)
533 (16.4)
1140 (35.1)
906 (27.9)
647 (19.9)
8.4 (4.2)

55 (1.7)
530 (16.3)
276 (8.5)
175 (5.4)

770 (237)
2063 (63.5)
1816 (55.9)
2109 (64.9)
328 (10.1)
143 (4.4)
2170 (66.8)
1082 (33.3)
932 (28.7)
971 (29.9)
2979 (88.6)
2563 (78.9)
971 (29.9)
309 (9.5)
1702 (52.4)
1277 (39.3)
247 (7.6)
279 (8.6)
692 (21.3)
1387 (42.7)
647 (19.9)
812 (25.0)
136 (4.2)

39 (1.2)
841 (25.9)
289 (8.9)

39 (1.2)
159 (4.9)
458 (14.1)

73.8 (9.1)
317 (24)

10,970 (84.4)

1465 (11.3)
268 (2.1)
288 (2.2)

8086 (62.2)

2893 (22.3)
2744 (21.1)
3364 (25.9)
3990 (30.7)

183 (1.4)
2387 (18.4)
3918 (30.2)
3348 (25.8)
3155 (24.3)
9.6 (3.5)

66 (0.5)
1601 (12.3)
878 (6.8)
633 (4.9)

4112 31.7)
8876 (68.3)
8339 (64.2)
9271 (71.4)
2136 (16.4)

944 (7.3)
8736 (67.2)
3477 (26.8)
3661 (28.2)
4481 (34.5)

12,256 (94.3)

10,982 (84.5)
4637 (35.7)

899 (6.9)
7176 (55.2)
5515 (42.5)
1326 (10.2)
1030 (7.9)
3063 (23.6)
6544 (50.4)
2881 (22.2)
3485 (26.8)
1286 (9.9)

329 (2.5)
3805 (29.3)
1190 (9.2)
261 (2.0)
1171 (9.0)
2118 (16.3)

(continued)
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Table I. Continued.

Exposed (n=3249) Unexposed (n=12,991)

Tobacco use disorder
Healthcare utilization®
Right heart catheterization
Outpatient visits, mean (SD)
Outpatient pulmonary hypertension visits, mean (SD)
Outpatient visits in VA only
Outpatient visits in both VA and Medicare
No outpatient visits
Hospitalizations, mean (SD)
Urgent care or emergency room visits, mean (SD)
Long-term VA care days, mean (SD)
Facility characteristics
Geographical region®
Northeast
Midwest
South
West
Facility complexity ratingf
la
Ib
lc
2
3
Rurality
Urban
Rural

1339 (41.2) 6092 (46.9)
1066 (32.8) 1464 (11.3)
38.5 (32.7) 417 (26.6)
2.9 (5.4) 1.1 (2.7)
1087 (33.4) 2634 (20.3)
1672 (51.5) 8789 (67.7)
152 (4.7) 192 (1.5)
1.7 (2.2) 1.8 (2.3)
2.1 32) 2.8 (3.9)
33 (19.8) 45 (25.1)
617 (19.1) 2454 (19.0)
549 (17.0) 3038 (23.5)
1260 (39.1) 4638 (35.8)
797 (24.7) 2812 (21.7)
1566 (48.2) 5317 (40.9)
650 (20.0) 2635 (20.3)
455 (14.0) 1961 (15.1)
302 (9.3) 1691 (13.0)
253 (7.8) 1386 (10.7)
3048 (93.8) 11,842 (91.2)
175 (5.4) 1148 (8.8)

VA: Veterans Health Administration; SD: standard deviation
Note: Data presented as N (%) unless otherwise noted.
*Within 90 days prior to index date.

®Including myocardial infarction, coronary revascularization, and cardiac arrest.
“Including chronic obstructive lung disease, asthma, bronchiectasis, and pneumoconiosis.

9In the year prior to index date.
°n = 3249 for exposed, 12,942 for unexposed for geography variable.

fla—Ic: high complexity of patient volume and risk, high volume of teaching and research; 2: moderate complexity of patient volume and risk; some
teaching and research; 3: low complexity of patient volume and risk, little or no teaching or research.

We graphically verified that the proportional hazards
assumption was met through log—log survival plots. We
assessed the fit of our models using generalized R* measure
based on Schoenfeld residuals.*® All analyses were per-
formed using SAS statistical software, version 9.4 (SAS
Institute Inc, Cary, NC). All p values were two-sided with
a significance level of 0.05.

Nested case—control study methods

Study population. We identified a cohort of all Veterans diag-
nosed with incident Groups 2/3 PH between 1 January 2006
and 31 December 2017, as described above. The derivation
of our study sample is shown in e-Figure 2 in the
Supplemental material.

Selection of cases and controls. From our baseline study pop-
ulation, we selected cases who experienced death by any
cause or acute right-sided heart failure, respiratory failure,
or renal failure, as described above (primary outcome for

cohort study). Using risk-set sampling without replace-
ment,*! we matched each case to one control who was
alive and previously diagnosed with Groups 2/3 PH.
Patients sampled early in the study period as controls
could later develop the outcome and become cases. Thus,
patients could be represented more than once in the sample
as cases or controls. We repeated the selection of cases and
controls for our three secondary outcomes. This control
sampling method has been shown to produce an odds
ratio that approximates the incidence rate ratio from the
underlying cohort population without the need for any
rare disease assumption.*?

Exposures. Among cases and controls, we evaluated for prior
exposure to pulmonary vasodilators (e-Table 1). To under-
stand the effects of varying levels of exposure to vasodila-
tors on our outcomes, we assessed three different exposure
definitions: any vasodilator use prior to the outcome, recent
use within six months prior to the outcome, and cumulative
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duration of vasodilator exposure, defined as total years dis-
pensed prior to the outcome (total days dispensed divided
by 365).

Statistical analyses. We used mixed-effects logistic regression
models to estimate the effect of any past vasodilator expo-
sure, recent vasodilator exposure, and cumulative vasodila-
tor exposure on our primary outcome and each of our three
secondary outcomes. We controlled for patient- and facility-
level variables as described above, measured at the time of
PH diagnosis. We included a normally distributed random
effect in our models to account for facility-level variation.
To account for patients who served as both cases and con-
trols, we included variance components to the responses
conditional on the facility random effects. All p values
were two-sided with a significance level of 0.05.

Results

Cohort study results

We identified 132,552 Medicare-cligible Veterans diagnosed
with incident Groups 2/3 PH between 2006 and 2016. Of
these, 3249 (2.5%) were exposed to pulmonary vasodilators
and were matched 1:4 to 12,991 unexposed patients to
create a study sample of 16,240 (e-Figure 1). Among
exposed patients, the most common class of pulmonary
vasodilator used was PDES5i (n=2732), followed by endo-
thelin receptor antagonists (n=134), prostacyclin analogs
(n=091), and soluble guanylate cyclase stimulators (n=4).
Combination therapy was used in 288 patients.

Table 1 shows the baseline characteristics of exposed and
unexposed patients. Overall, the mean age was 73.6 years;
97.7% were male and 83.4% were non-Hispanic white;
22.0% had underlying conditions associated with only
Group 2 PH, 8.5% with only Group 3 PH, and 69.5%
with both Groups 2 and 3 PH. Exposed patients carried a
lower burden of comorbid disease than unexposed patients,
with a lower mean Elixhauser comorbidity index (8.4 vs 9.6)
and lower prevalence of many comorbidities including con-
gestive heart failure (63.5% vs 68.3%), arrhythmias (55.9%
vs 64.2%), stroke (10.1% vs 16.4%), and chronic kidney
disease (39.3% vs 42.5%). Exposed patients utilized general
healthcare services less frequently than unexposed patients
(mean outpatient visits 38.5 vs 41.7; mean urgent care or
emergency room visits 2.1 vs 2.8). Only 1066 (32.8%) of
exposed patients underwent a right heart catheterization
in the year prior to initiation of treatment.

During a mean follow-up of 2.5 years, 2701 (83.1%)
exposed patients and 9923 (76.4%) unexposed patients
experienced the primary outcome of any organ failure or
death. The median organ failure-free survival was 2.0 years
among the unexposed and 1.6 years among the exposed
(Fig. 2). Exposure to vasodilators was associated with
increased risk of our primary outcome (adjusted hazard
ratio (HR): 1.31, 95% confidence interval (CI): 1.25-1.37)
and all three of our secondary outcomes: right heart failure
or death (HR: 1.39, 95% CI: 1.32-1.46), respiratory failure
or death (HR: 1.30, 95% CI: 1.24-1.36), and renal failure or
death (HR: 1.36, 95% CI: 1.29-1.42) (Table 2). Findings
were similar in our sensitivity analysis excluding Veterans
potentially treated with PDESi for erectile dysfunction (HR:
1.39, 95% CI: 1.32-1.47), and in our analysis excluding
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= 100
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K Log-rank p <0.001
5
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=
£
=
(1]
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o ——
P 50
% Unexposed to pulmenary vasodilator
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o
£
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= :
@ Exposed to pulmonary vasodilator
=
o i
b 0 | 1 | | | |
LS | | | | | |
0 2 4 6 8 10 12
Years from index date
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Exposed 3,249 1,517 1,016 787 641 565 548
Unexposed 12,991 7,065 4,807 3,777 3,306 3,110 3,068

Fig. 2. Survival curves for primary outcome. The R? measure from our Cox proportional hazards model was 0.24, indicating a moderate fit. The
proportional hazard assumption was verified by examining a log—log plot.
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Table 2. Cohort study results.

No. (%) experiencing outcome

Time to outcome, yrs, mean (SD)

Adjusted® HR

Outcome Exposed Unexposed Exposed Unexposed (95% Cl)

Any organ failure or death 2701 (83.1) 9923 (76.4) 2.5 (2.7) 2.7 (2.5) 1.31 (1.25-1.37)
Right heart failure or death 2348 (72.3) 8352 (64.3) 3.3 (3.0 3.5 (2.6) 1.39 (1.32—1.46)
Respiratory failure or death 2533 (78.0) 9308 (71.6) 2.9 (2.8) 3.0 (2.6) 1.30 (1.24-1.36)
Renal failure or death 2570 (79.1) 9293 (71.5) 2.8 (2.8) 3.0 (2.5) 1.36 (1.29-1.42)

Cl: confidence interval; HR: hazard ratio; SD: standard deviation.
?Adjusted for patient- and facility-level covariates.

those with a recent organ failure (HR: 1.31, 95% CI: 1.24—
1.39). In disaggregated analyses evaluating Groups 2 and 3
PH independently, our primary outcome was seen among
both Veterans with only Group 3 PH (HR: 1.58, 95% CI:
1.37-1.82) and Veterans with only Group 2 PH (HR: 1.26,
95% CI: 1.12-1.41).

Case—control study results

From our base population of 131,765 Medicare-eligible
Veterans diagnosed with incident Groups 2/3 PH between
2006 and 2017, we identified 108,629 cases who experienced
our primary outcome and matched those to 108,629 con-
trols to create a study sample of 216,538 (e-Figure 2).

Table 3 details the baseline characteristics of cases and
their matched controls identified for our primary outcome.
Age, sex, and race/ethnicity were similar between cases and
controls. Cases had higher prevalence of most comorbid
conditions and higher rates of healthcare utilization com-
pared to controls.

Among cases who experienced the primary outcome,
2291 (2.1%) were exposed to a pulmonary vasodilator at
any prior time point, and 414 (0.4%) were exposed in the six
months prior to the outcome. Exposure to any pulmonary
vasodilator in the past was associated with increased odds
of acute organ failure or death (adjusted odds ratio [OR]:
1.10; 95% CI: 1.04-1.17) (Table 4). The odds of organ fail-
ure or death increased by 11% per year of vasodilator expo-
sure (OR: 1.11; 95% CI: 1.07-1.16). Any past exposure,
recent exposure, and cumulative exposure were all associat-
ed with increased odds of all three of our secondary
outcomes.

Discussion

In this national study of patients in usual practice, we found
increased risk of harm associated with using pulmonary
vasodilators to treat Groups 2 and 3 PH. In our primary
time-to-event approach, use of vasodilators was associated
with 31% increased risk of any acute organ failure or death,
with similar results seen in our secondary outcomes evalu-
ating each organ failure independently. These findings were
confirmed in our nested case—control study, in which any
past exposure to vasodilators was associated with increased

odds of developing our primary outcome and all three of
our secondary outcomes, with odds of harm increasing with
longer duration of therapy. Notably, fewer than a third of
patients treated with pulmonary vasodilators underwent a
right heart catheterization in the year prior to initiation of
therapy, a concerning pattern discordant with clinical guide-
lines.*® This pattern of incomplete diagnostic evaluations of
PH patients has previously been seen in both VA** and non-
VA settings.®

Our results are consistent with both the direction and
magnitude of outcomes observed in pulmonary vasodilator
trials in Group 2 PH, with no multicenter trial showing
benefit.>> In a trial of the endothelin receptor antagonist
macitentan in Group 2 PH patients, treatment was associ-
ated with a 10% increased risk of significant fluid reten-
tion.”” Likewise, in a trial of the PDESi sildenafil in
patients with PH secondary to repaired valvular heart dis-
ease, patients randomized to receive sildenafil had 61%
increased odds of experiencing the composite outcome (i.e.
major clinical event (any-cause mortality or heart failure
admission requiring diuretics), worsened functional class,
or worsened global self-assessment).?!

Clinical trial evidence of pulmonary vasodilators in
Group 3 PH is more limited. Few multi-center trials have
been conducted, and these have produced mixed results.
While some Group 3 PH trials have shown improvements
in hemodynamics or exercise tolerance with use of pulmo-
nary vasodilators,***’ others have shown either no bene-
fit'*!'” or a signal of harm.**?* A trial of the soluble
guanylate cyclase stimulator riociguat in PH associated
with idiopathic interstitial pneumonia showed increased
rates of mortality and serious adverse events (worsening
underlying lung disease, pneumonia) in the riociguat
group, leading to early termination of the study.?> While
data on the role of inhaled formulations appears promis-
ing,*® our results showing increased risk of harm associated
with pulmonary vasodilator use in Group 3 PH should cau-
tion against indiscriminate use outside of clinical trials.

We found harm associated with prolonged exposure to
pulmonary vasodilators for each of our outcomes, with
more than 10% increased odds of developing organ failure
or death per year of vasodilator exposure. These results
extend those of clinical trials, as most trials of vasodilators
in Groups 2/3 PH have evaluated shorter durations of
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Table 3. Baseline characteristics and exposure status at PH diagnosis date of cases and their matched controls for primary

outcome.

Cases (n=108,629)

Controls (n=108,629)

Exposed to pulmonary vasodilator®
Phosphodiesterase-5-inhibitor
Endothelin receptor antagonist
Prostacyclin analog
Soluble guanylate cyclase stimulator
Combination therapy

Patient characteristics
Age, yr, mean (SD)

Female sex
Race/ethnicity
White
Black
Hispanic
Other
Married
VA benefits (priority status)
Highly disabled
Low/moderately disabled
Limited with copayments
Poverty/no copayments
Body mass index
Underweight
Normal
Overweight
Class | obesity
Class Il or Il obesity
Elixhauser comorbidity index, mean (SD)
Comorbidities
Major adverse cardiac event”
Congestive heart failure
Arrhythmia
Coronary atherosclerosis
Stroke
Transient ischemic attack
Chronic lung disease®
Interstitial lung disease
Obstructive sleep apnea
Pneumonia
Hypertension
Hyperlipidemia
Peripheral vascular disease
Venous thromboembolism
Diabetes
Chronic kidney disease
Hepatitis C
Cirrhosis
Malignancy
Anemia
Thyroid disease
Arthritis
Dementia
Neurodegenerative disease
Depression
Post-traumatic stress disorder
Schizophrenia

2036
I
8

|

135

77.3 (9.6)
2563 (2.4)

93,976 (86.5)
10,327 (9.5)
2026 (1.9)
2300 (2.1)
68,123 (62.7)

19,824 (18.2)
25,764 (23.7)
29,859 (27.5)
33,182 (30.5)

1657 (1.5)
21,638 (19.9)
38,106 (35.1)
26,173 (24.1)
21,055 (19.4)
9.4 (32)

38,257 (35.2)
75,863 (69.8)
70,558 (65.0)
75,144 (69.2)
20,424 (18.8)
8266 (7.6)
69,093 (63.6)
26,500 (24.4)
20,639 (19.0)
38,383 (35.3)
101,416 (93.4)
88,482 (81.5)
38,549 (35.5)
5224 (4.8)
55,547 (51.1)
47,522 (437
10,299 (9.5)
6222 (5.7)
27,126 (25.0)
55,826 (51.4)
23,958 (22.1)
27,790 (25.6)
12,255 (11.3)
3116 (2.9)
27,551 (25.4)
6837 (6.3)
1686 (1.6)

1995
98

8

0
105

76.8 (9.5)
2879 (2.7)

94,362 (86.9)
9913 (9.1)
2027 (1.9)
2327 (2.1)
70,249 (64.7)

19,695 (18.1)
26,785 (24.7)
30,793 (28.3)
31,356 (28.9)

1415 (1.3)
20,491 (18.9)
38,700 (35.6)
27,258 (25.1)
20,765 (19.1)
8.9 (3.2)

35,859 (33.0)
67,762 (62.4)
68,163 (62.7)
73,506 (67.7)
18,657 (17.2)
8135 (7.5)

64,682 (59.5)
24,691 (22.7)
20,024 (18.4)
31,771 (29.2)
100,713 (92.7)
88,997 (81.9)
35,719 (32.9)
4469 (4.1)

52,659 (48.5)
39,277 (36.2)
8859 (8.2)

5846 (5.4)

26,553 (24.4)
50,411 (46.4)
23,353 (21.5)
26,971 (24.8)
10,977 (10.1)
2946 (2.7)

26,395 (24.3)
7142 (6.6)

1524 (1.4)

(continued)
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Table 3. Continued.

Cases (n=108,629)

Controls (n=108,629)

Other psychiatric condition
Alcohol/substance use disorder
Tobacco use disorder

Healthcare utilization®
Outpatient visits, mean (SD)
Outpatient visits in VA only
Outpatient visits in Medicare only
Outpatients visits in both VA and Medicare
No outpatient visits
Hospitalizations, mean (SD)
Urgent care or emergency room visits, mean (SD)
Long-term VA care days, mean (SD)

Facility characteristics

Geographical Region
Northeast
Midwest
South
West

Facility complexity rating®
la
Ib
lc
2
3

Rurality
Urban
Rural

9231 (8.5)
14,970 (13.8)
46,767 (43.1)

35.2 (26.8)
20,390 (18.8)
16,558 (15.2)
68,617 (63.2)
3064 (2.8)
1.8 (1.9)

2.5 (3.4)

3.6 (22.9)

21,615 (19.9)
25,368 (23.4)
37,991 (35.0)
23,655 (21.8)

44,545 (41.0)
22,421 (20.6)
15,704 (14.5)
14,484 (13.3)
11,468 (10.6)

99,120 (91.2)
9502 (8.7)

7886 (7.3)
13,828 (12.7)
43,029 (39.6)

34.7 (25.9)
19,847 (18.3)
17,078 (15.7)
69,501 (64.0)
2203 (2.0)
1.5 (1.8)

22 (3.3)

3.0 (20.6)

22,053 (20.3)
24,962 (23.0)
37,726 (34.7)
23,888 (22.0)

44,290 (40.8)
22,253 (20.5)
15,776 (14.5)
14,625 (13.5)
11,677 (10.7)

98,966 (91.1)
9655 (8.9)

Note: Data presented as N (%) unless otherwise indicated.

PH: pulmonary hypertension; SD: standard deviation; VA: Veterans Health Administration.

*Any exposure during the study period.

®Including myocardial infarction, coronary revascularization, and cardiac arrest.
“Includes chronic obstructive lung disease, asthma, bronchiectasis, and pneumoconiosis.

9n the year prior to index date.

®la—lc: high complexity of patient volume and risk, high volume of teaching, and research; 2: moderate complexity of patient volume and risk;

some teaching and research; 3: low complexity of patient volume and risk, little or no teaching or research.

Table 4. Case—control study results.

Multivariable-adjusted OR (95% CI)?

Any organ failure Right heart failure Respiratory failure Renal failure

or death or death or death or death
Exposure level (n=108,629)° (n=96,973)° (n=106,397)° (n=110,329)°
Any vasodilator use 1.10 (1.04-1.17) 1.31 (1.24-1.39) 1.17 (1.10-1.23) 1.16 (1.10-1.23)
Recent vasodilator use® 1.04 (0.91-1.19) 1.31 (1.15-1.50) 1.15 (1.01-1.31) 1.15 (1.01-1.31)
Cumulative dose® .11 (1.07-1.16) 1.20 (1.16-1.24) 1.14 (1.10-1.19) 1.14 (1.10-1.18)

OR: odds ratio; Cl: confidence interval.
?Including patient- and facility-level covariates.
bSz\mple size for cases and controls, each.
“Use in the six months prior to outcome.
9OR signifies effect of one year of therapy.



0 |

Pulmonary vasodilator use in Groups 2 and 3 PH Gillmeyer et al.

therapy, ranging from 12 to 16 weeks.'*'*'%2° Notably,
two clinical trials attempting to evaluate longer durations
of therapy in Group 3 PH were stopped early due to
increased harm in the treated group.’>*’ Several clinical
trials evaluating longer duration of therapy in Group 2
PH are currently underway.>

Our findings broaden the results from clinical trials to a
non-trial setting and provide important evidence for clini-
cians facing the decision of whether or not to offer treat-
ment with pulmonary vasodilators to their patients with
Groups 2/3 PH. Despite clear guideline recommendations
against use in Groups 2/3 PH,**?’ vasodilator use continues
to rise in this population.’®?” The decision to prescribe these
medications is often complex, influenced by many factors at
the patient, provider, and system level.*® In prior qualitative
work exploring drivers of guideline-discordant prescribing
of vasodilators in Groups 2/3 PH, we found that clinicians
often interpret the evidence and the guidelines differently,
with high prescribers citing a belief that their patients may
not be reflected in the aggregate data from clinical trials.”!
These beliefs are not unfounded. Indeed, we have shown
that Groups 2/3 PH patients in usual clinical practice
differ from clinical trial participants, with the former
being older with more comorbid conditions.” We now
show that Group 2/3 PH patients in non-trial settings
may experience significant harm associated with use of vas-
odilators, lending further support to the call from clinical
guidelines to limit their use outside of clinical trials.

Our study has limitations. First, while we controlled for
both patient- and facility-level confounding variables likely
to be associated with our outcome, our retrospective anal-
yses using enriched administrative data may not have cap-
tured all possible confounders. For example, we lacked
clinically relevant data such as hemodynamics from right
heart catheterizations, echocardiography or pulmonary
function testing results, or World Health Organization func-
tional class. While exposed patients were generally healthier
with a lower comorbidity index than unexposed patients, we
cannot exclude the possibility that exposed patients had
more severe PH at time of treatment compared to unex-
posed patients. Additionally, as fewer than a third of treated
patients had received a right heart catheterization in the
year prior to initiation of therapy, we cannot exclude the
possibility that the poorer outcomes seen in exposed
patients were partly due to lower quality of care in general.
However, the consistent findings from our two distinct
approaches, which are in line with clinical trials results,
increase our confidence in the results. Additionally, as
cumulative exposure further increased odds of harm, our
findings are unlikely due to unmeasured confounding
alone. Our data source also did not allow us to determine
the specialty of the provider prescribing the pulmonary
vasodilator and we therefore could not account for differ-
ences in outcomes among specialties. Second, while our val-
idated algorithm®® was conservatively designed to increase

specificity for selecting Groups 2/3 PH over other groups,
the possibility that Groups 1 or 4 PH patients are included
in our cohort remains. As Groups 1 and 4 PH patients have
improved outcomes when treated with pulmonary vasodila-
tors,>? their presence in our sample would bias our findings
toward the null. In contrast, while we found the overall rate
of pulmonary vasodilator prescribing to be low, our conser-
vative algorithm likely resulted in an underestimation of the
true rate of prescribing. Finally, our analysis of Medicare-
eligible Veterans may not be generalizable to all usual clin-
ical practice settings.

Consistent with clinical trial results, use of pulmonary
vasodilators to treat Groups 2 and 3 PH in a usual clinical
practice setting is associated with increased risk of acute
organ failure and death. Given the rising use of these ther-
apies, efforts are needed to develop and implement targeted
strategies to ensure appropriate patient selection for pulmo-
nary vasodilator therapy in PH.
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