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Abstract

Pulmonary hypertension (PH) results in increased morbidity and mortality in
patients with interstitial lung disease (ILD). Early recognition of PH in this
population is essential for planning diagnostic testing, initiating therapy, and
evaluating for lung transplantation. The previously developed PH-ILD
Detection tool has significant potential in the evaluation and treatment of
ILD patients; the aim of this study was to validate the tool in an independent,
multicenter cohort of patients. We conducted a retrospective review of
prospectively collected data from 161 ILD patients. Patients were stratified into
low- (n=78, 48.4%), intermediate- (n =54, 33.5%), and high-risk (n =29,
18.0%) groups based on the score obtained with the tool. Intermediate- and
high-risk patients underwent follow-up echocardiogram (TTE); 49.4% (n = 41)
had an abnormal TTE suggestive of underlying PH. These patients underwent
right heart catheterization; PH-ILD was diagnosed in 73.2% (n = 30) of these
cases. The PH-ILD Detection tool has a sensitivity of 93.3%, specificity of
90.9%, and area-under-the-curve of 0.921 for diagnosing PH in ILD patients,
validating the findings from the original study and establishing the tool as a
fundamental resource for early recognition of PH in ILD patients.
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BACKGROUND

Pulmonary hypertension (PH) is a significant complication
in patients with interstitial lung disease (ILD), resulting in
poorer functional status, need for supplemental oxygen, and
worse outcomes.'> Mean pulmonary artery pressure
(mPAP) is elevated in 8—15% of patients when initially
diagnosed with ILD; the prevalence of PH increases as the
lung disease progresses.”” The development of PH in ILD
patients is associated with increased morbidity and mortality;
echocardiographic studies suggest a median survival of less
than one year in patients with idiopathic pulmonary fibrosis
(IPF) and an estimated pulmonary artery systolic
pressure > 50 mmHg,'*"!

Given the significant morbidity and mortality, early
recognition of PH in ILD is vital not only for planning
appropriate diagnostic testing but also for initiating
therapy and evaluation for lung transplantation. To
address this problem, we created a PH-ILD Detection
tool from a retrospective review of ILD patients in a
single, tertiary academic center (Tables 1 and 2).'* The
tool incorporates eight variables that are routinely
monitored in ILD patients; dependent on the score, the
tool creates three risk groups for existence of PH: low,
intermediate, and high (Table 2). Based on the risk
group, suggested treatment is either reassessment at
various intervals for low-risk patients, screening
with transthoracic echocardiogram (TTE) for the
intermediate-risk group, or prompt evaluation including
TTE and referral to a PH specialist where PH can be

TABLE 1 Scoring system and components of the PH-ILD
detection tool.

Clinical finding Score
6MWD < 350 m 2
Physical exam for PH* 2
DLCO < 40% 2
Supplemental oxygen 2
Elevated BNP or NT-ProBNP" 1
Syncope or presyncope 1
PA enlargement on CT chest® 1
CTD or sarcoidosis 1

Abbreviations: 6MWD, 6-min walk distance; BNP, B-type natriuretic
peptide; CTD, connective tissue disease; DLCO, diffusion capacity for carbon
monoxide; JVP, jugular venous pressure; PH-ILD, pulmonary hypertension-
interstitial lung disease; TR, tricuspid regurgitation.

“Increased JVP, peripheral edema, ascites, accentuated P2, TR murmur,
parasternal heave;

"BNP > 50 pg/mL, NT-ProBNP > 300 pg/mL;

“Ratio of pulmonary artery (PA) to aorta (A)> 0.9, enlargement of main
PA > 30 mm.

TABLE 2 Low-, intermediate-, and high-risk category based on
PH-ILD detection tool.

Score Risk category Recommendations

<3 Low Reassess during follow-up visit

4-5 Intermediate Echocardiogram and short-term
reassessment

=6 High Echocardiogram and immediate

referral to PH center for RHC

Abbreviations: PH-ILD, pulmonary hypertension-interstitial lung disease;
RHC, right heart catheterization.

formally evaluated and right heart catheterization (RHC)
performed for high-risk patients.

Although this PH-ILD Detection tool is a provocative
method for early recognition of this important complica-
tion of ILD and has significant potential implications in
the evaluation and treatment of such patients, the
original iteration was limited by development in a single
center. The current study was undertaken to validate the
PH-ILD Detection tool in an independent, multicenter
cohort of patients and establish it as a fundamental
resource for early recognition of PH in ILD patients.

METHODS

We conducted a retrospective study of prospectively
collected data from 199 ILD patients undergoing evalua-
tion from February 2022 to April 2023 at six sites.
Patients were identified by the International Classifica-
tion of Diseases 10th Revision (ICD-10) codes for ILD
subtypes (J84). The diagnosis of ILD was confirmed by
diffuse parenchymal lung disease on CT chest. An
electronic medical record-based smart phrase was devel-
oped for the six participating centers, which assisted in
patient identification. The study was approved by the
Hartford HealthCare Institutional Review Board (IRB;
HHC-2022-0014).

Of the 199 patients initially identified, 38 did not have
all eight components of the PH-ILD Detection tool
available; the most common missing metric was N-
terminal pro B-type natriuretic peptide (proBNP) level.
Thus, for the current study, we examined a total of 161
ILD patients. After evaluating continuous data for
normality of distribution, descriptive statistics comprised
means and standard deviations, categorical data were
presented as frequencies, using percentages. Inferential
statistics comprised a Student's ¢-test, for comparisons of
continuous variables between ILD and PH-ILD groups,
and a chi square test, for comparisons of categorical
variables. A receiver operating characteristics (ROC)
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curve was generated, and an area-under-the-curve (AUC)
was calculated from the values of sensitivity (SN) and
specificity (SP). All analyses were conducted with SPSS v.
26 (IBM) using an a priori « level of 0.05.

Components of the PH-ILD Detection tool

We originally developed a PH-ILD Detection tool that
incorporated patient history and symptoms, physical
exam, 6-min walk test results, pulmonary function
testing (PFTs), chest imaging, and cardiac biomarkers
to create an eight-component score (Table 1).12

Physical exam findings included increased jugular
venous pressure, pedal edema, ascites, accentuated pulmonic
component of the second heart sound (P2), and/or
parasternal heave; all of them being suggestive of right heart
dysfunction without consensus on whether these findings
alone have sufficient SN to predict PH-ILD accurately."

6-min walk distance (6MWD) in meters (m) and need for
supplemental oxygen were also included in the PH-ILD
Detection tool. Although recognizing that the exact distance
is controversial, for 6MWD, we used the cut-point of 350 m
to delineate decreased exercise capacity since multiple
studies have demonstrated that patients with PH-ILD have
a lower 6MWD than ILD patients without PH.'**
Meanwhile, the need for oxygen supplementation is an
independent predictor of PH.'*'>2%2!

For PFTs, we used a diffusion capacity for carbon
monoxide (DLCO, % predicted) cut-point of 40% because
studies have proposed that PH should be suspected when
DLCO is disproportionately lower compared with functional
and radiological impairment in ILD patients.>'”**"* The fact
that DLCO not only serves as a diagnostic clue in ILD
patients who develop PH but also as a prognosticator denotes
the potential importance of this metric in this subset of
patients.>*>2¢8

We also incorporated a concomitant diagnosis of
connective tissue disease (CTD) or sarcoidosis in the PH-
ILD Detection tool. Existence of CTD, especially sclero-
derma, or sarcoidosis can often cloud the clinical picture
in PH-ILD since the concomitant disease can be
associated with the development of PH and ILD
individually.*>**** Nevertheless, the presence of PH or
ILD are major causes of morbidity and mortality in the
CTD population while advanced stage sarcoidosis has a
higher prevalence of developing PH as well.***

Along with baseline comorbidities of CTD and
sarcoidosis, we included symptoms of severe right
ventricular dysfunction including syncope which has
significant clinical implications when present in the
PH population.*®>* While the effect of syncope in
PH-ILD has not been extensively evaluated, there is

[Opon Accoss:

hemodynamic evidence to suggest that syncope is a poor
prognostic indicator in this entity as well; therefore, we
incorporated it into the PH-ILD Detection tool.'%'®

Lastly, we included cardiac biomarkers and findings on
chest imaging in the detection tool. This included BNP or
proBNP, useful markers in ILD patients for PH detection
and prognosis.'****>*® However, their utility as independent
predictors of PH in ILD patients remains controversial as
there are several factors that make the measurements
unreliable on their own including left heart dysfunction,
renal failure, and obesity.>**° Similarly, abnormal findings
on computed tomography scan of the chest (CT chest) such
as pulmonary artery (PA) to aorta ratio (PA:A) > 0.9 or PA
enlargement > 30 mm were included in the PH-ILD Detec-
tion tool given the evidence supporting its use in predicting
concomitant PH.!7!8243040-42

Each of the 8 parameters included in the PH-ILD
Detection tool have an inconsistent ability to predict PH in
ILD patients when evaluated independently; nevertheless,
they are important factors in increasing the likelihood of
concomitant disease. Therefore, combining all these metrics
into the composite scoring system resulted in the PH-ILD
Detection tool in which the candidate variables that were
significantly associated with the PH-ILD subgroup based on
multivariate analysis were physical exam, 6MWD < 350 m,
and DLCO < 40%. Based on the regression coefficients of the
covariates in the multivariate model, we assigned a weighted
score of 2 points to each of these covariates as well as to
oxygen supplementation because of its high combined SN
and SP. We assigned 1 point to the other four covariates:
syncope, CTD or sarcoidosis, elevated cardiac biomarkers,
and PA enlargement on CT chest. The individual points
were totaled to obtain a composite score ranging from 0 to 12
(Table 1).

RESULTS
Patients

Patient demographics and other baseline clinical data are
shown in Table 3. The mean age was 69.8 years and there
was a slight male predominance (81 patients; 50.3%). In
this cohort, the most common cause of ILD was IPF (68
patients: 42.2%), followed by nonspecific interstitial
pneumonia (NSIP; 37 patients: 23.0%).

Echocardiogram and right heart
catheterization

The PH-ILD Detection tool was applied to each ILD
patient in the cohort. Patients were stratified into low-,
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TABLE 3 Baseline characteristics.

Characteristic All ILD only PH-ILD p Value*

Sample size—number 161 131 (81.4%) 30 (18.6%) —

Gender—number (%) 0.440%
Male 81 (50.3) 64 (48.9) 17 (56.7)

Female 80 (49.7) 67 (51.1) 13 (43.3)

Age, years (mean + SD) 69.8+9.4 70.3+9.6 67.6 +8.1 0.144°

Race—number (%) 0.414*
White 123 (76.4) 100 (76.9) 23 (76.7)

Black/African American 10 (6.2) 7 (5.4) 3 (10.0)

Asian 2(1.2) 1(0.8) 1(3.3)

Other (undefined) 25 (15.5) 22 (16.9) 3 (10.0)

Missing 1 (0.6) 1 (0.8) 0 (0.0)
Hispanic/Latinx—number (%) 26 (16.1) 23 (17.8) 3 (10.0) 0.296%
Cause of lung disease—number (%) 0.332%

Idiopathic pulmonary fibrosis 68 (42.2) 55 (42.0) 13 (43.3)

Nonspecific interstitial pneumonia 37 (23.0) 30 (22.9) 7 (23.3)

Undifferentiated and drug-related lung disease 15 (9.3) 12 (9.2) 3 (10.0)

Combined pulmonary fibrosis and emphysema 11 (6.8) 6 (4.6) 5(16.7)

Post-Coronavirus-2019 lung disease 8 (5.0) 7 (5.3) 1(3.3)

Respiratory bronchiolitis with ILD 6 (3.7) 6 (4.6) 0 (0.0)

Cryptogenic organizing pneumonia 6 (3.7) 6 (4.6) 0 (0.0)

Sarcoidosis-related lung disease 6 (3.7) 5(3.8) 1(3.3)

Hypersensitivity pneumonitis 4 (2.5) 4 (3.1) 0 (0.0)

Antifibrotic therapy—number (%) 0.178*
No therapy 108 (67.1) 91 (69.5) 17 (56.7) 1.000°
On therapy 53 (32.9) 40 (30.5) 13 (43.3)

Pirfenidone 38/53 (58.5) 23 (57.5) 8 (61.5)

Nintendanib 22/53 (41.5) 17 (42.5) 5 (38.5)

Supplemental oxygen—number (%) <0.001"

No oxygen 102 (63.4) 94 (71.8) 8 (26.7)

On oxygen 59 (36.6) 37 (28.2) 22 (73.3)

Abbreviations: PH-ILD, pulmonary hypertension-interstitial lung disease; SD, standard deviation.

*Values in bold represent statistically significant differences at p < 0.05;
chi square;

bStudent's t;

“Fisher's exact.

intermediate-, and high-risk groups based on the score
obtained with the tool (Table 4). Twenty-six patients
(16.1%) had follow-up assessment with the PH-ILD
Detection tool and two (7.7%) of these patients had a
change in score, transitioning them from intermediate-
risk to high-risk.

Based on recommendations outlined by the PH-ILD
Detection tool, the 54 intermediate-risk and 29 high-risk
underwent follow-up TTE. Parameters suggestive of
underlying PH on TTE included: 1) dilated right atrium
(RA) or right ventricle (RV), 2) moderate or severe
tricuspid regurgitation (TR), 3) estimated RV systolic
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TABLE 4 Risk stratification groups

Pulmonary Circulation

. Frequency Abnormal RHC
and echocardiogram outcomes. Score Risk category (n, %) Abnormal TTE (for PH-ILD)
<3 Low 78, 48.4% 0/78 (0%) 0/0
4-5 Intermediate 54, 33.5% 12/54 (22.2%) 2/12 (16.7%)
26 High 29, 18.0% 29/29 (100%) 28/29 (96.6%)

Abbreviations: PH-ILD, pulmonary hypertension-interstitial lung disease; RHC, Right heart
catheterization; TTE, transthoracic echocardiogram.

TABLE 5 Echocardiographic findings.

TTE abnormality Frequency (n, %)

Dilated RA/RV 32 (78.0)
Moderate/Severe TR 12 (29.3)
eRVSP 235 mmHg 32 (78.0)
Pericardial effusion 12 (29.3)
IVS deviation 11 (26.8)
2 TTE abnormalities 7 (17.1)
3 TTE abnormalities 15 (36.6)
4 TTE abnormalities 7 (17.1)

Abbreviations: eRVSP, estimated RV systolic pressure; IVS, Interventricular
septal; RA, Right atrium; RV, Right ventricle; TR, tricuspid
regurgitation; TTE, transthoracic echocardiogram.

pressure (eRVSP)=35mmHg, 4) presence of a peri-
cardial effusion, and 5) interventricular septal
(IVS) deviation (Table 5).**"*° In the cohort of 83 patients
in the intermediate- and high-risk groups, 41
(49.4%) patients had an abnormal TTE (Table 4).
These 41 patients underwent RHC; PH was defined by
a mPAP = 20mmHg, pulmonary -capillary wedge
pressure (PCWP)<15mmHg, and pulmonary vascular
resistance (PVR) >3 Wood units. Pre-capillary PH was
diagnosed in 30 (73.2%) patients (Table 5). These patients
subsequently underwent routine testing to evaluate other
potential causes of pre-capillary PH including
ventilation-perfusion imaging to screen for chronic
thromboembolic PH; once other etiologies were ex-
cluded, a diagnosis of PH-ILD was established.

PH-ILD Detection tool components and
risk groups

Within the low-risk group, the most common finding
from the PH-ILD Detection tool components was
presence of CTD or sarcoidosis (n = 26, 33.3%) followed
by symptoms of syncope and presyncope (n = 16, 20.5%;
Table 6). In the intermediate-risk group, the use of

supplemental oxygen (n =32, 59.3%) was most frequent
followed by DCLO < 40% (n = 29; 53.7%) and presence of
CTD or sarcoidosis (n=27; 50%). The most common
parameters from the high-risk group as determined by
the PH-ILD Detection tool included DLCO <40%
(n =26, 89.7%), 6MWD < 350 m (n = 24, 82.8%), elevated
proBNP (n =23, 79.3%), and use of supplemental oxygen
(n=22; 75.9%).

Risk and PH-ILD

The risk categorization of the PH-ILD Detection tool was
tested for SN and SP to identify PH-ILD. Using the risk
score of 0—12, the best cut point (= 6, the low boundary
of the high-risk group) was used in a dichotomy (i.e., = 6
vs. < 6) to calculate an AUC from these values. The SN
was 93.3% and the SP was 90.9%, resulting in an AUC of
0.921 (p < 0.001).

Risk and mortality

The risk categorization of the PH-ILD Detection tool also
was tested for SN and SP to identify mortality and an
AUC was calculated, again using a dichotomy with a best
cut point of = 8. The SN was 40% and the SP was 47.3%,
resulting in an AUC of 0.397 (p =0.188). A score of = 8
on the PH-ILD Detection tool in the original study
resulted in an AUC of 0.680 (95%CI 0.581-0.778,
p<0.001) for mortality with SN of 53.3% and SP of
82.6%, suggesting a score below this cut-off was a strong
identifier of patients who survived.'”> However, in this
validation cohort, those findings were not confirmed.

DISCUSSION

Clinical implications of PH-ILD Detection
tool validation

The recently established PH-ILD Detection tool shows
promise as a multi-faceted and convenient method for
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TABLE 6 Components from PH-ILD

Low risk Intermediate High risk )
(n="78) risk (n = 54) (n=29) p Value® ()  detection tool.
6MWD < 350 m 14 (17.9%) 22 (40.7%) 24 (82.8%) <0.001
Physical exam 8 (10.3%) 7 (13.0%) 18 (62.1%) <0.001
for PH
DLCO < 40% 7 (9.0%) 29 (53.7%) 26 (89.7%) <0.001
Supplemental 5 (6.4%) 32 (59.3%) 22 (75.9%) <0.001
oxygen
Elevated proBNP 3 (3.8%) 1(1.9%) 23 (79.3%) <0.001
Syncope/ 16 (20.5%) 8 (14.8%) 12 (41.4%) 0.019
presyncope
CTD/Sarcoidosis 26 (33.3%) 27 (50.0%) 13 (44.8%) 0.144

Abbreviations: 6MWD, 6-min walk distance; BNP, B-type natriuretic peptide; CTD, Connective tissue

disease; PH-ILD, pulmonary hypertension-interstitial lung disease.

#2-df x2 to evaluate distribution across all three groups; values in bold represent statistically significant

differences at p < 0.05.

early detection of PH in ILD patients and also reflects
expert consensus for PH screening in ILD.* In particu-
lar, it incorporates eight commonly assessed metrics in
ILD patients and creates low-, intermediate-, and high-
risk categories that provide clinical recommendations for
management of each subset of patients. The tool's
accuracy was initially tested among the same cohort of
patients yielding a SN of 86.5%, SP of 86.3%, and AUC of
0.92 (95% CI 0.878—0.962, p < 0.001).** The validation of
these findings in this independent cohort of patients
demonstrates its accuracy and confirms its usefulness in
the identification of PH in ILD patients and their overall
management.

Missing variables from the PH-ILD
Detection tool

There were 38 patients missing at least one metric from the
PH-ILD Detection tool. Because of the study design to
compare this validation cohort to the discovery cohort, such
patients were not included in the original statistical analysis.
However, given the real-world possibility that patients will
not always have all 8 metrics available at the time of
evaluation, we assessed these 38 patients separately.

Each missing parameter was assigned a score of 0, as
if it were not present. Of the 38 patients, all had only one
missing metric, except for two patients who had two
missing variables. Based on the PH-ILD Detection tool,
22 patients stratified into low-risk, 10 into intermediate-
risk, and 6 into high-risk. All 6 patients in the high-risk
group did undergo a RHC, which confirmed PH-ILD in
all of them.

Invasive hemodynamics

In the 30 patients who were formally diagnosed with PH-
ILD, invasive hemodynamic data showed an average
mean PAP of 39.3 mmHg, average PVR of 7.8 Wood
units, and average Fick-derived Cardiac Index (CI) of 2.2
(Table 7). For comparison, patients enrolled in the
INCREASE clinical trial had an average mean PAP of
36.6 mmHg and an average PVR of 6.2 Wood units.*
This emphasizes the importance of early detection of PH
in ILD patients. Use of the PH-ILD Detection tool could
ideally result in a standardized process to detect PH early
so that patients have ample opportunity to undergo
further evaluation with RHC, initiate therapy that may
improve quality of life and overall respiratory symptoms,
and potentially become better candidates for lung
transplant.

Strengths and limitations of this study

The present study has several limitations: (1) this was a
retrospective study (although the original data were
collected prospectively); (2) there were 38 patients
initially screened who had missing metrics for use in
the PH-ILD Detection tool; and (3) TTE was utilized as
the initial screening test for intermediate- and high-risk
patients despite having its limitations in the ILD
population.***>5'">% In particular, the study by Weir
et al regarding TTE limitations in detecting PH in ILD is
difficult to compare with our results given its methodol-
ogy and study design.’* Additionally, by the algorithm,
patients in the low-risk category did not undergo TTE or
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TABLE 7 RHC findings.

RHC measurement
PA, mean + SD (mmHg)
PVR, mean + SD (Wood units)

Cardiac index fick, mean + SD

O U l
2 o
No PH PH-ILD Postcapillary
(n=7) (n=30) PH (n=4)
18.0+1.5 393+7.1 30.2+2.5
2.0+0.2 7.8+22 1.8+0.9
2.5+0.2 22403 2.2+0.1

Abbreviations: PA, pulmonary artery; PH-ILD, pulmonary hypertension-interstitial lung disease;
PVR, pulmonary vascular resistance; RHC, Right heart catheterization; SD, standard deviation.

RHC, nor did patients with a normal TTE; as such, we
cannot determine the false negative rate of TTE in these
patients and potentially the false negative predictability
of the PH-ILD Detection tool. There are also limitations
related to the tool's development itself which were
highlighted in the initial pilot study; most importantly,
eight metrics were tested and incorporated into the tool
but other potential risk factors, such as age, were not
included.'? Lastly, while the purpose of the PH-ILD
Detection tool is to establish an early diagnosis of PH, the
patients included in this retrospective study were
diagnosed fairly late in their disease course based on
hemodynamic data. However, since most of these
patients were referrals there was no standardized
protocol for the timeliness of the referral. To potentially
address this issue, the PH-ILD Detection tool can and
will be modified and the cut-points altered as studies on
metrics predicting PH in this population are published.

Strengths of our study are: (1) it is a large cohort of
patients with a diverse demographic background from
multiple centers; (2) many of the individual metrics in
the tool have been independently associated with
development of PH in ILD patients; and (3) most
importantly, it confirms findings from the initial iteration
of the PH-ILD Detection tool.

Evolution of the PH-ILD Detection tool

To date, there are no consensus guidelines when to screen
for PH in ILD patients; some have recommended an annual
TTE but this generalized approach fails to take into account
the progressive nature of concomitant PH in ILD patients.*
The PH-ILD Detection tool is a fundamental addition to the
growing landscape of PH-ILD as a disease entity. However,
as noted above, further refinement of the tool will likely be
warranted. Similar to the REVEAL risk assessment tools, the
PH-ILD Detection tool will continue to be re-evaluated and
its individual metrics constantly refined in an effort to create
an evolving early detection method that can adjust as more
data become available, potentially even including novel gas-
exchange parameters obtained during submaximal exercise
testing.>*>°

CONCLUSION

Until the development of the PH-ILD Detection tool, there
was no widely accepted method to predict PH in ILD
patients. The current study validates the PH-ILD Detection
tool in an independent cohort of patients and establishes it as
an indispensable asset for management of these patients. It
has important implications in the evaluation and treatment
of ILD patients in clinical practice: concomitant PH may be
diagnosed earlier in these patients, allowing for interventions
such as initiation of inhaled therapies or referral for lung
transplant evaluation.
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