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Abstract

Background Pulmonary hypertension (PH) complicates the course of patients with interstitial lung disease (ILD)

in 30-55% of cases and is associated with increased morbidity and mortality. The optimal timing of diagnostic

right heart catheterization (RHC) and the impact of transthoracic echocardiographic (TTE) imaging on this decision
remain uncertain. This study explores physician decision-making regarding PH suspicion in patients with ILD, and the
necessity for TTE and RHC.

Methods A case-based survey was conducted among physicians from diverse geographic and professional
backgrounds. Participants assessed anonymized ILD cases, providing their clinical suspicion of PH and
recommendations for TTE and then RHC both before and after receiving TTE results. Predictive accuracy for PH was
compared to the FORD index, a validated scoring system.

Results There were 10 cases provided, of which 3 had hemodynamically confirmed PH and 7 did not have PH. There
were 42 respondents to the survey. Following the TTE results, the proportion of responses indicating high suspicion
for PH increased in all PH cases and also increased in some non-PH cases. In PH cases, respondents accurately
predicted mPAP > 25 in 98.4% and PVR >3 Woods Units in 90.5% of responses, although only 24.6% and 20.6%
matched the value ranges, respectively. In non-PH cases, mPAP <25 and PVR < 3 Wood Units were correctly identified
in 60.9% and 67.0% of responses, with 30% incorrectly predicting PH. Compared to the FORD index (sensitivity: 43.7%,
specificity: 86.6%), respondents demonstrated higher sensitivity (88.9%) but lower specificity (70.1%) for PH diagnosis.

Conclusions Physicians demonstrate high sensitivity but moderate specificity in predicting PH, both with and
without TTE results. The FORD index had greater specificity and may serve as a complementary tool, reducing the
need for unnecessary RHCs. Standardized protocols are needed to facilitate detection of PH while optimizing the
timing of RHCs in ILD patients.
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Background

Pulmonary hypertension (PH) occurs during the clini-
cal course of 30-55% of interstitial lung disease (ILD)
patients [1], contributing to increased morbidity and
mortality [2, 3]. Despite its devastating prognosis, the
recent approval of inhaled treprostinil has underscored
the growing importance of attaining a diagnosis of PH in
a timely manner [4]. Clinical features, including symp-
toms, pulmonary function tests (PFT), the 6-minute walk
test (6MWT), imaging studies such as computed tomog-
raphy (CT), and blood tests like Brain Natriuretic Peptide
(BNP)/N-terminal pro-BNP (NT-proBNP) are valuable
for providing clues to the presence of PH in ILD patients
[5]. Transthoracic echocardiography (TTE) is widely rec-
ognized as a key screening test, while right heart cath-
eterization (RHC) is the gold standard for a definitive
diagnosis [5, 6].

There is a wide inter-provider variation on the clinical
index of suspicion for PH with many variables, includ-
ing personal experience, weighing into the assessment
of pretest likelihood of PH [6]. In addition, while there
is a consensus on the necessity for TTE and RHC in the
evaluation for PH in ILD patients, there is a paucity of
research or guidelines on best practice and the impact of
TTE results on the decision to perform RHC. Therefore,
we conducted a physician survey using clinical informa-
tion from 10 real-world cases to investigate the clinical
gestalt of ILD providers in predicting PH, including if and
when to proceed with a TTE, and how the results of TTE
impact the decisions to proceed with RHC.

Methods

Survey protocols and study participants

We designed a survey that collected information on
respondents’ demographics, including nationality, prac-
tice setting, and their experience with patients. Addition-
ally, we presented cases of actual ILD patients, including
their brief clinical history, BNP or pro-BNP levels, PFT
and 6MWT data, as well as chest CT images. Ten ILD
cases were retrospectively selected from our institutional
database based on the availability of comprehensive
clinical data (PFT, TTE, and RHC) and their educational
and clinical relevance, as determined through discus-
sion among the co-authors. The proportion of cases with
treatable PH approximated the estimated prevalence in a
general ILD population. Respondents were asked to cat-
egorize their level of suspicion for PH as high, interme-
diate, or low and to indicate the necessity for TTE and
RHC. Although there have been several definitions of
PH, the respondents were asked their suspicion of PH
based on the 5th World Symposium definition of precap-
illary PH; mean pulmonary arterial pressure (mPAP) >25
mmHg, pulmonary vascular resistance (PVR)=3 Wood
Units, pulmonary capillary wedge pressure (PCWP) <15
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mmHg [4]. While the 7th World Symposium definition
is the current standard, the rationale for this older defi-
nition was based on the hemodynamic cut-offs used for
approval of inhaled treprostinil for PH-ILD. The ques-
tionnaire used in the survey has been included as a sup-
plementary file.

After providing TTE information in each case, respon-
dents were again asked to categorize their level of sus-
picion for PH as high, intermediate, or low and to
reassess the necessity for RHC as well as their estimate
of the likely values for the mPAP and PVR. After each
case response, the actual RHC values were presented.
The survey was e-mailed to referring physicians to the
Inova program as well as colleagues of the correspond-
ing author. In the solicitations e-mail there was a link to a
web-survey provider that hosted the online questionnaire
(Survey Monkey” Inc., Palo Alto, CA, USA). Participation
in this study was entirely voluntary, and no financial or
other incentives were provided. Responses were collected
between October 2024 and November 2024. Regarding
the use of clinical data, all patient information was col-
lected retrospectively, and the study was approved by the
Institutional Review Board at Inova Fairfax hospital (IRB-
2024-189). The invitation email for the survey clearly
stated at the beginning that participation was voluntary
and that only those who agreed to participate should pro-
ceed to complete the questionnaire. In accordance with
national regulations and given the nature of the anony-
mous, minimal-risk survey, the IRB at Inova Fairfax hos-
pital (IRB-2024-189) waived the requirement for written
informed consent.

The performance characteristics of the respondents
in predicting PH were compared to that of the FORD
model, an objective scoring system. The FORD model,
originally developed and validated in patients with idio-
pathic pulmonary fibrosis (IPF), incorporates four key
components: the ratio of forced vital capacity (FVC) to
diffusing capacity for carbon monoxide (DLco) (F), the
oxygen saturation nadir during the 6MWT (O), race (R),
and the distance ambulated during the 6MWT (D) [7].
The FORD index, a point scoring system for each vari-
able, is provided in the Table 1.

Statistical analysis

After the web survey was completed, all data were ini-
tially entered into an Excel database, and the analysis
was conducted using SPSS 23.0 and MEDCALC. 8.1.0.0.
All values for continuous variables are expressed as
median (interquartile range) and those for categorical
variables are expressed as frequencies (%). Each respon-
dent’s response was expressed as a percentage of the total
responses within each category. To evaluate the diag-
nostic performance of the respondents; the overall sen-
sitivity and specificity of their responses were collated
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Table 1 FORD index

Predictor Category Points
FVC%/ DLco% FVC % predicted/ DLco % predicted
<2 0
2-3 2
>3 34
Oxygenation Oxygen saturation (%) nadir during
6MWT
>88 0
83-88 19
<82 33
Race White 0
Non-white 20
Distance Distance ambulated during 6MWT (m)
>350 0
250-350 9
<250 13

FVC:forced vital capacity; DLco: diffusing capacity for carbon monoxide; 6MWT:
6-minute walk test

and analyzed. Sensitivity was defined as the proportion
of true positives correctly identified by the test, whereas
specificity referred to the proportion of true negatives
accurately identified. The sensitivity and specificity of the
FORD index were also calculated based on established
cutoff values [7].

Results

Demographics of participants

A total of 42 physicians participated in the survey, yield-
ing a response rate of approximately 7% (42 out of an esti-
mated 600 physicians contacted via email) and including
20 Asians, 17 Americans, and 5 Europeans (Fig. 1-A). Of
the participants, 31 were pulmonologists, 2 were cardi-
ologists, and the remainder were general practitioners.
Their workplaces included 25 academic hospitals, 13

A) Country of residence B)

0%
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m USA = Asia (Japan & Korea) m Europe (Germany, ltaly, France)
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ILD-accredited centers, and 13 PH-accredited centers, 8
of which were dual-accredited for both ILD and PH.

The clinical experience of the participants is summa-
rized in Fig. 1-B. The largest proportion of participants
had over 20 years of experience treating ILD patients
(n=14, 33.3%), treated 10 to 50 ILD patients per year
(n=19, 45.2%), and treated fewer than 5 ILD-PH patients
annually (n=17, 40.5%).

Level of clinical suspicion for PH and the necessity
of TTE and RHC evaluation
The clinical characteristics and test results of the 10 cases
are presented in Table S1. There were 10 cases presented
to the respondents, of whom 3 had hemodynamically
confirmed PH (case #1, 5, 8), and 7 who did not have PH
based on the definition employed. This information was
blinded to the participants until they completed each
case. The respondents index of PH suspicion, divided into
high, intermediate, and low categories, is shown in Fig. 2,
both before and after they were unblinded to the TTE
results. For the PH cases, the proportion of responses
indicating high suspicion increased following the TTE
results (Case #1: 40.5-76.2%, Case #5: 28.6—81.0%, Case
#8: 14.3-52.4%). However, even in some non-PH cases
(n=3/7), the proportion of responses indicating high
suspicion increased following the TTE results (Case #3:
9.5-31.0%, Case #7: 4.8—21.4%, Case #10: 0 to 2.4%).
After the clinical information for each case was pre-
sented, a median of 95.2% responses (interquartile range:
93.5-97.6%) indicated the need for TTE. Responses
regarding the necessity of RHC, both before and after
the TTE information was presented, are shown in Fig. 3.
Before obtaining TTE information, the proportion of
responses indicating the necessity of RHC across the 10
cases had a median of 29.8% (IQR 19.1-33.3%). After
the TTE information was provided, this proportion

Years treating ILD patients

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m5yearsorless M5t0 10 ®10to20 ™ Over 20 years

The number of ILD patients treated per year

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

<10 =10 to 50 |50 to 100 m> 100

The number of ILD-PH patients treated per year

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

<5 m5to 10 m 10 to 20 u> 20

Fig. 1 Demographics for participants, A) country of residences, B) physician's experience
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Level of clinical suspicion after TTE
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Fig. 2 Level of clinical suspicion for pulmonary hypertension, A) before echocardiography information, B) after echocardiography information, TTE:

transthoracic echocardiography
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Fig. 3 Response on the necessity of right heart catheterization, RHC: right heart catheterization, TTE: transthoracic echocardiography
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Fig. 4 Responses based on whether the participant was a pulmonologist or not

increased to a median of 69.0% (IQR 45.2—-91.7%). In PH
cases (n=3), the proportion of responses indicating the
necessity of RHC before and after TTE information was
46.0% (n=58/126) and 96.8% (1n=122/126), respectively.
In non-PH cases (n=7), these proportions were 22.1%
(n=65/294) and 53.1% (n=156/294), respectively (Figure
S1).

Subgroup analysis based on the characteristics of
participants

Responses from 31 pulmonologists and 11 non-pulmo-
nologists were compared, and the results are presented
in Fig. 4. Both pulmonologists and non-pulmonologists
reported a higher necessity for RHC in cases with PH
compared to those without PH. Compared to non-pulm-
onologists, pulmonologists indicated a greater need for
RHC in both groups, with particularly higher responses
suggesting the need for RHC before TTE information in
cases with PH (52.7 vs. 27.3%). A subgroup analysis was
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Table 2 Comparison of predicted and actual values of mPAP and PVR

PH cases (n=3)

mPAP <20 mmHg 21-25 mmHg
#1 (actual: 48mmHgq) 0 1(24)
#5 (actual: 26mmHg) 0 0

#8 (actual: 30mmHg) 0 1(24)
PVR <2WU 2-3WU
#1 (actual: 9.0 WU) 0 5(11.9)
#5 (actual: 3.5 WU) 0 0

#8 (actual: 3.3 WU) 0 7(16.7)
Non-PH cases (n=7)

mPAP <20 mmHg 21-25 mmHg
#2 (actual: 19mmHg) 5(11.9) 12 (28.6)
#3 (actual: 20mmHg) 3(7.1) 8(19.1)
#4 (actual: 19mmHQ) 20 (47.6) 14 (333)
#6 (actual: 22mmHg) 22 (52.4) 17 (40.5)
#7 (actual: 14mmHg) 6(14.3) 14 (333)
#9 (actual: 20mmHg) 21 (50.0) 14 (33.3)
#10(actual: 17mmHg) 14 (33.3) 19 (45.2)
PVR <2WU 2-3WU
#2 (actual: 2.0 WU) 6(14.3) 13(31.0)
#3 (actual: 2.0 WU) 3(7.1) 10 (23.8)
#4 (actual: 1.2 WU) 21 (50.0) 13(31.0)
#6 (actual: 2.4 WU) 27 (64.3) 13(31.0)
#7 (actual: 1.0 WU) 5(11.9) 15(35.7)
#9 (actual: 1.8 WU) 24 (57.1) 12(28.6)
#10 (actual: 2.6 WU) 17 (40.5) 18 (42.9)

25-35 mmHg 35-45mmHg >45mmHg
31(73.8) 9(214) 1(2.4)
6(14.3) 23 (54.8) 13(31.0)
24 (57.1) 15(35.7) 2(48)
3-4WU 4-5WU >5WU
21 (50.0) 12 (28.6) 4(9.5)
6(14.3) 14(33.3) 22 (524)
16 (38.1) 15(35.7) 49.5)
25-35 mmHg 35-45mmHg >45mmHg
20 (47.6) 5(11.9) 0
21(50.0) 10(23.8) 0
5(11.9) 3(7.0) 0

2(438) 1(24) 0

16 (38.1) 6(14.3) 0

3(7.0) 3(7.1) 1(4)
8(19.1) 1(24) 0
3-4WU 4-5WU >5WU
14 (33.3) 6(14.3) 3(7.1)
17 (40.5) 8(19.1) 4(9.5)
4(9.5) 4(9.5) 0

1(24) 0 1(24)
17 (40.5) 3(7.0) 2(4.8)
2(4.8) 3(7.1) 124)
7(16.7) 0 0

Data are presented as number (percentage), mPAP: mean pulmonary artery pressure; PVR: pulmonary vascular resistance; WU: woods units

conducted based on the participants’ experience, com-
paring the responses of participants with more than 10
years of experience (1=23) to those with less than 10
years of experience (n=19) (Fig. 5). In cases with PH, the
proportion of responses indicating the necessity of RHC
without knowledge of the TTE was numerically higher
among participants with more than 10 years of experi-
ence (50.7%, n=35/69) compared to those with less expe-
rience (40.4%, n=23/57). However, responses regarding
the necessity of TTE and RHC were similar overall in
both groups. Subgroup analysis of responses based on
the number of patients with ILD treated by participants
also showed similar results (Figure S2).

Prediction of mPAP and PVR in PH cases

A comparison between the actual mPAP and PVR val-
ues and the predicted mPAP and PVR values provided
by respondents in cases with PH is shown in Table 2. For
mPAP, the overall proportion of cases in which the value
range was accurately predicted for the three PH cases
was 24.6% ((2.4+14.3 +57.1)/3), while for the PVR it was
20.6% ((9.5 + 14.3 + 38.3)/3). An evaluation of the respon-
dents ability to predict the presence of PH irrespective of
the exact hemodynamic severity was then performed; of
126 (3 x42) total responses in cases with PH, 124 (98.4%)
accurately predicted mPAP>25 and 114 (90.5%) cor-
rectly predicted PVR>3 Wood Units. Only 14 responses
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Table 3 Sensitivity and specificity analysis of PH using the FORD

index
Case FORD Sensitivity Specificity PPV (%) NPV
index (%) (%) (%)
#1 48 426 92.5 385 93.6
#2 46 426 92.5 385 93.6
#3 50 426 92.5 385 936
#4 0 NA NA NA NA
#5 86 128 99.3 66.7 911
#6 20 74.5 65.2 19.1 95.8
#7 28 61.7 736 20.6 94.6
#8 62 12.8 99.3 66.7 91.1
#9 34 59.6 776 22.8 96.6
#10 0 NA NA NA NA

PH: pulmonary hypertension; PPV: positive predictive value; NPV: negative
predictive value; NA: not available, FORD index is composed of the forced vital
capacity (FVC)/diffusing capacity for carbon monoxide ratio (DLco) (F), oxygen
saturation nadir during 6-minute walk test (6MWT) (O), race (R), and distance
ambulated during 6MWT (D)

(11.1%) failed to predict the presence of PH by both crite-
ria (mPAP >25 and PVR >3 Wood Units).

A comparison between the actual mPAP and PVR val-
ues and the predicted mPAP and PVR values provided by
respondents in non-PH cases is also shown in Table 2.
Of 294 total responses in those without PH, 179 (60.9%)
accurately predicted mPAP <25 and 197 (67.0%) correctly
predicted PVR<3 Wood Units. However, 88 responses
(29.9%) incorrectly predicted the presence of PH by both
criteria.

Sensitivity and specificity for PH diagnosis based on the
FORD index and respondents’ predictions

The FORD index for each case, along with the sensitivity
and specificity based on the established cutoff values are
shown in Table 3. Excluding the two cases with a FORD
index of 0, for which sensitivity and specificity could not
be calculated, the average sensitivity of the remaining 8
cases using the FORD index was 43.7%, while the aver-
age specificity was 86.6%. In these 8 cases, the sensitivity
calculated using the respondents’ predicted mPAP and
PVR values was 88.9%, while the specificity was 70.1%
(Table 3). In cases #4 and #10, where the FORD score was
0, the number of respondents who indicated the need
for TTE was 40 (95.2%) and 22 (52.4%), respectively. The
number of respondents who indicated the need for RHC
was 14 (33.3%) and 1 (2.4%) before TTE information was
provided, and 17 (40.5%) and 25 (59.5%) after TTE infor-
mation was provided.

Discussion

Knowledge of the presence of PH in patients with fibrotic
ILD has significant implications in the management of
patients [8]. Not only does PH have significant prognostic
implications [9], but there is increasing data that treating
PH associated with ILD has important clinical benefits
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[4, 10, 11]. The diagnostic modality of choice remains
RHC, but when to perform this in patients with ILD is
uncertain. PH shares common symptoms with the under-
lying ILD and can “blend” in the background of increas-
ing symptomatology rendering it more difficult to predict
[12]. There are no good guidelines as to when to perform
RHC in patients with ILD and practice habits vary widely
in this regard [13, 14].

In our survey of 42 physicians across 3 continents we
describe a spectrum of clinical suspicion that appears
somewhat uniform across specialties and providers with
varying expertise and geographic locations. There were
subtle differences in responses based on years of experi-
ence, but there was otherwise no notable difference in
predictive skills based on specialty, geographic location
or other demographic features. In our study, while echo-
cardiography uniformly increased the index of suspicion
in those with PH, it also increased the index of suspicion
in about half the patients who did not have PH.

Among the 42 respondents, RHC was deemed indi-
cated in all the cases. Since 3/10 cases had PH, this trans-
lates to a % “hit rate” of 30% for detecting PH. There were
no cases in which any of the respondents felt that RHC
was not indicated. We are uncertain if this low thresh-
old for obtaining a RHC reflects the participants’ desire
to know the numbers rather than truly reflecting what
they would do in practice. A survey conducted among
55 clinicians in Europe reported that in cases where PH
is suspected, echocardiography alone is performed on a
median of 50% (IQR 20-73%) of patients, while echocar-
diography followed by RHC is performed on 35% (IQR
20-78%) of patients [13]. It is unknown what the “sweet
spot” is in terms of the threshold to do RHC and what
the optimal positivity rate for PH should be. Certainly if
90% of the RHCs demonstrate PH, then it is likely that
many cases are being missed, while on the other end of
the spectrum if only 10% have PH, then it is likely that
this represents a too aggressive approach.

In terms of our respondents’ predictive abilities, 11.1%
(14/126) of responses for the 3 cases with PH were pre-
dicted to not have PH. On the other hand, for the patients
without PH, 29.9% (88/294) were predicted to have PH.
Several models for predicting ILD-PH have been pro-
posed to date [15-17], among which the FORD model
stands out as a simple tool that was specifically derived
and validated in IPF [7]. Among the 8 cases in which a
comparison between the sensitivity and specificity of
the FORD index and the respondents’ predictive abil-
ity could be made, it was observed that the respondents’
predictions had higher sensitivity (88.9 vs. 43.7%) but
lower specificity compared to the FORD index (59.5 vs.
70.1%). Once again, this likely reflects the respondents’
assumption bias. While the clinician’s overall accuracy
in predicting PH in ILD patients seems better based on
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the combination of sensitivity and specificity, they had
the added advantage of knowledge of the echo results,
whereas the FORD index does not incorporate echocar-
diographic parameters. Interestingly, the FORD index
demonstrated a higher overall specificity of 86.6%, sug-
gesting that it may be a reasonable tool for ruling out PH.
Therefore, the FORD index might be helpful in contex-
tualizing physicians’ assumption that PH is present more
often than it is and thereby reducing the need for RHCs.

There are several limitations to our current study. First,
there are a number of biases that might have impacted
the results of our survey. The fact that the respondents
knew the survey was geared to the detection of PH might
have resulted in an assumption or anticipatory bias.
If participants knew that the cases were selected from
patients who had received RHC, their pretest probability
of PH might have been inherently elevated. In addition,
specifically, the threshold to proceed with RHC might
have been lowered so as not to miss any cases. However,
we included only 3 cases of PH out of the 10 so at to rep-
licate the estimate of PH in a general population of ILD
patients [1]. Our response rate was rather low at about
7% (42 of an estimated 600 emails), and there might have
been a responder bias. Given that approximately 40.5% of
respondents manage fewer than 5 ILD-PH cases per year,
this limited clinical experience may have influenced the
survey results. Since individual identification of respond-
ers was not possible, repeated reminders could not be
sent to increase survey participation rates. Furthermore,
the 10 clinical cases were presented in a fixed sequence
to all respondents, which may have introduced ordering
effects. These could have influenced clinical judgment
or diagnostic thresholds as the survey progressed. Our
respondents performed well in their accuracy in pre-
dicting PH and likely reflected a group with interest and
expertise in this area. The physicians responding to this
survey were exuberant in their desire to perform RHC,
but whether this actually reflects their clinical practice
is uncertain. Additionally, although the FORD index was
developed and validated in patients with IPF, our study
included a broader spectrum of ILD subtypes. As the
index has not been formerly validated in non-IPF ILD,
however its performance characteristics in a broader ILD
population appears to be similar [18]. A strength of our
study lies in obtaining real-world data on the degree of
PH suspicion and the use of diagnostic modalities from
a diverse group of physicians, encompassing various spe-
cialties and providers with differing levels of expertise
and geographic locations.

Conclusion

Our study demonstrated that physicians with interest
and variable experience/expertise are good at predicting
the presence of PH in ILD patients. Whether this level of
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expertise exists in a broader group of physicians is uncer-
tain. The FORD model might be a useful complementary
tool in risk-stratifying patients to undergo RHC. While
RHC is necessary to diagnose PH in ILD patients, the
timing of this is very important in optimizing the infor-
mation and reducing the need for repeat RHCs in those
ILD patients whose initial hemodynamics do not demon-
strate “treatable PH”.
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