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SUMMARY

Background: This study evaluated the role of echocardiplgyaand BNP in patients with
interstitial lung disease (ILD), to identify thoseth PH and RV dysfunction. The aims of this
study were: 1-to evaluate the accuracy of an algori including BNP, DLCO and
echocardiographic measurements to identify PH Rxddysfunction; 2- to evaluate BNP and
Echo values concordance in relation to right datiiation measurement.

Methods: We analyzed 113 patients with diagnosis of ILDh&examination included: Pulmonary
systolic, diastolic and mean Arterial Pressure FBAPAPd ,PAP mean), End-Diastolic and End-
Systolic right ventricle diameters , Inferior Cawatin diameter , and Tricuspid Annular Plane
Systolic Excursion (TAPSE). Patients revealing éased PAPs at echocardiography underwent to
catheterization.

Results: Patients with PAPs >40 mmHg (37 patients), PAPme2th mmHg (23 patients) and
PAPd> 20 mmHg showed BNP increased (157+96 vs 16+14 Ipga®,004; 201+120 vs 28 +17
pg/mL; 124488 vs 2318 pg/ml p<0,001) as patienth WAPSE<16 mm (25 patients) (145+104
vs 26+21 pg/ml p<0,001). In catheterized patieBi% atients) BNP was increased in patients with
invasive PAPs > 40 mmHg (165+112 vs 29+14 pg/ml,p2p, as well as in patients with Wedge
pressure > 14 mmHg (199 + 153 vs 54 + 39 pg/mL;,@B0 ROC Curve analysis showed that
elevated values of BNP, PAPs, PAP mean are aldsesess PH. On the other hand, lower values of
DLCO (<40%) and TAPSE<(16 mm) detect PH. Logistic regression analysighef previous
parameters, confirmed their diagnostic role in Ritedtion.

Conclusions: In patients with ILD, an algorithm including BNBLCO and echocardiography

could be useful for non invasive screening of PH

Clinical trial registration name and number: ARTEMIS-HP trial; ID number: NCT00879229.
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INTRODUCTION

Laboratory biomarkers approach is becoming a nedatity screening to differentiate from
cardiac and pulmonary dyspnea where other diagnosiis are unavailable.[1] B-type natriuretic
peptide (BNP) and NT pro-BNP are both useful ineottt establish diagnosis and prognosis in
patients with congestive heart failure.[2,3]

Although their clinical application is accepted fmtients with cardiovascular diseases, natriuretic
peptides are recently used in respiratory disemsecute pulmonary embolism and pulmonary
hypertension (PH) for an early recognition of righntricular (RV) overload and hypertension.[4,5]

In the setting of interstitial lung disease (ILDQ)is often difficult to recognize only by clinical
examination PH development: shortness of breatheaattise limitation are common symptoms in
both ILD and PH. [6] Physical signs as jugular wendistension, tricuspid murmur regurgitation or
fixed splitting of pulmonary heart sound, usualjypaar during advanced stages of PH and have
poorly sensibility. Conversely even mild increaggolmonary pressure may significantly impair
the outcome in patients with ILD. Prevalence of iRHLD ranges from 14% in initial workup to
60% in end stage patients.[7,8,9] Because of apegimptoms, PH diagnosis is often delayed
particularly in patients with concomitant pulmonadyseases. Therefore the recognition of
pulmonary arterial pressure (PAP) in ILD patiergsvery important for clinical assessment and
diagnosis. Moreover, poor correlation was repoitetiveen lung function impairment and PH
severity: in two different studies the diffusingpeaity of the lung for carbon monoxide (DLCO)
<40% , the percent of predicted forced vital cayadtVC%) and the ratio FVC/DLCO% revealed
poor performance to detect PH in this setting.[PR®strictive lung dysfunction is not related te th
presence of PH, whereas the need for oxygen supplation and severe exercise limitation with
early oxygen desaturation have been linked to asmd pressure. [11] Although the current gold
standard for PH assessment is invasive right salbeterization, this procedure should be

performed only in specific setting for the evaloatpf lung transplantation and when gas exchange
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abnormalities are disproportionate to ventilatieafedt.[12] RHC should be executed after PH
identification by non invasive methods. However tipgimal diagnostic algorithm to assess PH in
ILD remains to be elucidated; currently, the mosimmon methods is trans-thoracic
echocardiography showing a good correlation witragive measurement. Nevertheless, in some
patients it cannot be performed because poor dacoumstdow and awkwardness to detect a reliable
PAP measurement [13,14]; therefore the prognosiieevof Echocardiography, in patients awaiting
lung transplantation has been debated becauseniidacorrelation with RHC measurement.[15]
Accordingly whit these findings, we suppose tha tombination of pulmonary function tests,
echocardiography and BNP could be useful for anias recognition of PH in patients with ILD.
Considering these findings we would to evaluateto ldefine the prevalence of PH by
echocardiographic and RHC assessment in paticietsted by ILD. 2-to evaluated the accuracy of
an algorithm including BNP measurement, DLCO amthoeardiographic signs to identify PH and
RV dysfunction 3- to evaluate BNP and Echo valwesmcordance in relation to right

catheterization measurement.

METHODS

Study design:Patients were enrolled consecutively from the W@e@spiratory Diseases, Le Scotte
Hospital (Siena, Italy) from March 2011 to Augu$tl3. Patients were included with the following
characteristics: 1- clinical signs and symptomssfaea, cough, asthenia, poor exercise tolerance);
2- respiratory functional tests alterations (DLCRKnrced espiratory volume [FE)V FVC); 3-
radiological findings by chest-ray and computed dgraphy typical for ILD. We evaluated 113
consecutive patients affected by interstitial luhgease. Among these patients we excluded 24
patients for evidence, at echo-doppler, of lefttieunlar systolic dysfunction or poor acustic
window. Patients with echocardiographic PAPs gretiten 40 mmHg (37 patients) underwent to

RHC invasive measurement to calculate PAPs, PAPnnagal pulmonary vascular resistance
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(PVR). Written consent was provided by each patiditis sub-study was approved by our
hospital’s Institutional Review Board and all pat® gave their signed informed consent. Patients
were recruited from ARTEMIS-HP trial; it was regsd and regularly updated in

ClinicalTrials.gov with ID number: NCT00879229.

Exclusion Criteria: patients were excluded if they had left ventaecutysfunction, history of
pulmonary embolism or obstructive pulmonary diseasmyocardial infarction and renal
dysfunction (creatinine > 1.3 mg/dL). We excludedtignts with heart failure and preserved
systolic function by Eferatio analysis (>15). Subjects with sepsis, syaténflammatory diseases,

liver or neoplastic diseases were also excluded.

Laboratory analysis: Within 24 hours from enrolment we measured, inpallients, BNP levels.
Plasma BNP was measured with Triage BNP Test (®idsc., San Diego, CA, USA); this test is
an immunoassay in a single-use plastic cartridgé ¢bntains a fluorescently labeled monoclonal
antibody against BNP labeled with a fluorescent dyd BNP. There are built-in control features,
including control immunoassays, to ensure thattds performs properly and the reagents are
functionally active. The test procedure involves tddition of several drops of whole blood or
plasma to the sample port on the test device. Aftedition of the sample, the cells are
automatically separated from the plasma via arfilithe sample reacts with fluorescent antibody
conjugates within the reaction chamber and flows/rdahe device detection lane by capillary
action. The fluorescent antibody conjugates ard¢uca@ on discrete solid-phase zones resulting in

binding immunoassays that are specific for BNFherdontrol antigens.

Echocardiography: Echocardiography (Hewlett-Packard Sonos 5500 intagiystem; Hewlett-

Packard Inc) was performed using standard trarstiowindows with a 2.5-MHz transducer. RV
dimension was estimated at end-diastole from at rigimtricle—focused apical 4-chamber view.
Diameter > 42 mm at the base and > 35 mm at thelew® indicates RV dilatation. Right atrial

(RA) dimension was calculated by the apical 4-chemviiew and considered increased for area >
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18 cnf Tricuspid regurgitation flow was identified by cofflow Doppler techniques and the
maximum jet velocity was measured by continuousev@eppler in all patients. RA pressure was
estimated as 5 mmHg, 10 mmHg or 15 mmHg on theslzdghe size and respiratory change of the
inferior vena cava (complete collapse, 5 mmHg; ighrtollapse, 10 mmHg; no collapse,
15 mmHQ).[16] RV systolic pressure was estimatesedaon the modified Bernoulli equation and
was considered to be equal to the Pulmonary sgsfotierial Pressure (PAPS) in the absence of
right ventricular outflow obstruction. End-DiaswmIPulmonary Arterial Pressure (PAPd) can be
estimated from the velocity of the end-diastolidnponary regurgitant jet using the modified
Bernoulli equation. Once systolic and diastolic sgstges are known, mean pressure may be
estimated by the standard formula mean PA pressura(PAPs) + 2/3(PAPd).

To obtain Tricuspid Annular Plane Systolic Excuns{@APSE) the apical four chamber view was
used, and an M-Mode cursor was placed throughateeal tricuspid annulus in real time. Offline,
the brightness was adjusted to maximize the cdnbetsveen the M-Mode signal arising from the
tricuspid annulus and the background. TAPSE wassared as the peak excursion of the tricuspid
annulus (millimeters) from the end of diastole he tend of systole, with values representing
TAPSE being averaged over three to five beats.J¥/€] did not calculated pulmonary vascular
resistance by echo because its estimation is nequadely established to be recommended for
routine .Therefore, Current Guidelines do not idelunoninvasive measurement as a substitute for
the invasive evaluation . [18]

Echocardiography tapes were reviewed by a cardgilbijnded to other results.

Other investigations: Pulmonary function testing was performed in altiggets (and predicted
values were calculated according to the Americanrddic Society (ATS) and the European
Respiratory Society (ERS) guidelines.[19-22] Lungolumes (constant volume body

plethysmograph), spirometric volumes and DLCO weeasured.
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Invasive measurement:Patients with echocardiographic PAPs greater #tammHg underwent
to RHC in the heamodynamic unit. The RHC was peréa with a flow-directed balloon-tipped
pulmonary artery catheter leveled to the mid-awyllkne and advanced to the pulmonary capillary
wedge position. We measured the Pulmonary Artemgsd$ure (systolic, diastolic, and mean),
pulmonary artery WEDGE pressures and PulmonargMasResistance. [23].

Endpoints: 1- to define the prevalence of PH by echocardipgic and RHC assessment in
patients affected by ILD; 2- to evaluate the gy and accuracy power of the Functional Lung
test Echocardiographic and BNP assessments (FLE@e3n detecting PH; 3- to evaluate BNP
and Echo values concordance in relation to RHCsoreanent of PH, defined as PAP mean >25

mmHg.

Statistical analysis Continuous variables are expressed as mean s(andard deviation or
Confidence Interval) and compared using Studentt®st for independent groups if normally
distributed; normality was assessed by the Kolmoge®Bmirnov test. Analysis of variance was
done by Levene’s test, and if it was breached thedcis correction was used. Spearman’s rho
correlation coefficient was calculated to determittee relationship among BNP levels,
echocardiographic parameters, invasive measuremamis DLCO. We also made Receiver
Operating Characteristic (ROC) curve analysis teseas the ability of BNP levels,
echocardiographic parameters (PAPs, PAP mean arRISEA and DLCO to detect PH. For all
significant parameters on the ROC Curve analysigparormed logistic regression analysis. We
also evaluated the relationship among the scoradf@and the invasive measurements using the
concordance analysis and CoherKs ihdex. All reported probability values were twolea, and a

p value <0,05 was considered statistically sigaiitc Statistical analysis was performed using the

SPSS 20.0 statistical software package (SPSSGhaago, IL, USA).
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RESULTS

Patients’ characteristics: 89 patients (age 62+11; 46 males) met the inclusidgaria. ILD
diagnoses included: Idiopathic Pulmonary FibrosidF( n= 63), Sarcoidosis (n=11), Systemic
sclerosis (n=2), Extrinsic Allergic Alveolitis (EAA= 2), smoking-related interstitial lung disease
or drug-related interstitial fibrosis (n=10) and nigherans’ cell hystiocitosis (n=1). In this
population there were: 24% of patients with hypesten, 48% of patients with diabetes, 30% of
patients with dyslipidemia and 74% with osteop®osi37 of these patients showed
PAP$40mmHg, 23 subjects with PAP mear25 mmHg and 25 subjects with right ventricular
dysfunction (TAPSE<16 mm). All patients with PAPs > 40 mmHg underwBMC to measure
invasive parameters PAPs, PAPmean, WEDGE pressut®VR. Of 37 catheterized patients, 31
were affected by PH, defined as PAPmean > 25 mnfi>? mean in all population was of 60

pg/mL [CI: 34-87]. (Table 1)

-BNP and RV parameters:In patients with PAPs >40 mmhg, PAPd>20 mmHg aitt w
PAP mean >25 mmHg, BNP levels were significantlgréased compared to patients without
pulmonary hypertension (15796 vs 1614 pg/ml p68)0PAPd > 20mmHg (201+120 vs 28 +17
pg/mL p=0,001) and PAP mean < 25 mmHg (124488 3%18 pg/ml p<0,001). BNP was also
significantly increased in patients with right veclar dysfunction (TAPSE16 mm) (145104 vs
26+£21 pg/ml p<0,001) and dilatation of RV (End-&i@ic diameter _> 38 mm) (175119 vs

27+20 pg /ml p<0,001).

-BNP and RHC measurement:In patients with invasive PAPs > 40 mmHg and with
invasive PAP mean > 25 mmHg, BNP levels were sSicpnitly increased respect patients with
invasive PAPs < 40 mmHg (165+112 vs 29+14 pg/ml,pP and with invasive PAPmean < 25
mmHg (194133 vs 37+29 pg/ml p<0,005). In patientth Wedge pressure > 14 mmHg, BNP
levels were significantly higher than patients wittedge pressure < 14 mmHg (199 + 153 vs 54 +

39 pg/mL; p=0,01). (Table 2)
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Correlation among echocardiographic, pulmonary, laleratory tests and invasive

measurements: In order to evaluate the relationship between eattographic parameters,
pulmonary function test parameters and BNP levelsuged Spearman’ rho correlation coefficient.
There were positive significant correlations am@&nP and RV DTD (r=0,56; p<0,001), BNP and
right atrial area (r= 0,45; p=0,005), BNP and PAR®,55; p<0,001), BNP and PAP mean (r=
0,82; p<0,001), BNP and ICV diameter (r=0,37;p<@)0®n inverse significantly correlation was
found between BNP and TAPSE ( r=-0,57; p<0,001)e Tdorrelations between BNP and

pulmonary functional test parameters (DLCO, TLC &M{L) were not significant.

In the subgroup submitted to right cardiac cathedéion (n. 37) we found a significant correlation
between PAPs and PAPm calculated with both metlod®,50 and r=0,43 p<0,001 and p<0.01
respectively). (Figure 1) Therefore vascular pulargrresistance significantly correlates with both
PAPs and PAP mean measured non invasively (r=0p9ra0,44 respectively). TAPSE values
were related to all invasive measurement (r=-O#0PfAPs r = -0,61 for PAPmeam, r =-055 for

wedge r=-044 for VPR).

Diagnostic prediction for PH: The Roc Curve analysis showed that BNP (AUC 0,8%; (,74-
0,96]; p=0,001), PAP mean (AUC 0,90; [CI: 0,81-Q;38-0,001) and PAPs (AUC 0,84; [CI: 0,72-
0,97]; p=0,001) were all able to detect PH; lowalues of DLCO<40% (AUC 0,73; [CI: 0,60-
0,86]; p=0,005) and TAPSE16 mm(AUC 0,84; [CI: 0,73-0,96]; p=0,001) also dstmed PH.
(Figure 2). A cut-off BNP value > 50 pg/ml, recaggd patients with PH, with good sensitivity

(75%) and good specificity (80%).

Regression analysis of the above parametersfirmed that echocardiographic measurements

(PAPs, PAP mean and TAPSE), BNP values and DLC®tkepsame trend. (Table 3)

FLEB score index On the basis of our findings, we built an aldamtincluding PAP340 mmhg,

PAP mear»25 mmhg, TAPSE16 mm, BNP > 50 pg/ml and DLCO < 40% giving 1 poiatue for
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each parameter to validate these non invasive measfor PH detection measured by RHC. We
choose an arbitrary cut-off more than 3 to esthll® potential diagnostic value of this score for
PH prediction: patients exceeding 3 points dematedr an excellent concordance with invasive
measurements (concordance: 0,964; Cohen’s K inf@8%5). (Table 4) For these reasons we would

purpose a screening test before to submit ILD pttiso RHC. (Figure 3)

DISCUSSION

- The prevalence of PH in ILD ranges from 146@0%, depending on the status of disease,
fibrosis typology, and timing evaluation. [7,8,9hd measurement of pulmonary pressure is
determinant to optimize outcome and possibly taifea specific treatment. Clinical
manifestations of PH are often equivocal, and tbeyld be confused with other cardiac and
pulmonary diseases symptoms and signs. For thessome, current European Society of
Cardiology (ESC)/European Respiratory Society (ER8delines recommend an echocardiogram
execution every year. [24] Furthermore, the gurddi state that an annual echocardiographic
screening “may be considered” in asymptomatiagras; a suggestion that is not substantiated by
clinical data, but indeed, by expert opinion. [26] Our Findings confirm an high prevalence of PH
in patients affected to ILD ( 28%) and that mospafients screened by echocardiography revealed
increased pulmonary pressure.

Although this data is in accordance with previoaparts, several unanswered questions
remain to be elucidated: which populations sho@dstreened, which tools should be used, which
diagnostic protocol is really able to better préd®tl recognition. Several non invasive protocols
have been recently purposed with different resarid opinions. Some Authors [27,28] believe that
functional respiratory tests are reliable tools rexognize PH, however recent double blind
controlled studies demonstrated that a high peagenof patients without significant reduction of

lung function died. [29,30]
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Other reports assumed that concomitant use of BNEI Imeasurement and echocardiographic
assessment together with six minute walking tedt @ygen saturation measurement, could lead
with good accuracy to an early detection of PH atigmts with ILD. Unfortunately findings of
these two single center studies are quite differBtadrykamine et al [31] concluded that PAPs
measured by their model is poorly able to detect dld invite readers to perform invasively
measurement of right systolic pressure; converSely et al [32] suggest that combined laboratory
and echo study is a useful and repeatable tool/atuated PH and establish a prognosis in this
setting. A recent consensus document to detectnPdthrionic lung diseases suggested to perform
right heart catheterization in specific subgrougspatients in case of: 1l-evaluation for lung
transplantation; 2-clinical worsening disproporatas to ventilation impairment; 3- prognostic
assessment is deemed to be essential; 4-advanced Blspected by non invasive diagnostic
examinations; 5-suspicion of left ventricle dysftioe or pulmonary artery embolism that could
alter data interpretation. In all other contextsthhus recommended echodoppler and Natriuretic
Peptides measurement for initial non invasive diagn [9] Despite recent improvements in
diagnostic tools to detect PH in ILD, the methodsdiroutinely in clinical practice have limitations
and it may be that a combination of screening toolparameters will be required to improve the
sensitivity and selectivity of current screeningpgnams. As previously revealed, our findings
showed that BNP is significantly increased in paeshowing PH and RV dysfunction by non
invasive and invasive diagnostic tests ( echodopghel right catheterization measurement) [33]:
patients showing PH or RV dysfunction evidenceghbr BNP values when compared with
patients who experienced normal pressure and R&fium A cutoff BNP value more than 50pg/ml
revealed a good accuracy to identify pulmonary fues increase. Recently a good correlation
between hemodynamic and echocardiographic measntenas been evidenced in the ILD
patients. [34] Invasive data performed after echdiographic screening confirmed this analysis.

The current protocol adding DLCO, natriuretic péptto echo measurement appears a good
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diagnostic alghoritm for patients with ILD, so tddaess and screen those for RCH. Moreover our
findings are confirmatory respect to previous répagvaluating the role of BNP in ILD.[33]

- On the opposite, poor correlation between BNP famdtional respiratory test has been
revealed. Only DLCO evidenced an inverse corratatdgth BNP. Univariate analysis including
lung test and risk factors, confirmed that BNP dddCO are the only two factors for PH
prediction. The latter results are not surprisimgaduse they reflect the different development of
lung fibrosis compared to PH. The two pathophygjmal processes have different development
and course as demonstrated by the lack of reldtipretween functional lung parameters PAP and
pulmonary resistances.

Although specific studies about interstitial lympholiferation and vascular alteration are lacking,
there is a general consensus that lung parenchygmaddeling with accompanying hypoxia is the
cause of arteriolar vessels decreased capillanidyigcrease in pulmonary vascular resistance. Lung
parenchymal disease is a primary trigger for vasa@modeling and progressive obstruction but it
occurs independently of lung impairment. [35] Givle high vasoactive properties, it has been
postulated that at least 8086 structural lung lost would lead to PH. A vascullaeory directly
involving arterial district has been evocated: rareéased oxidative stress is the potential trifger
fibroproliferation and vasoconstrictive process¢36,37] Increased extracellular matrix is
associated with reduced synthesis of guanylyl-asgland the consequent reduction in nitrix oxide
signal transduction. Natriuretic peptide may betlpanvolved in this process; parenchymal
alteration involves tissue natriuretic peptide m@oes (NPR) with disruption and
downregulation.[38]

All these potential factors could explain the gamdrelation among BNP and pulmonary pressure
measurement, but the lack of correlation with nmegpry functional parameters reflecting
parenchymal status.

The importance of BNP measurement in ILD has beepntly demonstrated not only for

diagnostic screening but also for risk evaluat®ong et al [31] showed that a combination of BNP
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level and non invasive PAPs measurement providetirbprediction of mortality respect to the
echo parameter alone. Similarly, Corte et al [3&hdnstrated that elevated BNP concentration and
pulmonary vascular resistance levels were indep#lydeassociated to increased mortality.
Nevertheless, previous report did not support thietention that pro BNP could be an reliable
marker of PH in patients with parenchymal lung dsse [40] Although our study did not provide
prognostic data, it is a confirmation of the twormeecent studies and it evidenced the accuracy of
echodoppler examination for PAP estimation compavét the invasive measurement. [31,34]
Therefore we analyzed the role of RV dysfunctiorthwiespect to BNP level showing a clear
correlation between RV overload and systolic penfonce and BNP level. We considered it
important to establish whether dichotomous BNP eslurovides diagnostic information on PH:
patients with BNP levels above the threshold opg0nl revealed good specificity for PH and RV
dysfunction, confirming that BNP as a dichotomoasiable could potentially provide additional
diagnostic information over echocardiography. Cdesng that a universal screening method
routinely applied in clinical practice does notsxion the basis of our results we can purpose an
algorithm considering BNP assay before echocardmgy for a better screening of PH in patients
with ILD. Our findings extend the literature by efing a combined evaluation of BNP and
echocardiographic measurements of RV dysfunctionpmaslictors of PH. Finally the same
dichotomous approach should be used for Echo memsmt and DLCO into an algorithm Score
including all parameters to better stratify patsewith PH needing invasive RHC study: based upon
our data features, a score more than 3 points gdhmuk good indicator for PH. If confirmed in a
larger population these parameters and cutoff gakmuld be used to identify patients to be

submitted to RHC invasive measurements.
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LIMITATIONS

Our study was limited by its retrospective desigd patient selection evaluated in a single
tertiary center, therefore this study cannot exactly reftbet all ILD patients. A wide range of
disease severity was evaluated, BNP and echocasagiog were performed routinely on new
referrals. The invasive study was conducted onlgatents revealing PH at Echo examination so
the exact BNP accuracy in the population unsubnitie cardiac catheterization cannot be
confirmed. We suggest that the resultant rangaesafade severity and suspicion of PH involvement
both reflect real-life clinical practice, and isepresentative population in which to explore probf
concept outcome analyses. We did not calculated tledl noninvasive echo parameters
recommended for PH diagnosis as pulmonary artéayation, acceleration time of RV outflow
tract. However, our aim would be provide a standangple method able to identify PH. Our data
cannot definitively excluded patients with PH sedamy to heart failure with isolated diastolic
dysfunction, but an analysis of pulsed Dopplengmaitral flow and tissue doppler flow has been
performed and we excluded subjects with more adamtysfunction excluding those with E/e
>15. Exact clinical utility with reference to unseted ILD cases cannot be extrapolated from our
data. The algorithm construction purposed by combiBNP and echocardiographic thresholds,
was hampered by low subgroup numbers. Besides, iewein score can be considered an accurate
index to detect PH, it cannot be applied for outecmssessment. Prospective larger studies with
follow-up observation are required to further deéite the relative importance of these prognostic
markers alone and in combination, and before thesd#ers can be widely used in clinical practice.
Despite these limitations, our study is the firstempt to evaluate the diagnostic role of

echocardiography and BNP levels in patients with Hnd associated PH.
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CONCLUSIONS
Our data suggest that an algorithm including BNPCDLand echocardiography findings is an
useful and repeatable tools for PH detection iep&t with ILD. This protocol could help in early
identification of PH and it should be applied inn@al practice as a preliminary screening for
invasive hemodynamic study selection. The currestilts need to be confirmed in a larger sample

size and validated by follow up data.

Highlights:

1- the prevalence of pulmonary hypertension in ILD is high and echo assessment is a

reliable tool to select this patientsfor RHC

2- Invasive measurement confirmed that subjects with increased PAP evidenced higher

BNP levels

3- an algorithm including DLCO and BNP measurement to echocardiographic analysis

provide a more detailed screening and accuracy
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TABLES AND FIGURES LEGEND

Table 1. Baseline characteristics of all patients W.D included in our study. Abbreviations: BNB:type
Natriuretic Peptide; DLCO: Diffusing Lung capacityr Carbon Monoxide; FE: Ejection Fraction; FVC:
Forced Vital Capacity; ILD: Interstitial Lung Disss PAPd: End-Diastolic Pulmonary Arterial Pressure;
PAPs: Pulmonary systolic Arterial Pressure; PAPoinm®nary Arterial Pressure mea®VR: Pulmonary

Vascular Resistance; TAPSHicuspid Annular Plane Systolic Excursion; TLC:tdld_ung Capacity.

Table 2. T-test evaluating BNP value changes mlatb echocardiographic and invasive parameters.
Abbreviations: BNP: B-type Natriuretic Peptid@APd: End-Diastolic Pulmonary Arterial Pressure;PAPSs:
Pulmonary systolic Arterial Pressure; PAPm: PulmgnArterial Pressure mean; TAPSE: Tricuspid

Annular Plane Systolic Excursion.

Table 3. Logistic regression analysis evaluatibijty of echocardiographic parameters (PAPs, P AsPich

TAPSE), DLCO and BNP to detect PH. Abbreviation®iFB B-type Natriuretic Peptide; Cl: Confidence
Interval; DLCO: Diffusing Lung capacity for Carbadonoxide; OR: Odds Ratio; PAPs: Pulmonary
systolic Arterial Pressure; PAPm: Pulmonary Arteffxessure mean; PH: Pulmonary Hypertension;

TAPSE: Tricuspid Annular Plane Systolic Excursion.

Table 4. Analysis of concordance between FLEBesemd invasive diagnosis of PH. Abbreviations: FLEB

Functional Lung test, Echocardiographic and BNRsm®sents; PH: Pulmonary Hypertension.
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Figure 1. Spearman’s rho correlation between PASPAPmM assessed by invasive and echocardiographic
methods. Abbreviations: PAPs: Pulmonary systoliteAal Pressure; PAPm: Pulmonary Arterial Pressure

mean.

Figure 2. Receiver Operating Characteristic (RQQ)ve analysis in predicting patients with PH.
Abbreviations: AUC: Area Under the Curve; BNP: ByyNatriuretic Peptide; Cl: Confidence Interval,
DLCO: Diffusing Lung capacity for Carbon Monoxid@APs: Pulmonary systolic Arterial Pressure; PAPm:
Pulmonary Arterial Pressure mean; PH: Pulmonarpédttgnsion; TAPSE: Tricuspid Annular Plane

Systolic Excursion.

Figure 3. Alghoritm model for HP diagnosis in ILBbbreviations: BNP: B-type Natriuretic Peptide;
DLCO: Diffusing Lung capacity for Carbon MonoxidD: Interstitial Lung Disease; PAPs: Pulmonary
systolic Arterial Pressure; PAPm: Pulmonary ArteRaessure mean; PH: Pulmonary Hypertension; RV:

Right Ventricle; TAPSE: Tricuspid Annular Plane §y& Excursion.



Table 2.

All patients (89)

Echocardiographic BNP mean Echocardiographic BNP mean | p-values
Parameters (pg/mL) Parameters (pg/mL)
PAPs < 40mmHg 16 + 14 PAPsA0mmHg 157 + 96 0,004
PAPd < 20mmHg 28 +17 PAPd> 20mmHg 201 + 120 0,001
PAP mean < 25 mmHg 23+18 PAP mearr 25 mmHg 124 + 88 0,001
End Diastolic diameter < 38 mm 27 +£20 End Diastdiameter 38 mm 175+ 119 0,001
TAPSE > 16 mm 26 +21 TAPSE16 mm 145 + 104 0,001
Catheterized patients (37)
Invasive BNP mean Invasive BNP mean | p-values
M easur ement (pg/mL) M easur ement (pg/mL)
PAPs < 40 mmHg 29 + 14 PAP40 mmHg 165 + 112 0,02
PAP mean < 25 mmHg 37+29 | PAP mean> 25 mmHg 194 +133 0,005
WEDGE pressure < 14 mmHg 54 + 39 WEDGE pressure 14 mmHg 199 + 153 0.01




Table 3.

OR [CI] p-value
BNP > 50 pg/mL 12.78[3.83-22.60] 0.001
PAPs> 40 mmHg 20.08 [4.29-46.61] 0.001
PAP mean > 25 mmHg 9.33[1.13-26.69] 0.03
TAPSE <16 mm 7.80[1.68-16.06] 0.009
DLCO < 40% 6.25[1.32-17.43] 0.02




Table 1.

Number of the patients 89
Age (year): 62 +11
Weight (Kg): 7515
Height (cm): 164 +£9
Gender (n):
Male 46
Female 43
Risk factors and comorbidity (%):
Hypertension 25,8%
Diabetes 48,3%
Dyslipidemia 30,3%
Osteoporosis 74,8%
Interstitial Lung Disease (n):
Pulmonary Idiopathibfasis 63
Sarcoidosis 11
Extrinsic Allergic Alodtis 2
Systemic Sclerosis 2
Langherans cell Hysyitsis 1
Other 10
Lung diseases’ treatment (%)
Corticosteroids therapy 93
Immunosuppressive thgra 18
Echocardiographic parameters
FE (%) 56 +3
End-diastolic ventriaubdiameter (mm) 367
Right atrium area @m 20+3
Caliber Inferior Caveinr (mm) 175
PAPs (mmHQg) 3610
PAPs40 mmHg (n) 37
PAPd(mmHQ) 177
PAPmean (mmHg) 24 +8
PAP mean25 mmHg (n) 23
TAPSE (mm) 21+4
TAPSE 16 mm (n) 25
Invasive Measurements (37 patients)
PAPs (mmHgQ) 45 + 14
PAP m (mmHgQ) 25+10
WEDGE pressure (mmHgQ) 12+5
PVR (hru) 3,21 +£2,20
Pulmonary Hypertension defined as invasive PAPmeabmmHg (n) 31
BNP (pg/mL) 60 [34-87]
Pulmonary Functional Test parameters (%)
DLCO 55+ 25
TLC 91+28
FVC 79 + 27




Table 4.

Patients with PH

Patients without PH

Patients with FLEB score 3

Patients with FLEB score <

29

3

Concordance Index: 0,964

Cohen’s “k” index : 0,825
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Figure 3.

PH diagnosis in ILD
Echocardiographic Laboratory test Pulmonary functional test
assessment \\ \
PAPmean (nmHg) PAPs(mmHg) TAPSE (mm) BNP (pg/mL) DLCO (%)
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