ORIGINAL ARTICLE: CLINICAL RESEARCH
SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2021; 38 (4); €2021032 DOI: 10.36141/svdld.v38i4.11376 © Mattioli 1885

EcHOCARDIOGRAPHIC ESTIMATE OF PULMONARY ARTERY PRESSURE IN
SARCOIDOSIS PATIENTS - REAL WORLD DATA FROM A MULTI-NATIONAL
STUDY

Marloes P Huitema®, Marco C Post?, Jan C Grutters®, Athol U Wells®, Vasilis Kouranos®, Oksana A
Shlobin®, Steven D Nathan®, Daniel A Culver’, Joseph Barneyé, Robhit Gupz‘/, Eva Carmona®, Esam
H Albhamad’, Mary B Scholand™®, Marlies VVijsenbeek”, Stvagini Ganesh, Elyse E Lower’, Peter |

E nge/”, Robert P Baug/ymcm]

"University of Cincinnati Medical Center, Cincinnati, OH, USA; St Antonius Hospital, Nieuwegein, NL; *Royal Hospital Brompton, Lon-
don, UK; “INOVA Fairfax Hospital, Falls Church, VA, USA; 5Cleveland Clinic, Cleveland OH, USA; 6University of Alabama, Birmingham,
AL, USA; "Temple University, Philadelphia PA, USA; ®Mayo Clinic, Rochester Minn, USA; *King Saud University, Riyadh, Saudi Arabia;
10Univc:rsity of Utah, Salt Lake City, UT, USA; UErasmus University Medical Centre, Rotterdam, NL; 12University of Southern California,
Los Angeles, CA, USA; ¥The Christ Hospital, Cincinnati, OH, USA

AssTrACT. Introduction: Echocardiographic measurement of the right ventricular systolic pressure (RVSP) is
commonly used for estimating systolic pulmonary artery pressure (PASP) measured during right heart catheteri-
zation (RHC) in patients suspected for pulmonary hypertension (PH). Generally, there seems to be a strong corre-
lation. However, this has been reported as less robust in sarcoidosis. We aim to investigate the correlation between
RVSP and RHC measurements using real world data and analyzed factors influencing the relationship between
RVSP and PASP in sarcoidosis. Methods & Results: Data of patients with and without sarcoidosis associated
PH who had both a measurable echocardiographic RVSP and invasive PASP were collected from the RESAPH
registry, PULSAR study and Cincinnati Sarcoidosis Clinic database (n=173, 60.1% female, mean age 56.0+9.5
years). Among them, 124 had PH confirmed by RHC. There was a strong correlation between RVSP and PASP
(r=0.640). This correlation was significant in both male and female, white or non-white, forced vital capacity (FVC)
>60%, and presence of fibrosis (p<0.001). However, it was less robust in patients with FVC of 50% or less. RVSP
was considered inaccurate if the difference with PASP was > 10mmHg. Inaccurate echocardiographic estimation
of the invasive PASP occurred in 50.8%, with overestimation mostly in patients without PH, and underestimation
in patients with severe PH. An RVSP>50mmHg was associated with worse survival. Conclusions: In this real
world multicenter cohort of sarcoidosis patients, we found a significant correlation between RVSP as determined
by echocardiography and invasive PASP. Over- or underestimation of PASP occurred frequently. Therefore, echo-
cardiographic RVSP measurement alone to screen for PH in sarcoidosis should be used with caution.

KEyY worbps: sarcoidosis, pulmonary hypertension, echocardiography

INTRODUCTION

Pulmonary hypertension (PH) is a well-known
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defined by the 2015 ESC/ERS guideline (3). However,
RHC is invasive, costly and resource limited. A good
non-invasive estimation of the pulmonary artery pres-
sure might lower the burden of RHC. Transthoracic
echocardiography is a commonly used method for non-
invasive estimation of the pulmonary artery pressure. By
using the simplified Bernoulli equation on the tricuspid
regurgitation maximal velocity (TRV max) added by the
right atrial pressure (RAP), the right ventricular systolic
pressure (RVSP) can be calculated. Furthermore, echo-
cardiography provides additional information about the
heart dimension and function (4).

In pulmonary arterial hypertension (WHO group
1) there is generally a strong correlation between echo-
cardiographic RVSP and systolic pulmonary artery
pressure (PASP) as determined by RHC, especially
under controlled study conditions (5-7). However, the
relationship has been reported as much less robust in
sarcoidosis patients and other interstitial lung diseases.
In clinical practice, differences between RVSP and
PASP of 10mmHg or more are frequently encoun-
tered (8-11).

In the present study, we aimed to investigate the
correlation between RVSP and RHC measurements in
using real world data and analyzed factors that may
influence this relationship. We recruited patients with
sarcoidosis associated PH (SAPH) from the ReSAPH
database, which reports on data from many different
sites all over the world. Besides these patients, we re-
trieved data on sarcoidosis patients without PH but
with both echocardiographic as invasive haemody-
namic data from the PULSAR study and the Cincin-
nati Sarcoidosis database.

MATERIALS AND METHODS
Study design and population

This is a retrospective multinational study with
real world data investigating the association and factors
which may influence the echocardiographic estimate of
RVSP compared to PASP, including parenchymal lung
disease. Data of patients with sarcoidosis associated
PH were collected from the REgistry for SArcoido-
sis associated Pulmonary Hypertension (RESAPH), a

large international multicenter registry, aiming to en-
roll patients with SAPH from different regions of the
world. Reports on baseline characteristics were pub-
lished previously (12). The ReSAPH registry is reg-
istered as NCT01467791 (https://clinicaltrials.gov).
Databases of the PULSAR study (NTR5295 www.
trialregister.nl), a large prospective study investigating
the presence of PH in sarcoidosis patients in a Dutch
tertiary centre(13), and Cincinnati Saroidosis Clinic
(an in-hospital registry for heamodynamic data col-
lected in sarcoidosis patients) were examined in order
to add additional sarcoidosis patients without PH as
confirmed by RHC (Figure 1).

RESAPH REGISTRY

PULSAR DATABASE

CINCINNATI DATABASE

N=126 N=24 N=23

173 SARCOIDOSIS PATIENTS
ECHOCARDIOGRAPHIC RVSP MEASUREMENT &
RIGHT HEART CATHETERIZATION WITHIN 6 MONTHS

MEAN PAP MEAN PAP

<25MMHG 225MMHG

PH ABSENT PH PRESENT
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DATA COLLECTION:
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- HEMODYNAMICS

e ALL-CAUSE MORTALITY

Figure 1. Flowchart of patient selection and data collection.
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Patients were included if they had undergone
both RHC and echocardiography with RVSP estima-
tion within a timeframe of 6 months. Furthermore, we
collected data on sex, age, ethnicity, Scadding stage
(14), forced vital capacity percent predicted (FVC%),
and presence of fibrosis on chest imaging within this
timeframe. Not all of the patients had recorded data
on spirometry or imaging. Data on survival was col-
lected and scored as alive or the composite endpoint
dead/transplanted at the last day of visit.

Haemodynamics

RHC data on RAP, systolic, mean and diastolic
PAP, pulmonary capillary wedge pressure, cardiac out-
put and pulmonary vascular resistance were collected.
PH was defined as a mPAP 225mmHg. A mPAP be-
tween 25mmHg and 35mmHg was considered as mild

to moderate PH, whereas a mPAP >35mmHg was
considered severe PH (15).

As for transthoracic echocardiography, measure-
ment of the TRV max was recorded. As shown in
figure 2, RVSP was calculated using the simplified
Bernoulli equation (PASP = 4 X TRV max* + RAP),
with RAP estimated based on the size and collapse of
the inferior vena cava (4). No data was captured on the
use of contrast methods during echocardiography nor
other contributing factors such as volume status for the
measurement of the TRV.

Statistics

Comparison between groups was made us-
ing Student T-test, Mann Whitney U test and
Chi-squared test where appropriate. Pearson cor-
relations were determined for the overall group and

Simplified Bernoulli equation: RVSP = 4(V)? + RA pressure
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Figure 2. Echocardiographic measurement of the tricuspid regurgitation velocity and calculation of RVSP using the simplified

Bernoulli equation.
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for different subgroups. Bland-Altman analyses
were performed to evaluate the agreement between
echocardiography derived RVSP and PASP on
RHC. Survival was compared between groups using
Kaplan-Meier curves including log rank test. Haz-
ard ratio’s (HR) including 95% confidence interval
(CI) were calculated using Cox regression analysis.
Regardless the total time of follow up, patients who
were still alive at time of the analysis were censored
as alive for further analysis. Statistics were calculated

using IBM SPSS Statistics 24.

Table 1. Baseline characteristics

REesuLts
Baseline characteristics

A total of 274 patients with sarcoidosis were
identified from the three databases who had both
RVSP measurements on echocardiography and in-
vasive RHC measurements between June 2002 and
September 2018. In 101 patients, the date difference
between echocardiography and RHC exceeded our
pre-determined maximum time interval of six months.
Of the remaining 173 patients (mean time interval be-
tween echo and RHC of 52 days, ranging from 0 to
183 days), 124 had confirmed PH. The other 49 pa-
tients had no PH. After recalculation of the mPAP in

PH present PH absent p-value
(mPAP>25mmHg) | (mPAP<25mmHg) | PH presentvs PH
Baseline parameters All patients (n=173) (n=124) (n=49) absent
Sex (% female) 60.1 62.9 53.1 0.234
Age (years) 56.0+9.5 56.4+9.2 55.2+10.3 0.524
Ethnicity (%) white 43.4 35.5 63.3
black 40.5 47.6 22.4 0.003
other 16.2 16.9 14.3
Scadding stage (%) | 0 4.2 2.5 8.3
I 8.3 5.0 16.7
7
I 125 117 14.6 0.009
w 14.9 13.3 18.8
60.1 67.5 41.7
Fibrosis on chest CT >20% (%) 60.3 64.2 51.1 0.123
FVC (% predicted) 66.6221.4 (n=151) 61.2+18.5 79.9+22.6 0.067
DLCO (% predicted) 50.7+51.4 (n=123) 45.9+19.9 48.5+26.4 0.034
RVSP (mmHg) 52.0+18.7 57.5+18.4 38.2+10.3 <0.001
MPAP (mmHg) 32.5+12.1 37.9+10.3 19.3+4.1 <0.001
PASP (mmHg) 53.2£19.3 61.8+16.3 32.0+7.3 <0.001
Cardiac output (L/min) 5.7x1.7 (n=172) 5.5¢1.6 6.1+£1.7 0.442
PCWP (mmHg) 11.746.7 (n=172) 12.7+7.2 9.0£3.9 <0.001
PVR (wood units) 4.323.2 (n=172) 5.2+3.3 1.9+1.2 <0.001

Datais expressed a percentage and as percentage or mean#standard deviation. DLCO= diffusion lung capacity for carbon monoxide; FEV1= forced expira-
tory volume in 1 second; FVC= forced vital capacity; PASP= systolic pulmonary artery pressure; PCWP= pulmonary capillary wedge pressure; PVR=

pulmonary vascular resistance
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all patients, two of the RESAPH patients turned out
to have a mPAP <25mmHg. Baseline characteristics of
patients are presented in Table 1.

Hemodynamic assessment

Hemodynamic characteristics are listed in table 1.
Among patients with PH, 32 had a pulmonary capil-
lary wedge pressure >15mmHg. As shown in figure 3,
there was only a moderate correlation between RVSP
versus PASP and mPAP (r=0.640 and 0.626 respec-
tively, p<0.0001).

Correlation between RVSP and PASP

We compared the RVSP and PASP including

correlation based on sex, white versus non-white,

FVC% greater or less than 60, 50 or 40, and presence

1207

100+

B ) -]
o o o
1 1 1

ECHOCARDIOGRAPHIC RVSP (MMHG)
N

©

1

F=0.640, P<0.001

or absence of fibrosis. Table 2 summarizes the correla-
tion within these subgroups. While almost all correla-
tions were significant (p<0.001), for the small sample
size of 15 patients with a FVC% of less than 40%,
there was no longer a significant correlation between
RVSP and PASP.

The difference between echocardiographic RVSP
and invasive PASP reflects the accuracy of echocardi-
ography for assessing invasively measured PASP. As an
absolute value, the mean difference for both over- and
underestimation of RVSP compared to PASP in this
cohort was 12.9 = 1.0 mmHg. This difference did not
correlate with the number of days between echocardi-
ography and RHC (r=-0.057, p=0.455).

There was a significant correlation for the dif-
ference between RVSP and PASP compared to both
PASP and mPAP with a Pearson correlation coeffi-
cient of r=-0.475 and r=-0.462 respectively (p<0.001).
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Figure 3. Scatter plot RVSP versus PASP (A) and mPAP (B), showing a moderate correlation between measurements.

Table 2. Pearson correlations for RVSP and PASP within specific subgroups

Female White FVC=<60% FVC<50% FVC=<40% Fibrosis>20%
Yo n=104 n=75 n=59 n=34 n=15 n=94
e (1=0.541) (1=0.634) (1=0.544) (1=0.520)F (1=0.404) 1 (+=0.560)
N n=69 n=98 n=98 n=115 n=134 n=62
© (r=0.692) (r=0.559) (r=0.559) (r=0.607) (r=0.616) (r=0.569)

FVC=forced vital capacity; RVSP = right ventricular systolic pressure
p<0.001 for all, except for 'p=0.02; T'p=0.135
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Figure 4. A. Bland Altman analysis for the difference in RVSP
versus PASP compared to the PASP (r= -0.475, p<0.001). Grey
lines: mean +1.96 SD. Green lines: reference line for acceptable
variance of 10mmHg; B. Scatterplot for the difference between
RVSP and PASP compared to FVC% predicted. There is no
significant correlation; C. Plot for difference between RVSP
and PASP related to presence of significant fibrosis on chest-
CT with a cut-off value of 20%. This figure shows no significant
difference.

Figure 4 shows the difference between RVSP and
PASP values compared to invasively measured PASP.
The green line reflects the acceptable variance of
10 mmHg between measurements (8,10,11). Taking
this into account, echocardiographic over- and un-
derestimation of PASP occurred in 23.7% and 27.2%
respectively. Therefore, within a 10 mmHg variance
limit, RVSP on echocardiography correctly reflects the
invasive PASP in only 49.1% of the patients. Overes-
timation tended to occur mostly in lower PASP values,
whereas underestimation mainly occurred in higher
PASP values. FVC% predicted or presence of >20% fi-
brosis on chest CT did not correlate significantly with
the difference between RVSP and PASP (figure 3 B
and C).

Figure 5 shows the number of patients expected
to have PH based on different cut-off values for RVSP
in each of the subgroups ‘no PH (n=49), ‘mild to mod-
erate PH’ (n=56) and ‘severe PH’ (n=68). The figure
shows that, for example using an RVSP cut-off value
of 40mmHg (which is frequently used in literature),
it tremendously overestimates the presence of PH in
group A (no PH with mPAP <25mmHg), whereas a
cut off value of 60mmHg significantly underestimates
the presence of PH in group C (severe PH >35mmHg).
Based on these results, there is no clear cut off value for
RVSP to predict the presence of PH and therefore it
cannot be used as a diagnostic tool.

Survival

Data on survival, defined as alive or dead/
transplanted on the last day of visit, was available for
167 patients, with a mean follow up of 3.5£3.2 years.
Figure 6A displays the overall survival of all patients
up to a maximum follow up of ten years. Patients with
PH had significantly worse outcomes (p=0.009) with a
1,2,5 and 10 year survival of 87.5%, 71.4%, 47.8% and
32.4% for patients with PH. Figure 6B further divides
the group into no PH (mPAP <25mmHg), mild to
moderate PH (mPAP 225 and <35mmHg), and severe
PH (mPAP >35mmHg), with a significant difference
in survival between these groups (P<0.001). Survival
was comparable between patients without PH and
mild to moderate PH. However, for those with severe
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Figure 5. Overview of the number of patients expected to have PH (Y-axis) based on different cut-off values for RVSP (X-axis) within the
subgroups no PH (A), mild to moderate PH (B) and severe PH (C). This This figure shows that echocardiographic RVSP overestimates
the presence of PH in patients with no PH (group A), whereas it underestimates the presence of PH in patients with severe PH (group C).
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Figure 6. Kaplan Meier survival curves with comparison between different subgroups. A. All patients; B. Divided by severity of PH
(no PH, mild-moderate PH and severe PH), with a significant decrease in survival for severe PH ; C. RVSP>40mmHg (no significant
difference in survival); D. RVSP>50mmHg (significant difference in survival).
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PH, survival was significantly worse (HR 3.1; 95% CI
1.835-5.115; p<0.001). There was no significant dif-
ference in survival based on sex, age or ethnicity. A
significant difference in survival using Cox Regression
analysis was found for mPAP (HR per percent 1.04;
95% CI 1.02-1.06; p<0.001), FVC% (HR per percent
1.02; 95% CI1.01-1.04; p=0.002), DLCO% predicted
(HR per percent 1.011,95% CI 1.003-1.019, p=0.004)
and RVSP (HR per percent 1.02; 95% CI 1.004-1.03;
p=0.11). An RVSP>40mmHg was not significantly as-
sociated with worse mortality (HR 1.75; 95% CI 0,98-
3.07; p=0.06) (figure 6C). For an RVSP of >50mmHg,
a significant difference in mortality was found (HR
2.2;95% CI 1.33-3.74, p=0.002).

Discussion

PH in sarcoidosis is associated with increased
mortality and morbidity. RVSP measurement on
echocardiography is widely used for non-invasive es-
timation of the PASP. In this study, we focused on the
relationship between echocardiographic RVSP and in-
vasive PASP using real world data, including possible
factors by which this relationship might be influenced.
As a result, the correlation between RVSP and PASP
in our cohort of 173 sarcoidosis patients was moder-
ate (r=0.640; p<0.001). Over- or underestimation by
echocardiography occurred in the majority of patients.
Survival was significantly worse in sarcoidosis patients
with an invasive mean PAP of 2 35 mmHg. An RVSP
of 40 mmHg or higher tended to be associated with
worse survival.

Under controlled study circumstances, a strong
correlation of RVSP with PASP has been described
(5-7). A meta-analysis conducted in 2011 (16) dem-
onstrated an overall strong correlation in PH patients
(r=0.70, 95% CI 0.67-0.73). In line with our findings,
this meta-analysis also showed that the correlation de-
creased in patients with high PASP and different lung
diseases, varying between r=0.48 to r=0.69, depending
on the type and stage of lung disease (8,17,19). Part of
the inaccuracy might be explained by incorrect meas-
urement of the tricuspid regurgitation velocity signal,
where measurement of the “chin” or “beard” of the
tricuspid regurgitation signal can make a significant

difference (18). Amsallem et al (20) re-measured all
TRV signals in a standardized manner (21), resulting
in a very strong correlation of r=0.88 (p<0.0001) in
a cohort of 192 patients with advanced lung disease.
In our cohort of sarcoidosis patients, the correlation
weakened if FVC% predicted decreased. In a small co-
hort of patients with FVC% predicted <40%, the cor-
relation was no longer significant.

The ability of RVSP to accurately correlate with
the PASP is disputable. Differences up to 10 mmHg
between echocardiographic RVSP and invasive PASP
have been marked as an acceptable range between both
measurements in previous studies (8,10,11). Follow-
ing this cut-off value in our cohort, over- and under-
estimation using RVSP on echocardiography occurred
in 23.7% and 27.2% of the patients respectively. This
is in line with other studies, describing differences of
10 mmHg or more in up to 50% of patients with or
without interstitial lung disease (8,10,11,19). In our
cohort, a difference of more than 10 mmHg was more
likely in patients with higher PASP values, mostly due
to underestimation. This finding is in line with a study
of Rich et al. (11) and could be due to equalization of
right ventricular and right atrial pressures due to severe
tricuspid regurgitation (22). On the other hand, over-
estimation of PASP values in patients without PH may
lead to unnecessary invasive diagnostic investigations.

Another limitation of echocardiography is that
RVSP measurements frequently cannot be obtained,
especially in patients with lung disease. The present
study did not capture this data, however several stud-
ies have reported that Doppler tricuspid regurgitation
signal for measuring RVSP is interpretable in only 30-
50% of patients with advanced lung disease (8,10,20),
compared to 80-90% in those without advanced lung
disease (20). If an adequate RVSP measurement is
possible, no clear cut-off value has been established
for diagnosing PH. A cut-off value of 40 mmHg is
frequently used, with varying but insufficient data
on accuracy in patients with lung disease (8,10). A
meta-analysis evaluating the diagnostic accuracy of
echocardiography for RHC concluded that this cut-
off value performed only modestly in predicting PH.
Other cut-off values, ranging from 32 to 50 mmHg,
were not able to improve diagnostic accuracy (16).
International guidelines use other echocardiographic
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signs for right ventricular overload and pulmonary
vascular resistance to improve the diagnostic accuracy
(3).

As for long-term outcome in SAPH, previous
studies have shown SAPH to be associated with sig-
nificant increase in mortality, especially in patients
with severe PH (1,23). Our study confirms this asso-
ciation. There was a trend to worse outcome in patients
with an RVSP >40 mmHg on echocardiography (HR
1.73; 95% CI 0,98-3.07; p=0.06), while an RVSP >50
mmHg was significantly associated with lung trans-
plantation-free survival (HR 2.2; 95%CI 1.33-3.74),
p=0.002).

Concluding this manuscript considering previ-
ous literature, echocardiography is an affordable and
non-invasive method to screen for PH in sarcoidosis,
and might be helpful in estimating prognosis in pa-
tients with SAPH. However, measurements by echo-
cardiography have significant limitations and cannot
be used as a one-on-one replacement for RHC. RVSP
on echocardiography only approximates PASP. As
the pulmonary disease progresses and the FVC% de-
creases, while simultaneously the likelihood of PH in-
creases, RVSP measurements showed less correlation
with PASP in sarcoidosis patients. Underestimation
frequently occurred. Therefore, echocardiography de-
rived RVSP should not be used as the only diagnostic
tool. On the other hand, absence of an RVSP signal or
a low RVSP measurement with high clinical suspicion
should not refrain a clinician from further diagnostics
since overestimation also occurs frequently. Further-
more, echocardiography is unable to quantitatively
assess pulmonary capillary wedge pressure (PCWP)
and pulmonary vascular resistance, which are impor-
tant parameters in the classification of PH. However,
echocardiography is able to detect left ventricular heart
disease as a potential cause of an increased PCWP.
Therefore, in sarcoidosis patients with a clinical sus-
picion for PH, RVSP measurement on echocardiogra-
phy should not be the only factor to decide if further
diagnostic evaluation is required.

This study has several limitations, inherent to the
retrospective and multicenter registry design. First, we
only included patients with a measurable RVSP. Sec-
ond, since this study reflects real world data representa-
tive for the day to day practice of a health care provider

with only a report of the echocardiogram available,
the RVSP measurements were not standarized and
based on the local protocols. It was not re-measured
in a standardized manner throughout all participat-
ing centers and no data was captured for the use of
contrast methods or other contributing factors such as
volume status. Supposedly, there is a lot of variability
in this measurement in both measurement technique
and physiological circumstances influencing the cor-
relation. Furthermore, we choose a maximum of six
months’ time interval between echocardiography and
RHC. This is a relatively large time interval, which is
also known to influence the correlation (16,21). Also,
there is no data on treatment within this time interval.

CoNCLUSION

In this multicenter cohort of sarcoidosis patients,
we found a significant correlation between RVSP as
determined by echocardiography and PASP measured
by RHC. Over- or underestimation was encountered
in more than half of the patients. Therefore, using
echocardiographic RVSP measurement alone to screen
for PH in sarcoidosis should be used with caution, es-
pecially in those with severe lung disease.
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