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ABSTRACT. Objective. To assess the validation status of echocardiography with continuous Doppler
(echo-Doppler) as an outcome measure in pulmonary arterial hypertension associated with systemic
sclerosis (PAH-SSc).
Methods. Structured literature review on full-text English articles was performed using the PubMed
and Cochrane databases. Assessment of validation of echo-Doppler was based on the OMERACT
filter criteria with the domains truth (face, content, construct, and criterion validity), discrimination,
and feasibility.
Results. Out of 35 studies eligible for analysis, only 5 included well defined PAH-SSc subgroups
(World Health Organization criteria). Echo was considered as having face validity based on expert
opinion and high number of studies using echo for evaluation of patients with SSc. Echo was considered partially validated with respect to criterion validity based on significant correlations between
echo measures and right-heart catheterization in patients with SSc at risk of PAH/PH. However, echo
was found to lack specificity (lack of content validity), since measurements of echo pulmonary pressure may be influenced by left-heart disease and interstitial lung disease. Data from general populations of patients with scleroderma indicate that evaluation of pulmonary artery pressure by echo might
not be available in all PAH-SSc patients because of technical factors. No studies enabling evaluation
of the discriminant capacity over time and treatment of echo in PAH-SSc could be identified.
Conclusion. Further studies are needed to fully validate echo-Doppler as an outcome measure in
PAH-SSc. These studies would include cross-sectional analysis of baseline measures and longitudinal data of placebo and verum groups in randomized controlled trials of patients with PAH-SSc.
(First Release Dec 1 2009; J Rheumatol 2010;37:105–15; doi:10.3899/jrheum.090661)
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Pulmonary arterial hypertension (PAH) associated with systemic sclerosis (scleroderma, SSc) is one of the most frequent causes of death in patients with SSc. PAH develops on
the basis of obstructive proliferative vasculopathy of small
and medium-size pulmonary arteries. In the setting of SSc,
other causes than primary pulmonary vasculopathy may also
lead to an increase in pulmonary artery pressure (PAP).
Indeed, significant lung disease, which might lead to pulmonary hypertension (PH) due to hypoxemia, was found in
up to 30%–75% of SSc patients with elevated PAP1,2.
Left-heart dysfunction, which might cause postcapillary/venous PH, was found in up to 13%–19% of SSc
patients suspected of having PAH3,4.
To date only intravenous epoprostenol has been proven to
be beneficial in a randomized controlled trial (RCT) exclu106

sively in patients with PAH-SSc5. In contrast, the other therapies were investigated in more general PAH populations,
where PAH-SSc contributed roughly one-quarter of patients.
Although numbers were always small and statistical power
calculations may have confounded the SSc-specific results,
post-hoc analyses of these studies showed that the PAH-SSc
subgroup was usually less responsive than patients with
idiopathic PAH6. Thus, there is an urgent need for clinical
studies aimed at evaluation of new therapeutics specifically
in patients with PAH-SSc.
Since appropriate outcome measures are of key importance for correct evaluation of clinical trials, the OMERACT (Outcome Measures in Rheumatology Clinical Trials)
consensus group has developed a set of criteria for the validation of endpoints in rheumatic diseases. These criteria are
known as the OMERACT filter and include: truth (face,
content, construct, and criterion validity), discrimination
(reliability/reproducibility and sensitivity to change), and
feasibility7. These OMERACT criteria should be fulfilled
before a specific outcome measure is fully validated and
recommended for use in clinical trials.
Among 11 measures identified by a recent expert panel
on outcome measures in PAH-SSc (EPOSS) utilizing a
Delphi process among 74 interdisciplinary experts8, only
right-heart catheterization (RHC) has so far been considered
validated according to the OMERACT filter criteria and
therefore judged ready for use in clinical trials9. However,
RHC is often not feasible for repeated measures due to its
invasiveness. Echocardiography including assessment of
pulmonary arterial pressures by continuous Doppler
(echo-Doppler) is another endpoint indicated for consideration by the EPOSS group. However, echo requires full validation before it can be recommended for clinical trials in
PAH-SSc. The aim of this study was therefore to assess the
current status of validation of echo in PAH-SSc according to
the OMERACT criteria using a systematic literature search.
The identification of specific aspects of echo that need further validation in PAH-SSc is the basis for the design of further validation studies.
MATERIALS AND METHODS

Systematic literature review. Studies in which echo was used for the evaluation of patients with PAH/PH-SSc were searched in PubMed and
Cochrane Controlled Trial Register databases using combinations of predefined key words. The key words used were “systemic sclerosis OR scleroderma OR CREST” AND “pulmonary arterial hypertension OR pulmonary
hypertension” AND “echocardiography OR echo.” To identify other relevant articles, references of the retrieved papers and most recent review
articles published within the last 2 years were analyzed. In addition, the
“related article” tool in PubMed was used. All original studies published
between 1966 and January 15, 2008, were selected if they involved ≥ 5
PAH/PH-SSc patients. Abstracts or congress reports were not included.
Studies with mixed populations of PAH patients or patients with different
connective tissue diseases were eligible if the subset of patients with SSc
was separately analyzed, or if > 45% of the patients in the study had SSc.
The literature analysis was limited to studies published in English and those
pertaining to humans and adults only.
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Studies were excluded if they were not an original study, if by definition only patients with other forms of PH than PAH were analyzed, if ≥
55% of patients had diseases other than SSc, and if the studies did not
include a separate analysis of SSc patients. Studies including < 5
PAH/PH-SSc patients and those in which there was no analysis of information on PAH/PH-SSc patients were also excluded. Studies concerning
exercise echo were also not considered for analysis, because exercise echo
was not part of the core set recommended by the EPOSS group after the
Delphi exercise8.
The systematic literature search and the analysis of retrieved documents
were performed independently by 2 trained reviewers (OKB, JA). If differences in judgment occurred, they were resolved by discussion.

In addition, studies were analyzed to determine whether clinically significant interstitial lung disease (ILD) and postcapillary PH/left-heart disease were excluded. ILD and left-heart disease are considered the most frequent causes of pulmonary hypertension other than PAH in SSc. ILD was
considered clinically significant when restrictive ventilatory defects and/or
advanced radiological changes were present. Postcapillary PH was judged
based on the wedge pressure > 15 mm Hg on RHC. Accordingly, studies in
which the definition of PAH included these exclusions were assigned category 1, while all other studies were considered category 2.

Application of the OMERACT filter. To assess the current status of validation of echo, the OMERACT criteria were used. These include: truth (face,
content, construct, and criterion validity), discrimination (reliability/reproducibility and sensitivity to change), and feasibility7,9. Definitions of the
OMERACT criteria are given in Table 2.
The OMERACT criteria were applied on the manuscripts retrieved
from the systematic literature review. For the final assessment of validation,
the quality of the manuscript was taken into consideration as follows (see
also Table 1):
Echo was considered valid (V) or not valid (NV) only if high quality
studies were available with a definition of PAH according to the WHO criteria and if severe ILD and postcapillary PH/left-heart disease were excluded. This corresponds to the “A1” level of the quality assessment defined
above.
Echo was considered partially validated (PV) if lower quality studies
indicated that echo was valid. Lower quality studies were defined as all
studies with a quality assessment below A1. These strict criteria were used
because these studies might include patients with forms of PH other than
PAH (e.g., associated with left-heart disease, interstitial fibrosis) and a
number of false-positives (PAH not confirmed by RHC). This is relevant
for the assessment of outcome measures because forms of PH other than
PAH have a different pathogenesis, disease presentation, disease symptoms, and prognosis than those in patients with PAH.
Validation status of echo was considered unclear/possibly not valid (U),
if “lower quality studies” indicated that echo was not valid. Again, lower
quality studies were defined as studies with a quality assessment below A1.
Moreover, validation of echo with respect to the sensitivity to change
over time required longitudinal studies for which parallel data on RHC and
echo at 2 different timepoints were available. Validation of sensitivity to
change over treatment required in addition data from RCT.
The application of the OMERACT criteria was discussed at 3 face to
face meetings of the EPOSS steering committee. If there was disagreement
on the status of validation, it was resolved by discussion.

Quality evaluation of identified manuscripts according to the methodological quality and level of evidence. The quality of studies fulfilling our
inclusion criteria was rated by using the impact factor of the journal in
which the study was published (ISI Journal Citation Reports 2006) and by
the Jadad scale10. The Jadad scale contains 2 questions to determine appropriate randomization and study masking and 1 question evaluating the
reporting of withdrawals and dropouts. Each question requires a yes or no
response. Five total points can be awarded, with a higher score indicating
superior quality.
The level of evidence was assessed according to established criteria
based on study design using a hierarchy of evidence in descending order
according to qualities11. In brief, metaanalyses of RCT were considered the
highest level of evidence (1a), followed by RCT (1b), nonrandomized controlled studies (2a), quasiexperimental studies (2b), descriptive studies (3),
and expert committee reports or opinions (4).

Quality evaluation of identified manuscripts according to the definition of
pulmonary hypertension. Because this analysis aimed to examine the validation of echo for PAH, and because other forms of PH have different
pathophysiologies, clinical courses, and clinical presentations, we also
rated the respective studies according to their definition of PAH. The criteria for this quality assessment are summarized in Table 1.
Based on the tests used for the diagnosis of PAH/PH in the respective
studies, the following rating was applied: PAH/PH confirmed by RHC
[mean PAP > 25 mm Hg at rest and/or > 30 mm Hg with exercise per World
Health Organization (WHO) definition] was assigned category A; PAH/PH
assessed by echo with pulmonary artery systolic pressure (PASP) ≥ 45 mm
Hg, which has 97% specificity versus RHC12, or PASP > 30 mm Hg by
RHC was assigned category B; PAH/PH assessed by echo with 45 mm Hg
> PASP/tricuspid gradient ≥ 35 mm Hg was assigned category C; and all
other definitions were considered category D.

Table 1. Quality assessment of studies according to the definition of pulmonary arterial hypertension (PAH) and
the exclusion of other forms of pulmonary hypertension. For detailed definition of quality criteria A-D and category 1/2 see Materials and Methods. If only A1 studies were available, specific OMERACT criteria for echo
were considered validated (V) or not valid (NV). Echo was considered partially validated if studies other than
A1 indicated that echo was valid.
Definition of PAH

Right-heart catheterization (RHC)
mPAP > 25 mm Hg at rest or/and
mPAP > 30 mm Hg at exercise
Doppler echo
PASP/TG ≥ 45 mm Hg
RHC
PASP > 30 mm Hg (in older studies)
Doppler echo
35 mm Hg ≤ PASP/TG < 45 mm Hg
Other (or not defined)

Pulmonary Fibrosis/
Left-heart Disease Excluded

Pulmonary Fibrosis/
Left-heart Disease Not Excluded

A1

A2

B1

B2

C1
D1

C2
D2

mPAP: mean pulmonary artery pressure; PASP: pulmonary artery systolic pressure; TG: tricuspid gradient.
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Table 2. Definitions of the OMERACT filter criteria.
OMERACT Filter Criterion

Definition

Truth
Face validity (credibility)

Content validity (comprehensiveness)
Criterion validity (accuracy)
Construct validity

Discrimination
Sensitivity to change over time

Discrimination capacity over treatment
Reliability (reproducibility)
Feasibility

Overall appropriateness of method to be used for evaluation of the outcome, as assessed by investigators and
clinicians
Ability of the outcome measure to include or predict all those components of health status relevant to the
intervention being assessed. Thus, it was evaluated whether echo measurements cover the whole spectrum of
PAH-SSc patients and whether its measurements are specific for PAH
Ability of the outcome measure to reflect best available estimate of true clinical status of the patient. Thus,
criterion validity was assessed through comparisons/correlation of echo with RHC as the “gold standard”
technique in PAH/PH
Ability of the outcome measure to match with the hypothesized expectations of the investigator compared with
other indirect assessments. Thus, construct validity was assessed through assessment of convergent and
divergent validity based on associations/correlations of echo measures with other clinically relevant disease
measures. Since echo has been used frequently as a diagnostic tool in multiple research studies, only
associations/correlations with measures defined by PAH experts as important for evaluation of PAH-SSc
patients were taken into account for this analysis13

Based on calculation of standardized response mean (SRM) using repeated measures performed in a given
population at 2 different timepoints without therapeutic intervention in between
Based on calculation of effect size in randomized controlled trials or SRM in open-label trials
Based on evaluation of intra- and interclass correlations
The measure’s ease of use, cost-effectiveness, availability in different centers, and overall usefulness

PAH-SSc: pulmonary arterial hypertension-systemic sclerosis; RHC: right-heart catheterization.

RESULTS
Results of the systematic literature search. Out of 124
articles identified, 87 were excluded based on predefined
inclusion/exclusion criteria, 2 studies could not be retrieved
for full-text review, and 35/124 articles were included for
further analysis1-4,13-42. The search strategy of the systematic literature research including reasons for exclusions is presented in Figure 1.

Quality assessment of retrieved articles. The 35 retrieved
studies were next evaluated according to their level of quality. The results of the quality assessment are summarized in
Table 3. Only 5 (14%) studies included well defined
PAH-SSc subgroups according to the WHO criteria (quality
level A1). Five other studies involved patients with PAH/PH
diagnosed with RHC, but without excluding lung fibrosis or
left-heart disease (quality level A2). One study reported sub-

Figure 1. Results of the systematic literature search.
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Table 3. Studies included into analysis according to the definition of
PAH/PH.
Definition of
PAH/PH

A1
A2
B1
B2
C1
C2
D1
D2
Total

No. of Studies
Included into
Analysis/Analyzed
(% of studies
included)
5 (14)
6 (17)
0
3 (8.6)
0
14 (40)
0
9 (26)
35

References

3, 4, 13†**, 14, 19
1, 13, 17, 34, 40*, 41
18, 21, 22

2, 12, 15, 23-27, 29, 33, 35, 37–39
16, 20, 28, 30–32, 35**, 36, 42

* Defined by PASP ≥ 35 mm Hg or mean PAP > 20 mm Hg at RHC.
** Studies that were duplicated because they contain 2 different groups of
PAH/PH patients. † Only DLCO versus PASP subanalysis. Total percentage was higher than 100%, since 2 studies included 2 different groups of
PAH/PH.

group analyses corresponding to A1 or A2 quality levels12.
The remaining 25 studies corresponded to lower quality
levels: 3 studies were classified as B2, 13 studies as C2, 9
studies as D2, and one study included subgroup analyses of
patients classified as C2 or D242.
No RCT fulfilling the inclusion criteria could be identified. Four uncontrolled studies21-23,30 represented level of
evidence 2b, while the remaining studies were classified as
level of evidence 3. The impact factor of the identified studies varied from 0 to 7.421 (mean 3.39).
Status of validation according to the OMERACT criteria.
The current status of validation of echo according to the
OMERACT criteria and based on the systematic literature
review and its quality assessment is summarized in Table 4.

I. Truth
1. Face validity. Echocardiography was selected by the
experts during the recent Delphi study8 as an appropriate
measure for the evaluation of PAP, heart structure and function in patients with PAH-SSc. Thus, by definition, it was
considered credible (having face validity).
2. Content validity. Several studies indicated that echo does
not differentiate between different forms of PH associated
with SSc and is thus not specific for PAH-SSc. Accordingly,
left-heart disease/postcapillary PH were found in up to 19%
of SSc patients with increased tricuspid velocity (> 2.5 m/s)
and in up to 13% of SSc patients considered at high risk of
PAH/PH by clinical evaluation including echo examination,
radiographic studies, and lung function tests3,4.
Several studies including SSc patients with and without
PAH/PH revealed significant associations between higher
PASP/tricuspid gradient and the presence of ILD, as evaluat-

Table 4. Validation of echo in PAH-SSc according to the OMERACT filter.

OMERACT Filter Criterion

Truth
Face validity
Content validity
Criterion validity
Construct validity
Discrimination
Sensitivity to change over time
Discrimination capacity over
treatment
Reliability (reproducibility)
Feasibility

Validation

Highest Quality of
PAH Definition

V
NV
PV
PV

NA
A1
A2
A1*/A2

ND

ND
PV
U

No studies

No studies
B2
A2

* For some aspects of construct validity only (association between pericardial effusion and mortality, tricuspid regurgitant jet velocity, and dyspnea). V: valid: A criterion was judged validated if appropriate information
was available from studies including exclusively PAH-SSc patients (quality definition A1, see Table 1). Exception is face validity, which is evaluated by the judgement of experts as an appropriate measure rather than by
specific studies. NV: not valid: Similarly, a criterion was judged not valid
if appropriate information was available from studies including exclusively PAH-SSc patients (quality definition A1). PV: partially validated: A criterion was judged partially validated if data from studies lower than quality level A1 indicated that the criterion was validated. U: unclear, possibly
not valid: A criterion was judged unclear/possibly not valid if data from
studies lower than quality level A1 indicated that the criterion was not
valid. NA: not applicable; ND: no data.

ed by lung function tests13,15,26,27 or high resolution computed tomography (HRCT) of the lungs1,2,23,24. Significant lung
disease (defined by total lung capacity < 70%–80%, and/or
diffuse interstitial fibrosis/alveolitis by HRCT) was found in
up to 30%–75% of SSc patients with elevated PAP1,2.
Thus, it can be anticipated that measurements of PASP by
echo-Doppler might reflect the presence of ILD or left-heart
disease and not only the pulmonary vasculopathy underlying true PAH.
Another aspect of content validity is whether the outcome measure of interest covers the whole spectrum of disease severity. Denton, et al looked at a broad range of
patients with PAH/PH34. The range of PAP by RHC in the 6
patients with PAH/PH and no tricuspid regurgitation was
similar (30–80 mm Hg) to that seen in the 15 patients with
PAH/PH in whom echo-Doppler measurement revealed
increased PAP (34–109 mm Hg), indicating that even in
patients with moderate/severe PAH/PH, tricuspid regurgitation might not be present.
Together, these results show that echo is not specific for
PAH and thus does not fulfill this aspect of the content
validity criterion of the OMERACT filter. The highest quality level of studies evaluated for this criterion was A14.
Content validity according to the OMERACT filter was
therefore rated as “not valid” by the expert group.
3. Criterion validity. Sensitivity and specificity of echo versus RHC. The sensitivity of echo-Doppler for identification
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of SSc patients with PAH/PH ranged from 39% to 100%,
and its specificity from 42% to 97% in comparison with
RHC as the “gold standard” measure. Sensitivity and specificity depended strongly on the definition of PAH/PH by
echo and the population of patients with SSc1,12,34,41. The
specificity of echo increased with the higher PASP thresholds, reaching 97% for PASP/tricuspid gradient ≥ 45 mm
Hg. In contrast, the sensitivity was highest when the lower
cutoff values were used, being 90% in SSc patients with
PASP > 30 mm Hg12,34. Thus, there is an inverse relationship between specificity and sensitivity of echo in identifying patients with PAH/PH-SSc.
Of note, the majority of studies comparing echo with
RHC used in their definition of PAH/PH a combination of
tricuspid gradient/PASP and, particularly if PASP was not
measurable or suggestive of PAH/PH, evaluation of
right-heart dimensions and function and/or clinical assessment including evaluation of dyspnea, pulmonary function
tests, and/or chest radiographs.
Correlation of variables measured by echo with PAP measured by RHC. Three studies involving SSc patients considered to be at high risk of PAH/PH, including those with significant ILD, showed significant correlations between PASP
(tricuspid gradient) measured by echo-Doppler and
PASP/mean PAP measured by RHC. However, r values were
only low to moderate (r2 = 0.5 for PASP and r2 = 0.5 for
mPAP)1,12,34. Similarly, a study by Murata, et al including 77
patients with connective tissue diseases of whom 55% had
SSc showed significant correlation between PASP by echo
and by direct measurement during RHC (p < 0.01)40.
Depending on the diagnostic criteria, the presence of pulmonary fibrosis by HRCT or pulmonary function test was
reported in 38% to 75% of patients evaluated in these studies.
Another study compared the right ventricular myocardial
performance index, also known as the Tei index, which is
calculated based on echo measurements (the isovolumic
contraction time and isovolumic relaxation time divided by
the ejection time) and RHC measures in a group of 35 SSc
patients with elevated PASP ≥ 35 mm Hg, of whom 28
patients had mPAP by RHC consistent with the WHO definition of PAH. The right ventricular Tei index correlated significantly with the mean PAP by RHC at low r values (r2 =
0.21, p = 0.01), but not with the pulmonary vascular resistance measured during catheterization (r2 = 0.11, p = 0.08).
Similarly to the 2 previous studies, patients with ILD were
also included17.
In summary, depending on the cutoff value for PASP,
echo showed an acceptable sensitivity and specificity and a
significant, but rather weak correlation with RHC. The highest quality level of studies evaluated for sensitivity/specificity and correlation of echo with RHC was A2. The criterion validity was therefore rated “partially validated.”
4. Construct validity. Association with survival/mortality.
Only one study of SSc patients with PAH defined according
110

to the WHO criteria (A1) was identified; it showed that the
presence of pericardial effusion is associated with higher
number of deaths in PAH-SSc (hazard ratio 2.35, 95% CI
1.06–5.2, p = 0.04)19. The presence of pericardial effusion
of any size (odds ratio 10.7, p = 0.001) or significant pericardial effusion were also associated with higher mortality
in the general SSc population15,36,42.
Another retrospective, case-control study involving 206
patients with limited cutaneous SSc showed that the presence
of PH (PASP > 30 mm Hg by echo in combination with clinical symptoms) was associated with lower survival (50% at 2
years and 10% at 5 years) in comparison with well matched
controls without PH (88% and 80%, respectively)28.
In the study by MacGregor, et al, high PASP (> 60 mm
Hg) by echo was associated with higher mortality in the
overall population of SSc patients with PH (PASP > 30 mm
Hg by echo), in SSc patients with isolated PH (PH without
significant lung disease by lung function tests/HRCT), and
in those with PH and lung disease31. The risk of death in the
whole PH population increased significantly (hazard ratio
3.6, 95% CI 1.42–9.15) for PASP > 60 mm Hg. The 2-year
mortality in SSc patients with isolated PH was 8%, 33%,
and 67%, and in those with PH and lung disease 0%, 15%,
and 67%, for PASP < 30, 30–60, and > 60 mm Hg, respectively. In the overall SSc population (with and without
PAH/PH), high initial PASP (> 60 mm Hg) by echo was an
independent risk factor for mortality (by multivariate analysis)31. Similarly, the presence of PH by echo was associated
with lower survival in the overall SSc population combining
those with and without PH (odds ratio 9.8, p = 0.002, for PH
vs those without PH) in the study by Simeon, et al36, and in
patients with early diffuse SSc (PASP ≥ 45 mm Hg; p =
0.001 vs those without PH) in the study by Trad, et al22.
Associations with dyspnea/functional capacity, exercise tolerance [6 minute walk test (6MWT), oxyhemoglobin desaturation after exercise (∆O2Sat), and maximal oxygen consumption during exercise testing)]. In 67 SSc patients with
and without PH, in whom ILD had been excluded (by
HRCT), greater dyspnea [by New York Heart Association
(NYHA) classification] appeared as an independent factor
associated with PH defined as PASP > 50 mm Hg by echo
(p = 0.0001 by multivariate analysis)14. In an overall population of SSc patients, frequency of dyspnea (NYHA class
II, III, or IV) increased with the levels of velocity of tricuspid regurgitation (VTR) measured by echo-Doppler4.
Accordingly, dyspnea was present in 29.3% of patients with
VTR ≤ 2.5 m/s, in 40.6% with VTR 2.5–3 m/s, and in 72%
with VTR > 3 m/s.
One study of SSc patients with and without PH, 42% of
whom had restrictive pulmonary function tests, indicated
that the presence of PH by echo (PASP > 30 mm Hg) was
significantly associated with abnormal 6MWT (< 400 m)
and ∆O2Sat in univariate but not multivariate analysis (multiple regression analysis)16.
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In another study, baseline PASP by echo was the only
variable that was independently correlated with maximal
oxygen consumption (r = –0.66) and anaerobic threshold
(r = –0.52) in stress testing33.
Associations with heart structure/function. In a population
of SSc patients including those with pulmonary fibrosis,
right ventricular and right atrial enlargement were more frequent in SSc patients with PH by echo PASP ≥ 36–40 mm
Hg than in those without PH (p = 0.03 and p < 0.0001,
respectively)13,25. PAP by echo-Doppler was independently
correlated with tricuspid E/A ratio, an index of the right ventricular relaxation (r = –0.35, p < 0.003, multiple regression
analysis)32. No correlation was found between PASP and
right ventricular ejection fraction20.
In summary, only an association between the presence of
pericardial effusion on echo and survival/mortality was supported with the highest quality study (A1 level)19. For this
aspect of construct validity, echo was rated as validated.
Although 2 studies reporting association between echo
measurements and dyspnea/functional class used the WHO
definition of PAH (A1 level)4,14, analyses concerning
PASP and functional class included heterogeneous populations of SSc patients with and without PAH/PH. For all
other aspects of construct validity including associations
of PASP with survival/mortality, functional capacity, and
right-heart measures, only studies with a less stringent definition of PH were available (highest quality level A2).
Thus, while these studies in patients with PH-SSc indicate
that echo passes the construct validity criterion of the
OMERACT filter, it can only be rated as partially validated as long as A1 studies involving patients with PAH-SSc
do not exist.

II. Discrimination
Discriminant capacity over time and treatment. To assess
the validity of discriminant capacity over time, longitudinal
studies with parallel data on RHC and echo at 2 different
timepoints are required, and, in addition, for validation of
discriminant capacity over treatment it has to be a RCT.
However, such trials were not available according to our
inclusion criteria for the literature review.
Reliability. One study (quality level B2), of SSc patients
with and without PH, showed low intra- and interobserver
variability in evaluation of right ventricular ejection fraction
and left ventricular ejection fraction (range 3.5% to 5.3%,
depending on the variables)20. However, no study was available analyzing intra- or interobserver variability of variables
relevant for the assessment of PAH in patients with SSc.
In view of the lack of appropriate longitudinal studies
including RCT it was concluded that there are no data available to assess the discrimination criterion. Reliability was
analyzed only in a study of quality level B2 and was therefore judged “partially validated.”

III. Feasibility
The high number of studies using echo as a diagnostic tool
indicates that this method is feasible in the clinical assessment of patients with PAH. It is available in all centers with
a cardiology department or a cardiology consultant and the
cost-effectiveness for clinical studies is reasonable.
However, it is not possible to obtain PASP values in some
patients because of technical limitations. Inability to evaluate PASP due to the lack of tricuspid regurgitation and/or
due to insufficient quality of the images obtained was
reported in several studies (Table 5)4,13,24,25,29,32,34,35,3740,42. The percentage of patients in whom evaluation of
PASP was not possible ranged from 3%37 up to 74%39. It
should be noted that all studies reported above included SSc
patients without PAH/PH, in whom the presence of tricuspid
regurgitation might be less frequent. Of interest, in the study
by Denton, et al34, with SSc patients considered at high risk
of PAH/PH, PASP could not be evaluated due to the lack of
tricuspid regurgitation in 13 out of 33 (39%) including 6 out
of 21 (29%) patients with PAH/PH by RHC.
In summary, inability to evaluate PASP by echo-Doppler
was shown in several studies of different populations of
patients with SSc. All these studies evaluated heterogeneous
populations with and without PAH/PH or, if including separate analyses of PAH/PH patients, were of quality levels
below A1 (highest quality level A2)34,38. Thus, until studies
on the ability of echo-Doppler to evaluate PASP exclusively in PAH-SSc (level A1) are available, this aspect of feasibility was judged “unclear.”
DISCUSSION
This is the first study addressing the validity of echo as an
outcome measure in PAH-SSc according to a systematic literature review, while recent assessments were based on
expert opinion only. In addition, one of our main tasks was
to consider the quality of available studies, which largely
depended on the definition of PAH in this patient population. Surprisingly, only 5 out of 35 studies (14%) used the
current WHO definition of PAH (diagnosis confirmed by
RHC) and excluded other forms of PH such as left-heart disease and ILD. Based on the analysis of these few studies, a
final evaluation regarding validity of echo for PAH-SSc
could be completed only for the content validity criterion of
the OMERACT filter. In addition, face validity could be
evaluated, because this criterion does not require studies in
patients with PAH-SSc. For some other aspects of the
OMERACT filter, indirect information could be obtained
from studies with more heterogeneous SSc populations,
including SSc patients with and without PAH/PH. Finally,
the OMERACT criterion “sensitivity to change over time
and treatment” could not be evaluated at all, because of lack
of appropriate data.
Most importantly, the structured literature review and the
assessment of identified reports according to the OMER-
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Table 5. Numbers of SSc patients in whom pulmonary artery systolic pressure (PASP) could not be evaluated by echo-Doppler in studies identified by the
literature search.
Study

Kiatchoosakun 2007
Hachulla 2005

No. (%) of Patients
in Whom PASP Could
not be Evaluated
18/155 (12)
114/570 (20)

Wigley 2005

127/669 (19)

Murata 1997

17/80 (21)
7/77 (9)
13/33 (39)
including 6/21 (29)
55/135 (43)

GindzienskaSieskiewicz 2005
Ulanet 2003
Giunta 2000
Denton 1997
Battle 1996
Koh 1996

Candell-Riera 1996
Murata 1992
Smith 1979

27/53 (51)

1/34 (3)
10/17 (59)

53/72 (74)

43/71 (61)

42/54 (78)

Reasons for Inability to Evaluate PASP

Quality of PAH/PH Definition/involvement of
Patients without PAH/PH

Poor tricuspid velocity
Insufficient quality in 23, lack of TR in 91

C2, patients without PAH/PH included
A1 (echo for screen only), patients without
PAH/PH included
C2, patients without PAH/PH included

Tricuspid regurgitant flow could not be
identified on Doppler
Lack of adequate velocity profiles of tricuspid
regurgitation
No detailed data
—
Lack of TR

Lack of adequate velocity profiles of tricuspid
regurgitation
—
No detailed data
Insufficient quality of echo images in 9 and
lack of TR in 44
Insufficient quality of images due to PF or
trunkal skin thickening in 6, lack of TR in 30
—

C2, consecutive SSc patients with and without PAH/PH
C2, patients without PAH/PH included
D2, patients without PAH/PH included
A2, patients without PAH/PH included
A2, only patients with PAH/PH by RHC
C2/D2, patients without PAH/PH included

C2, patients without PAH/PH included
C2, only patients with PH by echo (n = 17) confirmed
by RHC (n = 4)
C2, patients without PAH/PH included; only lSSc
A2, patients without PAH/PH included

D2, patients without PAH/PH included

* Data reported for visualization of pulmonic valve only. Echo: echocardiography; PAH: pulmonary arterial hypertension; PASP: pulmonary artery systolic
pressure; PH: pulmonary hypertension; TR: tricuspid regurgitation; RHC: right-heart catheterization; lSSc: limited cutaneous systemic sclerosis.

ACT filter revealed several aspects of echo that need further
validation in additional studies. This defines a specific
research agenda that needs to be addressed to allow full validation of echo as an outcome measure in PAH-SSc. This
research agenda can be summarized as follows (Table 6).
Truth. Face validity is the only OMERACT criterion that is
fully validated based on the consensus of experts who
selected echo as an appropriate outcome measure for evaluation of PAH-SSc8 as well as based on its frequent use as an
evaluation tool in PAH/PH-SSc studies. No further studies
are required.
Echo is not valid with respect to its content validity
because measurements of pulmonary pressures using echo
might be influenced by comorbidities including left-heart
dysfunction and/or lung fibrosis in patients with SSc. No
further studies are required, because available data were of
sufficient quality (level A1) to allow final evaluation of its
validation status.
Does the lack of content validity exclude echo as an outcome measure in PAH-SSc? Not necessarily, because the
lack of specificity of echo could be overcome by excluding
relevant comorbidities before SSc patients enter clinical trials. For instance, clinically relevant pulmonary fibrosis can
be excluded by pulmonary function tests and/or computer
tomography. Indeed, this strategy has already been utilized
in many of the RCT in PAH, where lung fibrosis identified
by decreased forced vital capacity was an exclusion criteri112

Table 6. Studies required for further validation of echo as an outcome
measure in PAH-SSc.
OMERACT Filter Criterion
Truth
Face validity
Content validity
Criterion validity

Construct validity
Discrimination
Sensitivity to change over time
Discrimination capacity over
treatment
Reliability (reproducibility)

Feasibility

Validation

Type of Study

V
NV
PV

None
None
Cross-sectional echo
vs RHC, e.g.,
baseline from RCT
Cross-sectional echo
vs other outcomes,
e.g., baseline from RCT

PV
ND
ND
PV

U

Longitudinal echo vs
RHC, e.g., placebo
group of RCT
Longitudinal echo vs
RHC, e.g., verum
group of RCT
Repetition of echo
within a short time by
several investigators
(inter- and intra
observer variability)
Cross-sectional, e.g.,
baseline from RCT

For definition of validation see Table 4. RCT: randomized controlled trial;
RHC: right-heart catheterization. V: valid; NV: not valid; PV: partially
validated; U: unclear.
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on43,44. Left-heart dysfunction such as valvular diseases can
be partially excluded by echo itself, although it is controversial whether definite diagnosis of diastolic dysfunction,
which is more frequent in SSc45, requires invasive testing46.
Other comorbidities such as pulmonary venous occlusive
disease (PVOD) are more difficult to exclude, and it is currently unknown if PVOD is of relevant prevalence in
PAH-SSc or is limited to certain patients with a very severe
clinical course of PH47.
The influence that scleroderma lung disease and other
comorbidities may have on the correlations between echo and
RHC in SSc is unclear; however, evaluation of right ventricular systolic pressure by echo has been found to be inaccurate
in patients with idiopathic pulmonary fibrosis48. Therefore,
definite validation of the criterion and construct validity is
required through evaluation of echo versus RHC and other
outcomes specifically in PAH-SSc. This can be achieved, for
example, by cross-sectional studies in patients with PAH-SSc
undergoing RHC and other relevant outcome measures in parallel with echo (Table 6). Although these data are unpublished, they are actually available as part of the baseline measurements in randomized controlled treatment trials in PAH.
Thus, subanalysis of the baseline measurements in the
PAH-SSc population of these trials is likely sufficient to fully
validate content and construct validity of echo.
Discrimination. To assess the validity of echo with respect
to the discriminant capacity over time, longitudinal studies
would be required that include PAH-SSc patients without
treatment and parallel echo and RHC evaluations at different timepoints (Table 6). Again, these are already available
as unpublished data from the placebo groups of RCT with
RHC and echo performed at baseline and end of study.
Although it might be argued that placebo treatment is an
intervention and thus patients from the placebo group are
not true untreated patients, analysis of the PAH-SSc subpopulation of these trials would contribute to the validation
of discriminant capacity over time. Similarly, subanalysis of
PAH-SSc patients in the verum group of these trials would
be appropriate to assess the discriminant capacity over treatment (Table 6). Validation of reliability of echo in PAH-SSc
requires comparisons of repeated echo assessments performed within a short time by the same investigator
(intraobserver variability) and by 2 independent investigators (interobserver variability) at the same time in patients
with well defined PAH-SSc (Table 6).
Feasibility. The validation status of echo with respect to its
feasibility was considered unclear, since evaluation of pulmonary pressures was impossible in a significant proportion
of SSc patients including PAH/PH-SSc. This was due to the
lack of tricuspid regurgitation but also due to insufficient
quality of echo imaging caused by skin thickening or concomitant severe lung disease. Further studies including
exclusively patients with PAH-SSc are required to fully validate the feasibility of echo in the evaluation of PAH-SSc.

Studies for full validation would require cross-sectional
analysis of PAH-SSc patients, similar to studies for other
aspects such as criterion and construct validity (Table 6).
However, it appears unlikely that pulmonary pressures can
be measured in all patients, because limitations such as skin
thickening can still arise in this population. Thus, it is likely that echo cannot be used as a single outcome measure and
needs to be combined with other measures to allow assessment of all patients.
Many of the studies identified by our literature review
focused on PASP, while other indicators were rarely considered. However, we emphasize that other echo measures
might be more relevant for certain aspects of PAH-SSc than
PASP alone. For instance, as shown in patients with severe
idiopathic PAH, reduction in PASP may reflect disease progression and right-ventricle failure rather than improvement
of PAH49. In addition, although correlations between PASP
by echo-Doppler and PASP/mean PAP by RHC were statistically significant, they showed low r values, reflecting the
clinical experience that PASP by Doppler is not necessarily
accurate compared to pressures measured directly in
PAH-SSc. Thus, assessment of PASP alone is unlikely to
reach full validation in PAH-SSc for the discriminant capacity of time and treatment. Additional measures such as tricuspid annular plane systolic excursion (TAPSE) are promising50,51 and should be considered for further validation
studies in PAH-SSc.
In conclusion, this systematic literature analysis revealed
that echo in PAH-SSc fulfills the OMERACT criteria for
face validity and partially for criterion and construct validity as well as reliability. Other forms of PH such as that associated with lung fibrosis or left-heart disease need to be
excluded if echo is used as an outcome measure, because the
content validity criterion is not fulfilled. Validation studies
for echo in PAH-SSc should not be limited to PASP alone,
but should also include other measures such as TAPSE, in
particular for the assessment of discriminant capacity over
time and treatment. Studies required for further validation of
the OMERACT criteria have largely been performed
already as part of randomized controlled treatment trials in
patients with PAH. However, subanalyses of PAH-SSc with
regard to echo as an outcome measure have not been published. Because echo pulmonary pressures cannot be measured technically in all patients, echo needs to be combined
with other outcomes in trials with PAH-SSc patients.
REFERENCES

1. Hsu VW, Moreyra AE, Wilson AC, Shinnar M, Shindler DM,
Wilson JE, et al. Assessment of pulmonary arterial hypertension in
patients with systemic sclerosis: comparison of noninvasive tests
with results of right-heart catheterization. J Rheumatol
2008;35:458-65.
2. Pope JE, Lee P, Baron M, Dunne J, Smith D, Docherty PS, et al.
Prevalence of elevated pulmonary arterial pressures measured by
echocardiography in a multicenter study of patients with systemic
sclerosis. J Rheumatol 2005;32:1273-8.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved.

Kowal-Bielecka, et al: Echo-Doppler in PAH-SSc

Downloaded on May 29, 2022 from www.jrheum.org

113

3. Mukerjee D, St. George D, Coleiro B, Knight C, Denton CP, Davar
J, et al. Prevalence and outcome in systemic sclerosis associated
pulmonary arterial hypertension: application of a registry approach.
Ann Rheum Dis 2003;62:1088-93.
4. Hachulla E, Gressin V, Guillevin L, Carpentier P, Diot E, Sibilia
J, et al. Early detection of pulmonary arterial hypertension in
systemic sclerosis: a French nationwide prospective multicenter
study. Arthritis Rheum 2005;52:3792-800.
5. Badesch DB, Tapson VF, McGoon MD, Brundage BH, Rubin LJ,
Wigley FM, et al. Continuous intravenous epoprostenol for
pulmonary hypertension due to the scleroderma spectrum of
diseases. Ann Intern Med 2000;132:425-34.
6. Avouac J, Wipff J, Kahan A, Allanore Y. Effects of oral treatments
on exercise capacity in systemic sclerosis related pulmonary arterial
hypertension: a meta-analysis of randomised controlled trials. Ann
Rheum Dis 2008;67:808-14.
7. Tugwell P, Bombardier C. A methodologic framework for
developing end selecting endpoints in clinical trials. J Rheumatol
1982;9:758-62.
8. Distler O, Behrens F, Pittrow D, Huscher D, Denton CP, Foeldvari
I, et al. EPOSS-Omeract Group for the other coauthors of the
EPOSS-OMERACT group. Defining appropriate outcome measures
in pulmonary arterial hypertension related to systemic sclerosis:
Delphi consensus study with cluster analysis. Arthritis Rheum
2008;59:867-75.
9. Merkel PA, Clements PJ, Reveille JD, Suarez-Almazor M, Valentini
G, Furst D. Current status of outcome measure development for
clinical trials in systemic sclerosis. Report from OMERACT 6.
J Rheumatol 2003;30:1630-47.
10. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ,
Gavaghan DJ, et al. Assessing the quality of reports of randomised
clinical trials: is blinding necessary? Control Clin Trials
1996;17:1-12.
11. Shekelle PG, Woolf SH, Eccles M, Grimshaw J. Clinical
guidelines: developing guidelines. BMJ 1999;318:593-6.
12. Kiatchoosakun S, Ungkasekvinai W, Wonvipaporn C, Tatsanavivat
P, Foocharoen C, Suwannaroj S, et al. D-dimer and pulmonary
arterial hypertension in systemic sclerosis. J Med Assoc Thai
2007;90:2024-9.
13. Mukerjee D, St. George D, Knight C, Davar J, Wells AU, Du Bois
RM, et al. Echocardiography and pulmonary function as screening
tests for pulmonary arterial hypertension in systemic sclerosis.
Rheumatology 2004;43:461-6.
14. Launay D, Mouthon L, Hachulla E, Pagnoux C, de Groote P,
Remy-Jardin M, et al. Prevalence and characteristics of moderate to
severe pulmonary hypertension in systemic sclerosis with and
without interstitial lung disease. J Rheumatol 2007;34:1005-11.
15. Plastiras SC, Karadimitrakis SP, Kampolis C, Moutsopoulos HM,
Tzelepis GE. Determinants of pulmonary arterial hypertension in
scleroderma. Semin Arthritis Rheum 2007;36:392-6.
16. Villalba WO, Sampaio-Barros PD, Pereira MC, Cerqueira EM,
Leme CA Jr, Marques-Neto JF, et al. Six-minute walk test for the
evaluation of pulmonary disease severity in scleroderma patients.
Chest 2007;131:217-22.
17. Vonk MC, Sander MH, van den Hoogen FHJ, van Riel PLCM,
Verheugt FWA, van Dijk APJ. Right ventricle Tei-index: A tool to
increase the accuracy of non-invasive detection of pulmonary
arterial hypertension in connective tissue diseases. Eur
J Echocardiography 2007;8:317-21.
18. Cozzi F, Montisci R, Marotta H, Bobbo F, Durigon N, Ruscazio M,
et al. Bosentan therapy of pulmonary arterial hypertension in
connective tissue diseases. Eur J Clin Invest 2006;36 Suppl
3:49-53.
19. Fisher MR, Mathai SC, Champion HC, Girgis RE, Housten-Harris
T, Hummers L, et al. Clinical differences between idiopathic and
114

20.
21.
22.
23.
24.

25.

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36.

scleroderma-related pulmonary hypertension. Arthritis Rheum
2006;54:3043-50.
Hsiao SH, Lee CY, Chang SM, Lin SK, Liu CP. Right heart
function in scleroderma: insights from myocardial Doppler tissue
imaging. J Am Soc Echocardiogr 2006;19:507-14.
Joglekar A, Tsai FS, McCloskey DA, Wilson JE, Seibold JR, Riley
DJ. Bosentan in pulmonary arterial hypertension secondary to
scleroderma. J Rheumatol 2006;33:61-8.
Trad S, Amoura Z, Beigelman C, Haroche J, Costedoat N, Boutin le
TH, et al. Pulmonary arterial hypertension is a major mortality
factor in diffuse systemic sclerosis, independent of interstitial lung
disease. Arthritis Rheum 2006;54:184-91.
Hesselstrand R, Ekman R, Eskilsson J, Isaksson A, Scheja A, Ohlin
AK, et al. Screening for pulmonary hypertension in systemic
sclerosis: the longitudinal development of tricuspid gradient in 227
consecutive patients, 1992-2001. Rheumatology 2005;44:366-71.
Gindzienska-Sieskiewicz E, Kowal-Bielecka O, Kita J, Lisowska A,
Domyslawska I, Musial W, et al. The occurrence of pulmonary
hypertension in patients hospitalized in the Department of
Rheumatology and Internal Diseases Medical University of
Bialystok in years 2003-2004. Annales Academiae Bialostocensis
2005;509 Suppl:298-300.
Wigley FM, Lima JA, Mayes M, McLain D, Chapin JL, Ward-Able
C. The prevalence of undiagnosed pulmonary arterial hypertension
in subjects with connective tissue disease at the secondary health
care level of community-based rheumatologists (the UNCOVER
study). Arthritis Rheum 2005;52:2125-32.
Chang B, Wigley FM, White B, Wise RA. Scleroderma patients
with combined pulmonary hypertension and interstitial lung
disease. J Rheumatol 2003;30:2398-405.
Schachna L, Wigley FM, Chang B, White B, Wise RA, Gelber AC.
Age and risk of pulmonary arterial hypertension in scleroderma.
Chest 2003;124:2098-104.
Steen V, Medsger TA Jr. Predictors of isolated pulmonary
hypertension in patients with systemic sclerosis and limited
cutaneous involvement. Arthritis Rheum 2003;48:516-22.
Ulanet DB, Wigley FM, Gelber AC, Rosen A. Autoantibodies
against B23, a nucleolar phosphoprotein, occur in scleroderma and
are associated with pulmonary hypertension. Arthritis Rheum
2003;49:85-92.
Launay D, Hachulla E, Hatron PY, Goullard L, Onimus T, Robin S,
et al. Aerosolized iloprost in CREST syndrome related pulmonary
hypertension. J Rheumatol 2001;28:2252-6.
MacGregor AJ, Canavan R, Knight C, Denton CP, Davar
J, Coghlan J, et al. Pulmonary hypertension in systemic sclerosis:
risk factors for progression and consequences for survival.
Rheumatology 2001;40:453-9.
Giunta A, Tirri E, Maione S, Cangianiello S, Mele A, De Luca A, et
al. Right ventricular diastolic abnormalities in systemic sclerosis.
Relation to left ventricular involvement and pulmonary
hypertension. Ann Rheum Dis 2000;59:94-8.
Morelli S, Ferrante L, Sgreccia A, Eleuteri ML, Perrone C, De
Marzio P, et al. Pulmonary hypertension is associated with impaired
exercise performance in patients with systemic sclerosis. Scand
J Rheumatol 2000;29:236-42.
Denton CP, Cailes JB, Phillips GD, Wells AU, Black CM, Bois
RM. Comparison of Doppler echocardiography and right heart
catheterization to assess pulmonary hypertension in systemic
sclerosis. Br J Rheumatol 1997;36:239-43.
Murata I, Takenaka K, Yoshinoya S, Kikuchi K, Kiuchi T,
Tanigawa T, et al. Clinical evaluation of pulmonary hypertension in
systemic sclerosis and related disorders. A Doppler
echocardiographic study of 135 Japanese patients. Chest
1997;111:36-43.
Simeon CP, Armadans L, Fonollosa V, Vilardell M, Candell J,

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved.

The Journal of Rheumatology 2010; 37:1; doi:10.3899/jrheum.090661

Downloaded on May 29, 2022 from www.jrheum.org

37.
38.
39.
40.
41.
42.
43.

Tolosa C, et al. Survival prognostic factors and markers of
morbidity in Spanish patients with systemic sclerosis. Ann Rheum
Dis 1997;56:723-8.
Battle RW, Davitt MA, Cooper SM, Buckley LM, Leib ES, Beglin
PA, et al. Prevalence of pulmonary hypertension in limited and
diffuse scleroderma. Chest 1996;110:1515-9.
Koh ET, Lee P, Gladman DD, Abu-Shakra M. Pulmonary
hypertension in systemic sclerosis. An analysis of 17 patients. Br
J Rheumatol 1996;35:989-93.
Candell-Riera J, Armadans-Gil L, Simeón CP, Castell-Conesa
J, Fonollosa-Pla V, García-del-Castillo H, et al. Comprehensive
noninvasive assessment of cardiac involvement in limited systemic
sclerosis. Arthritis Rheum 1996;39:1138-45.
Murata I, Kihara H, Shinohara S, Ito K. Echocardiographic
evaluation of pulmonary arterial hypertension in patients with
progressive systemic sclerosis and related syndromes. Jpn Circ
J 1992;56:983-91.
Ungerer RG, Tashkin DP, Furst D, Clements PJ, Gong H Jr, Bein
M, et al. Prevalence and clinical correlates of pulmonary arterial
hypertension in progressive systemic sclerosis. Am J Med
1983;75:65-74.
Smith JW, Clements PJ, Levisman J, Furst D, Ross M.
Echocardiographic features of progressive systemic sclerosis (PSS).
Correlation with hemodynamic and postmortem studies. Am J Med
1979;66:28-33.
Simonneau G, Barst RJ, Galie N, Naeije R, Rich S, Bourge RC, et
al. Treprostinil Study Group. Continuous subcutaneous infusion of
treprostinil, a prostacyclin analogue, in patients with pulmonary
arterial hypertension: a double-blind, randomized,
placebo-controlled trial. Am J Respir Crit Care Med
2002;165:800-4.

44. Barst RJ, Langleben D, Frost A, Horn EM, Oudiz R, Shapiro S, et
al. STRIDE-1 Study Group. Sitaxsentan therapy for pulmonary
arterial hypertension. Am J Respir Crit Care Med 2004;169:441-7.
45. Meune C, Avouac J, Wahbi K, Cabanes L, Wipff J, Mouthon L, et
al. Cardiac involvement in systemic sclerosis assessed by
tissue-doppler echocardiography during routine care: A controlled
study of 100 consecutive patients. Arthritis Rheum 2008;58:1803-9.
46. Zile MR, Gaasch WH, Carroll JD, Feldman MD, Aurigemma GP,
Schaer GL, et al. Heart failure with a normal ejection fraction: is
measurement of diastolic function necessary to make the diagnosis
of diastolic heart failure? Circulation 2001;104:779-82.
47. Dorfmuller P, Humbert M, Perros F, Sanchez O, Simonneau G,
Müller KM, et al. Fibrous remodeling of the pulmonary venous
system in pulmonary arterial hypertension associated with
connective tissue diseases. Hum Pathol 2007;38:893-902.
48. Sitbon O, Humbert M, Nunes H, Parent F, Garcia G, Hervé P, et al.
Long-term intravenous epoprostenol infusion in primary pulmonary
hypertension: prognostic factors and survival. J Am Coll Cardiol
2002;40:780-8.
49. Nathan SD, Shlobin OA, Barnett SD, Saggar R, Belperio JA, Ross
DJ, et al. Right ventricular systolic pressure by echocardiography
as a predictor of pulmonary hypertension in idiopathic pulmonary
fibrosis. Respir Med 2008;102:1305-10.
50. Lee CY, Chang SM, Hsiao SH, Tseng JC, Lin SK, Liu CP. Right
heart function and scleroderma: insights from tricuspid annular
plane systolic excursion. Echocardiography 2007;24:118-25.
51. Forfia PR, Fisher MR, Mathai SC, Housten-Harris T, Hemnes AR,
Borlaug BA, et al. Tricuspid annular displacement predicts survival
in pulmonary hypertension. Am J Respir Crit Care Med
2006;174:1034-41.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved.

Kowal-Bielecka, et al: Echo-Doppler in PAH-SSc

Downloaded on May 29, 2022 from www.jrheum.org

115

