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A B S T R A C T

Background

Pulmonary hypertension (PH) is an important cause of morbidity and mortality, which leads to a substantial loss of exercise capacity. PH
ultimately leads to right ventricular overload and subsequent heart failure and early death. Although early detection and treatment of
PH are recommended, due to the limited responsiveness to therapy at late disease stages, many patients are diagnosed at a later stage
of the disease because symptoms and signs of PH are nonspecific at earlier stages. While direct pressure measurement with right-heart
catheterisation is the clinical reference standard for PH, it is not routinely used due to its invasiveness and complications. Trans-thoracic
Doppler echocardiography is less invasive, less expensive, and widely available compared to right-heart catheterisation; it is therefore
recommended that echocardiography be used as an initial diagnosis method in guidelines. However, several studies have questioned
the accuracy of noninvasively measured pulmonary artery pressure. There is substantial uncertainty about the diagnostic accuracy of
echocardiography for the diagnosis of PH.

Objectives

To determine the diagnostic accuracy of trans-thoracic Doppler echocardiography for detecting PH.

Search methods

We searched MEDLINE, Embase, Web of Science Core Collection, ClinicalTrials.gov, World Health Organization International Clinical
Trials Registry Platform from database inception to August 2021, reference lists of articles, and contacted study authors. We applied no
restrictions on language or type of publication.
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Selection criteria

We included studies that evaluated the diagnostic accuracy of trans-thoracic Doppler echocardiography for detecting PH, where right-
heart catheterisation was the reference standard. We excluded diagnostic case-control studies (two-gate design), studies where right-heart
catheterisation was not the reference standard, and those in which the reference standard threshold diKered from 25 mmHg. We also
excluded studies that did not provide suKicient diagnostic test accuracy data (true-positive [TP], false-positive [FP], true-negative [TN],
and false-negative [FN] values, based on the reference standard). We included studies that provided data from which we could extract TP,
FP, TN, and FN values, based on the reference standard. Two authors independently screened and assessed the eligibility based on the
titles and abstracts of records identified by the search. ANer the title and abstract screening, the full-text reports of all potentially eligible
studies were obtained, and two authors independently assessed the eligibility of the full-text reports.

Data collection and analysis

Two review authors independently assessed the risk of bias and extracted data from each of the included studies. We contacted the
authors of the included studies to obtain missing data. We assessed the methodological quality of studies using the Quality Assessment
of Diagnostic Accuracy Studies (QUADAS-2) tool. We estimated a summary receiver operating characteristic (SROC) curve by fitting a
hierarchical summary ROC (HSROC) non-linear mixed model. We explored sources of heterogeneity regarding types of PH, methods to
estimate the right atrial pressure, and threshold of index test to diagnose PH. All analyses were performed using the Review Manager 5,
SAS and STATA statistical soNware.

Main results

We included 17 studies (comprising 3656 adult patients) assessing the diagnostic accuracy of Doppler trans-thoracic echocardiography
for the diagnosis of PH. The included studies were heterogeneous in terms of patient distribution of age, sex, WHO classification, setting,
country, positivity threshold, and year of publication. The prevalence of PH reported in the included studies varied widely (from 6% to
88%). The threshold of index test for PH diagnosis varied widely (from 30 mmHg to 47 mmHg) and was not always prespecified. No
study was assigned low risk of bias or low concern in each QUADAS-2 domain assessed. Poor reporting, especially in the index test and
reference standard domains, hampered conclusive judgement about the risk of bias. There was little consistency in the thresholds used
in the included studies; therefore, common thresholds contained very sparse data, which prevented us from calculating summary points
of accuracy estimates. With a fixed specificity of 86% (the median specificity), the estimated sensitivity derived from the median value
of specificity using HSROC model was 87% (95% confidence interval [CI]: 78% to 96%). Using a prevalence of PH of 68%, which was the
median among the included studies conducted mainly in tertiary hospitals, diagnosing a cohort of 1000 adult patients under suspicion of
PH would result in 88 patients being undiagnosed with PH (false negatives) and 275 patients would avoid unnecessary referral for a right-
heart catheterisation (true negatives). In addition, 592 of 1000 patients would receive an appropriate and timely referral for a right-heart
catheterisation (true positives), while 45 patients would be wrongly considered to have PH (false positives). Conversely, when we assumed
low prevalence of PH (10%), as in the case of preoperative examinations for liver transplantation, the number of false negatives and false
positives would be 13 and 126, respectively.

Authors' conclusions

Our evidence assessment of echocardiography for the diagnosis of PH in adult patients revealed several limitations. We were unable to
determine the average sensitivity and specificity at any particular index test threshold and to explain the observed variability in results.
The high heterogeneity of the collected data and the poor methodological quality would constrain the implementation of this result into
clinical practice. Further studies relative to the accuracy of Doppler trans-thoracic echocardiography for the diagnosis of PH in adults, that
apply a rigorous methodology for conducting diagnostic test accuracy studies, are needed.

P L A I N   L A N G U A G E   S U M M A R Y

Doppler trans-thoracic echocardiography for detection of pulmonary hypertension in adults

What was studied in this review?

Pulmonary hypertension is high blood pressure in the blood vessels that supply blood from the right half of the heart to the lungs. It is a
serious condition that can damage the right side of the heart. The walls in the blood vessels become thick and stiK which makes it harder
for the blood to flow. This can lead to heart failure. Symptoms can include shortness of breath, tiredness, chest pain, a racing heartbeat
or swelling in the lower limbs and abdomen.

The symptoms can be similar to other heart and lung diseases, so diagnosis can take time. Early diagnosis is beneficial because treatment
can start early. Starting treatment early is better because people respond better to treatment in the early stages of the disease. Not being
diagnosed early can have severe consequences such as disability in daily life or death.

The most accurate way to diagnose pulmonary hypertension is using a pressure measurement called right-heart catheterisation. However,
this is invasive and can cause complications. Another technique, called Doppler echocardiography is noninvasive, cheaper and more widely
available in hospitals. Therefore, many guidelines recommend the use of echocardiography as an initial diagnosis method. We wanted to do
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this review because several studies have questioned the accuracy of echocardiography. We wanted to find out how good echocardiography
is compared to right-heart catheterisation for the diagnosis of pulmonary hypertension.

What was the aim of this review?

To evaluate evidence on the ability of echocardiography to identify pulmonary hypertension in adults compared to right-heart
catheterisation.

What were the main results of the review?

We found 17 studies involving 3656 people who had suspected pulmonary hypertension.

There was a lot of variation in the studies. We found the characteristics of participants varied in terms of age, sex, cause of pulmonary
hypertension, setting and country. The cut-oK values for the echocardiography readings chosen to diagnose pulmonary hypertension
also varied. We used the available data to estimate how well the echocardiography performed compared to right-heart catheterisation.
In tertiary care hospitals, where most of the included studies were conducted, it is assumed that 680 of 1000 patients have pulmonary
hypertension. We found that 592 people of 1000 would be correctly diagnosed with pulmonary hypertension using echocardiography. But
45 of 1000 patients would be wrongly considered as having pulmonary hypertension (false positive), while 88 of 1000 patients might be
incorrectly considered as not having pulmonary hypertension (false negative) and 275 of 1000 patients would avoid unnecessary referral
for a right-heart catheterisation. In a scenario where the preoperative examination for liver transplantation is conducted, 100 of 1000 are
assumed to have pulmonary hypertension. We found the number of false negatives and false positives would be 13 and 126, respectively.

How reliable were the results of the studies?

We judged the included studies to have important limitations in their validity, which means that they were at high risk of providing distorted
results. Therefore, we cannot be certain if the number of false negatives is correct (i.e. it could be even higher).

Who do the results of this review apply to?

These results apply to adults who are suspected of having pulmonary hypertension. However, the diagnostic accuracy of echocardiography
varied considerably among studies and it is yet unclear what causes this diversity of test accuracy. Of note, the results are from studies
conducted in relatively high prevalence settings. Therefore, care should be taken when applying this result to individual situations.

How up-to-date was the review?

This review is current to August 2021.
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Summary of findings 1.   Summary of Findings: Doppler trans-thoracic echocardiography for detection of pulmonary hypertension in adults

Patients/population Adults with suspected pulmonary hypertension

Settings High-prevalence settings: tertiary care hospitals including university hospitals or cardiopulmonary centres

Low-prevalence settings: preoperative examinations for liver transplantation

Index test Systolic pulmonary arterial pressure calculated from the maximum tricuspid regurgitation jet velocity by using the modified Bernoulli
equation and adding right atrial pressure by Doppler trans-thoracic echocardiography

Reference standard Mean of pulmonary arterial pressure of 25 mmHg or greater assessed by right-heart catheterisation

Study designs Prospective or retrospective cohorts and cross-sectional studies. We excluded case reports and studies of case-control design.

.Findings

Evaluations

(studies)

No. of participants Comfirmed PH participants Median sensitivity (IQR)

[range]

Median specificity (IQR)

[range]

17 3656 1342 87% (81 to 92%)

[40 to 98%]

86% (79% to 91%)

[33 to 100%]

Index test Prevalence1 No. of partic-
ipants (stud-
ies)

Sensitivity (un-
der fixed speci-

ficity of 86%)2

Specificity

(fixed) 3
Numbers of false
positives out of
1000 patients

Numbers of false
negatives out of
1000 patients

Quality and Comments

10% 126 13

58% 59 75

68% 45 88

77% 32 100

Systolic pul-
monary arte-
rial pressure
by echocar-
diography

88%

3656 (17) 87% (95% CI 78%
to 96%)

86%

17 114

No study was assigned low risk of bias
or low concern in all QUADAS-2 do-
mains. Poor reporting, especially in
the WHO classification of PH, the in-
dex test and reference standard do-
mains, hampered conclusive judge-
ments about the risk of bias.

1Minimum, 25 percentile, 50 percentile, 75 percentile, maximum of prevalence among included studies
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2HSROC (hierarchical summary receiver operating characteristic) parameters were used to illustrate sensitivity for a fixed specificity of 86% (median specificity of the in-
cluded studies)
3Median specificity estimated from included studies.

Abbreviations: 
CI: confidence interval
IQR: interquartile range
PH: pulmonary hypertension
QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies
WHO: World Health Organization
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B A C K G R O U N D

Target condition being diagnosed

Pulmonary hypertension (PH) is an important cause of morbidity
and mortality. Although the exact prevalence of PH is not known
because of various possible aetiologies, a previous study reported
that PH aKects up to 100 million people worldwide (Schermuly
2011). PH leads to a substantial loss of exercise capacity and
can cause right ventricular overload, resulting in heart failure and
early mortality. A recently published study reported that three-year
survival ranges from 58.2% to 73.3% (Ling 2012). PH is diagnosed
when resting mean pulmonary arterial pressure is 25 mmHg or
more at right-heart catheterisation. It is a progressive disease that,
if leN untreated, can be fatal although the rate of progression is
highly variable.

PH is divided into five aetiological categories according to the World
Health Organization (WHO) criteria (Simonneau 2013).

Group 1 comprises patients with pulmonary arterial hypertension
(PAH). This group consists of sporadic idiopathic PH (IPAH),
heritable IPAH, and PAH due to diseases that localise to
small pulmonary muscular arterioles. These diseases include
connective tissue disease, HIV infection, portal hypertension,
congenital heart disease, schistosomiasis, chronic haemolytic
anaemia, persistent PH of the newborn, pulmonary veno-occlusive
disease, and pulmonary capillary hemangiomatosis. Drug-induced
PAH (including anorexigenic) and toxin-induced PAH are also
considered to belong to group 1 PAH.

Group 2 PH comprises patients with PH due to leN heart disease
and is the most common form of PH worldwide. PH due to systolic
dysfunction, diastolic dysfunction, or valvular heart disease is
included in this group.

Group 3 PH includes patients with PH due to lung disease or
hypoxaemia. This includes PH caused by chronic obstructive
pulmonary disease (COPD), interstitial lung disease, pulmonary
disease with a mixed restrictive and obstructive pattern, sleep-
disordered breathing, and alveolar hypoventilation disorders.

Group 4 PH comprises patients with chronic thromboembolic PH
due to chronic thromboembolic occlusion of the proximal or distal
pulmonary vasculature.

Group 5 PH includes patients with PH with unclear, multifactorial
mechanisms.

Although the epidemiology of PH varies among the five groups,
most of the available evidence relates to group 1 PAH. The
prevalence of group 1 PAH in the general population is estimated
to be 5 to 15 cases per 1 million adults (Humbert 2006; Ling 2012).
The prevalence of PH in groups 2 to 5 is unknown due to the broad
classification and multiple aetiologies. One cohort study reported
that the proportion of each group among individuals with PH was
0.18, 0.35, 0.17, 0.09, and 0.21 (Meredith 2014).

The prognosis of PH depends on various factors. The Registry to
Evaluate Early and Long-term PAH Disease Management (REVEAL)
risk score is used to predict disease progression (Benza 2010). Poor
prognostic indicators include age at initial presentation > 50 years
(Peacock 2007), male sex and ≥ 60 years (Marcus 2008), persistent
(WHO) functional class III or IV (Appendix 1), pericardial eKusion,

and elevated right atrial pressure (Paulus 2007; Torbicki 2007). The
natural history and prognosis of group 1 PAH are better studied than
those of groups 2 through 5. In general, in the absence of therapy,
those with group 1 PAH have worse survival than groups 2 through
5. Symptomatic patients with IPAH who do not receive treatment
have a median survival of approximately three years. Data from the
REVEAL registry reported that, from the time of diagnostic right-
heart catheterisation, people with PAH had one-, three-, five-, and
seven-year survival rates of 85%, 68%, 57%, and 49%, respectively
(Benza 2010).

Early detection and treatment of PH is recommended as advanced
disease may be less responsive to therapy (Galie 2013). Primary
therapy of PH is directed at the underlying cause of the PH. People
with persistent PH with WHO functional class II, III, or IV, despite
treatment of the underlying cause of the PH, should be referred to a
specialised centre to be evaluated for advanced therapy. Advanced
therapy is directed at the PH itself, rather than the underlying cause
of the PH. It includes treatment with prostacyclin pathway agonists,
endothelin receptor antagonists, phosphodiesterase 5 inhibitors,
and soluble guanylate cyclase stimulants. Although PH is divided
into five aetiological categories, the first diagnosis test for PH is
echocardiography. Therefore, we defined the target condition as PH
regardless of the WHO classification group 1 to 5.

Index test(s)

Estimated systolic pulmonary artery pressure determination by
Doppler trans-thoracic echocardiography was the Index test. The
Doppler echocardiography is a noninvasive test that can be used
to estimate the blood flow through blood vessels or cardiac
chamber by using high-frequency sound waves. The tricuspid
regurgitation jet velocity, which is the velocity of regurgitated
blood flow through tricuspid valve from right ventricular to right
atrium, is also estimated by Doppler echocardiography. The systolic
pulmonary arterial pressure can be estimated from the maximum
tricuspid regurgitation jet velocity by using the modified Bernoulli
equation and adding the right atrial pressure (systolic pulmonary

arterial pressure = 4 (v)2 + right atrial pressure, where v is the
peak velocity of the tricuspid regurgitation jet) (Berger 1985). The
majority of people have some degree of tricuspid regurgitation,
and the utilisation of tricuspid regurgitation to estimate systolic
pulmonary arterial pressure is the most common practice in
echocardiography (Kaplan 2010). Right atrial pressure can be
estimated by the diameter and collapse of the inferior vena cava
(IVC) during spontaneous respiration(Galie 2016; Rudski 2010). An
IVC diameter of < 2.1 cm that collapses > 50% with a sniK suggests a
normal right atrial pressure of 3 mmHg (range 0–5 mmHg), whereas
an IVC diameter of > 2.1 cm that collapses < 50% with a sniK or
< 20% on quiet inspiration suggests a high right atrial pressure of
15 mmHg (range 10–20 mmHg) (Galie 2016; Rudski 2010). Several
studies have demonstrated an adequate correlation between the
estimated systolic pulmonary arterial pressure by Doppler trans-
thoracic echocardiography and the direct measurement of mean
pulmonary artery pressure with right-heart catheterisation (Zhang
2010). If the estimated systolic pulmonary arterial pressure is higher
than 35 to 40 mmHg or if tricuspid regurgitation velocity is more
than 2.8 m/s, further evaluation is recommended by guidelines
to determine if PH is present (Galie 2016; Rudski 2010). Although
several studies have demonstrated an adequate correlation
between the estimated systolic pulmonary arterial pressure by
echocardiography and by the direct measurement of right-heart
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catheterisation, several studies have reported that the overinflated
lung lowered the diagnostic accuracy of echocardiography (Fisher
2007). In patients with overinflated lungs such as in COPD, the
heart may rotate toward the right, which makes it diKicult to
visualise the tricuspid valve and pulmonary artery. In patients with
severe tricuspid regurgitation, pulmonary arterial pressure may
also be underestimated (Galie 2016). Another problem of Doppler
echocardiography is the overestimation of systolic pulmonary
arterial pressure mainly due to the overestimation of right atrial
pressure (Fisher 2009;Testani 2010). The size of the IVC, and its
variation with respiration may aKect this overestimation. Due to the
risk of underestimation or overestimation, the current European
Society of Cardiology guidelines reported that the estimation of
pulmonary arterial pressure based solely on Doppler transthoracic
echocardiography measurements could not be suitable for triage
for mild and asymptomatic PH (Galie 2016).

Clinical pathway

Symptoms and signs of PH are nonspecific, which frequently
result in a delay in diagnosis (Brown 2011). The initial symptoms

of PH are exertional dyspnoea, fatigue, chest pain, syncope,
palpitations, and peripheral oedema. Many people with PH
visit hospitals complaining of these nonspecific symptoms and
physicians suspect the presence of PH in the presence of these
nonspecific symptoms or following initial evaluation by chest
radiograph or electrocardiogram. The classic chest radiograph of
an individual with PH shows enlargement of the central pulmonary
arteries, right ventricular enlargement, and right atrial dilatation.
An electrocardiogram of an individual with PH may show signs of
right ventricular disease, which includes right axis deviation, an R
wave/S wave ratio greater than one in the lead V1, incomplete or
complete right bundle branch block, or increased P wave amplitude
in lead II.

When PH is suspected by these signs or initial diagnosis tests,
diagnostic evaluation is performed to confirm that PH exists, to
determine its severity, and to identify its cause (Figure 1) (Rubin
2016).
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Figure 1.   Clinical pathway of diagnostic evaluation for pulmonary hypertension among adults, adolescents, and
children Abbreviations: PAH: pulmonary arterial hypertension; PH: pulmonary hypertension (Rubin 2016).
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Figure 1.   (Continued)

 
The first step of diagnostic testing is evaluation by echocardiogram.
Pulmonary arterial pressure can be estimated by this noninvasive
method. When the echocardiogram does not suggest PH, further
evaluation depends on clinical suspicion. If clinical suspicion of PH
is still high, right-heart catheterisation should be considered. When
the echocardiogram is suggestive of PH, clinicians should evaluate
whether leN heart disease exists to adequately explain the degree of
estimated PH. Patients with substantial leN heart disease revealed
by the echocardiogram to explain the degree of estimated PH do
not require further evaluation to determine the aetiology of PH.

Patients who have no leN heart disease should undergo additional
diagnostic testing to determine the aetiology of PH other than
leN heart diseases and appropriate treatment. Such additional
tests may include a pulmonary function test, ventilation-perfusion
scanning, overnight oximetry, polysomnography, or laboratory
testing (e.g. autoimmune serologies, HIV serology, and liver
function tests) based on the history and physical examination.

Right-heart catheterisation is indicated to confirm PH and its
severity. Direct pressure measurement of pulmonary arterial
pressure with right-heart catheterisation is the clinical reference
standard to confirm PH (Lewis 2016).

Alternative test(s)

Some additional tests (e.g. chest radiograph, magnetic resonance,
computed tomography) may also be considered to confirm the
aetiology of PH, however Doppler echocardiography plays a central
role in the diagnosis and management of PH (Freed 2016).

Rationale

Many patients are diagnosed at a late stage of the disease because
symptoms and signs of PH are nonspecific at the beginning of the
disease (Brown 2011). Early and accurate detection of PH would
therefore be of great benefit. While direct pressure measurement
with right-heart catheterisation is the clinical reference standard for
PH, it is not routinely used in clinical practice due to its invasiveness
and potential complications (Connors 1996).

Trans-thoracic Doppler echocardiography is less invasive, less
expensive, and widely available compared with right-heart
catheterisation. The guidelines from the European Society of
Cardiology and the European Respiratory Society (Galie 2016)
and the expert consensus document from the American Heart
Association and the American College of Cardiology Foundation
(McLaughlin 2009) suggested that echocardiography should be
performed as an initial diagnosis method and as a method
for monitoring disease progression for both patients suspected
with PH and those diagnosed with PH. However, the guidelines
also documented the insuKicient test accuracy of Doppler

echocardiography. Several studies have questioned the accuracy
of noninvasively measured pulmonary arterial pressure (Arcasoy
2003; Fisher 2009; Rich 2011). They reported that Doppler
echocardiography underestimated pulmonary arterial pressure,
which could lead to missed diagnosis of PH. To avoid diagnosis
in later stages of the disease, accurate triage of PH is
necessary. We will therefore evaluate the diagnostic accuracy of
echocardiography to diagnose patients suspected of PH.

We hypothesise that Doppler echocardiography could be a
beneficial test to triage PH since ultrasound devices have become
more commonly available in a variety of clinical settings.

O B J E C T I V E S

To determine the diagnostic accuracy of Doppler trans-thoracic
echocardiography for detecting PH in people with suspected
pulmonary hypertension.

Secondary objectives

To investigate several possible sources of heterogeneity as
indicated below.

• Types of PH defined by WHO classification (Group 3, not Group
3, or classification not reported).

• Mechanical ventilation (including noninvasive positive pressure
ventilation) or not.

• Estimation of right atrial pressure (whether estimated by using
the diameter and collapse of the IVC during spontaneous
respiration or by any other methods).

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included studies that evaluated the diagnostic accuracy
of trans-thoracic Doppler echocardiography for detecting PH,
where right-heart catheterisation was the reference standard. We
excluded diagnostic case-control studies (two-gate design) (Rutjes
2005). We excluded studies where right-heart catheterisation was
not the reference standard or the reference standard threshold
diKered from 25 mmHg. We excluded studies with an interval of
more than one week between the index test and the reference
standard because interventions may be implemented soon aNer
the initial examination and medical conditions could diKer due to
diKerent times (e.g. > 1 week apart) (Delcroix 2010; Lewis 2016).
We excluded studies that did not provide suKicient diagnostic test
accuracy data (true positive [TP], false positive [FP], true negative
[TN], and false negative [FN] values, based on the reference
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standard) such as case series studies. We included studies that
provided data from which we could extract TP, FP, TN, and FN
values, based on the reference standard. We contacted study
authors for missing data. We did not exclude studies based on the
publication type (e.g. full articles, letters to the editor, conference
abstracts, or unpublished data).

Participants

We included all adults (16 years of age or older) with suspected PH.
We excluded any participant with a prior diagnosis of PH. We did
not exclude participants based on sex or cause of PH.

Index tests

Measurement by Doppler trans-thoracic echocardiography was
the index test. We included all studies where systolic pulmonary
arterial pressure was calculated from the maximum tricuspid
regurgitation jet velocity using the modified Bernoulli equation and
adding right atrial pressure (Berger 1985). We included all methods
used to measure right atrial pressure (e.g. clinical estimation from
jugular venous pressure, using a fixed value from 5 mmHg to
10 mmHg, using the diameter and collapse of the IVC during
spontaneous respiration). The threshold of the estimated systolic
pulmonary arterial pressure by echocardiography to diagnose PH
was defined as the authors defined in the included studies.

Target conditions

The target condition was PH regardless of WHO classification group
1 to 5 (Simonneau 2013).

Reference standards

We included only studies in which PH was defined as a
mean pulmonary arterial pressure assessed by right-heart
catheterisation of ≥ 25 mmHg (Hoeper 2013).

Search methods for identification of studies

Electronic searches

We systematically searched the following databases on 21 October
2019 and updated the search on 03 August 2021:

• MEDLINE Ovid SP (1946 to 03 August 2021) (Appendix 2);

• Embase Ovid SP (1974 to 03 August 2021) (Appendix 3);

• Web of Science Core Collection (1970 to 03 August 2021)
(Appendix 4).

We searched the following trials registries on 21 October 2019 and
updated the search on 03 August 2021:

• US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (clinicaltrials.gov/) (Appendix 5).

• World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch/) (Appendix 5).

We combined search terms describing the target condition and
the index text. We did not use search terms to describe diagnostic
study designs as this is not currently recommended in the Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy
(De Vet 2008). We applied no restrictions on language or type of
publication.

Searching other resources

To identify additional published, unpublished, and ongoing
studies, we entered included studies identified from the above
sources into the Web of Science database and used the ‘Related
Articles’ feature. We checked the reference lists of all primary
studies and relevant systematic reviews. Furthermore, we also
searched for conference proceedings through Embase and the Web
of Science.

Data collection and analysis

Selection of studies

We undertook the systematic review using the methods outlined
in the Cochrane Handbook for Reviews of Diagnostic Test Accuracy
(Deeks 2013). Two authors (from JK and YN, YK, YT, MK, SO, HI,
TM) independently reviewed titles and abstracts identified by the
search strategy. ANer the title and abstract screening, the full-
text reports of all potentially eligible studies were obtained and
two authors independently assessed the eligibility of the full-
text reports. DiKerences were resolved by discussion between
the review authors. We provided details of both included and
excluded studies in the Characteristics of included studies and
Characteristics of excluded studies tables.

Data extraction and management

Two authors (from JK and YN, YK, YT, MK, SO, HI, TM) independently
extracted data on study characteristics, participant demographics,
sample size, test methods, methodological quality, sensitivity, and
specificity. Two review authors then extracted data to construct a 2
× 2 contingency table. Disagreements were resolved by consensus.

Assessment of methodological quality

We used the QUADAS-2 tool to assess the quality of studies (Whiting
2011). The qualities to be assessed are described in detail in
(Appendix 6). For each item in the quality assessment form, we
included a description of how the study addressed the issue and
entered a judgement of 'low', 'high', or 'unclear' for the overall
risk of bias for each of the four domains. In addition, we added
a judgement of 'low', 'high', or 'unclear' for the overall concern of
applicability to the review question for domains 1, 2, and 3. The
assessment of methodological quality is reported in Assessment
of methodological quality table which lists all judgements made
for each included study. Two authors (from JK and YN, YK, YT,
MK, SO, HI, TM) independently assessed methodological quality.
Disagreements were resolved by discussion among the review
authors.

Statistical analysis and data synthesis

We performed data synthesis using the methods recommended by
the Working Group of the Cochrane Collaboration on Systematic
Reviews of Diagnostic Test Accuracy (Deeks 2013). We extracted
accuracy data for all thresholds used in the primary studies.
We represented individual study sensitivities and specificities in
forest plots in order to inspect between-study variability. These
individual study accuracy estimates were also represented in a
Receiver Operating Characteristic (ROC) plot of sensitivity versus 1-
specificity to visually assess the correlation between both indices.
Given the considerable variation of cut-oK values in the collected
data, we did not use the bivariate model and avoided providing
the summary point of sensitivity and specificity (Deeks 2013).
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Instead, we estimated a summary ROC (SROC) curve by fitting a
hierarchical summary ROC (HSROC) model (Rutter 2001). Using
HSROC parameter estimates, we derived sensitivity at the median
value of specificity along with corresponding 95% confidence
intervals (CI)s. We set the fixed specificity as median specificity
among the included studies and calculated the sensitivity with
the corresponding 95% CIs or vice versa in a manner similar
to a previous Cochrane review (Molano 2019). This is because
diagnostic accuracy studies typically contain fewer patients with
the target condition than without, and estimates of sensitivities
are oNen made with less certainty than estimates of specificity.
(Best 2018; Heazell 2019). Since we observed a large variability in
specificity, we added a post hoc analysis to present the summary
of specificity and 95% CI at median sensitivity among the included
studies. The potential numerical consequences, given a positive
and negative index test result using diKerent prevalence, were
calculated. We performed all analyses using Review Manager 5
(Review Manager 2014), STATA soNware, version 13.0 (Stata 2013),
or SAS studio (SAS/STAT®, SAS Institute Inc. NC, USA).

Investigations of heterogeneity

To test whether sensitivity or specificity, or both, diKered in
subgroups of studies, we tabulated the median and range of
sensitivity and specificity for the following subgroups:

• Types of PH defined by WHO classification (Group 3 (PH due to
lung diseases or hypoxaemia), not Group 3, or classification not
reported). We expected that measuring tricuspid regurgitation
would be more diKicult in patients with lung disease, especially
COPD, than in patients without lung disease, which could
decrease the sensitivity and specificity of echocardiography to
detect PH.

• Mechanical ventilation (including non-invasive positive
pressure ventilation) or not.

• Estimation of right atrial pressure (using the diameter of IVC, any
other methods, or not reported).

Since we observed considerable heterogeneity, we performed a
post hoc subgroup analysis using the bivariate model (Macaskill
2021; Reitsma 2005) stratified by the threshold of the index test
that was categorised according to the guidelines (Rudski 2010) as
follows: < 36 mmHg, ≥ 36 and < 40 mmHg, and ≤ 40 mmHg for clinical
implementation.

Sensitivity analyses

We examined the robustness of the meta-analysis by conducting
the following sensitivity analysis where possible.

• Repeating the analysis excluding studies at high risk of bias in
domains 1 or 4 of the QUADAS-2 assessment: We anticipated
that studies at high risk of bias in domains 1 and 4 would have
a great impact on meta-analysis because these domains would
cause selection bias.

• Repeating the analysis for each quartile of prevalence: due to
the invasiveness of the reference standard, less severe cases
would not be verified by right-heart catheterisation, which
would lead to partial verification bias. We therefore performed
additional sensitivity analysis by using prevalence as a surrogate
of partial verification. We used the quartiles of prevalence
among included studies and checked the robustness of the
results.

• Repeating the analysis by including uninterpretable results
as both test negative and positive: although uninterpretable
results would be likely to occur among patients with overinflated
lung, which is associated with the severity of pulmonary
hypertension and causes a diKiculty of visualisation, they are
not always considered test positive.

Assessment of reporting bias

We did not plan to explore reporting bias due to a lack of suitable
statistical methods (Deeks 2013).

R E S U L T S

Results of the search

We identified 11,999 references through electronic searches
of MEDLINE, Embase, Web of Science, Clinicaltrial.gov, the
International Clinical Trials Registry Platform (ICTRP), and
additional references through other searches (citation search of
previous systematic reviews). The flow of studies through the
diagnosis process is shown in Figure 2. ANer removing 3816
duplicates, 8183 references remained. Of these, we excluded 8012
references by analysis of the title and abstracts. We assessed the full
text of the remaining 171 references. We excluded 154 references for
reasons listed in the Characteristics of excluded studies table. The
remaining 17 references (of 17 studies) met our inclusion criteria.
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Figure 2.   Flow diagram

 
Included studies

We summarised the characteristics of the 17 included studies in
the Characteristics of included studies table and Table 1. The
studies included 3656 participants, of which 1342 participants
(37%) had PH. The prevalence of PH ranged from 10% to 88%
with a median of 68% (interquartile range (IQR): 58% to 77%).
The included studies were conducted in various departments from
university or tertiary hospitals; three studies were from lung or liver
transplantation centres (Balci 2016; Colle 2003; Wainstein 2017),
nine studies were from the cardiology or pulmonary department
of university or tertiary hospitals (Amsallem 2016; Er 2010; Greiner
2014; Hellenkamp 2018; Lafitte 2013; Nowak 2018; Sawada 2019;
Schneider 2017; Venkateshvaran 2021), and the others were from
unclear settings (Hsu 2008; Kyranis 2018; Mazhar 2011; Mo 2015; Mo
2015a).

Of the 17 studies, six studies were prospective (Balci 2016; Colle
2003; Er 2010; Hsu 2008; Kyranis 2018; Schneider 2017); 11 studies
were retrospective (Amsallem 2016; Greiner 2014; Hellenkamp
2018; Lafitte 2013; Mazhar 2011; Mo 2015; Mo 2015a; Nowak 2018;
Sawada 2019; Venkateshvaran 2021; Wainstein 2017). Four studies
were published as abstracts only (Mazhar 2011; Mo 2015; Mo
2015a; Wainstein 2017), and the remaining 13 studies were full-text
publications. We considered Mo 2015 and Mo 2015a to be separate
studies because they had diKerent numbers of participants and a
diKerent prevalence of PH. However, there is still a potential overlap
among the patients included in the two studies.

Four studies enrolled participants with a single WHO classification
of PH, two studies enrolled participants with group 1 PH (Colle
2003; Hsu 2008); two studies enrolled participants with group 3
PH (Balci 2016; Wainstein 2017); two studies enrolled participants
with group 1, 2, 3 and 4 PH (Er 2010; Schneider 2017); one study
enrolled participants with group 2, 3, and 4 PH (Nowak 2018); and
the remaining 10 studies did not report the WHO classification.
Four studies reported the proportion of mild or asymptomatic
participants (Er 2010; Greiner 2014; Hellenkamp 2018; Nowak
2018), but others did not. The reported proportion ranged from 2%
to 16%.

The cut-oK value of the index test (systolic pulmonary arterial
pressure) ranged from 30 to 47 mmHg with a median of 36 mmHg
(IQR: 31 to 40 mmHg). In nine studies, right atrial pressure was
measured using the diameter and collapse of the inferior vena
cava during spontaneous respiration (Amsallem 2016; Colle 2003;
Er 2010; Greiner 2014; Hellenkamp 2018; Kyranis 2018; Lafitte 2013;
Sawada 2019; Venkateshvaran 2021); in another study, right atrial
pressure was defined as 10 mmHg (Hsu 2008); and the remaining
seven studies did not report the methods used to measure right
atrial pressure.

The interval between the index test and reference standard was
less than one day in seven of the 17 studies (Er 2010; Hellenkamp
2018; Hsu 2008; Kyranis 2018; Sawada 2019; Schneider 2017;
Venkateshvaran 2021) and was between two and seven days in the
remaining 10 studies.
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We contacted trial authors for missing data, but none were
provided except for one study (Amsallem 2016).

Excluded studies

We excluded 154 references (154 studies). The reason for exclusion
is stated for each study in the Characteristics of excluded studies
table and summarised below.

• insuKicient diagnostic test accuracy data: 100

• index test and reference standard were not performed within
one week: 15

• not a diagnostic test accuracy study: 14

• inappropriate population: 6

• case series: 4

• case-control study: 1

• inappropriate index test: 3

• inappropriate target condition: 4

• inappropriate reference standard: 7

Methodological quality of included studies

The methodological quality of the included studies is reported
in the Characteristics of included studies, Figure 3 and Figure 4.
Poor reporting, especially in the index test and reference standard
domains, hampered conclusive judgement relative to the risk of
bias. Only one study had a low risk of bias in all four domains
(Hellenkamp 2018).

 

Figure 3.   Risk of bias and applicability concerns graph: review authors' judgements about each domain presented
as percentages across included studies
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Figure 4.   Risk of bias and applicability concerns summary: review authors' judgements about each domain for each
included study
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Patients selection domain

Three studies had a high risk of bias with regard to patient
selection due to inappropriate exclusion (Greiner 2014; Sawada
2019; Venkateshvaran 2021). For these studies, patients whose
index test results were not explicitly documented were excluded.
One study had unclear risk of bias because the inclusion procedures
were not reported (Mo 2015). For the remaining 13 studies, we rated
patient selection as having low risk of bias. We judged applicability
as being of high concern. The prevalence from the included studies
was high as the included studies were oNen conducted in tertiary
care settings. The classification of PH in the patients included in our
review was mainly unclear.

Index test domain

Two studies had a high risk of bias because the threshold of index
test was not prespecified ((Greiner 2014; Hsu 2008); in Greiner 2014,
the threshold that had the highest accuracy was reported and in
Hsu 2008, the threshold that had the highest positive likelihood
ratio was reported), seven studies had a low risk of bias (Amsallem
2016; Colle 2003; Hellenkamp 2018; Kyranis 2018; Nowak 2018;
Sawada 2019; Venkateshvaran 2021), and we rated the remaining
eight studies as having an unclear risk of bias because it was
unclear whether the index test results were interpreted without
the knowledge of the results of the reference standard (Balci 2016;
Er 2010; Lafitte 2013; Mazhar 2011; Mo 2015; Mo 2015a; Schneider
2017; Wainstein 2017) and/or it was unclear whether a threshold
was prespecified (Balci 2016; Lafitte 2013; Mazhar 2011; Mo 2015;
Mo 2015a; Venkateshvaran 2021; Wainstein 2017). Applicability was
judged as of high concern in two studies because right atrial
pressure was not measured using the diameter and collapse of
the inferior vena cava during spontaneous respiration (Hsu 2008;
Schneider 2017), of unclear concern in six studies because the
methods used to measure right atrial pressure were unclear (Balci
2016; Mazhar 2011; Mo 2015; Mo 2015a; Nowak 2018; Wainstein
2017), and of low concern in the remaining nine studies.

Reference standard domain

Seven studies were at low risk of bias in the reference standard
domain (Amsallem 2016; Colle 2003; Hellenkamp 2018; Kyranis

2018; Nowak 2018; Sawada 2019; Venkateshvaran 2021). For the
remaining 10 studies, the risk of bias was unclear because it was
not specified whether reference standard results were interpreted
without knowledge of the results of the index tests (Balci 2016;
Er 2010; Greiner 2014; Hsu 2008; Lafitte 2013; Mazhar 2011; Mo
2015; Mo 2015a; Schneider 2017; Wainstein 2017). It was not clear
whether a threshold was prespecified in 13 studies (Balci 2016;
Colle 2003; Er 2010; Greiner 2014; Hellenkamp 2018; Hsu 2008;
Kyranis 2018; Lafitte 2013; Mazhar 2011; Mo 2015; Mo 2015a; Nowak
2018; Wainstein 2017). Applicability was of low concern in all the
studies.

Flow and timing domain

Five studies were at low risk of bias in the flow and timing domain
(Er 2010; Hellenkamp 2018; Hsu 2008; Sawada 2019; Schneider
2017). The remaining 12 studies were at high risk of bias. Eight
studies excluded some participants from the analysis due to the
uninterpretable results of the index test (Amsallem 2016; Greiner
2014; Kyranis 2018; Lafitte 2013; Mazhar 2011; Mo 2015; Mo 2015a;
Venkateshvaran 2021) and in 10 studies the interval between the
index test and reference standard was not less than one day
(Amsallem 2016; Balci 2016; Colle 2003; Greiner 2014; Lafitte 2013;
Mazhar 2011; Mo 2015; Mo 2015a; Nowak 2018; Wainstein 2017).

Findings

The sensitivity of the index test ranged from 40% to 98% with a
median of 87% and the specificity of the index test ranged from
33% to 100% with a median of 86%. The range of sensitivity
and specificity estimated by the studies, as well as the diKerent
thresholds for echocardiography positive findings, the prevalence
of PH, and the methods to estimate the right atrial pressure (RAP)
are shown in Figure 5. There was a large variability between the
studies and uncertainty in the results. The SROC curve under
the HSROC model, representing the accuracy of echocardiography
thresholds used across studies, as well as individual study accuracy
estimates, are shown in Figure 6. Given the considerable variation
of cut-oK values in the collected data, we refrained from calculating
the summary diagnostic accuracy using the bivariate model.

 

Figure 5.   Forest plots: sensitivity and specificity of Doppler trans-thoracic echocardiography for detecting PH
Abbreviations: CI: confidence interval; FN: false negative; FP: false positive; IVC: inferior vena cava; RAP: right atrial
pressure; TN: true negative; TP: true positive.
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Figure 6.   Main analysis: Summary ROC plot and curve of Doppler trans-thoracic echocardiography for PH under
the HSROC model Abbreviations: HSROC: hierarchical summary receiver operating characteristic; PH: pulmonary
hypertension; ROC: receiver operating characteristic.

 
We used the HSROC parameters to calculate the sensitivity under
fixed specificity. As shown in Summary of findings 1, using a
prevalence of PH of 68% (the median prevalence) and a fixed
specificity of 86% (the median specificity) (Best 2018; Heazell 2019),
the estimated sensitivity was 87% (95% CI 78% to 96%). Seven out
of 17 studies in this analysis reported sensitivities inferior to this
estimation. The estimated specificity at median sensitivity was 86%
(95% CI 76% to 94%).

Additional estimations with a prevalence of 10%, 58%, 77% and
88% (minimum, 25 percentile, 75% percentile and maximum values

from included studies) showed an increase in the number of false
positives or false negatives, respectively (Summary of findings 1).

Investigation of heterogeneity

We summarised these results in Table 2. There were many potential
sources of variation and too few studies to explain the observed
variabilities.
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Types of PH defined by WHO classification (Group 3, not Group 3,
or classification not reported)

Due to the limited number of studies in each group, especially for
non-reporting of the classification, we could not apply the HSROC

model. Instead, we presented the summary plots of the sensitivity
and specificity in each subgroup (Figure 7).

 

Figure 7.   Subgroup analysis: Summary ROC plot and curve of Doppler trans-thoracic echocardiograph for PH
by WHO classifications of pulmonary hypertension Abbreviations: PH: pulmonary hypertension; ROC: receiver
operating characteristic; WHO: World Health Organization.
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Mechanical ventilation (including non-invasive positive pressure
ventilation) or not

Since all the included studies did not recruit patients undergoing
mechanical ventilation, we could not perform this analysis.

Estimation of right atrial pressure (using the diameter of IVC,
any other methods, or not reported)

In 10 studies, right atrial pressure was measured using the
diameter and collapse of the inferior vena cava during spontaneous

respiration, in two studies, the diameter of the inferior vena cava
was not used to measure right atrial pressure, and in the remaining
six studies, the method of measuring right atrial pressure was not
reported. Due to the limited number of studies in the group using
other methods than IVC, we could not apply the HSROC model.
Instead, we presented the summary plots of the sensitivity and
specificity in each subgroup (Figure 8).

 

Doppler trans-thoracic echocardiography for detection of pulmonary hypertension in adults (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

18



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 8.   Subgroup analysis: Summary ROC plot and curve of Doppler trans-thoracic echocardiograph for PH by
methods used to estimate RAP Abbreviations: RAP: right atrial pressure; ROC: receiver operating characteristic.

 
Threshold of index test (< 36 mmHg, ≥ 36 and < 40 mmHg, and ≤
40 mmHg)

The pooled sensitivity and specificity of each threshold category
are shown in Table 2 and Figure 9. Although we could not observe

a clear threshold eKect between the categories, there was a large
overlap of 95% CIs.
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Figure 9.   Subgroup analysis: Summary ROC plot of Doppler trans-thoracic echocardiograph for PH by thresholds
under the bivariate model Abbreviations: RAP: right atrial pressure; ROC: receiver operating characteristic.

 
Sensitivity analyses

Table 3 summarised the results from sensitivity analyses. We
presented the pooled sensitivity under the fixed specificity of 86%
(median of the included studies).

The results were similar to the main results when we excluded
studies at high risk of bias in domains 1 and 4 of QUADAS-2 (Figure
10). The sensitivity varied with the prevalence, but we could not
find a clear dose-response relationship between the accuracy and
prevalence (Figure 11).
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Figure 10.   Sensitivity analysis: Summary ROC plot and curve of Doppler trans-thoracic echocardiograph for
PH, excluding studies at high risk of bias in domain 1 or 4 in QUADAS-2 assessment under the HSROC model
Abbreviations: HSROC: hierarchical summary receiver operating characteristic; PH: pulmonary hypertension;
QUADAS: Quality Assessment of Diagnostic Accuracy Studies; ROC: receiver operating characteristic.
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Figure 11.   Sensitivity analysis: Summary ROC plot and curve of Doppler trans-thoracic echocardiograph for PH,
repeating the analysis for each quartile of prevalence under the HSROC model Abbreviations: PH: pulmonary
hypertension; ROC: receiver operating characteristic.

 
We could not perform sensitivity analysis on uninterpretable results
it because such patients were excluded from the analysis and the
data on whether they had PH was not available (Table 1).

D I S C U S S I O N

Summary of main results

We included 17 studies (3656 adult patients) assessing the
diagnostic accuracy of Doppler trans-thoracic echocardiography
for the diagnosis of PH. The included studies enrolled patients
suspected of PH. The samples were heterogeneous in terms of
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their distribution of age, sex, WHO classification, setting, country,
positivity threshold, and year of publication. In addition, the
prevalence of PH reported in the included studies varied widely
(from 6% to 88%). Epidemiological and clinical characteristics of
participants are presented in Table 1 and key results in Summary of
findings 1.

The estimated sensitivity was 87% (95% CI 78 to 96%) when we
applied the median specificity of 86% among the included studies.
When applying a cohort assuming a 68% prevalence of PH which
was the median of the included studies, the result suggested
that 275 out of 1000 patients would avoid unnecessary referral
for a right-heart catheterisation but 88 would miss PH diagnosis.
The intended role of Doppler echocardiography is as a triage
which is used before the reference standard to avoid unnecessary
referrals and to minimise false negatives. Given the number of false
negatives, the poor prognosis of PH, and the results of our review, a
single echocardiography may not be acceptable as a triage test for
PH in such a hypothetical cohort. The results of applying the test
in other settings with the prevalence of 10%, 58%, 77%, and 88%
(minimum, 25% percentile, 75% percentile, and maximum values
from included studies) are summarised in the Summary of findings
1.

Previous reviews reported that Doppler echocardiography was
useful for triage to undergo right-heart catheterisation (Janda
2011; Taleb 2013; Zhang 2010). However, as shown in Summary of
findings 1, the diagnostic accuracy of Doppler echocardiography
is not likely to be suKicient for clinical use in patients suspected
of having PH in settings where the prevalence of PH is high.
Such settings include patients with heart failure treated in tertiary
care hospitals or patients with end-stage lung disease who need
lung transplantation (Andersen 2012; Bursi 2012; Dzudie 2014).
This inaccuracy is likely to partly be due to the problem of
overestimation or underestimation of pulmonary arterial pressure,
as reported previously (Fisher 2009; Galie 2016; Lang 2015). When
the prevalence is low (10%), as is the case for preoperative
examinations for liver transplantation (Colle 2003) in the present
review, the number of true negatives and false negatives would
be 808 and 8 of 1000, respectively. Such low prevalence scenarios
can also be apparent in patients with systemic sclerosis or older
patients with chronic obstructive pulmonary disease (Avouac 2010;
Moreira 2015). In these settings, Doppler echocardiography might
be considered as a triage test.

The consequences of applying the test to the hypothetical cohort
above used the estimated sensitivity at a fixed specificity. Of note,
the reporting sensitivity at a fixed specificity does not indicate how
the test would likely perform in practice but represents a point
on the HSROC curve that is ideally somewhere near the centre of
the observed data. Overall, the methodological quality was low;
no study was assigned a low risk of bias or low concern in each
QUADAS-2 domain assessed. Further, there was a high concern
regarding applicability due to a variety of settings, characteristics of
participants, and prevalence. Poor reporting, especially in the index
test and reference standard domains, also raises unclear concerns.
Due to the limited amount of data, it was not possible to estimate
the cause of heterogeneity in the results of each study. Therefore,
the uncertainty of the present results should be noted.

Our meta-analysis yielded better diagnostic values of Doppler
echocardiography as compared with several systematic reviews
on the same topic (Janda 2011; Taleb 2013; Zhang 2010). The

diKerence might be due to the discrepancy in reference standards
between the previous and current reviews. We used a strict
reference standard that is likely to diagnose the target condition
with a high degree of accuracy. On the other hand, the three
reviews included studies where the interval between the index
test and the reference standard was more than one week. Both
echocardiography and right-heart catheterisation are subject to
disagreement when performed at diKerent times (e.g. days or
weeks apart), which is a major limitation of the studies that
compare their accuracy in the diagnosis of PH. For example, any
treatment would be performed if the results of echocardiography
suggested pulmonary hypertension (Delcroix 2010). This could lead
to negative results for a reference standard performed a few weeks
or months later, which means that the false positive rate increases
and specificity decreases. We therefore excluded studies with an
interval of more than a week to obtain unbiased estimates.

The included studies adopted a variety of thresholds to diagnose
PH (30 to 47 mmHg). Therefore, we used the HSROC model to
take the variation into account. We also performed the post hoc
subgroup analysis by the threshold categories. The analysis did not
show a clear threshold eKect in the range of thresholds. However,
higher thresholds ≥ 40 mmHg might be avoided based on the role
as a triage test.

Strengths and weaknesses of the review

We conducted a thorough literature search and included full-text
publications and abstracts without any language restrictions. There
are currently no reliable search strategies to identify diagnostic
test accuracy studies (Beynon 2013). The major strengths of the
review are as follows: we did not use any diagnostic filters in
our search strategy, which ensured that all studies on the topic
were identified. PH was defined when the mean pulmonary arterial
pressure assessed by right-heart catheterisation was ≥ 25 mmHg
(Simonneau 2013). This strict reference standard was used as it
likely could diagnose the target condition with a high degree of
accuracy.

This review has several limitations. First, many studies were
excluded due to insuKicient diagnostic test accuracy data. Of
the 131 studies excluded at full-text screening, 85 studies were
excluded because of lack of diagnostic accuracy data, which
matched the inclusion criteria of our review. If some of these
studies could have been included in our review, the results of
our review might have changed. Second, we attempted to obtain
detailed data by contacting the authors of included studies, but
most of them were not available, especially for studies that
were published as conference abstracts. The space limitations
for the publication of a conference abstract would yield unclear
risk of bias judgements rather than low or high judgements
during the QUADAS-2 assessment. Furthermore, due to the lack
of information, there might be potential patient overlap between
Mo 2015 and Mo 2015a. Third, there was a high proportion of
studies that were judged at high risk of bias on the flow and timing
domain and with high concern regarding applicability in the patient
selection domain of the QUADAS-2 tool.

Applicability of findings to the review question

Although our review collated all available evidence on the
diagnostic accuracy of Doppler echocardiography for PH, the
applicability of our findings to the review question was limited.
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PH was highly prevalent among the participants in the included
studies. For example, the mean systolic pulmonary arterial
pressure was 62.3 mmHg and the prevalence of PH was 86% in
Er 2010. It is questionable if the triage test is needed in such a
high-prevalence setting. The care settings were mostly hospitals
such as university hospitals, cardiovascular centres, and lung
and liver transplant centres. Findings from such settings may
be diKicult to apply to other settings that play a triage role for
assessment of PH. Our sensitivity analysis did not show a dose-
response relationship between prevalence and diagnostic accuracy
of Doppler echocardiography; however, it was not conclusive as
the CIs were substantially wide due to the limited data. We could
not investigate the potential reason for the variety of prevalence
due to the poor reporting of patient characteristics including WHO
classification of PH. Additionally, there was limited information on
the symptoms that the participants had. In the four studies that
reported the information on symptoms, the proportion of mild or
asymptomatic patients was small.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Our evidence assessment of echocardiography for the diagnosis of
PH in adult patients revealed several limitations.

Current available data indicate generally poor methodological and
reporting quality of the evidence. Due to their heterogeneity, we
were unable to determine average sensitivity and specificity at any
particular index test threshold and could not explain the observed
variability in results.

Implications for research

To determine if the Doppler echocardiography is a useful triage
test, we need more studies with transparent reporting and high

methodological quality. There is room for further study on the
optimal threshold to diagnose PH by trans-thoracic Doppler
echocardiography. The influence of diKerent types of PH, methods
of estimating right atrial pressure, and the use of ventilation on the
accuracy of diagnosis needs to be investigated.
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Patient Sampling Retrospective

Patient characteristics and setting Study location: USA

Study periods: between 2001 and 2012

Care setting: the Stanford University Advanced Lung Disease centre, Kosuyolu Training
Hospital

Participants enrolled: 307: 125 males and 182 females

Participants included in analysis: 199: gender not reported

Age: mean age 50 ± 13 years

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart catheterisation): not re-
ported

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: All participants aged > 18 years referred to the Stanford University Ad-
vanced lung disease centre for right-heart catheterisation and with right-heart catheterisa-
tion and complete echocardiography within 5 days

Exclusion criteria: not reported

Index tests Description of index test: Resting trans-thoracic echocardiography was performed using
the Philips 7500 or iE33 system (Philips Medical Systems, Andover, MA) with 5-MHz trans-
ducers by experienced, credentialed cardiac sonographers. Right ventricular systolic pres-
sure was estimated from the maximal right ventricular–right atrial pressure gradient, using
the modified Bernoulli equation 5: right ventricular systolic pressure = 4 (maximal tricuspid

regurgitation velocity)2 + right atrial pressure, where maximal tricuspid regurgitation ve-
locity was measured using continuous wave Doppler

Description of method to estimate right atrial pressure: Right atrial pressure was esti-
mated in the subcostal view according to the inferior vena cava size and collapsibility fol-
lowing a normal sniK: 3 mmHg if IVC < 15 mm and collapse > 50%, 5 mmHg if IVC between
15 and 21 mm and collapse > 50%, 15 mmHg if IVC > 21 mm and collapse between 10% and
50%, 20 mmHg if IVC > 21 mm and collapse < 10%, and 10 mmHg in all other cases.

Cut-oM value to declare PH: 40 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: performed by experienced, credentialed cardiac sonogra-
phers

How to handle the uninterpretable results: excluded from analysis

Target condition and reference stan-
dard(s)

Target condition: pulmonary hypertension

Description of reference standard: A balloon catheter was introduced through the right
femoral vein or internal jugular vein after local anaesthesia. Patients could be premedicat-
ed with 1 to 3 mg of diazepam 30 min before the procedure.

Mean pulmonary arterial pressure: mean 36.5 ± 17.8 mmHg

Flow and timing The interval between the index test and reference standard: within 48 hours
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Number of indeterminates for whom the results of reference standard was available: 0
(0%)

Number of patients who were excluded from the analysis: not stated

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample
of patients enrolled?

Yes    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients have
introduced bias?

  Low risk  

Are there concerns that the includ-
ed patients and setting do not match
the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Yes    

Could the conduct or interpretation
of the index test have introduced
bias?

  Low risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Were the reference standard results in-
terpreted without knowledge of the re-
sults of the index tests?

Yes    

Were the criteria of reference standard
for target condition prespecified?

Yes    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  Low risk  
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Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index
test and reference standard less than
one day?

No    

Did all patients receive the same refer-
ence standard?

Yes    

Were all patients included in the analy-
sis?

No    

Could the patient flow have intro-
duced bias?

  High risk  

Amsallem 2016  (Continued)

 
 

Study characteristics

Patient Sampling Prospective

Patient characteristics and setting Study location: Turkey

Study periods: between January 2012 and September 2015

Care setting: the lung transplantation unit of Kartal Kosuyolu Training Hospital

Participants enrolled: 103: 67 males and 36 females

Participants included in analysis: 103: 67 males and 36 females

Age: median age 48 years (range: 18-70 years)

BMI: mean BMI 24

Classification of PH defined by WHO (diagnosis from right-heart catheterisation):
Class I: 0, Class II: 0, Class III: 59, Class IV: 0, Class V: 0

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: 54

Number of intubated participants: 0

Inclusion criteria: We included patients with the diagnosis of end-stage lung disease
who were referred as lung transplantation candidates to the lung transplantation unit
of Kartal Kosuyolu Training Hospital

Exclusion criteria: not reported

Index tests Description of index test: Doppler echocardiography was implemented with the use
of conventional clinical echocardiographic equipment (Philips iE33 xMATRIX ultra-
sound system, Andover, Mass, United States). Transthoracic Doppler and 2-dimension-
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al images were gained from parasternal long- and short-axis, apical 4-chamber, and
subcostal 4-chamber views.

Description of method to estimate right atrial pressure: not reported

Cut-oM value to declare PH: 35 mmHg

Estimated systolic pulmonary arterial pressure: median 45 mmHg (range: 20-144
mmHg)

Sonographer qualification: not reported

How to handle the uninterpretable results: not applicable

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: Right-heart catheterisation was performed with
the use of a balloon-tipped, flow directed pulmonary artery catheter. The catheter was
introduced via the right femoral vein or right internal jugular vein, using the Seldinger
technique under local anaesthesia. The following measurements were obtained in du-
plicate: right atrial pressures, pulmonary artery systolic and diastolic pressures, pul-
monary artery occlusion pressure, and cardiac output.

Mean pulmonary arterial pressure: median 26 mmHg (IQR: 20-35 mmHg)

Flow and timing The interval between the index test and reference standard: within 72 hours

Number of indeterminates for whom the results of reference standard was available: 0
(0%)

Number of patients who were excluded from the analysis: 0 (0%)

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

Yes    

Did the study avoid inappropriate exclu-
sions?

Yes    

Could the selection of patients have in-
troduced bias?

  Low risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

Unclear    

Balci 2016  (Continued)

Doppler trans-thoracic echocardiography for detection of pulmonary hypertension in adults (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

40



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

If a threshold was used, was it pre-speci-
fied?

Unclear    

Could the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Unclear

DOMAIN 3: Reference Standard

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Unclear    

Were the criteria of reference standard for
target condition prespecified?

Unclear    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test
and reference standard less than one day?

No    

Did all patients receive the same reference
standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  High risk  

Balci 2016  (Continued)

 
 

Study characteristics

Patient Sampling Prospective

Patient characteristics and setting Study location: France

Study periods: between April 1993 and August 2001

Care setting: Service d’H ́epatologie and INSERM

Participants enrolled: 165: 116 males and 49 females

Participants included in analysis: 165: 116 males and 49 females

Age: mean age 48 ± 8 years

Colle 2003 
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BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart catheterisation): Class I:
17, Class II: 0, Class III: 0, Class IV: 0, Class V: 0

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: consecutive patients who were evaluated for liver transplantation and
for whom transvenous liver biopsy was needed were prospectively included in this study

Exclusion criteria: none

Index tests Description of index test: All patients were evaluated with a 2-dimensional Doppler
echocardiography on a Sonos 1500 Hewlett-Packard or a Supervision 800 Vingmed machine.
Continuous wave Doppler of tricuspid regurgitant jet, when present, was used to calculate
right ventricular systolic pulmonary artery pressure with the formula: systolic pulmonary
artery pressure (4 maximum velocity of the tricuspid regurgitant jet2) mean right atrial pres-
sure.

Description of method to estimate right atrial pressure: setting mean right atrial pressure
at 5 mmHg, except when the inferior vena cava was collapsed (0 mmHg) or clearly enlarged
with no collapse during inspiration (10 mmHg)

Cut-oM value to declare PH: 30 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: not reported

How to handle the uninterpretable results: not applicable

Target condition and reference stan-
dard(s)

Target condition: pulmonary hypertension

Description of reference standard: a catheter was inserted into the right or leN jugular vein
under local anaesthesia. Haemodynamic measurements including pulmonary artery pres-
sure, right atrial pressure, and pulmonary capillary wedge pressure were performed using
a Swan-Ganz catheter. Cardiac output was measured by the thermodilution method (Bax-
ter Healthcare Corporation, Santa Ana, CA). Cardiac output was obtained by the average
of 3 consecutive measurements. Arterial pressure was measured using a noninvasive ex-
ternal sphygmomanometer (Dinamap; Critikon, Tampa, FL). Systemic vascular resistance
was calculated as follows: systemic vascular resistance (dynes.s.cm 5) (mean arterial pres-
sure-mean right atrial pressure) 80/cardiac output. Pulmonary vascular resistance (PVR) was
calculated as follows: pulmonary vascular resistance (dynes.s.cm 5) (mean pulmonary arter-
ial pressure-pulmonary capillary wedged pressure) 80/cardiac output.

Mean pulmonary arterial pressure: mean 18.8 ± 7.6 mmHg

Flow and timing The interval between the index test and reference standard: within the same week

Number of indeterminates for whom the results of reference standard was available: 0 (0%)

Number of patients who were excluded from the analysis: 0 (0%)

Comparative  

Notes  

Methodological quality
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Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample
of patients enrolled?

Yes    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients
have introduced bias?

  Low risk  

Are there concerns that the in-
cluded patients and setting do not
match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpret-
ed without knowledge of the results
of the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Unclear    

Could the conduct or interpretation
of the index test have introduced
bias?

  Low risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Were the reference standard results
interpreted without knowledge of the
results of the index tests?

Yes    

Were the criteria of reference stan-
dard for target condition prespeci-
fied?

Unclear    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  Low risk  

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing
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Was the interval between the index
test and reference standard less than
one day?

No    

Did all patients receive the same ref-
erence standard?

Yes    

Were all patients included in the
analysis?

Yes    

Could the patient flow have intro-
duced bias?

  High risk  

Colle 2003  (Continued)

 
 

Study characteristics

Patient Sampling Prospective

Patient characteristics and setting Study location: Germany

Study periods: from December 2008 to June 2010

Care setting: the Cardiology Department of the University of Cologne

Participants enrolled: 50

Participants included in analysis: 50: 14 males and 36 females

Age: mean age 66.9 ± 14.5 years

BMI: mean 27.1 ± 5.1

Classification of PH defined by WHO (diagnosis from right-heart catheterisation): not re-
ported

Number of patients with asymptomatic or mild symptom: 6 (8%)

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: Consecutive patients referred to the Cardiology Department of the Uni-
versity of Cologne were included.

Exclusion criteria: Patients were excluded when tricuspid regurgitation jet was not avail-
able.

Index tests Description of index test: using a Phillips iE33 ultrasound device equipped with a stan-
dard transducer operating at 1–5 MHz without using saline contrast. The echocardiography
was performed by three different cardiologists. In each patient only one cardiologist per-
formed the examination, randomly. Multiple views were recorded to identify optimal view
for analysis as recommended in actual guidelines.

Description of method to estimate right atrial pressure: The right atrial pressure was es-
timated by evaluating IVC diameter and change with respiration: when IVC diameter was
less than 20 mm and the collapsibility greater than 50%, right atrial pressure was estimat-
ed to be 5 mmHg versus 10 mmHg when the collapsibility was less than 50%. When the
IVC diameter was greater than 20 mm, right atrial pressure was estimated to be 15 mmHg
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when the collapsibility was greater than 50% and to be 20 mmHg when the collapsibility
was less than 50%.

Cut-oM value to declare PH: 38 mmHg

Estimated systolic pulmonary arterial pressure: mean 62.3 ± 25.7 mmHg

Sonographer qualification: performed by cardiologists

How to handle the uninterpretable results: not applicable

Target condition and reference stan-
dard(s)

Target condition: pulmonary hypertension

Description of reference standard: Right-heart catheterisation was performed without
sedation at rest in the cardiac catheter laboratory of the Cardiology Department of the Uni-
versity of Cologne. End-expiratory pressure measurements were taken from the right atri-
um, right ventricle, pulmonary artery and pulmonary capillary.

Mean pulmonary arterial pressure: mean 39.5 ± 14.9 mmHg

Flow and timing The interval between the index test and reference standard: within 120 minutes

Number of indeterminates for whom the results of reference standard was available: 0
(0%)

Number of patients who were excluded from the analysis: 0 (0%)

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample
of patients enrolled?

Yes    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients have
introduced bias?

  Low risk  

Are there concerns that the includ-
ed patients and setting do not match
the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

Unclear    

If a threshold was used, was it pre-
specified?

No    
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Could the conduct or interpretation
of the index test have introduced
bias?

  Unclear risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Were the reference standard results in-
terpreted without knowledge of the re-
sults of the index tests?

Unclear    

Were the criteria of reference standard
for target condition prespecified?

Unclear    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  Unclear risk  

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index
test and reference standard less than
one day?

Yes    

Did all patients receive the same refer-
ence standard?

Yes    

Were all patients included in the analy-
sis?

Yes    

Could the patient flow have intro-
duced bias?

  Low risk  

Er 2010  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: Germany

Study periods: from July 1, 2007 through June 30, 2013

Care setting: Cardiology Department of the University Hospital of Heidelberg, Germany

Participants enrolled: 3920: gender not reported

Participants included in analysis: 1695: 1136 males and 559 females
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Age: mean age 63 ± 15

BMI: mean 26 ± 5

Classification of PH defined by WHO (diagnosis from right-heart catheterisation): not
reported

Number of patients with asymptomatic or mild symptom: 85 (5%)

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: All patients who had a cardiac ultrasound examination performed
within 5 days before or after invasive examination

Exclusion criteria: Patients whose pulmonary arterial pressure documents were not ex-
plicitly documented

Index tests Description of index test: Noninvasive assessment of systolic pulmonary arterial pres-
sure was achieved by measurement of right ventricular systolic pressure and adding
right atrial pressure. Right ventricular systolic pressure was derived from the peak sys-
tolic velocity of the tricuspid regurgitation obtained with continuous-wave Doppler us-
ing the modified Bernoulli equation: pressure gradient = 49Vmax2.

Description of method to estimate right atrial pressure: Right atrial pressure was es-
timated by the diameter of the inferior vena cava and its variability during inspiration.

Cut-oM value to declare PH: 36 mmHg

Estimated systolic pulmonary arterial pressure: mean 45.3 ± 15.5 mmHg

Sonographer qualification: performed by two independent, experienced examiners

How to handle the uninterpretable results: excluded from analysis

Target condition and reference stan-
dard(s)

Target condition: pulmonary hypertension

Description of reference standard: A femoral or jugular venous approach was used for
right-heart catheterisation. Cardiac output and cardiac index were calculated by sat-
uration measurement according to Fick's method. Pulmonary arterial pressure, pul-
monary capillary wedge pressure, and right ventricular and right atrial pressures were
measured during breath hold in baseline over at least 3 heart cycles. Mean pulmonary
artery pressure was calculated by integration of the pressure curve by Metek software
(Metek GmbH, Roetgen, Germany).

Mean pulmonary arterial pressure: mean 31.6 ± 10.9 mmHg

Flow and timing The interval between the index test and reference standard: within five days

Number of indeterminates for whom the results of reference standard was available: 0
(0%)

Number of patients who were excluded from the analysis: not stated

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

Yes    

Did the study avoid inappropriate exclu-
sions?

No    

Could the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included
patients and setting do not match the
review question?

    Unclear

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted
without knowledge of the results of the
reference standard?

Unclear    

If a threshold was used, was it pre-speci-
fied?

No    

Could the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ
from the review question?

    Low concern

DOMAIN 3: Reference Standard

Were the reference standard results inter-
preted without knowledge of the results
of the index tests?

Unclear    

Were the criteria of reference standard for
target condition prespecified?

Unclear    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test
and reference standard less than one
day?

No    

Did all patients receive the same refer-
ence standard?

Yes    

Greiner 2014  (Continued)
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Were all patients included in the analysis? No    

Could the patient flow have introduced
bias?

  High risk  

Greiner 2014  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: UK and Germany

Study periods: between 2011 and 2016

Care setting: the Clinic for Cardiology and Pneumology, University Medical Center
Göttingen; King's College Hospital, London; and the Department of Internal Medicine
II, University of Regensburg

Participants enrolled: 90: 43 males and 47 females

Participants included in analysis: 90: 43 males and 47 females

Age: mean age 64.8 years (IQR: 55-79 years)

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart catheterisation):
not reported

Number of patients with asymptomatic or mild symptom: 24 (16%)

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: patients who underwent echocardiography and right-heart
catheterisation within 24 hours

Exclusion criteria: not reported

Index tests Description of index test: continuous-wave Doppler ultrasonography of tricuspid re-
gurgitation in apical four-chamber and parasternal short-axis views was applied, and
the tricuspid regurgitation time-velocity tracing was determined to obtain the time-ve-
locity integral, tricuspid regurgitation max velocity, mean tricuspid regurgitation ve-
locity, maximal right atrial–right ventricular gradient, and TRP mean.

Description of method to estimate right atrial pressure: Right atrial pressure was
estimated by measuring the diameter of the IVC at end expiration and the inspirato-
ry collapsibility in the subcostal view as follows: when the IVC diameter was #21 mm
and the collapsibility with a sniK was > 50%, right atrial pressure was estimated to be 3
mmHg; when the IVC diameter was > 21 mm and the collapsibility was < 50%, right atri-
al pressure was estimated to be 15 mmHg. In all other cases (either IVC diameter > 21
mm and collapse > 50% or IVC diameter #21 mm and collapse < 50%), right atrial pres-
sure was estimated to be 8 mmHg.

Cut-oM value to declare PH: 31 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: not reported

Hellenkamp 2018 
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How to handle the uninterpretable results: not applicable

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: not reported

Mean pulmonary arterial pressure: median 35 mmHg (IQR: 24.7-46.2 mmHg)

Flow and timing The interval between the index test and reference standard: within 24 hours

Number of indeterminates for whom the results of reference standard was available: 0
(0%)

Number of patients who were excluded from the analysis: 0 (0%)

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

Yes    

Did the study avoid inappropriate exclu-
sions?

Yes    

Could the selection of patients have in-
troduced bias?

  Low risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    Unclear

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

Yes    

If a threshold was used, was it pre-speci-
fied?

Unclear    

Could the conduct or interpretation of
the index test have introduced bias?

  Low risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 3: Reference Standard

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Hellenkamp 2018  (Continued)
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Were the criteria of reference standard for
target condition prespecified?

Unclear    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test
and reference standard less than one day?

Yes    

Did all patients receive the same reference
standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  Low risk  

Hellenkamp 2018  (Continued)

 
 

Study characteristics

Patient Sampling Prospective

Patient characteristics and setting Study location: USA

Study periods: between 2002 and 2004

Care setting: not reported

Participants enrolled: 55: gender not reported

Participants included in analysis: 49: 9 males and 40 females

Age: mean age 55 years (range 20-80 years)

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart catheterisation): Class I:
16, Class II: 0, Class III: 0, Class IV: 0, Class V: 0

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: We performed a prospective review of established or new patients who
presented consecutively to the University of Medicine and Dentistry of New Jersey-Sclero-
derma Program between 2002 and 2004 with progressive dyspnoea and/or had clinical fea-
tures suspicious of PH.
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Exclusion criteria: Patients were excluded if they had leN ventricle dysfunction by echo or
right-heart catheterisation, airway obstruction by pulmonary function tests, thromboem-
bolic pulmonary hypertension (excluded by ventilation/perfusion scan), congenital heart
disease, porto-pulmonary PH, or HIV, and those who refused right-heart catheterisation or
cardiac magnetic resonance imaging.

Index tests Description of index test: Echo images were obtained using a Philips Sonos 7500 model.
Tricuspid regurgitant flow velocity was measured by continuous-wave echo with both an
imaging probe and a non-imaging Pedoff pencil probe. No contrast enhancement was giv-
en. RVSP was estimated from the peak tricuspid regurgitant flow velocity (v, in m/s) using
a modified Bernoulli equation, P = 4v2 + 10, where P represents the pressure in mmHg. All
echo-Doppler studies were read by a single reader.

Description of method to estimate right atrial pressure: 10 mmHg

Cut-oM value to declare PH: 47 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: not reported

How to handle the uninterpretable results: excluded from analysis

Target condition and reference stan-
dard(s)

Target condition: pulmonary hypertension

Description of reference standard: Right-heart catheterisation was performed by per-
cutaneous approach via the femoral vein using a 7-French Swan-Ganz catheter (Edwards
Lifesciences). Baseline pressures were recorded in the right atrium, right ventricle, PA, and
PCW position

.Mean pulmonary arterial pressure: mean 25.3 mmHg (range: 11-58 mmHg)

Flow and timing The interval between the index test and reference standard: within 4 hours

Number of indeterminates for whom the results of reference standard was available: 0
(0%)

Number of patients who were excluded from the analysis: not stated

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample
of patients enrolled?

Yes    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients have
introduced bias?

  Low risk  

Hsu 2008  (Continued)
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Are there concerns that the includ-
ed patients and setting do not match
the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

Unclear    

If a threshold was used, was it pre-
specified?

No    

Could the conduct or interpretation
of the index test have introduced
bias?

  High risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    High

DOMAIN 3: Reference Standard

Were the reference standard results in-
terpreted without knowledge of the re-
sults of the index tests?

Unclear    

Were the criteria of reference standard
for target condition prespecified?

Unclear    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  Unclear risk  

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index
test and reference standard less than
one day?

Yes    

Did all patients receive the same refer-
ence standard?

Yes    

Were all patients included in the analy-
sis?

No    

Could the patient flow have intro-
duced bias?

  Low risk  

Hsu 2008  (Continued)
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Study characteristics

Patient Sampling Prospective

Patient characteristics and setting Study location: Australia

Study periods: not reported

Care setting: quaternary cardiopulmonary specialist hospital

Participants enrolled: 100: 43 males and 57 females

Participants included in analysis: 96: gender not reported

Age: mean age 58 ± 14 years

BMI: mean 28 ± 6

Classification of PH defined by WHO (diagnosis from right-heart catheterisation):
not reported

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: patients undergoing clinically indicated right-heart catheterisation
were prospectively enrolled.

Exclusion criteria: not reported

Index tests Description of index test: Both sonographers and reporting cardiologists were blind-
ed to the invasive data. Echocardiographic examinations were performed by experi-
enced sonographers using commercially available ultrasound systems (Vivid I, Vivid
7, and Vivid E9, GE Healthcare, Vingmed, Trondheim Norway and iE33, Philips, Eind-
hoven, The Netherlands) using 1.5–4.0 MHz matrix-array and phase array transducers
according to the guidelines of the American Society of Echocardiography.

Description of method to estimate right atrial pressure: Right atrial pressure was
estimated to be 3 mmHg when the IVC diameter was < 21 mm with > 50% collapsibility,
8 mmHg when the IVC diameter was < 21 mm with < 50% collapsibility, and 15 mmHg
when the IVC diameter was > 21 mm with < 50% collapsibility, as per current American
Society of Echocardiography guidelines.

Cut-oM value to declare PH: 31 mmHg

Estimated systolic pulmonary arterial pressure: mean 54.7± 22.7 mmHg

Sonographer qualification: performed by experienced sonographer

How to handle the uninterpretable results: excluded from analysis

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: Right-heart catheterisation via the jugular or
femoral venous approach was performed by experienced accredited cardiologists with
established skills in right-heart catheterisation.

Mean pulmonary arterial pressure: mean 43.2± 15 mmHg

Flow and timing The interval between the index test and reference standard: within 24 hours

Kyranis 2018 
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Number of indeterminates for whom the results of reference standard was available: 0
(0%)

Number of patients who were excluded from the analysis: not stated

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

Yes    

Did the study avoid inappropriate exclu-
sions?

Yes    

Could the selection of patients have in-
troduced bias?

  Low risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    Unclear

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

Yes    

If a threshold was used, was it pre-speci-
fied?

Unclear    

Could the conduct or interpretation of
the index test have introduced bias?

  Low risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 3: Reference Standard

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Were the criteria of reference standard for
target condition prespecified?

Unclear    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Kyranis 2018  (Continued)
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Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test
and reference standard less than one day?

Yes    

Did all patients receive the same reference
standard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced
bias?

  High risk  

Kyranis 2018  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: France

Study periods: between June 2011 and March 2012

Care setting: the cardiac catheterisation department, which performs approximately 4500
right-heart catheterisation procedures every year, and from the echocardiography department,
which conducts > 15,000 trans-thoracic Doppler echocardiographic studies every year

Participants enrolled: 310: 162 males and 148 females

Participants included in analysis: 155: gender not reported

Age: mean age 64.8 ± 15.9 years

BMI: mean 26.3± 5.7

Classification of PH defined by WHO (diagnosis from right-heart catheterisation): not report-
ed

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: The inclusion criterion for patient enrolment was having undergone both
haemodynamic and echocardiographic investigations (with estimation of pulmonary pressures
by Doppler on tricuspid regurgitant flow) between June 2011 and March 2012, irrespective of
the causal disease, during a single hospitalisation period.

Exclusion criteria: a lack of pulmonary pressures estimation on the basis of tricuspid regurgi-
tant flow using Doppler echocardiography

Index tests Description of index test: All echocardiographic measurements were performed according to
American Society of Echocardiography and European Association of Echocardiography recom-
mendations in line with UERD standard operating procedure. Accordingly, tricuspid regurgi-
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tant maximum velocities were measured on the basis of adequate acquisitions, and estimated
systolic pulmonary arterial pressure levels were determined using the modified Bernoulli equa-
tion when tricuspid regurgitant jets were analysable, in conjunction with echocardiographic
estimation of right atrial pressure.

Description of method to estimate right atrial pressure: Echocardiographic right atrial pres-
sure estimation was performed on the basis of IVC size and collapsibility. Right atrial pressure
was estimated to be 3 mmHg when the IVC diameter was < 21 mm with > 50% collapsibility, 8
mmHg when the IVC diameter was < 21 mm with < 50% collapsibility, and 15 mmHg when the
IVC diameter was > 21 mm with < 50% collapsibility.

Cut-oM value to declare PH: 38 mmHg

Estimated systolic pulmonary arterial pressure: mean 49.6 ± 21.7 mmHg

Sonographer qualification: underwent systematic validation by one of the senior cardiolo-
gists

How to handle the uninterpretable results: excluded from analysis

Target condition and reference
standard(s)

Target condition: pulmonary hypertension

Description of reference standard: Senior physicians specialising in invasive techniques per-
formed the catheterisations according to standard procedures. Fluid-filled catheters were used
for patients not sedated. Systolic, diastolic, and mean PPs were averaged and calculated over
five beats.

Mean pulmonary arterial pressure: mean 32.7 ± 15.3 mmHg

Flow and timing The interval between the index test and reference standard: mean interval 2 days ± 2.9 days

Number of indeterminates for whom the results of reference standard was available: 0 (0%)

Number of patients who were excluded from the analysis: not stated

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sam-
ple of patients enrolled?

Yes    

Did the study avoid inappropriate
exclusions?

Yes    

Could the selection of patients
have introduced bias?

  Low risk  

Are there concerns that the in-
cluded patients and setting do
not match the review question?

    Unclear

DOMAIN 2: Index Test (All tests)

Lafitte 2013  (Continued)
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Were the index test results inter-
preted without knowledge of the
results of the reference standard?

Unclear    

If a threshold was used, was it pre-
specified?

Unclear    

Could the conduct or interpreta-
tion of the index test have intro-
duced bias?

  Unclear risk  

Are there concerns that the in-
dex test, its conduct, or inter-
pretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Were the reference standard re-
sults interpreted without knowl-
edge of the results of the index
tests?

Unclear    

Were the criteria of reference stan-
dard for target condition prespeci-
fied?

Unclear    

Could the reference standard,
its conduct, or its interpretation
have introduced bias?

  Unclear risk  

Are there concerns that the tar-
get condition as defined by the
reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index
test and reference standard less
than one day?

No    

Did all patients receive the same
reference standard?

Yes    

Were all patients included in the
analysis?

No    

Could the patient flow have in-
troduced bias?

  High risk  

Lafitte 2013  (Continued)
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Patient Sampling Retrospective

Patient characteristics and setting Study location: New Zealand

Study periods: between January 2004 and February 2011

Care setting: not reported

Participants enrolled: 159: gender not reported

Participants included in analysis: 99: gender not reported

Age: not reported

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart
catheterisation): not reported

Number of patients with asymptomatic or mild symptom: not re-
ported

Number of participants with COPD: not reported

Number of intubated participants: not reported

Inclusion criteria: Patients having a trans-thoracic echocardiography
and right-heart catheterisation within three days of each other

Exclusion criteria: not reported

Index tests Description of index test: not reported

Description of method to estimate right atrial pressure: not report-
ed

Cut-oM value to declare PH: 31 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: not reported

How to handle the uninterpretable results: excluded from analysis

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: not reported

Mean pulmonary arterial pressure: not reported

Flow and timing The interval between the index test and reference standard: within 3
days

Number of indeterminates for whom the results of reference standard
was available: 0 (0%)

Number of patients who were excluded from the analysis: not stated

Comparative  

Notes  

Methodological quality

Mazhar 2011  (Continued)
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Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Unclear

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear    

Were the criteria of reference standard for target condition
prespecified?

Unclear    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test and reference stan-
dard less than one day?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Mazhar 2011  (Continued)

 
 

Doppler trans-thoracic echocardiography for detection of pulmonary hypertension in adults (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

60



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: USA

Study periods: not reported

Care setting: not reported

Participants enrolled: 30: gender not reported

Participants included in analysis: 24: gender not reported

Age: not reported

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart
catheterisation): not reported

Number of patients with asymptomatic or mild symptom: not re-
ported

Number of participants with COPD: not reported

Number of intubated participants: not reported

Inclusion criteria: Adults with echo and right-heart catheterisation
within one week

Exclusion criteria: not reported

Index tests Description of index test: estimable right ventricular systolic pres-
sure by echocardiography

Description of method to estimate right atrial pressure: not report-
ed

Cut-oM value to declare PH: 35 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: not reported

How to handle the uninterpretable results: excluded from analysis

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: right-heart catheterisation

Mean pulmonary arterial pressure: not reported

Flow and timing The interval between the index test and reference standard: within
one week

Number of indeterminates for whom the results of reference standard
was available: 0 (0%)

Number of patients who were excluded from the analysis: not stated

Comparative  
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Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Unclear

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear    

Were the criteria of reference standard for target condition
prespecified?

Unclear    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test and reference stan-
dard less than one day?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Mo 2015  (Continued)
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Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: USA

Study periods: not reported

Care setting: not reported

Participants enrolled: 87: gender not reported

Participants included in analysis: 87: gender not reported

Age: not reported

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart
catheterisation): not reported

Number of patients with asymptomatic or mild symptom: not re-
ported

Number of participants with COPD: not reported

Number of intubated participants: not reported

Inclusion criteria: We selected adults who underwent echo and right-
heart catheterisation within one week.

Exclusion criteria: not reported

Index tests Description of index test: not reported

Description of method to estimate right atrial pressure: not report-
ed

Cut-oM value to declare PH: 45 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: not reported

How to handle the uninterpretable results: excluded from analysis

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: right-heart catheterisation

Mean pulmonary arterial pressure: not reported

Flow and timing The interval between the index test and reference standard: within
one week

Number of indeterminates for whom the results of reference standard
was available: 0 (0%)

Number of patients who were excluded from the analysis: 0 (0%)

Comparative  

Mo 2015a 
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Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Unclear

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear    

Were the criteria of reference standard for target condition
prespecified?

Unclear    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test and reference stan-
dard less than one day?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mo 2015a  (Continued)

Doppler trans-thoracic echocardiography for detection of pulmonary hypertension in adults (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

64



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 
 

Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: Poland

Study periods: between April 2007 and December 2011

Care setting: the Silesian Center of Heart Disease

Participants enrolled: 65: 49 males and 16 females

Participants included in analysis: 37: males and females

Age: mean age 53.3 ± 9.5 years

BMI: mean 24.1 ± 4.3

Classification of PH defined by WHO (diagnosis from right-heart catheterisa-
tion): not reported

Number of patients with asymptomatic or mild symptom: 2 (3%)

Number of participants with COPD: 31

Number of intubated participants: 0

Inclusion criteria: patients with advanced lung disease who underwent right-
heart catheterisation

Exclusion criteria: patients with IPH were excluded.

Index tests Description of index test: All patients underwent transthoracic echocardio-
graphy, including M-mode, 2-dimensional, pulsed, continuous-wave, and
colour-flow Doppler imaging using the GE VIVID 5 system and a transducer ar-
ray of 2.5 MHz, according to the guidelines of the American Society of Cardiolo-
gy.

Description of method to estimate right atrial pressure: not reported

Cut-oM value to declare PH: 43 mmHg

Estimated systolic pulmonary arterial pressure: mean 54.2 ± 21.5 mmHg

Sonographer qualification: not reported

How to handle the uninterpretable results: excluded from analysis

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: All patients were clinically stable with no
changes in medical therapy. This procedure was performed at rest in supine
position, using a Swan-ganz catheter. Measurements were performed using
supplemental oxygen, if needed, to achieve saturation over 90%.

Mean pulmonary arterial pressure: mean 28.8 ± 11.5 mmHg

Flow and timing The interval between the index test and reference standard: mean interval 3
days ± 1.7 days

Number of indeterminates for whom the results of reference standard was
available: 0 (0%)
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Number of patients who were excluded from the analysis: not stated

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Unclear

DOMAIN 3: Reference Standard

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Yes    

Were the criteria of reference standard for target
condition prespecified?

Unclear    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test and refer-
ence standard less than one day?

No    

Nowak 2018  (Continued)
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Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Nowak 2018  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: Japan

Study periods: between July 2005 and December 2012

Care setting: the University of Tokyo

Participants enrolled: 189: 106 males and 83 females

Participants included in analysis: 189: 106 males and 83 females

Age: mean age 58 ± 17 years

BMI: 22 ± 3

Classification of PH defined by WHO (diagnosis from right-heart catheterisa-
tion): not reported

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: not reported

Number of intubated participants: not reported

Inclusion criteria: Patients with heart disease who underwent right-heart
catheterisation were included.

Exclusion criteria: Participants whose images of tricuspid regurgitation could
not be documented

Index tests Description of index test: The continuous wave Doppler measurement of peak
tricuspid regurgitation velocity was recorded according to the guidelines.

Description of method to estimate right atrial pressure: The right atrial pres-
sure was categorised into three levels (3, 8, and 15 mmHg) on the basis of inferior
vena cava diameter, together with its respiratory variation.

Cut-oM value to declare PH: 41 mmHg

Estimated systolic pulmonary arterial pressure: median 27 mmHg (IQR:
21-37.5 mmHg)

Sonographer qualification: not reported

How to handle the uninterpretable results: not applicable

Target condition and reference standard(s) Target condition: pulmonary hypertension

Sawada 2019 
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Description of reference standard: The systolic, diastolic, and mean pulmonary
arterial pressure were measured in all participants during the end expiratory pe-
riod by using a 7F Swan-Ganz catheter inserted via the femoral or internal jugular
vein in the catheter laboratory.

Mean pulmonary arterial pressure: median 16 (IQR: 12-26 mmHg)

Flow and timing The interval between the index test and reference standard: within 24 hours

Number of indeterminates for whom the results of reference standard was avail-
able: 0 (0%)

Number of patients who were excluded from the analysis: 0 (0%)

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review ques-
tion?

    Unclear

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the in-
dex test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

Yes    

Sawada 2019  (Continued)
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Were the criteria of reference standard for target
condition prespecified?

Yes    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test and ref-
erence standard less than one day?

Yes    

Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Sawada 2019  (Continued)

 
 

Study characteristics

Patient Sampling Prospective

Patient characteristics and setting Study location: Austria

Study periods: between July 2015 and July 2016

Care setting: Medical University of Vienna

Participants enrolled: 65: 28 males and 37 females

Participants included in analysis: 65: 28 males and 37 females

Age: mean age 67.2 years (range: 19-89 years)

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart catheterisation):
Class I: 8, Class II: 23, Class III: 10, Class IV: 13, Class V: 0

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: not reported

Number of intubated participants: 0

Inclusion criteria: We prospectively included all adult patients with clinically indicat-
ed right-heart catheterisation between July 2015 and July 2016.

Exclusion criteria: Patients less than 18 years old were excluded.

Index tests Description of index test: Transthoracic echocardiograms (2D, Doppler) were per-
formed with echocardiography systems equipped with 3.5 MHz transducers (Vivid E9,
Vivid S70; General Electric Healthcare) according to the recommendations and guide-
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lines by the American Society of Echocardiography and the European Association of
Cardiovascular Imaging. In all patients, peak continuous wave Doppler velocity of the
tricuspid regurgitation jet was systematically measured in the parasternal long-axis
view of the right ventricular inflow, the parasternal short axis view of the basal right
ventricular, the right ventricular modified apical four chamber view, the apical long ax-
is view of right ventricular inflow, and the subcostal four chamber view.

Description of method to estimate right atrial pressure: none

Cut-oM value to declare PH: 34 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: performed by experienced physician

How to handle the uninterpretable results: not applicable

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: Haemodynamic measurements were performed
using a 7F Swan-Ganz catheter (Edwards Lifesciences GmbH, Austria) via a femoral ac-
cess. Pressures were documented as average of eight measurements over eight con-
secutive heart cycles using CathCorLX (Siemens AG, Berlin and Munich, Germany).

Mean pulmonary arterial pressure: mean 37.6 ± 14.9 mmHg

Flow and timing The interval between the index test and reference standard: within 1 day

Number of indeterminates for whom the results of reference standard was available: 0
(0%)

Number of patients who were excluded from the analysis: 0 (0%)

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

Yes    

Did the study avoid inappropriate exclu-
sions?

Yes    

Could the selection of patients have in-
troduced bias?

  Low risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    Low concern

DOMAIN 2: Index Test (All tests)

Schneider 2017  (Continued)
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Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

Unclear    

If a threshold was used, was it pre-speci-
fied?

Yes    

Could the conduct or interpretation of
the index test have introduced bias?

  Unclear risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    High

DOMAIN 3: Reference Standard

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Unclear    

Were the criteria of reference standard for
target condition prespecified?

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Unclear risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test
and reference standard less than one day?

Yes    

Did all patients receive the same reference
standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  Low risk  

Schneider 2017  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: Sweden

Study periods: between 2010 and 2018

Care setting: Karolinska University Hospital and Norrlands University Hospital

Venkateshvaran 2021 
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Participants enrolled: 480

Participants included in analysis: 419: 199 males and 220 females

Age: not reported

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart catheterisation): not re-
ported

Number of patients with asymptomatic or mild symptom: not reported

Number of participants with COPD: not reported

Number of intubated participants: not reported

Inclusion criteria: patients with unexplained dyspnoea referred for right-heart catheterisa-
tion to the pulmonary hypertension referral centres at Karolinska University Hospital (2014–
2018) and Norrlands University Hospital (2010–2015)

Exclusion criteria: Subjects with absent or poor TR signal quality, in addition to those with a
fail tricuspid valve, endocarditis or a coaptation defect resulting in massive, free-flowing jet

Index tests Description of index test: TRVmax was measured with continuous wave Doppler, consid-
ering the most optimal signal obtained from multiple echocardiographic windows. RAP-
mean was estimated by evaluating inferior vena cava (IVC) size and collapsibility with pa-
tients in a supine position, taking care to maximise IVC diameter both during relaxed respira-
tion and with rapid inspiration. All images were subsequently exported and analysed offline
(EchoPACPC version 11.0.0.0 GE Ultrasound, Waukesha, Wisconsin).

Description of method to estimate right atrial pressure: RAPmean was estimated as 3
mmHg if the IVC diameter was < 2.1 cm and collapsed > 50% during rapid inspiration and 15
mmHg if the IVC diameter was ≥ 2.1 cm and collapsed < 50%. In scenarios where IVC size and
dynamics did not N this paradigm (IVC diameter < 2.1 cm with < 50% collapse and IVC diame-
ter ≥ 2.1 cm with > 50% collapse), RAPmean was estimated as 8 mmHg.

Cut-oM value to declare PH: 2.8 m/sec

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: credentialed echocardiographers with > 15 years’ experience

How to handle the uninterpretable results: excluded from analysis

Target condition and reference
standard(s)

Target condition: pulmonary hypertension

Description of reference standard: 6F Swan Ganz catheter employing jugular or femoral
vein access. After suitable calibration with the zero-level set at the mid-thoracic line, pressure
measurements were taken from the right atrium (RA), right ventricle (RV) and PA during end-
expiration. Five to ten cardiac cycles were acquired and all pressure tracings were stored and
analysed offline using a standard haemodynamic software package (WITT Series III, Witt Bio-
medical Corp., Melbourne, FL).

Mean pulmonary arterial pressure: median 32 (IQR: 23-41 mmHg)

Flow and timing The interval between the index test and reference standard: within 3 hours

Number of indeterminates for whom the results of reference standard was available: 0

Number of patients who were excluded from the analysis: 61

Comparative  

Venkateshvaran 2021  (Continued)

Doppler trans-thoracic echocardiography for detection of pulmonary hypertension in adults (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

72



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sam-
ple of patients enrolled?

Yes    

Did the study avoid inappropriate
exclusions?

No    

Could the selection of patients
have introduced bias?

  High risk  

Are there concerns that the in-
cluded patients and setting do not
match the review question?

    Unclear

DOMAIN 2: Index Test (All tests)

Were the index test results interpret-
ed without knowledge of the results
of the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Unclear    

Could the conduct or interpreta-
tion of the index test have intro-
duced bias?

  Unclear risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    High

DOMAIN 3: Reference Standard

Were the reference standard results
interpreted without knowledge of
the results of the index tests?

Yes    

Were the criteria of reference stan-
dard for target condition prespeci-
fied?

Yes    

Could the reference standard,
its conduct, or its interpretation
have introduced bias?

  Low risk  

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    Low concern

Venkateshvaran 2021  (Continued)
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DOMAIN 4: Flow and Timing

Was the interval between the in-
dex test and reference standard less
than one day?

Yes    

Did all patients receive the same ref-
erence standard?

Yes    

Were all patients included in the
analysis?

No    

Could the patient flow have intro-
duced bias?

  High risk  

Venkateshvaran 2021  (Continued)

 
 

Study characteristics

Patient Sampling Retrospective

Patient characteristics and setting Study location: Argentina

Study periods: between June 2010 and June 2016

Care setting: Transplant Center in Buenos Aires, Argentina

Participants enrolled: 134: 63 males and 71 females

Participants included in analysis: 134: 63 males and 71 females

Age: mean age 47 ± 14.7 years

BMI: not reported

Classification of PH defined by WHO (diagnosis from right-heart
catheterisation): Class I: 0, Class II: 0, Class III: 83, Class IV: 0, Class V: 0

Number of patients with asymptomatic or mild symptom: not report-
ed

Number of participants with COPD: 65

Number of intubated participants: 0

Inclusion criteria: The population included all patients who had Doppler
echocardiography and right-heart catheterisation performed within 3
days of each other.

Exclusion criteria: not reported

Index tests Description of index test: not reported

Description of method to estimate right atrial pressure: not reported

Cut-oM value to declare PH: 36 mmHg

Estimated systolic pulmonary arterial pressure: not reported

Sonographer qualification: not reported

Wainstein 2017 
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How to handle the uninterpretable results: not applicable

Target condition and reference standard(s) Target condition: pulmonary hypertension

Description of reference standard: not reported

Mean pulmonary arterial pressure: not reported

Flow and timing The interval between the index test and reference standard: within 3
days

Number of indeterminates for whom the results of reference standard
was available: 0 (0%)

Number of patients who were excluded from the analysis: 0 (0%)

Comparative  

Notes  

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (All tests)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Unclear

DOMAIN 3: Reference Standard

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear    

Were the criteria of reference standard for target condi-
tion prespecified?

Unclear    

Wainstein 2017  (Continued)
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Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was the interval between the index test and reference
standard less than one day?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wainstein 2017  (Continued)

BMI: body mass index
COPD: chronic obstructive pulmonary disease
HIV: human immunodeficiency virus
IQR: interquartile range
IPH: idiopathic pulmonary hypertension
IVC: inferior vena cava
PA: pulmonary artery
PCW: pulmonary capillary wedge
PH: pulmonary hypertension
PP: pulmonary pressure
PVR: pulmonary vascular resistance
RA: right atrium
RAPmean: mean right atrial pressure
RVSP: right ventricular systolic pressure
RV: right ventricle
TR: tricuspid regurgitation
TRVmax: tricuspid regurgitation velocity maximum
UERD: University echocardiographic regional diploma
v: velocity
WHO: World Health Organization
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aashish 2020 Insufficient diagnostic test accuracy data

Abaci 1998 Insufficient diagnostic test accuracy data

Abbas 2003 Insufficient diagnostic test accuracy data

Abreu 1990 Insufficient diagnostic test accuracy data

Adrian 2016 Case series

Aduen 2009 Insufficient diagnostic test accuracy data

Aduen 2011 Insufficient diagnostic test accuracy data
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Study Reason for exclusion

Agrawal 2019 Insufficient diagnostic test accuracy data

Ahmed 2016 The index test and reference standard were not performed within one week.

Albani 2020 Insufficient diagnostic test accuracy data

Ali 1987 Not a diagnostic test accuracy study

Ali 1988 Not a diagnostic test accuracy study

Alonso 1988 Insufficient diagnostic test accuracy data

Althammer 1994 Inappropriate target condition

Antoun 2009 Insufficient diagnostic test accuracy data

Arcasoy 2003 Insufficient diagnostic test accuracy data

Arellano 2017 Insufficient diagnostic test accuracy data

Artaud-Macari 2010 Insufficient diagnostic test accuracy data

Ashrith 2015 Case series

Attaran 2009 Insufficient diagnostic test accuracy data

Barbier 2020 Insufficient diagnostic test accuracy data

Bech-Hanssen 2009 Insufficient diagnostic test accuracy data

Bech-Hanssen 2013 Insufficient diagnostic test accuracy data

Belfort 1994 Not a diagnostic test accuracy study

Bloch 1989 Not a diagnostic test accuracy study

Boley 2013 Insufficient diagnostic test accuracy data

Bournia 2020 Insufficient diagnostic test accuracy data

Calvin 2011 The index test and reference standard were not performed within one week.

Caravita 2019 Insufficient diagnostic test accuracy data

Castria 2012 Insufficient diagnostic test accuracy data

Cebrian 2010 Insufficient diagnostic test accuracy data

Chan 1987 Insufficient diagnostic test accuracy data

ChiCtr65129 Inappropriate index test

Correale 2019 Insufficient diagnostic test accuracy data

Cottini 2017 Insufficient diagnostic test accuracy data
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Study Reason for exclusion

Cotton 2002 Insufficient diagnostic test accuracy data

D'Alto 2013 Insufficient diagnostic test accuracy data

D'Alto 2018 Not a diagnostic test accuracy study

De Scordilli 2019 Inappropriate reference standard

Denton 1997 The index test and reference standard were not performed within one week.

Dina 2020 Insufficient diagnostic test accuracy data

Doutreleau 2016 Insufficient diagnostic test accuracy data

Etxebeste 1989 Insufficient diagnostic test accuracy data

Fauvel 2020 Inappropriate reference standard

Fei 2017 Insufficient diagnostic test accuracy data

Finkelhor 2014 The index test and reference standard were not performed within one week.

Fisher 2004 Insufficient diagnostic test accuracy data

Fisher 2007 The index test and reference standard were not performed within one week.

Fisher 2009 Insufficient diagnostic test accuracy data

Fitzgerald 2012 Case series

Fontana 2013 Insufficient diagnostic test accuracy data

Gallet 1989 Insufficient diagnostic test accuracy data

Ge 1993 Inappropriate population

Gelape 2011 Insufficient diagnostic test accuracy data

Glinel 2015 Not a diagnostic test accuracy study

Gopal 2014 Insufficient diagnostic test accuracy data

Granstam 2013 Insufficient diagnostic test accuracy data

Guvenc 2020 Inappropriate population

Habash 2017 Case-control study

Habash 2018 The index test and reference standard were not performed within one week.

Hachulla 2004 Not a diagnostic test accuracy study

Hachulla 2005 Insufficient diagnostic test accuracy data

Held 2014 Insufficient diagnostic test accuracy data
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Study Reason for exclusion

Hilde 2012 Insufficient diagnostic test accuracy data

Hsu 2004 Insufficient diagnostic test accuracy data

Hua 2009 Inappropriate target condition

Jiang 2017 Insufficient diagnostic test accuracy data

Julien 2015 Case series

Junsirimongkol 2019 Insufficient diagnostic test accuracy data

Khanduja 2012 Insufficient diagnostic test accuracy data.

Kim 2000 Insufficient diagnostic test accuracy data

Kim 2013 Insufficient diagnostic test accuracy data

Kooranifar 2021 Insufficient diagnostic test accuracy data

Kovacs 2014 Inappropriate index test

Krowka 1999 Insufficient diagnostic test accuracy data

Laaban 1989 Inappropriate index test

Laaban 1989a Insufficient diagnostic test accuracy data

Lamia 2014 Insufficient diagnostic test accuracy data

Lange 2013 The index test and reference standard were not performed within one week.

Lanzarini 2005 Insufficient diagnostic test accuracy data

Li 1988 Insufficient diagnostic test accuracy data

Lindgren 2009 Insufficient diagnostic test accuracy data

Lindqvist 2011 Inappropriate population

Lindqvist 2012 Insufficient diagnostic test accuracy data

Lindqvist 2013 Insufficient diagnostic test accuracy data

Maeder 2010 Insufficient diagnostic test accuracy data

Maeder 2011 Insufficient diagnostic test accuracy data

Marangoni 1988 Insufficient diagnostic test accuracy data

Matos 1988 Insufficient diagnostic test accuracy data

McClanahan 2011 Insufficient diagnostic test accuracy data

Mercado 2019 Insufficient diagnostic test accuracy data
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Study Reason for exclusion

Metz 1987 Insufficient diagnostic test accuracy data

Metz 1991 Insufficient diagnostic test accuracy data

Minai 2010 Insufficient diagnostic test accuracy data

Miyamoto 1993 Not a diagnostic test accuracy study

Mo 2015b Inappropriate target condition

Modrykamien 2010 The index test and reference standard were not performed within one week.

Mogollon 2008 Inappropriate reference standard

Mukerjee 2004 The index test and reference standard were not performed within one week.

Naeije 1995 Not a diagnostic test accuracy study

Nathan 2008 The index test and reference standard were not performed within one week.

Niederle 1988 Insufficient diagnostic test accuracy data

Niederle 1990 Insufficient diagnostic test accuracy data

Nishimaki 1991 Insufficient diagnostic test accuracy data

Nogami 2009 Insufficient diagnostic test accuracy data

O'Leary 2018 Insufficient diagnostic test accuracy data

Okubo 1988 Insufficient diagnostic test accuracy data

Okubo 1989 Insufficient diagnostic test accuracy data

Oudiz 2003 Not a diagnostic test accuracy study

Pande 2014 Inappropriate population

Parsaee 2016 Insufficient diagnostic test accuracy data

Pasierski 1993 Not a diagnostic test accuracy study

Penning 2001 Inappropriate reference standard

Phetcharat 2019 Index test and reference standard were not performed within one week

Philip 2013 The index test and reference standard were not performed within one week.

Polak-Slaboszewska 1989 Insufficient diagnostic test accuracy data

Prasanna 2009 Insufficient diagnostic test accuracy data

Raevens 2013 Insufficient diagnostic test accuracy data

Raevens 2013a Insufficient diagnostic test accuracy data
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Study Reason for exclusion

Rajagopalan 2009 Inappropriate target condition

Rallidis 2020 Inappropriate reference standard

Rallidis 2021 Inappropriate reference standard

Refini 2021 Insufficient diagnostic test accuracy data

Rich 2010 Insufficient diagnostic test accuracy data

Rich 2011 Insufficient diagnostic test accuracy data

Roodpeyma 2015 Insufficient diagnostic test accuracy data

Saner 2006 Insufficient diagnostic test accuracy data

Schewel 2020 Insufficient diagnostic test accuracy data

Schiopu 2010 The index test and reference standard were not performed within one week.

Seidova 2020 Insufficient diagnostic test accuracy data

Selby 2012 Insufficient diagnostic test accuracy data

Shen 1989 Insufficient diagnostic test accuracy data

Shim 2018 Not a diagnostic test accuracy study

Skjaerpe 1986 Insufficient diagnostic test accuracy data

Slegg 2021 Insufficient diagnostic test accuracy data

Sohrabi 2016 Insufficient diagnostic test accuracy data

Solik 2013 Insufficient diagnostic test accuracy data

Sonaglioni 2021 Inappropriate population

Torbicki 1987 Insufficient diagnostic test accuracy data

Torbicki 1989 Insufficient diagnostic test accuracy data

Torregrosa 2001 The index test and reference standard were not performed within one week.

Tramarin 1991 Inappropriate reference standard

Wahi 2015 Insufficient diagnostic test accuracy data

Wang 2016 Inappropriate population

Wilansky 1998 Not a diagnostic test accuracy study

Wurtemberger 1992 Insufficient diagnostic test accuracy data

Wylie 2007 Insufficient diagnostic test accuracy data
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Study Reason for exclusion

Yagi 1988 Insufficient diagnostic test accuracy data.

Yamamoto 2013 Insufficient diagnostic test accuracy data

Yamamoto 2013a Insufficient diagnostic test accuracy data

Yock 1984 Insufficient diagnostic test accuracy data

Zenker 1987 Insufficient diagnostic test accuracy data

Zhuravlev 2004 Not a diagnostic test accuracy study

Zompatori 1993 Insufficient diagnostic test accuracy data

 

 

D A T A

Presented below are all the data for all of the tests entered into the review.

 

Table Tests.   Data tables by test

Test No. of studies No. of participants

1 Doppler trans-thoracic echocardiography 17 3656

2 Sensitivity analysis 1 4 254

 
 

Test 1.   Doppler trans-thoracic echocardiography
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Test 2.   Sensitivity analysis 1
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A D D I T I O N A L   T A B L E S

Study ID Number
of partici-
pants (in-
cluded
in analy-
sis/in-
cluded in
study)

Preva-
lence of
PH (%)

Age Sex,
male
(%)

Classifi-
cation
of PH
defined
by WHO

Thresh-
old of
index
test
(mmHg)

RAP estimation The in-
terval be-
tween the
index test
and refer-
ence stan-
dard

How to han-
dle the uninter-
pretable results
of the index test

Sensi-
tivity

Speci-
ficity

Amsallem
2016

199/307 77 50 ± (13)* 46 NR 40 using the diameter
of IVC

2 days excluded from
analysis

92% 89%

Balci 2016 103/103 57 48 (18 to
70)***

65 Group 3 35 NR 3 days NA 85% 66%

Colle 2003 165/165 10 48 ± (8)* 70 Group 1 30 using the diameter
of IVC

7 days NA 76% 95%

Er 2010 50/50 86 66.9 ±
(14.5)*

28 NR 38 using the diameter
of IVC

2 hours NA 98% 100%

Greiner 2014 1695/3920 72 63 ± (15)* 67 NR 36 using the diameter
of IVC

5 days excluded from
analysis

87% 79%

Hellenkamp
2018

90/90 76 64.8 [55 to
79]****

48 NR 31 using the diameter
of IVC

1 days NA 81% 55%

Hsu 2008 49/55 33 55 (20 to
80)**

18 Group 1 47 not using the diam-
eter of IVC

4 hours excluded from
analysis

75% 91%

Kyranis
2018

96/100 68 58 ± (14)* 43 NR 31 using the diameter
of IVC

1 days excluded from
analysis

92% 87%

Lafitte 2013 155/310 67 64.8 ±
(15.9)*

52 NR 38 using the diameter
of IVC

5 days excluded from
analysis

88% 83%

Mazhar 2011 99/159 58 NR NR NR 31 NR 3 days excluded from
analysis

67% 83%

Mo 2015 24/30 88 NR NR NR 35 NR 7 days excluded from
analysis

95% 33%

Table 1.   Summary of characteristics of included studies 
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8
5

Mo 2015a 87/87 68 NR NR NR 45 NR 7 days excluded from
analysis

81% 86%

Nowak 2018 37/65 70 53.3 ±
(9.5)*

75 NR 43 NR 5 days excluded from
analysis

92% 82%

Sawada
2019

189 /189 26 58 ± (17)* 56 NR 41 using the diameter
of IVC

1 days NA 92% 91%

Schneider
2017

65/65 83 67.2 (19 to
89)**

43 mixture
of Group
1, 2, 3,
and 4

34 not using the diam-
eter of IVC

1 days NA 87% 91%

Venkatesh-
varan 2021

419/480 62 NR NR NR 31 using the diameter
of IVC

3 hours excluded from
analysis

40% 88%

Wainstein
2017

134/134 62 47 ±
(14.7)*

47 Group 3 36 NR 3 days NA 89% 60%

Table 1.   Summary of characteristics of included studies  (Continued)

* mean ± (SD), ** mean (range), *** median (range), **** mean [interquartile]
Abbreviations:
IVC: inferior vena cava
NA: not applicable
NR: not reported
PH: pulmonary hypertension
RAP, right atrial pressure
WHO: World Health Organization
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Covariate Subgroup Number of
studies

Number
of partici-
pants

Number of
cases

Sensitivity Specificity

Overall   17 3656 1342 Median (range): 87%
(40% to 98%)

Median (range): 86% (33% to
100%)

Not Group
3

3 279 87 Median (range): 76%
(75% to 87%)

Median (range): 91% (91% to
95%)

Group 3 2 237 142 Median (range): 63%
(40% to 85%)

Median (range): 77% (66% to
88%)

WHO Clas-
sification of
PH

Not report-
ed

12 3141 1113 Median (range): 92%
(67% to 98%)

Median (range): 85% (33% to
100%)

Using the
diameter of
IVC

9 3057 967 Median (range): 92%
(76% to 98%)

Median (range): 89% (55% to
100%)

Not using
the diame-
ter of IVC

2 114 70 Median (range): 81%
(75% to 87%)

Median (range): 91% (91% to
91%)

The meth-
ods used to
estimating
RAP

Not report-
ed

6 485 305 Median (range): 83%
(40% to 95%)

Median (range): 83% (33% to
88%)

< 36 mmHg 8 1061 711 Pooled sensitivity (95%
CI):

89% (79% to 94%)

Pooled specificity (95% CI):

83% (70% to 91%)

≥ 36 mmHg
and < 40
mmHg

4 2034 328 Pooled sensitivity* (95%
CI):

85% (57% to 96%)

Pooled specificity* (95% CI):

80% (76% to 84%)

Threshold
groups

≥ 40 mmHg 5 561 303 Pooled sensitivity* (95%
CI):

88% (83% to 92%)

Pooled specificity* (95% CI):

89% (85% to 93%)

Table 2.   Summary of investigations for heterogeneity 

* Pooled sensitivity and specificity estimated by the bivariate random eKects model
Abbreviations:
CI: confidence interval
IVC: inferior vena cava
PH: pulmonary hypertension
RAP: right atrial pressure
WHO: World Health Organization
 
 

Types of sensitivity
analysis

Subgroup Number of
studies

Number of
participants

Number of
cases

Pooled sensitivity (95% CI)
under

fixed specificity of 86%*

Table 3.   Summary of the results from sensitivity analyses 
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Overall   17 3,656 1,342 87% (81% to 92%)

Excluding studies at high
risk of bias in domains 1
or 4

of the QUADAS-2 assess-
ment

Not high risk of
bias in domains 1
or 4

4 254 181 83% (11% to 100%)

1st quartile 4 2098 181 84% (67% to 100%)

2nd quartile 4 491 302 70% (8% to 100%)

3rd quartile 4 310 218 79% (28% to 100%)

Prevalence category

4th quartile 5 757 641 84% (6% to 100%)

Table 3.   Summary of the results from sensitivity analyses  (Continued)

* Pooled sensitivity and its 95% confidence interval using fixed specificity of 86% (median of the included studies).
Abbreviations:
CI: confidence interval
QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy studies
 

 

A P P E N D I C E S

Appendix 1. World Health Organization (WHO) functional classification for pulmonary hypertension

 

Class WHO functional classification for pulmonary hypertension

I Patients with pulmonary hypertension but without resulting limitations of physical activity. Ordi-
nary physical activity does not cause undue fatigue or dyspnoea, chest pain, or heart syncope.

II Patients with pulmonary hypertension resulting in slight limitation of physical activity. They are
comfortable at rest. Ordinary physical activity results in undue fatigue or dyspnoea, chest pain, or
heart syncope.

III Patients with pulmonary hypertension resulting in marked limitation of physical activity. They are
comfortable at rest. Less-than-ordinary physical activity causes undue fatigue or dyspnoea, chest
pain, or heart syncope.

IV Patients with pulmonary hypertension resulting in inability to carry on any physical activity with-
out symptoms. These patients manifest signs of right-heart failure. Dyspnoea or fatigue, or both,
may be present even at rest. Discomfort is increased by physical activity.

 

 

Appendix 2. MEDLINE (Ovid) search strategy

1. exp Hypertension, Pulmonary/
2. Pulmonary Heart Disease/
3. (pulmonary adj3 hypertens$).tw.
4. pulmonary vascular disease.tw.
5. or/1-4
6. exp Echocardiography/
7. (echocardiogra$ or echo-cardiogra$).tw.
8. doppler.tw.
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9. or/6-8
10. 5 and 9
11. Animals/ not (Animals/ and Humans/)
12. 10 not 11

Appendix 3. Embase (Ovid) search strategy

1. exp pulmonary hypertension/
2. pulmonary vascular disease/
3. (pulmonary adj3 hypertens$).tw.
4. or/1-3
5. exp Doppler echocardiography/
6. doppler.tw.
7. 5 or 6
8. 4 and 7
9. (exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/) not ((human/
or normal human/ or human cell/) and (exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or
animal cell/ or nonhuman/))
10. 8 not 9

Appendix 4. Web of Science search strategy

#1 TS=(pulmonary NEAR hypertension) OR TS=pulmonary heart disease
#2 TS=(doppler* NEAR echocardiograph*)
#3 #2 AND #1

Appendix 5. ClinicalTrials.gov and WHO ICTRP search strategy

 

Field Search term

condition pulmonary hypertension

intervention doppler

 

 

Appendix 6. Study quality assessment details

Domain 1: Patient selection

Risk of bias: Could the selection of patients have introduced bias?

Signaling question 1: Was a consecutive or random sample of patients enrolled?
Signaling question 2: Did the study avoid inappropriate exclusions?

Studies that make inappropriate exclusions, for example, excluding 'diKicult to diagnose' patients, whose image of echocardiography
is diKicult to detect due to obesity or overinflated lungs, may result in overoptimistic estimates of diagnostic accuracy. We will classify
the studies as 'yes' if all patients were included in the study regardless of clinical suspicion following index test, 'no' if they conduct
any inappropriate exclusions, for example, excluding patients with low clinical suspicion based on the index test, and 'unclear' if this
information is not clear.

Applicability: Are there concerns that the included patients and the setting do not match the review question?

If studies include only a clinically relevant population that would have undergone the index test in real practice and includes a
representative form of target condition, we will assess as 'low' concern. If the study population diKered from the population defined in the
review question in terms of demographic features (e.g. studies include mainly younger patients or specific group of WHO classification),
we will assess as 'high' concern. If this information is unclear (e.g. WHO classification was not reported), we will assess as 'unclear'.

Domain 2: Index test

Risk of bias: Could the conduct or interpretation of the index test have introduced bias?

Signaling question 1: Were the index test results interpreted without knowledge of the results of the reference standard?
Signaling question 2: If a threshold was used, was it prespecified?
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We will classify the study as 'yes' if echocardiography results were interpreted without knowledge of the reference standard, 'no' if the
echocardiography tests were interpreted with knowledge of the reference standard results, and 'unclear' if this information is not clear. We
will classify the study as 'yes' if a threshold was prespecified, 'no' if authors selected a cut-oK value based on the analysis of data collected,
and 'unclear' if insuKicient information is provided.

Applicability: Are there concerns that the index test, its conduct, or its interpretation di5er from the review question?

We will include studies where systolic pulmonary artery pressure calculated from the maximum tricuspid regurgitation jet velocity by
using the modified Bernoulli equation and adding right atrial pressure evaluation of pulmonary artery pressure by echocardiography is
an index test regardless of threshold, and we will include index tests using various right atrial pressure estimation methods. However, the
most common method is using the diameter and collapse of the inferior vena cava during spontaneous respiration. We will therefore judge
studies where the right atrial pressure was estimated by using the diameter and collapse of the inferior vena cava during spontaneous
respiration as 'low' concern, those where right atrial pressure was estimated by using any other method as 'high' concern, and 'unclear'
concern if this information is not clear.

Domain 3: Reference standard

Risk of bias: Could the reference standard, its conduct, or its interpretation have introduced bias?

Signaling question 1: Were the reference standard results interpreted without knowledge of the results of the index test?
Signaling question 2: Were the criteria of reference standard for the target condition prespecified?

We will classify the study as 'yes' if right-heart catheterisation results were interpreted without knowledge of the index test, 'no' if right-
heart catheterisation was interpreted with knowledge of the index test results, and 'unclear' if this information is not clear. We will classify
the study as 'yes' if the criteria of the reference standard for the target condition were prespecified, 'no' if the criteria of the reference
standard for the target condition were not prespecified, and 'unclear' if this information is not clear.

Applicability: Are there concerns that the target condition as defined by the reference standard does not match the question?

The target condition is pulmonary hypertension defined as mean pulmonary artery pressure assessed by right-heart catheterisation of 25
mmHg or higher (Hoeper 2013). Use of right-heart catheterisation for the reference standard and the threshold of 25 mmHg are inclusion
criteria for this review, so we anticipate that all studies will be classified as 'low' concern.

Domain 4: Flow and timing

Risk of bias: Could the patient flow have introduced bias?

Signaling question 1: Was the interval between the index test and reference standard less than one day?
Signaling question 2: Did all patients receive the same reference standard?
Signaling question 3: Were all patients included in the analysis?

Both echocardiography and right-heart catheterisation are subject to disagreement when performed at diKerent times (e.g. days or weeks
apart), which is a major limitation of the studies that compare their accuracy in the diagnosis of pulmonary hypertension (Lewis 2016). We
will classify the study as 'yes' if there is a delay of less than a day, 'no' if there is a delay of more than or equal to a day, and 'unclear' if the
information is not clear. We will classify the study as 'yes' if all patients had the same reference standard, 'no' if some included patients
did not undergo the same reference standard, and 'unclear' if this information is not clear. Uninterpretable results may be present (e.g.
unclear echocardiography or failure to insert right-heart catheterisation). Additionally, withdrawals from the study may be present. We
anticipate that uninterpretable results would occur associated with the severity of pulmonary hypertension (e.g. diKiculty in detecting
Doppler echocardiography among severe chronic obstructive pulmonary disease patients due to overinflated lung) and not at random.
If uninterpretable results are withdrawn from analysis, diagnostic accuracy will be overestimated. We will classify the study as 'yes' if
uninterpretable results were reported and the study had no withdrawals or the withdrawals were unlikely to aKect the results; 'no' if
uninterpretable results were not reported or there were withdrawals that were likely to aKect the results, or both; and 'unclear' if this
information is not clear.
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• We planned to use the HSROC model to perform the prespecified subgroup analyses. However, due to the limited data, we only
presented the descriptive statistics as shown in Table 2.

• We planned subgroup analysis of the WHO classification to compare group 3 with other group classifications. However, most studies
did not report the classification of PH, and we changed the subgroup analysis into: group 3, not group 3, or classification not reported.
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• We performed the post hoc subgroup analysis using the bivariate model stratified by the threshold of index test (< 36 mmHg, ≥ 36 and <
40 mmHg, and ≥ 40 mmHg).We planned the sensitivity analysis using median-splitting of the prevalence of PH in each study. However,
as the prevalence varied greatly, we split the prevalence into quartiles.

• We planned a sensitivity analysis on uninterpretable results, however, we could not perform it because the data on whether the patients
with uninterpretable data had PH or not were not available.

• For the Summary of Findings table and additional Table 3, we presented the pooled sensitivity under the fixed specificity of 86% (median
of the included studies) using the estimated parameters from the HSROC model.
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