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Abstract 

Background  The role of echocardiography in the diagnostic and prognostic assessment of pulmonary hypertension 
(PH) has been widely studied recently. However, these findings have not undergone normative evaluation and may 
provide confusing evidence for clinicians. To evaluate and summarize existing evidence, we performed an umbrella 
review.

Methods  Systematic reviews and meta-analyses were searched in PubMed, Embase, Web of Science, and Cochrane 
Library from inception to September 4, 2022. The methodological quality of the included studies was assessed using 
Assessment of Multiple Systematic Reviews (AMSTAR), and the Grading of Recommendations Assessment, Develop‑
ment and Evaluation (GRADE) system was used to evaluate the quality of evidence.

Results  Thirteen meta-analyses (nine diagnostic and four prognostic studies) were included after searching four 
databases. The methodological quality of the included studies was rated as high (62%) or moderate (38%) by AMSTAR. 
The thirteen included meta-analyses involved a total of 28 outcome measures. The quality of evidence for these 
outcomes were high (7%), moderate (29%), low (39%), and very low (25%) using GRADE methodology. In the detec‑
tion of PH, the sensitivity of systolic pulmonary arterial pressure is 0.85–0.88, and the sensitivity and specificity of right 
ventricular outflow tract acceleration time are 0.84. Pericardial effusion, right atrial area, and tricuspid annulus sys‑
tolic displacement provide prognostic value in patients with pulmonary arterial hypertension with hazard ratios 
between 1.45 and 1.70. Meanwhile, right ventricular longitudinal strain has independent prognostic value in patients 
with PH, with a hazard ratio of 2.96–3.67.

Conclusion  The umbrella review recommends echocardiography for PH detection and prognosis. Systolic pulmo‑
nary arterial pressure and right ventricular outflow tract acceleration time can be utilized for detection, while several 
factors including pericardial effusion, right atrial area, tricuspid annular systolic displacement, and right ventricular 
longitudinal strain have demonstrated prognostic significance.

Trial registration  PROSPERO (CRD42022356091), https://​www.​crd.​york.​ac.​uk/​prosp​ero/.
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Background
Pulmonary hypertension (PH) is a multi-etiological 
condition characterized by abnormally increased pul-
monary artery pressure [1, 2]. The 2022 ESC/ERC guide-
lines defined PH as a mean pulmonary artery pressure 
(mPAP) > 20 mmHg measured by right heart catheteriza-
tion (RHC) at rest [3]. PH mainly manifests as progres-
sive right cardiac dysfunction and is associated with high 
morbidity, mortality, and various complications [1–4]. 
Therefore, timely diagnosis, evaluation, and treatment 
are particularly important in patients with PH.

The gold standard for diagnosing PH is invasive RHC, 
[3] which is difficult to perform widely in clinical prac-
tice. Echocardiography is widely used in the preliminary 
screening of PH because it is non-invasive, convenient, 
and accurate. Echocardiography mainly estimates the 
probability of PH by estimating systolic pulmonary arte-
rial pressure (sPAP) and combining other manifestations; 
however, the role of echocardiography in the diagnosis of 
PH remains controversial [3–5]. Furthermore, guidelines 
recommend the use of right atrial area (RAA), tricuspid 
annular systolic displacement (TAPSE)/sPAP and peri-
cardial effusion (PE) to evaluate right ventricular function 
in patients with PH and predict prognosis [3]. However, 
the prognostic value of these parameters remains unclear. 
Thus, recently, several systematic reviews and meta-
analyses have been conducted on the role of echocar-
diography in the diagnosis and prognosis of PH [6–18]. 
Nevertheless, methodological pitfalls, inconsistency 
between original studies, and the risk of bias lead to inac-
curate results. Therefore, we need a method to system-
atically and comprehensively evaluate the quality of the 
existing evidence.

Umbrella reviews, also called overviews of system-
atic reviews, help to analyze, evaluate, and summarize 
systematic reviews of a specific topic and improve the 
authenticity and reliability of evidence [19]. Therefore, we 
conducted this umbrella review to evaluate the ability of 
echocardiography in the diagnosis and prognosis of PH, 
aiming to provide an accurate and comprehensive refer-
ence for clinicians.

Methods
Protocol registration and literature search
The umbrella review was performed adhering to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines (Supplementary 

files) and prospectively registered with PROSPERO (No: 
CRD42022356091) [20]. PubMed, Embase, Web of Sci-
ence, and Cochrane Library databases were systematically 
searched with the keywords “pulmonary hypertension,” 
“systematic review and meta-analysis,” and “echocardi-
ography” to identify relevant studies from inception until 
September 4, 2022. The detailed search strategy is shown 
in S1. To avoid missing relevant studies, the references of 
the included studies were hand-searched.

Inclusion and exclusion criteria
The inclusion criteria were as follows:i) systematic review 
or meta-analyses published in English; ii) echocardiog-
raphy was used to evaluate the diagnostic or prognostic 
values of PH;iii) the key data was reported (sensitivity, 
specificity, area under the curve, and hazard ratio [HR]); 
and iv) RHC as the gold standard for the diagnosis of 
PH. The exclusion criteria were as follows:i) key data 
not reported, or inability to obtain data from the meta-
analyses;ii) the number of included studies was less 
than 3;iii) narrative reviews, commentaries, conference 
abstracts, etc.; and iv) studies not published in English.

Article selection and data extraction
Two authors (Tianxin Dong and Qing Zhu) indepen-
dently screened the articles according to predefined 
inclusion and exclusion criteria, and the disagreement 
was resolved by a third person (Shitong Wang). The 
following data were independently extracted by two 
authors:i) study information: first author, year of pub-
lication, country, the number of studies included in the 
meta-analysis, and the quality evaluation tool;ii) echocar-
diographic parameters;iii) critical data (sensitivity, speci-
ficity, area under the curve, and hazard ratio); and iv) 
main conclusions. All information was checked by a third 
person and summarized in Tables 1 and 2.

Methodological quality assessment
The methodological quality of the included systematic 
reviews and meta-analyses was assessed using Assess-
ment of Multiple Systematic Reviews (AMSTAR) [21]. 
The AMSTAR contains 11 checklists, and each item 
requires a yes, no, unclear, or unused answer. One point 
for each yes response and the cumulative scores of the 11 
items classified studies into high (8–11 points), moderate 
(4–7 points), and low (0–3 points) quality. Scoring was 
independently conducted by two people (Tianxin Dong 
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and Qing Zhu) and checked by a third person (Shitong 
Wang), and disagreements were addressed by discussion.

Evaluation of degree of overlap
The overlap of the original study was evaluated using 
the overall corrected covered area (CCA) and the pair-
wise CCA [22]. Overall CCA assesses the total overlap, 
[23] while pairwise CCA examines the overlap between 
each pair of meta-analyses included in the study [24]. The 
CCA range 0% to 5% indicates slight overlap, 6% to 10% 
indicates moderate overlap, 11% to 15% indicates high 
overlap, and above 15% indicates very high overlap. This 
work was conducted by Tianxin Dong and Qing Zhu, 
with verification by Chunyan Ma.

Grading of the evidence
The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) system was used to evalu-
ate the quality of evidence. The GRADE system includes 
five downgrade factors (risk of bias, inconsistency, indi-
rectness, imprecision, and publication bias) and three 
upgrade factors (large effect value, dose–effect relation-
ship, and a possible confounding bias that may reduce 
efficacy) and divides the evidence into four grades: high, 
moderate, low, and very low [25, 26]. High and moder-
ate evidence is used to recommend echocardiographic 
parameters, while low and very low evidence is used to 
recommend against the use of a parameter [26]. For the 
studies based on diagnostic test accuracy and prognosis, 
the initial quality of evidence was high [27]. This work 

was independently conducted by two authors (Tianxin 
Dong and Qing Zhu) and reviewed by a third author 
(Chunyan Ma), and any discrepancies were resolved by 
discussion.

Results
Literature search and selection
Based on the pre-formulated search strategy, 781 articles 
were retrieved from the four databases. After eliminat-
ing duplicates (n = 205), the remaining 576 articles were 
screened based on their titles and abstracts (n = 540). 
36 articles that met the inclusion criteria were screened 
by full-text reading, and 23 articles were excluded. Ulti-
mately, 13 articles were included in the umbrella review 
[6–18]. No additional studies were retrieved from manu-
ally searching the references of the included articles. The 
flowchart in Fig.  1 shows the detailed process and rea-
sons for exclusion.

Study characteristics of diagnostic meta‑analysis
Nine meta-analyses published between 2010 and 2022 
reported the sensitivity and specificity of echocardiogra-
phy in the detection of PH, and the number of included 
studies varied between 6 and 29 (Table  1) [6–8, 11, 13, 
15–18].  Seven meta-analyses did not have specific con-
straints on the etiology of PH, whereas two meta-analy-
ses included patients with portopulmonary hypertension 
(POPH) [15, 16]. The echocardiographic methods used 
to identify probable PH include sPAP, right ventricu-
lar systolic pressure (RVSP), right atrial pressure (RAP), 

Fig. 1  Flowchart of the study selection process
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tricuspid regurgitation pressure gradient (TRPG), and 
right ventricular outflow tract acceleration time (RVOT 
AT). The sensitivity ranged from 0.82 to 0.88, the spec-
ificity ranged from 0.63 to 0.87, and the area under the 
curve (AUC) ranged from 0.81 to 0.91. The AUC of sPAP 
for detecting POPH was the highest (0.91) [16], and the 
AUC of RVOT AT was also high (0.90) for detecting PH 
among these parameters [11]. Moreover, eight of the 
nine meta-analyses used quality assessment of diagnostic 
studies tool (QUADAS) or QUADAS-2 for quality assess-
ment, whereas one meta-analysis did not report quality 
assessment tools [8].

Study characteristics of prognostic meta‑analysis
Four meta-analyses have reported the prognostic value 
of echocardiography in patients with PH (Table 2) [9, 10, 
12, 14]. The studies were published between 2016 and 
2020, and the number of original studies included ranged 
from 10 to 27. A total of 5 parameters were evaluated: PE, 
RAA, right atrial area index (RAAI), TAPSE, and right 
ventricular longitudinal strain (RVLS). Except for RVLS, 
the remaining parameters are limited to patients with 
pulmonary arterial hypertension (PAH) rather than all 
PH patients. The main outcome indicators included end-
point event, all-cause mortality, and combined endpoint. 
The specific definitions can be found in Table 2. The HR 
was between 1.22 and 3.67 for the above-mentioned 
parameters. Additionally, each of the four meta-analyses 
used the quality assessment tool for prognostic studies 
proposed by Hayden et al. [28].

Methodological quality of the included studies
The results of AMSTAR showed (S2) that of the 13 
included meta-analyses, 8 studies were of high quality 
(62%), 5 were of moderate quality (38%), and no low-
quality studies were identified. The main problems were 
that the list of studies (included and excluded) was not 
provided (85%), restrictions of publication language and 
study type were not clearly described (77%), no design 
scheme was provided (69%), and the literature search was 
not comprehensive (38%). In addition, publication bias 
was not assessed in the two meta-analyses.

Degree of overlap
The degree of overlap was presented in Supplementary 
Fig. 1. In the case of nine diagnostic meta-analyses, CCA 
amounted to 8.06%, which indicates moderate overlap-
ping. A total of 36 nodes were formed, with pairwise 
CCA indicating that 19% of the nodes had very high 
overlap. The Yin and Korbitz’s studies had the highest 
overlap, which explained that the sensitivity of sPAP in 
diagnosing PH in patients with POPH was greatly influ-
enced by overlap [15, 16]. Regarding the four prognostic 

meta-analyses, the overall CCA was 7.14%, indicating a 
moderate overlap. Six nodes were formed, and the over-
lap between Shukla and Hulshof ’s studies was very high, 
[10, 12] which revealed that the results of RVLS obtained 
from these two studies were significantly influenced by 
the overlapping studies, indicating a certain degree of 
bias.

Grading of the evidence
The 13 meta-analyses included 28 outcome measures. A 
total of 10 pieces of evidence were recommended, from 4 
diagnostic and 4 prognostic meta-analyses [9, 10, 12, 14–
16, 29]. The results of GRADE (Table  1 and 2) showed 
that two pieces of evidence were supported by high evi-
dence (7%), and eight pieces of evidence were supported 
by moderate evidence (29%). In addition, 11 pieces of evi-
dence presented low evidence (39%), and the other seven 
were supported by very low evidence (25%). The main 
downgrading factors were inconsistency (75%), risk of 
bias (39%), imprecision (39%) and publication bias (25%). 
Two outcome measures were upgraded owing to large 
effect sizes.

Discussion
Principal findings
We performed this umbrella review according to the 
results of AMSTAR and the grading of the evidence, 
which indicated good performance of echocardiography 
for the tentative diagnosis and prognostication of PH. For 
the detection of PH, sPAP had high sensitivity but rela-
tively low specificity, and RVOT AT had both high sen-
sitivity and specificity. For the prognosis prediction, PE, 
RAA and TAPSE provide prognostic value in patients 
with PAH. RVLS has independent prognostic value in 
patients with PH.

Echocardiography for detecting PH
RHC, which can directly measure pulmonary artery pres-
sure, is considered the gold standard method to diagnose 
PH [3]. However, it is invasive, costly, and has potentially 
fatal complications; therefore, it cannot be widely per-
formed. In view of this, echocardiography is an effective 
tool for detecting PH, as it is non-radiating, non-invasive, 
and accurate. sPAP estimated by the tricuspid regurgita-
tion method was the most commonly used method, [30] 
and some studies used RAP, RVSP, etc., instead of sPAP 
to detect PH [6, 7, 13]. Recently, RVOT AT has been used 
to detect PH, but it has not yet been widely deployed 
[11]. It should be noted that echocardiography is help-
ful for screening, but insufficient for diagnosis at present, 
and the accuracy of echocardiography in the diagno-
sis of PH is often questioned. Therefore, several meta-
analyses have been conducted to evaluate the diagnostic 
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efficacy of echocardiography, which must be evaluated 
and pooled. Our umbrella review recommended four 
meta-analyses that involved one piece of high evidence 
and four pieces of moderate evidence [8, 11, 15, 16].

Three of the four recommended meta-analyses evalu-
ated the value of sPAP in diagnosing PH [8, 15, 16]. All 
included studies used the tricuspid regurgitation veloc-
ity (TRV) and estimated RAP to estimate sPAP. RAP 
estimation was mainly calculated through the diameter 
and collapse rate of the inferior vena cava during natural 
respiration. However, some studies calculated it through 
jugular vein pressure, which may be one of the reasons 
for the high heterogeneity of the results. Taleb et al. dem-
onstrated that the sensitivity of sPAP in the diagnosis 
of PH was 0.88 [8]. Two meta-analyses showed that, in 
patients with POPH, the sensitivity of sPAP was 0.86, and 
the AUC was 0.91 [15, 16]. Meanwhile, it is suggested to 
set the diagnostic threshold of sPAP for detecting POPH 
as 40–45, with a sensitivity of 0.86 and specificity of 0.87 
[15]. A study by Ni et  al. showed that the sensitivity of 
sPAP in the detection of patients with PH and pulmo-
nary disease is significantly decreased, and it is not rec-
ommended to use echocardiography to measure sPAP in 
such patients [13]. The present evidence indicates that 
sPAP exhibits high sensitivity in detecting PH, thereby 
playing a crucial role in screening PH. However, it is 
worth noting that guidelines suggest using TRV to detect 
PH due to the imprecision in RAP estimation and errors 
caused by derived variables [3]. Since there is currently 
no meta-analysis evaluating TRV’s precision in detecting 
PH, we did not feature it as the primary recommended 
parameter. Thus, further investigation is necessary to 
clarify the accuracy of TRV in detecting PH.

A meta-analysis involving 21 original studies and 1280 
patients with PH evaluated the value of RVOT AT in the 
diagnosis of PH [11]. RVOT AT refers to the time inter-
val from the beginning of right ventricular ejection to 
peak flow velocity across the pulmonary valve, which 
is strongly correlated with sPAP (r = -0.83) and can be 
measured in most patients [31]. This study showed that 
RVOT AT had high sensitivity and specificity, with an 
AUC of 0.9, regardless of the etiology of PH. For patients 
with arrhythmias, the specificity of RVOT AT was not 
affected and its sensitivity increased to 0.94 [11]. RVOT 
AT provides a new method for the detection of PH by 
echocardiography, especially for patients whose TRPG 
cannot be measured, and it is expected to be used as a 
supplementary method to enhance the diagnostic accu-
racy of echocardiography for PH. But it should be noted 
that the different diagnostic thresholds and the different 
methods of transthoracic or transesophageal echocar-
diography have a great impact on the sensitivity of the 
diagnosis. The higher the diagnostic threshold, the higher 

the sensitivity. The sensitivity of measuring RVOT AT 
by transthoracic echocardiography is higher than that of 
transesophageal echocardiography. The latest guidelines 
also set 105  ms as the cut-off value for RVOT AT, [3] 
and this recommendation needs to be further verified by 
more large-sample, high-quality, and multicenter studies.

In addition, some meta-analyses have evaluated the 
value of RVSP and RAP in the diagnosis of PH [6, 7, 18]. 
Although they reported high sensitivity and specificity, 
the inconsistency, imprecision, and risk of bias of the 
results resulted in a low or very low quality of evidence 
and should not be recommended. More high-quality 
studies are required to verify these results.

In summary, the sensitivity of sPAP in detecting PH 
is high while the specificity is relatively low, and RVOT 
AT has high sensitivity and specificity in the detection 
of PH. Although sPAP and RVOT AT are effective in 
detecting PH, RHC remains crucial for accurate diagno-
sis. Additionally, there is hope that combining multiple 
parameters will enhance the diagnostic value of echocar-
diography for PH.

Echocardiography prognosis values
Despite recent improvements in diagnosis and treatment, 
PH is still associated with a high mortality rate. The sur-
vival rate of patients with PH decreased year-by-year and 
was approximately 50% at seven years after the initial 
diagnosis [1]. Therefore, an accurate and effective prog-
nostic evaluation of patients with PH is clinically impor-
tant. There are currently several approaches to evaluate 
the prognosis of PH, such as the six-minute walking test, 
cardiopulmonary exercise test, and hemodynamic 
parameters measured by RHC, [3] and some risk scores 
have been proposed, such as REVEAL 2.0, COMPERA, 
and FPHR [29, 32]. Although these methods and risk 
scores are useful in predicting survival, echocardiogra-
phy also plays an important role in prognosis because it 
is quantitative and allows the evaluation of right heart 
function and changes in pulmonary artery pressure. 
Various echocardiographic parameters, such as RAA, 
TAPSE/sPAP, PE, and RV strain can reflect the severity 
and prognosis of PH, [3] and many meta-analyses have 
explored the prognostic value of different parameters. 
One piece of high evidence and four pieces of moderate 
evidence were recommended by our umbrella review [9, 
10, 12, 14].

Currently, right ventricular ejection fraction meas-
ured by three-dimensional echocardiography, RV-FAC, 
TAPSE, and tricuspid annular systolic velocity (s′) are 
commonly used in clinics to assess RV systolic func-
tion [3, 30]. Recently, the role of RV strain measured by 
speckle tracking echocardiography has increasingly rec-
ognized and emphasized in the early evaluation of RV 



Page 8 of 10Dong et al. BMC Pulmonary Medicine          (2023) 23:253 

systolic function [33]. Two meta-analyses used RVLS to 
judge the prognosis of patients with PH [10, 12]. Shukla 
et al. showed that the HR of RVLS for predicting all-cause 
mortality in PH was 3.67, which was better than that of 
TAPSE [10]. A previous study showed that patients with 
PH with a 22% relative reduction in RVLS had a sig-
nificantly higher risk of all-cause mortality (HR = 2.96) 
[12]. It is worth mentioning that in patients with PH 
and Eisenmenger syndrome, RV transverse strain had 
a higher predictive value than RVLS, [34] which sug-
gests that RV strain in other directions may have equal 
prominence to RVLS and should not be ignored in future 
studies.

PE, which is closely related to prognosis, is a common 
clinical presentation of PAH [35]. Baggen et  al. showed 
that PE was an independent predictor of death, trans-
plantation, and clinical deterioration in patients with 
PAH, with an HR of 1.70 [9]. The right atrium is impor-
tant for blood storage, and PAH can elevate RAP and 
result in enlargement of the right atrium. A study sug-
gested that RAA/RAAI was associated with an increased 
risk of poor prognosis in patients with PAH (HR = 1.50) 
[14]. TAPSE is a convenient indicator of right ventricu-
lar longitudinal systolic function and prognosis, [36] and 
the HR of TAPSE for all-cause mortality in patients with 
PAH was 1.45, [10] which could be used as an independ-
ent prognostic factor with a limited predictive value.

The TAPSE/sPAP ratio is a crucial parameter for non-
invasive assessment of RV-arterial coupling. It offers a 
valuable alternative to measuring the end-systolic/arte-
rial elasticity ratio via invasive pressure–volume loops. 
TAPSE/sPAP can enlighten clinicians on the diastolic 
stiffness of the right ventricle in patients suffering from 
severe PH, and play a key role in prognosis [37, 38]. The 
2022 ESC guidelines have also recognized it as an impor-
tant prognostic factor, with thresholds of 0.32 and 0.19 
for high, medium, and low risk [3]. Nevertheless, there 
has been no systematic review or meta-analysis on this 
parameter to allow evidence to be evaluated by GRADE. 
With an increasing number of studies, a future meta-
analysis on the prognostic value of TAPSE/sPAP ratio 
may provide more dependable clinical evidence.

Therefore, PE, RAA, and TAPSE are prognostic factors 
for PAH. RVLS is recommended as a critical prognostic 
tool because it is an independent prognostic factors and 
has high HR, and we are confident that RVLS will pro-
vide incremental prognostic value to echocardiography 
or risk stratification models in the future.

Study limitations
This umbrella review has several limitations. First, the 
quality of the umbrella review depends on the qual-
ity of the included meta-analyses. Different etiologies 

and inconsistent diagnostic cut-off values may affect the 
strength and reliability of evidence in meta-analyses. 
Second, in the original studies, all the patients with PH 
included in the study groups were confirmed by RHC. 
These patients were initially suspected of PH based on 
clinical indications and echocardiography. As a result, 
the sensitivity and specificity of echocardiography in 
our study may have been inflated. Therefore, the results 
of our study should be interpreted with caution when 
extrapolating to non-high-risk populations. Third, some 
patients with PH may have been excluded because RHC 
was not required for those whose echocardiography was 
“normal”, which resulted in a population selection bias. 
And the control groups in some of the included stud-
ies did not undergo RHC to confirm the absence of PH, 
which may lead to the inclusion of some patients with 
PH.

Fourth, the population heterogeneity is an issue that 
cannot be ignored in this meta-analysis on the topic. PH 
involves many disease etiologies and many patients with 
PH also have comorbidities such as heart and lung dis-
eases, [3] which can affect the results of echocardiogra-
phy measurements. For example, different types of heart 
failure have different effects on the right heart, which in 
turn affects parameters such as sPAP; some connective 
tissue diseases also have different effects on cardiac func-
tion [18]. In addition, differences in race in original stud-
ies can also lead to differences in results.

Fifth, although we evaluated the overlap of original 
studies, there is currently no clear method to assess the 
specific impact of overlap. Next, only studies published 
in English were included; therefore, the risk of language 
bias could not be ignored. Finally, the evaluation of the 
AMSTAR and GRADE systems were affected by subjec-
tive factors, even though they were performed indepen-
dently by two authors and checked by a third person.

Future research
According to the umbrella review, some recommenda-
tions and ideas for future research include: i) future stud-
ies are needed to categorize the etiology of PH to avoid 
the influence of primary diseases on the results; ii) the 
time interval between RHC and echocardiography should 
be controlled and shortened as much as possible because 
it is an important factor that affects the accuracy of echo-
cardiography diagnosis;iii) future research should clarify 
that echocardiography can only be used for the detection 
of PH at present, not diagnosis;iv) multi-parameter mod-
els can be constructed to further improve the diagnos-
tic and prognostic value of echocardiography for PH;v) 
it is important to investigate the prognostic value of PE, 
RAA, and TAPSE in other types of PH since they are cur-
rently limited to PAH patients. Additionally, the sample 



Page 9 of 10Dong et al. BMC Pulmonary Medicine          (2023) 23:253 	

size of RVLS is still small, and further research is needed 
to expand its applicability; and vi) further clarification is 
needed on the impact of different degrees of PH severity 
on the accuracy of echocardiographic diagnosis.

It should be emphasized that the guidelines rede-
fined the diagnostic criteria for PH (mPAP > 20 mmHg), 
whereas existing studies have used the old cut-off 
(25 mmHg). The downshift of diagnostic criteria is nec-
essary for early diagnosis and treatment of PH; however, 
there are also effects on the reliability of the existing evi-
dence. Therefore, further studies are urgently required 
to validate the applicability and authenticity of this 
evidence.

In future meta-analyses, the following issues should be 
noted:i) gray literature is an important source of infor-
mation that should be considered when conducting the 
literature search;ii) 85% of the included meta-analyses 
did not provide a list of excluded articles, which we rec-
ommend to increase the credibility of meta-analyses in 
future; iii) 75% of the outcome measures were down-
graded due to heterogeneity, which was one of the most 
important factors affecting the quality of evidence. Sub-
group, meta-regression, and sensitivity analyses should 
be used to address heterogeneity. If heterogeneity cannot 
be explained, quantitative analysis is not recommended, 
and iv) 39% of the evidence is at risk of bias. An appropri-
ate risk of bias tool should be selected according to the 
study design included in the meta-analysis, and studies 
with a high risk of bias should be carefully considered for 
inclusion.

Conclusions
According to the findings of this umbrella review, echo-
cardiography can be clinically used for the tentative 
diagnosis and prognosis of PH. The sensitivity of sPAP 
in detecting PH is high while the specificity is relatively 
low, thus it can be used for preliminary screening of 
PH. RVOT AT has high sensitivity and specificity in the 
detection of PH. Nevertheless, RHC remains necessary 
for accurate confirmation of the diagnosis. For the prog-
nosis prediction, PE, RAA, and TAPSE provide prognos-
tic value in patients with PAH. RVLS has independent 
prognostic value in patients with PH.

In future, it is important to use multiple echocardio-
graphic parameters for detection and predicting the prog-
nosis of PH. Therefore, multi-parameter models should 
be constructed to increase the diagnostic and prognostic 
value of echocardiography in PH. Furthermore, because 
the diagnostic criteria for PH have changed, further stud-
ies are urgently needed to verify the applicability of the 
findings obtained.

Abbreviations
AMSTAR​	� Assessment of Multiple Systematic Reviews
AUC​	� Area under the curve
CCA​	� Corrected covered area
GRADE	� Grading of Recommendations Assessment, Development and 

Evaluation
PE	�  Pericardial effusion
PH	�  Pulmonary hypertension
mPAP	� Mean pulmonary artery pressure
RAA​	�  Right atrial area
RAAI	� Right atrial area index
RAP	� Right atrial pressure
RHC	�  Right heart catheterization
RV-FAC	� Right ventricular fractional area change
RVLS	� Right ventricular longitudinal strain
RVOT AT	� Right ventricular outflow tract acceleration time
RVSP	� Right ventricular systolic pressure
sPAP	� Systolic pulmonary arterial pressure
TAPSE	� Tricuspid annulus systolic displacement
TRPG	� Tricuspid regurgitation pressure gradient
TRV	� Tricuspid regurgitation velocity

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12890-​023-​02552-y.

Additional file 1: Supplementary Table 1. Detailed search strategy. 
Supplementary Table 2. Detailed of results for AMSTAR. Supplementary 
Figure 1. Overall overlap assessment and pairwise overlap assessment.

Acknowledgements
Not applicable.

Authors’ contributions
Tian-Xin Dong and Chun-Yan Ma contributed to the study design. Tian-Xin 
Dong and Qing Zhu collected and analyzed the data. Shi-Tong Wang and 
Chun-Yan Ma audited the data and results. Tian-Xin Dong, Qing Zhu, Shi-Tong 
Wang, Yong-Huai Wang, Guang-Yuan Li, Fan-Xin Kong, and Chun-Yan Ma 
wrote and edited the manuscript. All authors reviewed the manuscript.

Funding
This study was supported by National Natural Science Foundation of China 
(grant numbers U21A20387) and Shenyang Science and Technology Plan 
(Project number 20–205-4–014).

Availability of data and materials
All data generated or analyzed in the course of this study are included in these 
published articles and their supplementary information files, as detailed in the 
Supplementary Materials.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Cardiovascular Ultrasound, The First Hospital of China Medical 
University, No. 155 Nanjing Bei Street, Shenyang 110001, Liaoning, China. 
2 Clinical Medical Research Center of Imaging in Liaoning Province, Shenyang, 
Liaoning, China. 

https://doi.org/10.1186/s12890-023-02552-y
https://doi.org/10.1186/s12890-023-02552-y


Page 10 of 10Dong et al. BMC Pulmonary Medicine          (2023) 23:253 

Received: 14 February 2023   Accepted: 6 July 2023

References
	1.	 Mandras SA, Mehta HS, Vaidya A. Pulmonary hypertension: a brief guide 

for clinicians. Mayo Clin Proc. 2020;95(9):1978–88.
	2.	 Poch D, Mandel J. Pulmonary hypertension. Ann Intern Med. 

2021;174(4):Itc49-itc64.
	3.	 Humbert M, Kovacs G, Hoeper MM, Badagliacca R, Berger RMF, Brida M, 

et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmo‑
nary hypertension. Eur Heart J. 2022;43(38):3618–731.

	4.	 Hoeper MM, Bogaard HJ, Condliffe R, Frantz R, Khanna D, Kurzyna M, et al. 
Definitions and diagnosis of pulmonary hypertension. J Am Coll Cardiol. 
2013;62(25 Suppl):D42-50.

	5.	 Rich JD. Counterpoint: can Doppler echocardiography estimates of 
pulmonary artery systolic pressures be relied upon to accurately make 
the diagnosis of pulmonary hypertension? No Chest. 2013;143(6):1536–9.

	6.	 Zhang RF, Zhou L, Ma GF, Shao FC, Wu XH, Ying KJ. Diagnostic value of 
transthoracic Doppler echocardiography in pulmonary hypertension: a 
meta-analysis. Am J Hypertens. 2010;23(12):1261–4.

	7.	 Janda S, Shahidi N, Gin K, Swiston J. Diagnostic accuracy of echocardiog‑
raphy for pulmonary hypertension: a systematic review and meta-analy‑
sis. Heart (British Cardiac Society). 2011;97(8):612–22.

	8.	 Taleb M, Khuder S, Tinkel J, Khouri SJ. The diagnostic accuracy of Doppler 
echocardiography in assessment of pulmonary artery systolic pressure: a 
meta-analysis. Echocardiography (Mount Kisco, NY). 2013;30(3):258–65.

	9.	 Baggen VJM, Driessen MMP, Post MC, van Dijk AP, Roos-Hesselink JW, van 
den Bosch AE, et al. Echocardiographic findings associated with mortality 
ortransplant in patients with pulmonary arterial hypertension:a system‑
atic review and meta-analysis. Neth Heart J. 2016;24(6):374–89.

	10.	 Shukla M, Park JH, Thomas JD, Delgado V, Bax JJ, Kane GC, et al. Prognos‑
tic value of right ventricular strain using speckle-tracking echocardiogra‑
phy in pulmonary hypertension: a systematic review and meta-analysis. 
Can J Cardiol. 2018;34(8):1069–78.

	11.	 Wang YC, Huang CH, Tu YK. Pulmonary hypertension and pulmonary 
artery acceleration time: a systematic review and meta-analysis. J Am Soc 
Echocardiogr. 2018;31(2):201-10.e3.

	12.	 Hulshof HG, Eijsvogels TMH, Kleinnibbelink G, van Dijk AP, George KP, 
Oxborough DL, et al. Prognostic value of right ventricular longitudinal 
strain in patients with pulmonary hypertension: a systematic review and 
meta-analysis. Eur Heart J Cardiovasc Imaging. 2019;20(4):475–84.

	13.	 Ni JR, Yan PJ, Liu SD, Hu Y, Yang KH, Song B, et al. Diagnostic accuracy of 
transthoracic echocardiography for pulmonary hypertension: a system‑
atic review and meta-analysis. BMJ Open. 2019;9(12):e033084.

	14.	 Liu K, Zhang C, Chen B, Li M, Zhang P. Association between right atrial 
area measured by echocardiography and prognosis among pulmonary 
arterial hypertension: a systematic review and meta-analysis. BMJ Open. 
2020;10(9):e031316.

	15.	 Korbitz PM, Gallagher JP, Samant H, Singh S, Jophlin L, Ingviya T, et al. 
Performance of echocardiography for detection of portopulmonary 
hypertension among liver transplant candidates: Meta-analysis. Clin 
Transplant. 2020;34(11):e13995.

	16.	 Yin X, Shao Y, Zhang Y, Gao H, Qin T, Wen X, et al. Role of echocardiog‑
raphy in screening for portopulmonary hypertension in liver transplant 
candidates: a meta-analysis. PeerJ. 2020;8:e9243.

	17.	 Ullah W, Minalyan A, Saleem S, Nadeem N, Abdullah HM, Abdalla A, et al. 
Comparative accuracy of non-invasive imaging versus right heart cath‑
eterization for the diagnosis of pulmonary hypertension: a systematic 
review and meta-analysis. Int J Cardiol Heart Vasc. 2020;29:100568.

	18.	 Tsujimoto Y, Kumasawa J, Shimizu S, Nakano Y, Kataoka Y, Tsujimoto 
H, et al. Doppler trans-thoracic echocardiography for detection of 
pulmonary hypertension in adults. Cochrane Database Syst Rev. 
2022;5(5):Cd012809.

	19.	 Papatheodorou S. Umbrella reviews: what they are and why we need 
them. Eur J Epidemiol. 2019;34(6):543–6.

	20.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. 
The PRISMA statement for reporting systematic reviews and meta-anal‑
yses of studies that evaluate healthcare interventions: explanation and 
elaboration. BMJ (Clinical research ed). 2009;339:b2700.

	21.	 Shea BJ, Grimshaw JM, Wells GA, Boers M, Andersson N, Hamel C, et al. 
Development of AMSTAR: a measurement tool to assess the methodo‑
logical quality of systematic reviews. BMC Med Res Methodol. 2007;7:10.

	22.	 Bracchiglione J, Meza N, Pérez-Carrasco I, Vergara-Merino L, Madrid E, 
Urrútia G, et al. A methodological review finds mismatch between overall 
and pairwise overlap analysis in a sample of overviews. J Clin Epidemiol. 
2023;159:31–9.

	23.	 Pieper D, Antoine SL, Mathes T, Neugebauer EA, Eikermann M. Systematic 
review finds overlapping reviews were not mentioned in every other 
overview. J Clin Epidemiol. 2014;67(4):368–75.

	24.	 Pérez-Bracchiglione J, Meza N, Bangdiwala SI, Niño de Guzmán E, Urrútia 
G, Bonfill X, et al. Graphical Representation of Overlap for OVErviews: 
GROOVE tool. Res Synth Methods. 2022;13(3):381–8.

	25	 Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et al. GRADE guide‑
lines: 1. Introduction-GRADE evidence profiles and summary of findings 
tables. J Clin Epidemiol. 2011;64(4):383–94.

	26	 Balshem H, Helfand M, Schünemann HJ, Oxman AD, Kunz R, Brozek J, 
et al. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epide‑
miol. 2011;64(4):401–6.

	27.	 Schünemann HJ, Oxman AD, Brozek J, Glasziou P, Jaeschke R, Vist 
GE, et al. Grading quality of evidence and strength of recommenda‑
tions for diagnostic tests and strategies. BMJ (Clinical research ed). 
2008;336(7653):1106–10.

	28.	 Hayden JA, van der Windt DA, Cartwright JL, Côté P, Bombardier 
C. Assessing bias in studies of prognostic factors. Ann Intern Med. 
2013;158(4):280–6.

	29	 Benza RL, Gomberg-Maitland M, Elliott CG, Farber HW, Foreman AJ, Frost 
AE, et al. Predicting Survival in Patients With Pulmonary Arterial Hyperten‑
sion: The REVEAL Risk Score Calculator 2.0 and Comparison With ESC/
ERS-Based Risk Assessment Strategies. Chest. 2019;156(2):323–37.

	30.	 Bossone E, D’Andrea A, D’Alto M, Citro R, Argiento P, Ferrara F, et al. 
Echocardiography in pulmonary arterial hypertension: from diagnosis to 
prognosis. J Am Soc Echocardiogr. 2013;26(1):1–14.

	31.	 Mohammad Nijres B, Bokowski J, Mubayed L, Jafri SH, Davis AT, Abdulla 
RI. Utility of pulmonary artery acceleration time to estimate systolic pul‑
monary artery pressure in neonates and young infants. Pediatr Cardiol. 
2020;41(2):265–71.

	32.	 Benza RL, Miller DP, Barst RJ, Badesch DB, Frost AE, McGoon MD. An evalu‑
ation of long-term survival from time of diagnosis in pulmonary arterial 
hypertension from the REVEAL Registry. Chest. 2012;142(2):448–56.

	33.	 Muthurangu V. Right ventricular strain: a better window into the work‑
ing of the heart in pulmonary hypertension. JACC Cardiovasc Imaging. 
2019;12(11 Pt 1):2165–7.

	34.	 Moceri P, Bouvier P, Baudouy D, Dimopoulos K, Cerboni P, Wort SJ, et al. 
Cardiac remodelling amongst adults with various aetiologies of pulmo‑
nary arterial hypertension including Eisenmenger syndrome-implications 
on survival and the role of right ventricular transverse strain. Eur Heart J 
Cardiovasc Imaging. 2017;18(11):1262–70.

	35.	 Shimony A, Fox BD, Langleben D, Rudski LG. Incidence and significance of 
pericardial effusion in patients with pulmonary arterial hypertension. Can 
J Cardiol. 2013;29(6):678–82.

	36.	 Aloia E, Cameli M, D’Ascenzi F, Sciaccaluga C, Mondillo S. TAPSE: An old 
but useful tool in different diseases. Int J Cardiol. 2016;225:177–83.

	37.	 Tello K, Axmann J, Ghofrani HA, Naeije R, Narcin N, Rieth A, et al. Rel‑
evance of the TAPSE/PASP ratio in pulmonary arterial hypertension. Int J 
Cardiol. 2018;266:229–35.

	38.	 Tello K, Wan J, Dalmer A, Vanderpool R, Ghofrani HA, Naeije R, et al. Valida‑
tion of the Tricuspid Annular Plane Systolic Excursion/Systolic Pulmonary 
Artery Pressure Ratio for the Assessment of Right Ventricular-Arterial 
Coupling in Severe Pulmonary Hypertension. Circ Cardiovasc Imaging. 
2019;12(9):e009047.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Diagnostic and prognostic value of echocardiography in pulmonary hypertension: an umbrella review of systematic reviews and meta-analyses
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Background
	Methods
	Protocol registration and literature search
	Inclusion and exclusion criteria
	Article selection and data extraction
	Methodological quality assessment
	Evaluation of degree of overlap
	Grading of the evidence

	Results
	Literature search and selection
	Study characteristics of diagnostic meta-analysis
	Study characteristics of prognostic meta-analysis
	Methodological quality of the included studies
	Degree of overlap
	Grading of the evidence

	Discussion
	Principal findings
	Echocardiography for detecting PH
	Echocardiography prognosis values
	Study limitations
	Future research

	Conclusions
	Anchor 30
	Acknowledgements
	References


