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Purpose

Pulmonary hypertension (PH) is an important cause of morbidity and mortality. A
commonly proposed non-invasive method in the diagnosis and assessment of PH is
Transthoracic Echocardiography (TTE). In this systematic review and meta-analysis, our
aim was to assess the accuracy of echocardiography in the diagnosis of PH.

Methods

The search was done up to the 31st of January 2023 using MEDLINE, Scopus, CENTRAL,
and Web of Sciences databases. The studies were included if they were randomized
controlled trials or observational in design and evaluated the diagnostic performance of
TTE in diagnosing PH in comparison to right-sided heart catheterization as a reference
method. The diagnostic performance measures included sensitivity, specificity,
Diagnostic Odds Ratio (DOR), Positive Likelihood Ratio (PLR), and Negative Likelihood

Ratio (NLR).

Results

The total number of the included patients was 4,523 from 38 articles. The overall
sensitivity and specificity of echocardiography in diagnosing pulmonary hypertension
were 54.8% (95%CI: 45.7%-63.6%) and 52.1% (95%CI: 39.0%-64.9%), respectively.
Moreover, the pooled DOR was 1.321 (95%CI: 0.695-2.51). The pooled PLR and NLR were
1.145 (95%CI: 0.830-1.579) and 0.867 (95%CI: 0.628-1.197), respectively. The highest
diagnostic performance of TTE was among group 1 and 3 PH patients.

Conclusion

Our analysis revealed that TTE had low diagnostic sensitivity, specificity, and accuracy.
Due to the overall poor diagnostic performance of TTE, the diagnosis of PH and the
assessment of response to therapies require right-sided heart catheterization. Future
prospective studies to improve the diagnostic performance of TTE in the diagnosis of PH

are needed.

INTRODUCTION

The prevalence of Pulmonary Hypertension (PH) is around
1% in the general population, yet it is much higher among
the elderly population (people>65 years), approaching
10%.1 To improve the patient’s outcomes, early detection
and accurate assessment in follow ups are considered cru-
cial.2 The gold standard for the diagnosis of PH is right

sided heart catheterization.3# The superiority of catheteri-
zation over other methods stems from its ability to measure
flow, gradients, and resistance which are considered major
determinants of pulmonary hypertension prognosis.> How-
ever, it is considered invasive and expensive, which may
limit its frequent and repeated use.3# Additionally, right
sided heart catheterization was associated with a rate of ad-
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verse events of around 1.1% in the most experienced cen-
ters.*

On the other hand, echocardiography is considered non-
invasive and readily available.® In addition, many echocar-
diographic parameters are closely related to pulmonary he-
modynamics.® These echocardiographic parameters that
can be used to assess pulmonary hypertension include right
heart cavities and cardiac dimensions, right ventricular di-
astolic dysfunction, right ventricular systolic dysfunction,
and myocardial strain.® To improve the assessment of para-
meters among patients with PH, multiple techniques were
considered, one of which is exercise as studies showed that
during exercise some parameters change among patients
with PH compared to controls which enhances the ability of
echocardiography to diagnose PH.®

Multiple systematic reviews were done to assess the di-
agnostic accuracy of transthoracic echocardiography be-
tween 2010-2019.7-10 However, these studies only included
studies before 2019.7-10 In addition, they included a small
number of studies, performed a simple diagnostic analysis
and did not assess detailed subgroup analysis especially
for World Health Organization (WHO) pulmonary hyper-
tension groups.”"10 In the recent years multiple original
studies were conducted.® In the view of right sided heart
catheterization drawbacks, limitations of the previously
conducted meta-analyses, and the need to accommodate
the rapidly growing literature, we decided to conduct this
systematic review and meta-analysis to assess the accuracy
of echocardiography in the diagnosis of PH.

METHODS

This review was registered at the International Prospective
Register of Systematic Reviews (PROSPERO) under the pro-
tocol number (CRD42023395408). We report this review in
accordance with Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines.

SEARCH STRATEGY

The search was done on the 31st of January 2023 inde-
pendently by TNA and AAT using MEDLINE, Scopus, The
Cochrane Central Register of Controlled Trials (CENTRAL),
and Web of Sciences databases. The search strategy com-
bined terms about pulmonary hypertension and echocar-
diography, where we used the medical subject heading
(MeSH) database to optimize keyword selection. The fol-
lowing terms were used in conducting the search: (Pul-
monary Hypertension) AND (Echocardiography OR 2D
Echocardiography OR Contrast Echocardiography OR
Cross-Sectional Echocardiography OR  Transthoracic
Echocardiography OR M-Mode Echocardiography OR Two-
Dimensional Echocardiography). No time or language re-
strictions were applied. Any discrepancy was resolved by a
third senior researcher (DD).

STUDY SELECTION

The studies were included in this systematic review meta-
analysis if they were:

e Observational studies that evaluated the diagnostic
value of 2-dimensional TTE in diagnosing pulmonary
hypertension compared to right sided heart catheter-
ization as a reference (gold standard).

» Randomized Controlled Trials investigating the diag-
nostic value of 2-dimensional TTE in diagnosing pul-
monary hypertension compared to right sided heart
catheterization as a reference (gold standard).

The following study types were excluded: editorials, un-
structured narrative review articles or other publications
which did not report any primary data or did not present
new analyses of existing data. In addition, studies which
evaluated the diagnostic value of echocardiography in di-
agnosing pulmonary hypertension in comparison to meth-
ods other than right sided heart catheterization, or which
used another method as an adjunct to echocardiography
and compared it to right sided heart catheterization, were
also excluded.

The study selection was performed using Rayyan
(https://www.rayyan.ai/). The articles retrieved from the
search were screened using title/abstract then the remain-
ing studies were screened using their full-text form. The
study selection was done by two independent investigators
(TNA and AAT) and any disagreement was resolved by a
third senior researcher (DD).

MAIN OUTCOMES

The topic of interest is the diagnostic value of 2-dimen-
sional TTE in diagnosing PH compared to right sided heart
catheterization (gold standard). The included diagnostic
value measures are sensitivity, specificity, Diagnostic Odds
Ratio (DOR), Positive Likelihood Ratio (PLR), and Negative
Likelihood Ratio (NLR). In addition, we investigated these
diagnostic values if the echocardiography was performed
during exercise. PH was defined as pulmonary artery pres-
sure higher than 25 mmHg while exercise PH was defined as
pulmonary artery pressure higher than 30 mmHg during ex-
ercise.ll The included studies measured pulmonary artery
pressure through echocardiography using the Bernoulli
equation by adding peak tricuspid regurgitation velocity to
the estimate of right atrial pressure. Moreover, to evalu-
ate the diagnostic value of the 2-dimensional echocardio-
graphy across the World Health Organization (WHO) PH
groups, a sub-group analysis was done for each of the 5
WHO groups. Group 1 includes patients with idiopathic
PH and PH due to connective tissue diseases, hereditary,
drug induced and congenital heart disease while group 2
includes patients with PH due to left-sided heart disease.
Groups 3, 4 and 5 include patients with pulmonary hy-
pertension due to lung disease, chronic pulmonary throm-
boembolism, and miscellaneous causes, respectively.
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DATA EXTRACTION AND QUALITY ASSESSMENT

We developed a spreadsheet for data extraction. The fol-
lowing variables were extracted; title, year of publication,
study design, country of origin (defined as the country in
which the study was located), sample size, number of pa-
tients with PH, WHO pulmonary hypertension groups that
were included in the studies, primary outcome measure,
type of 2-dimensional TTE (exercise vs resting), as well as
True Positive (TP), True Negative (TN), False Positive (FP)
and False Negative (FN) values. The data extraction was
performed by the same two independent researchers (TNA
and AAT) and any discrepancy was resolved by a senior re-
searcher (DD). The risk of bias in the included studies was
assessed using Newcastle-Ottawa Scale (NOS) for observa-
tional studies. NOS is composed of 3 components includ-
ing selection, comparability, and outcome. The selection
component includes sampling methods and representative-
ness while the comparability component includes adjust-
ment for confounding variables. The outcome component
involves the appropriateness of the outcome definition. The
highest score which can be achieved in NOS is 9.

STATISTICAL ANALYSIS

For all the studies, we constructed 2 x 2 contingency table,
then the sensitivity, specificity, DOR, PLR and NLR were
calculated for each study. When more than one threshold
was used by any of the included studies, the threshold
with the largest Youden index was used in the analysis.
The mentioned diagnostic parameters were pooled using
the random effects model. In addition, the Summarized
Receiver Operating Characteristic (SROC) curve was con-
structed using these diagnostic parameters. All the men-
tioned analysis except the SROC was conducted using Meta
XL, version 5.3 (EpiGear International, Queensland, Aus-
tralia). The SROC was generated using MetaDTA: Diagnos-
tic Test Accuracy Meta-Analysis v2.01.12

RESULTS

The search yielded 1,553 articles, 75 of which were du-
plicates. The remaining 1,478 articles were screened using
their title/abstract and 1,135 articles were excluded because
they were reviews, case reports, editorials, laboratory stud-
ies and cadaveric studies. The rest of the articles (343 arti-
cles) were screened using their full-text form and 305 were
excluded due to not using right sided heart catheteriza-
tion as a reference (gold standard) for comparison, using
other types of echocardiography (such as transesophageal
echocardiography), combining another method with
echocardiography, or not reporting the data regarding the
diagnostic value of echocardiography. Finally, 38 articles
were included in the analysis.13-49 Supplementary figure 1
describes the study selection process.

THE DIAGNOSTIC VALUE OF
ECHOCARDIOGRAPHY

Thirty eight studies were included in the analysis of inves-
tigating the diagnostic value of echocardiography (Figure
1). The overall sensitivity and specificity of echocardiog-
raphy in diagnosing PH were 54.8% (95%CI: 45.7%-63.6%)
and 52.1% (95%CI: 39.0%-64.9%), respectively. Moreover,
the pooled DOR was 1.321 (95%CI: 0.695-2.51). The pooled
PLR and NLR were 1.145 (95%CI: 0.830-1.579) and 0.867
(95%CI: 0.628-1.197), respectively. Supplementary table 2
summarizes the diagnostic value measures of echocardiog-
raphy. The overall accuracy of echocardiography in estab-
lishing the diagnosis was 53.4%. Supplementary figure 2
demonstrates the SROC curve of echocardiography.

SUB-GROUP ANALYSIS

SUB-GROUP ANALYSIS FOR THE DIAGNOSTIC
VALUE OF EXERCISE ECHOCARDIOGRAPHY

Four studies evaluated the diagnostic value of exercise
echocardiography in diagnosing PH (Supplementary figure
3). The model that pooled these studies showed that the
pooled sensitivity and specificity were 60.9% (95%CI:
39.4%-78.8%) and 32.8% (95%CI: 15.9%-55.8%), respec-
tively. The false positive rate was 67.2% (95%CI:
44.2%-84.1%). Supplementary table 3 demonstrates the
summary of diagnostic measures of exercise echocardiog-
raphy in diagnosing PH. The overall accuracy of exercise
echocardiography was 46.3%. Supplementary figure 4
shows the SROC curve of exercise echocardiography.

SUB-GROUP ANALYSIS FOR THE DIAGNOSTIC
VALUE OF ECHOCARDIOGRAPHY AMONG
PATIENTS WITH GROUP 1 PH

The model that evaluated the diagnostic value of echocar-
diography in diagnosing patients with group 1 PH included
8 studies (Supplementary figure 5). This model demon-
strated that the pooled sensitivity and specificity were
68.5% (95%CI: 38.5%-88.4%) and 62.8% (95%CI:
24.8%-89.6%), respectively. The pooled diagnostic odds ra-
tio was 3.684 (95%CI: 0.275-49.368). The pooled PLR and
NLR were 1.844 (95%CI: 0.500-6.801) and 0.501 (95%CI:
0.134-1.872), respectively. Supplementary table 4 shows
the summary measures of diagnostic value of echocardio-
graphy among patients with group 1 PH. The overall ac-
curacy of echocardiography in diagnosing group 1 PH was
65.5%. Supplementary figure 6 demonstrates the SROC for
echocardiography among patients with group 1 PH.
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Figure 1. Meta-analysis for studies that were included in the Main Analysis.
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SUB-GROUP ANALYSIS FOR THE DIAGNOSTIC
VALUE OF ECHOCARDIOGRAPHY AMONG
PATIENTS WITH GROUP 2 PH

Three studies evaluated the diagnostic value of echocar-
diography of group 2 PH (Supplementary figure 7). The
model that pooled these studies revealed that the pooled
sensitivity and specificity were 43.4% (95%CI: 3.4%-94.4%)
and 53.0% (95%CI: 16.9%-86.2%). Furthermore, the pooled
PLR and NLR were 0.924 (95%CI: 0.068-12.585) and 1.068
(95%CI: 0.129-8.82). Supplementary table 5 demonstrates
the summary measures of the diagnostic value of echocar-
diography among patients with group 2 PH. The overall ac-
curacy was 48.4%. Supplementary figure 8 shows the SROC
curve of echocardiography in diagnosing patients with
group 2 PH.

SUB-GROUP ANALYSIS FOR THE DIAGNOSTIC
VALUE OF ECHOCARDIOGRAPHY AMONG
PATIENTS WITH GROUP 3 PH

Eight studies investigated the diagnostic value of echocar-
diography of group 3 PH (Supplementary figure 9). The
model that pooled these studies showed that the pooled
sensitivity and  specificity were 47.1%  (95%CI:
35.3%-59.1%) and 65.3% (95%CI: 44.8%-81.3%), respec-
tively. The overall DOR was 1.672 (95%CI: 0.906-3.086).
The PLR and NLR were 1.356 (95%CI: 0.897-2.05) and 0.811
(95%CI: 0.656-1.002), respectively. Supplementary table 6
presents the summary measures of the diagnostic values of
echocardiography in diagnosing group 3 PH. The pooled ac-
curacy of echocardiography in diagnosing group 3 PH was
56.5%. Supplementary figure 10 demonstrates the SROC
curve of echocardiography among patients with group 3
PH.

SUB-GROUP ANALYSIS FOR THE DIAGNOSTIC
VALUE OF ECHOCARDIOGRAPHY AMONG
PATIENTS WITH GROUP 4 PH

The model that evaluated the diagnostic value of echocar-
diography in diagnosing group 4 PH included 4 studies
(Supplementary figure 11). This model showed that the
pooled sensitivity and specificity were 55.4% (95%CI:
23.1%-83.7%) and 44.5% (95%CI: 4.8%-92.8%), respec-
tively. The pooled PLR and NLR of echocardiography
among patients with group 4 PH were 0.998 (95%CI:
0.478-2.081) and 1.003 (95%CI: 0.400-2.514) (Supplemen-
tary table 7). The overall accuracy of echocardiography in
diagnosing patients with group 4 PH was 49.8% (Supple-
mentary figure 12).

CHARACTERISTICS OF THE INCLUDED STUDIES

The total number of the included patients was 4,523 from
38 articles. The prevalence of PH in the included patients
was 48.2% (2,181/4,523). The majority of the studies in-

vestigated the diagnostic value of resting echocardiography
(89.5%) while 10.5% (4/38) evaluated the diagnostic value
of exercise echocardiography. Moreover, 21.1% of the stud-
ies included patients with group 1 PH while 7.9%, 21.1%,
and 7.9% of the studies included patients with group 2,
group 3, and group 4 pulmonary hypertension, respectively.
Supplementary table 1 shows the characteristics of the in-
cluded studies.

QUALITY ASSESSMENT OF THE INCLUDED
STUDIES

The majority of the included studies (76.3%) had a good
score in the NOS (>5). The highest score (9/9) was achieved
by 18.4% of the included studies (7/38). On the other hand,
7.9% of the included studies had the lowest score (4/9). The
detailed results of NOS assessment of the included studies
are described in Supplementary table 1.

DISCUSSION

The aim of this study was to evaluate the sensitivity, speci-
ficity, PLR, NLR, DOR, and accuracy of TTE in comparison
to right heart catheterization (reference). The overall sen-
sitivity and specificity of echocardiography in diagnosing
PH were 54.8% and 52.1%, respectively. The pooled DOR
was 1.321 while the pooled PLR and NLR were 1.145 and
0.867, respectively. The overall accuracy of echocardiogra-
phy in establishing the diagnosis of PH was 53.4%. Exercise
echocardiography increased sensitivity to 60.9% but speci-
ficity decreased to 32.8%. The overall accuracy of exercise
echocardiography was also lower than resting echocardiog-
raphy (46.3%).

Previous meta-analyses showed that the sensitivity and
specificity of TTE was around 80% and 70%, respectively.3
10,50,51 11y gddition, these studies showed that the overall
accuracy was higher than 70% in the main analysis. These
findings contradict the results of our analysis models that
demonstrated lower sensitivity, specificity, and accuracy.
These contradictions can be explained by the fact that these
meta-analyses included lower number of studies and pa-
tients which might have resulted in an overestimation of
the diagnostic measures of echocardiography. The most re-
cent meta-analysis conducted by the Cochrane collabora-
tion only included 17 studies with total sample size of 3,656
patients>2 while the largest meta-analysis of the aforemen-
tioned ones included 27 studies.#® In comparison, our study
searched databases up to the end of January 2023 and in-
cluded larger number of studies (38 studies) and sample
size (4,523 patients). Thus, our results are considered more
reliable and precise with lower confidence intervals.

The DOR is one of the indicators of test accuracy®> which
pools data from sensitivity and specificity into a single
measure. Higher values of DOR indicate better discrimi-
natory test performance. A DOR of 1 suggests that the
test does not discriminate between patients with and those
without the disease.53 In our study, the pooled TTE DOR
was low indicating low overall accuracy of the test. Al-
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though SROC and DOR are very important measures for di-
agnostic tools, they are not easily integrated into clinical
practice.>4 Thus, we also presented PLR and NLR as di-
agnostic measures. Our analysis showed that the PLR was
1.145, indicating that patients with PH have a mere 1.15
fold higher likelihood of having a positive TTE compared to
controls, which is considered a very low probability to con-
firm the diagnosis of PH. On the other hand, NLR was found
to be 0.867 indicating that if the TTE result for any indi-
vidual is negative, the probability that this individual has
PH is higher than 85%. This can be explained by the fact
that the population included in the studies comprised of a
group of high-risk patients for having PH which indicates
that TTE has low diagnostic performance among this group.
Future studies are recommended to study the correlation
between TTE and right sided heart catheterization among
low-risk patients to study the performance of echocardiog-
raphy among the population with a low probability of hav-
ing PH.

TTE had the highest sensitivity, specificity, DOR and PLR
as well as the lowest NLR among patients with group 1
PH, who were mainly patients with connective tissue dis-
eases. The overall accuracy in this group of patients was
65.5% indicating that TTE is a relatively accurate method
in diagnosing PH among this group. TTE had lower sensi-
tivity but higher specificity in diagnosing group 3 PH pa-
tients. The pooled accuracy among this group of patients
was 56.5%, which is still higher than the cut off point of
50% for evaluating the accuracy of diagnostic tools. On the
other hand, the accuracy of TTE among group 2 and group 4
PH patients was very low (below 50%). Also, the NLR among
these groups of patients was higher than the PLR. These
findings were similar to previous studies that indicated that
the accuracy of echocardiography in diagnosing PH among
patients with lung diseases is low.10:50 The plausible ex-
planation behind these findings is that changes associated
with chronic pulmonary diseases, including a marked in-
crease in intrathoracic gas, consolidation of lung tissue, ex-
pansion of the thoracic cage and alteration in the position
of the heart might decrease the imaging quality and the pa-
rameters measurement of TTE.5! Consequently, the use of
TTE to measure pulmonary pressure among this group of
patients might not be a valid method. However, it is impor-
tant to highlight that a lower number of studies included
patients with group 2 and 4 PH compared to group 1 and
3 which emphasize the need for conducting further studies
among patients in these two groups of PH. Previous meta-
analyses did not perform subgroup analysis according to
the PH WHO grouping.

Several limitations are present in our study. First, a sys-
tematic review and meta-analysis is a secondary research
method based on original studies. Although the majority of
the included studies had a good quality score according to
NOS, the low quality of some of the included studies might
impact our results. Second, echocardiography relies heavily
on the operator's ability, experience, and operational dis-
cipline which might differ between the included studies.
Another limitation is that we did not perform sensitivity
analysis for parameters used to diagnose PH, yet a previous

meta-analysis showed that using different parameters did
not affect the performance of echocardiography.!9 Further-
more, despite conducting subgroup analyses on the level of
PH groups, some of the included studies did not describe
the basic disease and PH type in detail among the included
patients. In addition, due to lack of data in the included
studies, we were not able to conduct subgroup analyses ac-
cording to pulmonary hypertension severity grading. Lastly,
the low sensitivity and specificity found with TTE might be
attributed to it being an operator dependent tool. The in-
cluded studies did not investigate the inter-rater reliabil-
ity; thus, we were not able to consider such factor in our
analysis. Future studies are recommended to investigate
this limitation of TTE in diagnosing pulmonary hyperten-
sion.

In conclusion, this is the largest and most updated sys-
tematic review and meta-analysis to evaluate the diagnos-
tic performance of TTE in diagnosing pulmonary hyper-
tension compared to right sided heart catheterization as a
reference method. Our analysis revealed that TTE had low
diagnostic sensitivity, specificity, and accuracy. The high-
est diagnostic measures for TTE were among WHO group 1
and group 3 PH patients as the accuracy was higher than
50%. On the other hand, TTE had a poor diagnostic perfor-
mance among WHO groups 2 and 4 PH patients, indicating
that using it among these groups of patients may not be re-
liable or valid. Considering the limitations, echocardiogra-
phy might be a useful and non-invasive modality for mea-
suring pulmonary artery pressure among group 1 and 3 PH
patients. Also, it may be useful for first line surveillance in
patients with a low risk of PH. However, the diagnosis of PH
and the assessment of response to therapies require right
sided heart catheterization due to the overall poor diagnos-
tic performance of TTE. Future prospective large scale well-
conducted studies that aim to improve the diagnostic per-
formance of TTE in the diagnosis of PH are needed.
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