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Abstract

Objective: To evaluate the diagnostic value of TTE in patients with PH and preliminarily 

explore the factors that may affect the diagnostic accuracy of TTE.

Design: Systematic review and meta-analysis.

Data sources and eligibility criteria: EMBASE, Cochrane Library for clinical trials, PubMed 

and Web of Science were searched from inception to June 19, 2019. Studies using both TTE 

and RHC to diagnose PH were included.

Mean results: 27 studies involving 4386 subjects were eligible for analysis. TTE had a pooled 

sensitivity 85% (95% CI 81–90%), a pooled specificity of 74% (95% CI 64–81%), a pooled 

positive likelihood ratio of 3.2 (95% CI 2.3–4.4), a pooled negative likelihood ratio of 0.20 (95% 

CI 0.15–0.26), a pooled diagnostic odds ratio of 16 (95% CI 10–27), and finally an area under 

the SROC curve of 0.88 (95%CI 0.85–0.90).

Conclusion: The value of TTE in diagnosing PH is certain, although it cannot yet replace RHC 

as the gold standard at this stage. The time interval between TTE and RHC, the threshold value 

of TTE and the disease composition of the study population may all be factors affecting the 

diagnostic value of TTE.

Review registration number: PROSPERO CRD42019123289.
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Strengths and limitations of this study

1. We conducted a systematic and comprehensive search of the main database, included more 

studies, and obtained a large sample size.

2. Detailed subgroup analysis and sensitivity analysis were performed.

3. The types of pulmonary hypertension included in the studies could not be distinguished.

4. No unified procedure for measuring pulmonary artery pressure by transthoracic 

echocardiography.
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1 Introduction

2 The prevalence of pulmonary hypertension (PH) is estimated 1% in the general population, 

3 and as high as 10% in the 600 million people older than 651 . With the aggravation of population 

4 aging, PH will become a global health problem2. Early detection and accurate assessment is 

5 vital for improved outcomes for PH patients3. Right heart catheterization (RHC) is the gold 

6 standard for accurate measurements of pulmonary pressures and for the diagnosis of PH4. But 

7 RHC is invasive and it cannot be used frequently or repeatedly5. Transthoracic 

8 echocardiography (TTE) is a noninvasive test recommended for use in screening for PH4. The 

9 feasibility of TTE in evaluating systolic pulmonary artery pressure (SPAP) through tricuspid 

10 regurgitation has been confirmed in previous studies6 7. TTE is also able to provide crucial 

11 information on heart size and function8. 

12 Despite the frequent use of TTE for screening for PH, its diagnostic accuracy and clinical 

13 value has courted much controversy. The latest guideline4 for PH suggest that peak tricuspid 

14 regurgitation velocity (TRV) can be used to determine the likelihood of PH. But clinicians often 

15 expect to get a specific numerical value by echocardiography to evaluate the condition, observe 

16 the curative effect and judge the prognosis. Therefore echocardiographic method for estimating 

17 SPAP by tricuspid regurgitation are still adopted in clinic. 

18 From 2010 to 2013, three reviews9-11 unanimously concluded that TTE could only be used 

19 as a crude screening tool and was not suitable for the diagnosis of PH. However, the studies 

20 they included were published before 2010. In recent years, many new original studies related 

21 to this topic have emerged. In addition, an ideal evidence system should integrate and evaluate 

22 all important research evidence related to specific clinical problems12. So high quality meta-
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23 analysis has been increasingly regarded as one of the key tools for achieving evidence13 14. Thus, 

24 the purpose of this study is to undertake an updated systematic review and quantitative meta-

25 analysis on the value of TTE for diagnosing PH and preliminarily explore the factors that may 

26 affect the diagnostic accuracy of TTE.

27 Methods

28 The present study is reported as per the Preferred Reporting Items for Systematic Reviews 

29 and Meta-analyses (PRISMA) statement15 and the published recommendations16. The detailed 

30 protocol is accessible in PROSPERO (CRD42019123289) 17 18.

31 Data sources and search

32 We performed a systematic search in EMBASE, Cochrane Library, PubMed and Web of 

33 Science for relevant literatures from inception to June 19, 2019. Subject words were combined 

34 with free words, and the search strategies were developed and adapted for each database 

35 (appendix 1). For unpublished trials, we searched ClinicalTrials.gov and the trials registers on 

36 the World Health Organization International Clinical Trials Registry Platform. We also 

37 reviewed the references of included studies and other systematic reviews and meta-analysis to 

38 obtain a comprehensive list of included studies.

39 Study selection

40 Studies were selected based on the following inclusion criteria: studies diagnosing PH by 

41 TTE; the study population was patients with suspected PH; TTE measurements of SPAP were 

42 performed using tricuspid regurgitation; RHC was used as the gold standard for the diagnosis 

43 of PH. 
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44 Exclusion criteria were: insufficient data to construct a 2×2 table; the tricuspid regurgitation 

45 method was not used to calculate pulmonary artery pressure; studies with fewer than 20 subjects; 

46 duplicate data is used (in which case, select the largest sample or the latest study).

47 Two reviewers (JR.N and PJ.Y) independently screened eligible studies for suitability. 

48 Disagreements were resolved by consensus. If consensus could not be reached, a third reviewer 

49 (SD.L) was deferred to for arbitration. No language restriction was applied.

50 Data extraction 

51 Two reviewers (JR.N and PJ.Y) extracted data independently as per a predefined data 

52 extraction sheet. The following variables were extracted from included studies: lead author, 

53 publication year, country of study, study design, study population demographics, sample size, 

54 mean age, male ratio, the time interval between TTE and RHC, the cut-off threshold levels for 

55 TTE and RHC, and the number of true-positive (TP), false-negative (FN), true-negative (TN) 

56 and false-positive (FP) observations. Extracted data was cross-checked and disagreements were 

57 resolved via discussion or referral to a third reviewer (Y.H).

58 Quality assessment 

59 The Quality Assessment of Diagnostic Accuracy Studies QUADAS-2 tool was used to assess 

60 the risk of bias and clinical applicability concerns of included studies as per the Cochrane 

61 Collaboration recommendation19 20. Two reviewers (JR.N and PJ.Y) independently evaluated 

62 QUADAS-2 items, and all emerging conflicts were resolved by consensus. 

63 Data synthesis and statistical analysis

64 All statistical analyses were performed with STATA/SE version 15.1 (Stata Corp, College 
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65 Station, TX) and Review Manager Version 5.3 software (Copenhagen, Denmark, Nordic 

66 Cochrane Centre, Cochrane Collaboration, 2014). All tests were two-tailed. A P value< 0.05 

67 was considered statistically significant.

68 The correlation coefficient between the logarithm of sensitivity and logarithm of one minus 

69 specificity (i.e. the false-positive rate) was calculated to test whether the threshold effect was 

70 one of the sources of heterogeneity21. Deeks, test was used to test for publication bias22. The 

71 bivariate model for diagnostic meta-analysis was used to obtain pooled estimates of sensitivity 

72 and specificity23. Statistical heterogeneity among studies was explored using the I2 statistic. 

73 Pooled sensitivity, specificity, diagnostic odds ratio (DOR), positive (PLR) 、  negative 

74 (PLR) likelihood ratios, and the area under the summary receiver operating curve (SROC) were 

75 calculated from the number of TPs, FNs, FPs, and TNs. The 95% confidence intervals (CIs) 

76 were estimated for each metric.

77 Subgroup analyses were undertaken based on the following variables: the time interval 

78 between TTE and RHC; disease classification of the study population; publication year of the 

79 study; study design (prospective or retrospective studies) and cut-off threshold of TTE 

80 diagnostic PH. Sensitivity analysis was undertaken by excluding low-quality studies(according 

81 to the QUADAS-2 quality assessment) or trials with characteristics different from the others.

82 Results

83 Studies Retrieved and Characteristics

84 Figure 1 presents the PRISMA flow chart of literature screening. A total 27 publications7 24-

85 49 involving 4386 subjects met our inclusion criteria (Table 1). One study28 was divided into 

86 two independent parts because of the differences between the case group and the control group. 
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87 Of the 27 eligible studies, 14 (52%) were published during 2010–2019, and 13 (48%) were 

88 published before 2010. 12 (44%) studies were undertaken in the Europe, nine (30%) in the 

89 USA, two in the Asia (8%), three in the Middle East (12%) and one in the Australia (4%). Most 

90 studies were prospective in design (56%, 15/27) versus 44% (12/27) retrospective.

91 All included studies used the tricuspid maximal regurgitation velocity (TRVmax) to estimate 

92 SPAP; the majority of these studies using classical methods (4TRVmax2+RAP) to calculate 

93 SPAP. The right atrial pressure (RAP) was calculated through the diameter and collapse of the 

94 inferior vena cava (IVC) during spontaneous respiration in 16(59%) studies, through the jugular 

95 vein pressure (JVP) in one study (4%), and using a fixed value (5 or 10 mm Hg) in three studies 

96 (11%). Three studies (11%) did not report their methods for calculating RAP. Four studies (15%) 

97 used a tricuspid gradient (4TRVmax 2) instead of SPAP.

98 The majority of studies (81%) reported the time interval (mean or maximum) between TTE 

99 and RHC while five (19%) did not. 10 studies (37%) had time intervals greater than one week, 

100 13 studies (48%) had time intervals of less than one week. The time interval between TTE and 

101 RHC ranged from four hours to three months.

102 Quality Assessment

103 The quality assessment of included studies as per the QUADAS-2 inventory is presented in 

104 Figure 2. In 20 (74%) study protocols, consecutive subjects were enrolled, with no 

105 inappropriate exclusions. The risk of bias during patient recruitment was unclear in the 

106 remaining seven (26%) studies, as patient recruitment was not reported. In seven (26%) studies 

107 investigators designed the single-blind methods for TTE or RHC. Double blinding in imaging 

108 assessment was not mentioned in any of the articles of the studies. Risk of bias on flow and 
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109 timing between the index test and reference standard was categorized as unclear in 14 (52%) 

110 study protocols that did not explicitly state successful investigation with both index and 

111 reference tests in all included patients. Overall, there were low concerns for patient selection, 

112 index test, and reference standard. Only five studies (19%) described the number of patients 

113 excluded for lack of tricuspid regurgitation, while the rest (81%) only indicated excluding 

114 patients without tricuspid regurgitation or using contrast media to enhance tricuspid 

115 regurgitation signals.

116 Quantitative Analysis

117 The SROC curve for TTE is presented in Figure 3.The AUC was 0.88 (95%CI 0.85–0.90). 

118 The pooled sensitivity and specificity for TTE were 85% (95%CI 81%–90%) and 74% (95%CI 

119 64%–81%), respectively. There was significant heterogeneity across studies for the specificity 

120 and sensitivity of TTE (Figure 4). The pooled PLR and NLR were 3.2 (95%CI 2.3–4.4) and 

121 0.20 (95%CI 0.15–0.26). The pooled DOR for TTE is 16 (95%CI 10–27).

122 The results of the subgroup analysis are presented in Table 2. The sensitivity (87%, 95%CI 

123 81%–91%), specificity (74%, 95%CI 62%–83%) and AUC (0.89, 95%CI 0.86–0.91) of TTE 

124 for diagnosing PH was higher for studies published in 2010 and later relative to those published 

125 before 2010. Among the time interval subgroups, the group with the shortest time interval 

126 between TTE and RHC had the best diagnostic effect, with sensitivity specificity and AUC of 

127 88% (95%CI 73%–95%), 90% (95%CI 53%–99%) and 0.94(95%CI 0.92–0.96), respectively. 

128 The disease composition of the study population also affected the diagnostic accuracy of TTE. 

129 Compared with patients of other diseases, TTE had lower sensitivity (81%, 95%CI 70%–88%), 

130 specificity (61%, 95%CI 53%–69%) and AUC (0.73, 95%CI 0.69–0.77) in the subgroup of 
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131 patients with definite lung diseases.

132 Subgroup analysis of different cut-off thresholds for diagnosing PH based on TTE showed 

133 that subgroup applied a cut-off threshold of 35mmHg had superior performance than at 

134 40mmHg. The sensitivity, specificity and AUC of the former were respectively 92% (95%CI 

135 88%–94%), 65% (95%CI 43%–83%) and 0.92 (95%CI 0.89–0.94), while the sensitivity, 

136 specificity and AUC at 40mmHg were 84% (95%CI 75%–91%), 52% (95%CI 31%–71%) and 

137 0.80 (95%CI 76%–83%).Tricuspid regurgitation pressure gradient (TRPG) calculated by 

138 4TRVmax2 has good specificity (81%, 95%CI 70%-89%) in the diagnosis of PH.

139 The sensitivity analysis results are shown in Table 3. After excluding low-quality studies and 

140 studies with specific characteristics, sensitivity analysis did not reveal a source for the 

141 heterogeneity for the diagnostic accuracy analysis. Overall, the pooled meta-analysis results for 

142 outcomes were robust to our sensitivity analyses.

143 Discussion

144 Our study found that TTE has better sensitivity but moderate specificity for the detection of 

145 PH. The pooled sensitivity of the TTE was 0.85 at a specificity of 0.74. The AUC of TTE was 

146 0.88. These findings altogether suggest that TTE has clinical value for diagnosing PH. In 

147 addition, the time intervals between TTE and RHC, the cut-off threshold of TTE, the basic 

148 diseases of the tested patients and other factors may affect the accuracy of TTE to diagnose PH.

149 There was significant heterogeneity in our study, threshold test proves that threshold effect 

150 is not the source of heterogeneity (r=﹣0.34, P=0.12). From SROC diagram, we can see that only 

151 four studies fall within the 95% confidence contour. Deeks, test for funnel plot asymmetry 

152 suggested no publication bias (P=0.69). We speculate the source of heterogeneity to a 
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153 combination of variation, including study design, interval time between TTE and RHC, and 

154 biases in the review, natural history of PH and population. Despite the significant heterogeneity 

155 of the studies included in this paper, our results can still serve as the adamant evidence for the 

156 diagnosis of TTE with PH.

157 Guidelines recommend the use of inferior vena cava width and collapse rate to estimate RAP, 

158 which was not used in some of the included studies. Sensitivity analysis for this point showed 

159 that studies of using IVC to calculate RAP did not seem to have a higher diagnostic performance. 

160 In order to avoid errors caused by RAP estimation, TRVmax is also considered as an indicator 

161 to evaluate the possibility of PH. Four studies using TRPG replacing SPAP were grouped into 

162 a subgroup. The results showed that this subgroup had high diagnostic specificity, but the 

163 overall diagnostic effect was general.

164   At last year's 6th World Symposium on Pulmonary Hypertension, the new definition of PH 

165 surprised the audience and provoked lasting discussion. Scholars represented by Gérald 

166 Simonneau50 pointed out that the normal mean pulmonary artery pressure (MPAP) was 

167 14.0±3.3 mmHg, and two standard deviations higher than the mean value would be MPAP>20 

168 mmHg should be defined as the upper limit of normal values (above 97.5 percentage points) 

169 based on scientific methods. However, some opponents51 argue that it is too early to reduce the 

170 MPAP threshold to 20 mmHg because of the risk of over-diagnosis, unclear treatment 

171 implications and additional psychological burden on patients. Therefore, we still follow the 

172 previous standard that PH was defined as MPAP≥25mmHg at rest. After excluding 7 studies 

173 that RHC threshold was not 25mmHg, sensitivity analysis results showed that sensitivity 

174 decreased slightly, specificity increased slightly. It should be noted that we must face up to the 
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175 increased risk of misdiagnosis due to the reduction of the threshold value of PH diagnostic gold 

176 standard. More research is needed to determine whether lowering standards does more harm 

177 than good.

178 Studies included in previous systematic reviews and meta-analysis similar to this study all 

179 published before 2010, therefore we conducted subgroup analysis according to the year of 

180 publication. The data confirm that studies published after 2010 have a slightly higher diagnostic 

181 accuracy than previous studies. We surmised that this could be due to improvement of 

182 ultrasonic equipment, the enhancement of ultrasonic operation or clear diagnostic gold standard 

183 of RHC. 

184 Does the time interval between the diagnostic test and the standard test affect the diagnostic 

185 accuracy? There is no clear consensus. Although PH is a chronic disease, we still believe that 

186 the shortest possible time interval is more conducive. Otherwise, changes in the patient's 

187 condition and the application of intervention measures will lead to an increase in the deviation 

188 of the results of the two examinations. Since most studies (25/27) did not mention whether the 

189 subjects were hospitalized patients, we conducted a detailed subgroup analysis according to the 

190 time interval between TTE and RHC. As expected, the diagnostic accuracy was highest when 

191 the time interval was less than or equal to 24 hours.

192 Analysis restricted to subgroups disease composition of the population suggested that the 

193 diagnostic accuracy of TTE is lower for patients with lung diseases. Changes associated with 

194 chronic pulmonary disease, including marked increase in intrathoracic gas, consolidation of 

195 lung tissue, expansion of the thoracic cage, and alterations in the position of the heart, adversely 

196 affect the imaging quality and parameters measurement of TTE52. Therefore, using TTE to 
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197 measure pulmonary pressure in patients with lung diseases may not be an ideal choice.

198 The cut-off threshold of the diagnostic test often affects its sensitivity and specificity. 

199 However, guidelines in Europe and the United States differ slightly in the threshold value for 

200 the echocardiographic diagnosis of PH. The American guideline advocates for a 40mmHg53, 

201 while the European equivalent recommends 36mmHg54. In our review, four studies assessed 

202 PH using TRPG (4TRVmax2) without adding RAP. In the remaining 22 studies, the cut-off 

203 thresholds of SPAP ranged from 30–50mmHg. Subgroup analysis showed that the diagnostic 

204 accuracy of the group of 35 mmHg was higher. Sensitivity analysis results of studies that 

205 excluded high TTE cut-off value showed that high cut-off value increased the specificity and 

206 reduced the sensitivity of TTE. Due to the small sample size of the subgroup in this study, the 

207 value of the cut-off threshold still needs to be determined by further prospective studies of 

208 multi-center and large samples. 

209 There were two types of included literature, prospective studies and retrospective studies. 

210 Subgroup analysis presented that TTE had higher diagnostic value in prospective studies than 

211 in retrospective studies. A prospective study has predetermined details of experimental 

212 implementation, and the quality of research can be improved through multiple controllable links. 

213 It is more rigorous and scientific than a retrospective study55. 

214 The previous three meta-analyses have their own limitations. The studies of Mohammed 

215 Taleb9 and Rui Feng Zhang11 included few references and the sample size was relatively small. 

216 Although Surinder Janda et al10 included 28 studies, only 13 of them had sufficient data for 

217 meta-analysis. Most importantly, they only synthesized the diagnostic accuracy data in their 

218 study, but did not conduct subgroup analysis. In this study, we comprehensively included more 
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219 literatures and conducted detailed subgroup analysis according to different research parameters 

220 to explore the factors that may affect the diagnostic accuracy of TTE. It was expected that more 

221 researchers related to PH will benefit from the results of our detailed subgroup analysis.

222 Limitations

223 Systematic review and meta-analysis is a secondary research method based on multiple 

224 original studies. The quality of the included studies will have an impact on the results of meta-

225 analysis. In addition, there are several limitations in our study. Firstly, the studies included in 

226 this review involved several different types of PH, and some studies did not describe the basic 

227 disease and PH typing in detail. It is obvious that pulmonary lesions can affect the quality of 

228 TTE imaging, leading to underestimated results. Secondly, the blinding procedures were 

229 unreported for some of the included studies. Finally, in order to obtain more original studies, 

230 we did not specify the type of echocardiography equipment and specific requirements in the 

231 operation process. Differences in equipment and ultrasonic inspection implementation process 

232 could be a source of interference.

233 Conclusion

234 The value of TTE in diagnosing PH is certain, although it cannot yet replace RHC as the gold 

235 standard. The diagnostic accuracy of TTE improved with shortening time interval between TTE 

236 and RHC and appropriate cut-off threshold. TTE may not be suitable for assessing pulmonary 

237 arterial pressure in patients with pulmonary disease. More multicenter, large-sample 

238 randomized controlled trials are needed to verify our findings.
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Table 1 Characteristics of Studies Included in this Meta–analysis

TTE, Transthoracic echocardiography; RHC, right cardiac catheter; SPAP, systolic pulmonary artery pressure; MPAP, mean pulmonary artery pressure; TRPG, tricuspid regurgitation pressure gradient; TRV, tricuspid regurgitation velocity; RAP, right atrial 
pressure;IVC, Inferior vena cava; JVP, jugular vein pressure; COPD, chronic obstructive pulmonary disease; ILD, Interstitial lung disease; PVD, peripheral vascular disease.
* The median time (other terms are mean time).

Study Year Country Design N
Disease Composition of
 the Population

Mean Age 
(Years)

Male
(%)

Time 
Interval

TTE Threshold 
(mmHg)

RHC Threshold 
(mmHg)

TTE
 Method

Ahmed 2019 USA Retrospective 136 Multiple diseases 59±20 35 <3m SPAP≥40 MPAP≥25 4TRVmax2+RAP(IVC)
Keir 2018 Australia Prospective 265 Interstitial lung disease 60.8±16.5 46 – TRPG>46 MPAP≥25 4TRVmax2

Habash- 1 2018 USA Retrospective 31 Liver transplantation  candidates 57±11 42 36.8±13.4d SPAP>47 MPAP≥25 4TRVmax2+RAP(IVC)
Habash-2 2018 USA Retrospective 49 Multiple diseases 59±15 31 16.0±11.6d SPA>43 MPAP≥25 4TRVmax2+RAP(IVC)
Schneider 2018 Austria Prospective 65 Cardiac and lung diseases 67.2 43 <48h TRPG>32 MPAP≥25 4TRVmax2

Balcl 2016 Turkey Prospective 103 Lung transplantation candidates 47.6±10.4 66 <72h SPAP>35 MPAP≥25 4TRVmax2+RAP (NR)
Shujaat 2016 USA Retrospective 87 Multiple diseases 54.3±15.9 29 13d* SPAP>40 MPAP>25 4TRVmax2+RAP (NR)
Sohrabi 2016 Iran Prospective 300 Rheumatic mitral stenosis 59.9 31 <24h SPAP≥35 MPAP≥25 4TRVmax2+RAP(IVC)
Nagel 2015 Germany Prospective 76 Systemic sclerosis 58±14 16 – SPAP>40 MPAP≥25 4TRVmax2+RAP(IVC)
Greiner 2014 Germany Retrospective 1695 Cardiac disease 63±15 67 <5d SPAP≥36 MPAP≥25 4TRVmax2+RAP(IVC)
Lafitte 2013 France Retrospective 114 Cardiac and lung disease 64.8±15.9 52 <48h SPAP≥38 MPAP>25 4TRVmax2+RAP(IVC)
Lange 2013 Germany Retrospective 231 Multiple diseases 62±13 43 5±4d SPAP>50 MPAP≥25 4TRVmax2+RAP (5)
Raevens 2013 Belgium Retrospective 152 Liver transplantation candidates 58±11 66 – SPAP>38 MPAP≥25 4TRVmax2+RAP (NR)
Parsaee 2012 Iran Prospective 103 Cardiac diseases 41.0±15.8 44 <4h SPAP≥35 MPAP>25 4TRVmax2+RAP(IVC)
Rajaram 2012 UK Retrospective 81 Connective tissue disease 62±14 15 <48h TRPG≥40 MPAP≥25 4TRVmax2

Hua 2009 China Prospective 105 Liver transplantation candidates 49.5±11.8 63 4.2±2.0 d SPAP≥30 MPAP≥25 4TRVmax2+RAP(IVC)
Nathan 2008 USA Retrospective 60 Idiopathic pulmonary fibrosis 62.9±8.6 55 32±78d SPAP≥40 MPAP>25 4TRVmax2+RAP(IVC)
Hsu 2008 USA Prospective 49 Systemic Sclerosis 55 18 <4h SPAP>47 MPAP≥25 4TRVmax2+RAP (10)
Mogollon 2008 Spain. Retrospective 67 Heart transplantation candidates – – – SPAP>40 MPAP>35 4TRVmax2+RAP(IVC)
Fisher 2007 USA Retrospective 63 Emphysema patients 65.6±6.6 60 23d SPAP>40 MPAP≥25 4TRVmax2+RAP(IVC)
Lanzarini 2005 Italy Prospective 57 Heart failure 52±11 74 <24h SPAP≥32 SPAP≥35 4TRVmax2+RAP (IVC)
Mukerjee 2004 UK Prospective 137 Systemic sclerosis 63 – <3 m TRPG>40 MPAP≥25 4TRVmax2

Arcasoy 2003 USA Prospective 166 COPD 68%, ILD 28%, PVD 4% 51 43 <72h SPAP≥45 SPAP≥45 4TRVmax2+RAP(IVC)
Penning 2001 USA Retrospective 27 Pregnant women with cardiac diseases 28.6 0 25.8d SPAP≥40 SPAP≥35 4TRVmax2+RAP(IVC)
Matsuyama 2001 Japan Prospective 35 COPD 66 94 – SPAP≥40 MPAP>25 4TRVmax2+RAP(IVC)
Kim 2000 USA Prospective 74 Liver transplantation candidates 54 50 59d SPAP>50 MPAP≥35 4TRVmax2+RAP(IVC)
Denton 1997 UK Prospective 20 COPD 48.6±11.7 30 1.8±2.3m SPAP≥30 SPAP≥30 4TRVmax2+RAP(JVP)
Laaban 1989 France Prospective 27 COPD 63±9 78 <2d SPAP≥35 SPAP≥35 4TRVmax2+RAP(5)
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Table 2 Subgroup analysis

Group N
I2

(95%CI)
AUC
(95%CI)

Sensitivity  
(95%CI)

Specificity 
(95%CI)

PLR
(95%CI)

NLR
((95%CI)

DOR
(95%CI)

All Studies 28 98(97–99) 0.88(0.85–0.90) 0.85(0.81–0.90) 0.74(0.64–0.81) 3.2(2.3–4.4) 0.20(0.15–0.26) 16(10–27)
Time Interval
≤24h 4 95(90–99) 0.94(0.92–0.96) 0.88(0.73–0.95) 0.90(0.53–0.99) 8.9(1.5–54.5) 0.13(0.06–0.29) 68(13–348)
≤48h* 7 95(90–99) 0.94(0.91–0.95) 0.88(0.81–0.93) 0.89(0.71–0.96) 7.8(2.8–21.3) 0.13(0.09–0.21) 59(23–148)

≤72h＊
9 94(89–99) 0.91(0.89–0.93) 0.87(0.82–0.91) 0.83(0.65–0.93) 5.2(2.4–11.2) 0.15(0.11–0.21) 34(14–82)

≤1 week 13 93(87–99) 0.91(0.88–0.93) 0.87(0.84–0.90) 0.80(0.68–0.88) 4.3(2.7–6.9) 0.16(0.12–0.21) 27(15–48)
>1 week 10 97(95–99) 0.82(0.78–0.85) 0.85(0.73–0.92) 0.60(0.40–0.77) 2.1(1.3–3.4) 0.25(0.14–0.45) 9(4–21)

Unclear 5 82(63–100） 0.85(0.81–0.88） 0.79(0.63–0.99) 0.76(0.61–0.87) 3.4(1.9–5.9) 0.27(0.15–0.51) 12(5–33)
Population Disease
cardiac diseases 6 94(89–99) 0.90(0.87–0.92) 0.90(0.86–0.93) 0.67(0.29–0.91) 2.7(0.9–8.1) 0.15(0.08–0.30) 18(3–95)
lung diseases 8 90(81–100) 0.73(0.69–9.77) 0.81(0.70–0.88) 0.61(0.53–0.69) 2.1(1.8–2.4) 0.32(0.21–0.48) 7(4–10)
multiple diseases# 6 93(87–99) 0.90(0.87–0.92) 0.89(0.84–0.92) 0.70(0.40–0.89) 3.0(1.3–7.1) 0.16(0.11–0.23) 19(6–60)
Unclear& 8 88(77–100) 0.88(0/85–0.90) 0.80(0.64–0.90) 0.85(0.80–0.89) 5.3(4.0–7.0) 0.23(0.12–0.45) 23(10–51)
Published Year
≥2010 15 97(95–99) 0.89(0.86–0.91) 0.87(0.81–0.91) 0.74(0.62–0.83) 3.3(2.3–4.9) 0.18(0.13–0.25) 19(11–13)
<2010 13 96(93–99) 0.86(0.83–0.89) 0.84(0.74–0.90) 0.73(0.56–0.85) 3.1(1.8–5.3) 0.22(0.14–0.37) 14(6–33)
Study Design
Prospective 15 97(95–99) 0.90(0.87–0.92) 0.86(0.77–0.91) 0.79(0.69–0.87) 4.2(2.7–6.4) 0.18(0.11–0.28) 23(12–45)
Retrospective 13 96(92–99) 0.86(0.83–0.89) 0.86(0.80–0.90) 0.65(0.49–0.78) 2.5(1.6–3.7) 0.22(0.15–0.32) 11(6–22)
Cut–off Threshold
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SPAP≥40 mmHg 8 96(93–99) 0.80(0.76–0.83) 0.84(0.75–0.91) 0.52(0.31–0.71) 1.7(1.2–2.5) 0.30(0.21–0.44) 6(3–11)

SPAP≥35 mmHg 4 76(47–100） 0.92(0.89–0.94） 0.92(0.88–0.94) 0.65(0.43–0.83) 2.6(1.4–4.9) 0.13(0.08–0.22) 16(9–28)
TRPG 4 0(0–100) 0.85(0.82–0.88) 0.75(0.58–0.86) 0.81(0.70–0.89) 4.0(2.2–7.3) 0.31(0.17–0.57) 13(4–40)
AUC, Area under curve; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; TRPG, tricuspid regurgitation pressure 
gradient.
*Studies with time intervals less than or equal to 24 hours were included in this subgroup.

＊Studies with time intervals less than or equal to 24 hours and 48 hours were included in this subgroup.

# Studies included a variety of diseases, including heart disease and lung disease.
&Diseases were not specifically identified in the studies (transplant candidates).
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Table 3 Sensitivity analysis

Study characteristic N
I2

(95%CI)
AUC
(95%CI)

Sensitivity  
(95%CI)

Specificity 
(95%CI)

PLR
(95%CI)

NLR
((95%CI)

DOR
(95%CI)

all included studies 28 98(97–99) 0.88(0.85–0.90) 0.85(0.81–0.90) 0.74(0.64–0.81) 3.2(2.3–4.4) 0.20(0.15–0.26) 16(10–27)
excluding study of Penning 27 98(97–99) 0.88(0.85–0.91) 0,86(0.81–0.89) 0.75(0.66–0.82) 3.4(2.5–4.6) 0.19(0.14–0.26) 18(11–28)
MPAP≥25 21 98(97–99) 0.87(0.84–0.90) 0.83(0.77–0.88) 0.76(0.67–0.83) 3.5(2.5–4.8) 0.22(0.16–0.30) 16(10–26)
RAP method(IVC) 17 96(93–99) 0.89(0.86–0.91) 0.86(0.82–0.90) 0.73(0.59–0.84) 3.2(2.0–5.1) 0.19(0.13–0.27) 17(8–35)
Excluding high cut-off value* 21 97(95–99) 0.90(0.87–0.92) 0.88(0.85–0.91) 0.72(0.59–0.82) 3.2(2.1–4.8) 0.16(0.12–0.22) 20(11–36)

AUC, Area under curve; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio. SPAP, systolic pulmonary artery 
pressure; MPAP, mean pulmonary artery pressure; RAP, right atrial pressure; IVC, Inferior vena cava.
* High cut-off value was defined as SPAP greater than 45mmHg or tricuspid regurgitation pressure gradient (TRPG) greater than 40mmHg.
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Figure 1 Flowchart for identification of studies 
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Figure 2 Risk of bias and applicability concerns summary: review authors' judgements regarding each 
domain for each included study (n=28). 
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Figure 3 Summary receiver operating characteristic (SROC) graph with 95% confidence region and 95% 
prediction region for TTE in the diagnosis of pulmonary hypertension (n=28). 
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Figure 4 Forest plot of the sensitivity and specificity of each individual study, summary sensitivity and 
specificity and I2 statistic for heterogeneity (n=28). 
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PRISMA-DTA Checklist

Section/topic # PRISMA-DTA Checklist Item Reported on 
page # 

TITLE / ABSTRACT
Title 1 Identify the report as a systematic review (+/- meta-analysis) of diagnostic test accuracy (DTA) studies. 1
Abstract 2 Abstract: See PRISMA-DTA for abstracts. 3
INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of what is already known. 6
Clinical role of index 
test

D1 State the scientific and clinical background, including the intended use and clinical role of the index test, and if 
applicable, the rationale for minimally acceptable test accuracy (or minimum difference in accuracy for comparative 
design).

6

Objectives 4 Provide an explicit statement of question(s) being addressed in terms of participants, index test(s), and target 
condition(s).

7

METHODS 
Protocol and 
registration 

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number. 

7

Eligibility criteria 6 Specify study characteristics (participants, setting, index test(s), reference standard(s), target condition(s), and study 
design) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, 
giving rationale.

7

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched. 

7

Search 8 Present full search strategies for all electronic databases and other sources searched, including any limits used, such 
that they could be repeated.

Supplementar
y Data

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

30, Figure 1

Data collection 
process 

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 

8

Definitions for data 
extraction

11 Provide definitions used in data extraction and classifications of target condition(s), index test(s), reference 
standard(s) and other characteristics (e.g. study design, clinical setting).

8

Risk of bias and 
applicability

12 Describe methods used for assessing risk of bias in individual studies and concerns regarding the applicability to the 
review question.

9

Diagnostic accuracy 
measures

13 State the principal diagnostic accuracy measure(s) reported (e.g. sensitivity, specificity) and state the unit of 
assessment (e.g. per-patient, per-lesion).

9

Synthesis of results 14 Describe methods of handling data, combining results of studies and describing variability between studies. This 
could include, but is not limited to: a) handling of multiple definitions of target condition. b) handling of multiple 
thresholds of test positivity, c) handling multiple index test readers, d) handling of indeterminate test results, e) 

9
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PRISMA-DTA Checklist

grouping and comparing tests, f) handling of different reference standards

Page 1 of 2 

Section/topic # PRISMA-DTA Checklist Item Reported 
on page # 

Meta-analysis D2 Report the statistical methods used for meta-analyses, if performed. 9
Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which 

were pre-specified. 
9

RESULTS 
Study selection 17 Provide numbers of studies screened, assessed for eligibility, included in the review (and included in meta-analysis, if 

applicable) with reasons for exclusions at each stage, ideally with a flow diagram. 
30, 
Figure 1

Study characteristics 18 For each included study provide citations and present key characteristics including: a) participant characteristics 
(presentation, prior testing), b) clinical setting, c) study design, d) target condition definition, e) index test, f) reference 
standard, g) sample size, h) funding sources

26 
Table 1

Risk of bias and 
applicability

19 Present evaluation of risk of bias and concerns regarding applicability for each study. 31
Figure 2

Results of individual 
studies 

20 For each analysis in each study (e.g. unique combination of index test, reference standard, and positivity threshold) report 
2x2 data (TP, FP, FN, TN) with estimates of diagnostic accuracy and confidence intervals, ideally with a forest or receiver 
operator characteristic (ROC) plot.

32 
Figure 3

Synthesis of results 21 Describe test accuracy, including variability; if meta-analysis was done, include results and confidence intervals. 33 
Figure 4

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression; analysis of index test: 
failure rates, proportion of inconclusive results, adverse events).

27-29
Table 2-3

DISCUSSION 
Summary of evidence 24 Summarize the main findings including the strength of evidence. 12
Limitations 25 Discuss limitations from included studies (e.g. risk of bias and concerns regarding applicability) and from the review 

process (e.g. incomplete retrieval of identified research).
16

Conclusions 26 Provide a general interpretation of the results in the context of other evidence. Discuss implications for future research and 
clinical practice (e.g. the intended use and clinical role of the index test).

16

FUNDING 
Funding 27 For the systematic review, describe the sources of funding and other support and the role of the funders. 2

Adapted From:  McInnes MDF, Moher D, Thombs BD, McGrath TA, Bossuyt PM, The PRISMA-DTA Group (2018). Preferred Reporting Items for a Systematic Review and Meta-analysis of Diagnostic Test 
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1. Pubmed 

 (((((((((((((((((Echocardiography[MeSH Terms]) OR Echocardiography[Title/Abstract]) OR 

ECHO[Title/Abstract]) OR echocardiogram*[Title/Abstract]) OR ultrasound 

cardiography[Title/Abstract]) OR heart echography[Title/Abstract]) OR cardiac 

echography[Title/Abstract]) OR Cardiac ultrasound[Title/Abstract]) OR heart 

ultrasound[Title/Abstract]) OR cardial echography[Title/Abstract]) OR cardio 

echography[Title/Abstract]) OR echo cardiogram*[Title/Abstract]) OR echo 

cardiography[Title/Abstract]) OR echo sounding, heart[Title/Abstract]) OR heart echo 

sounding[Title/Abstract])) AND ((((((((((((Hypertension, Pulmonary/diagnosis[MeSH Terms]) 

OR Hypertension, Pulmonary[Title/Abstract]) OR pulmonary hypertension[Title/Abstract]) 

OR hypertension, lung[Title/Abstract]) OR hypertensive pulmonary[Title/Abstract]) OR 

pulmonary arter* hypertension[Title/Abstract]) OR lung arter* hypertension[Title/Abstract]) 

OR lung hypertension[Title/Abstract]) OR pulmonary fixed hypertension[Title/Abstract]) OR 

PH[Title/Abstract])) OR pulmonary hypertensive[Title/Abstract])) AND (((((((((((Right heart 

catheterization[Title/Abstract]) OR Right heart catheterisation[Title/Abstract]) OR right heart 

catheter*[Title/Abstract]) OR right cardiac catheter*[Title/Abstract]) OR right cardiac 

catheterization[Title/Abstract]) OR right cardiac catheterisation[Title/Abstract]) OR 

RHC[Title/Abstract])) OR right‐sided heart catheterization[Title/Abstract])) OR right‐sided 

heart catheterisation[Title/Abstract]) Sort by: Best Match
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2. Cochrane library 

#1 MeSH descriptor: [Echocardiography] explode all trees

#2 Echocardiography

#3 echocardiogram*

#4 Echo

#5 Cardiac ultrasound

#6 heart ultrasound

#7 ultrasound cardiography

#8 heart echography

#9 cardi* echography

#10 echo cardiogra*

#11 echo sounding, heart

#12 echography, heart

#13 heart echo sounding

#14 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 

OR #13

#15 MeSH descriptor: [Hypertension, Pulmonary] explode all trees

#16 pulmonary hypertension

#17 hypertension, pulmonary

#18 lung hypertension

#19 hypertension, lung

#20 pulmonary arterial hypertension
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#21 lung arterial hypertension

#22 lung artery hypertension

#23 pulmonary artery hypertension

#24 pulmonary fixed hypertension

#25 pulmonary hypertensive

#26 hypertensive pulmonary vascular disease*

#27 #15 OR #16 OR #17 OR 15 OR #19 #20 OR #21 OR #22 OR #23 OR #24 OR #25 

OR #26

#28 right cardiac catheterization

#29 Right heart catheterization

#30 right heart catheter*

#31 right cardiac catheter*

#32 right heart catheterisation

#33 right cardiac catheterisation

#34 right‐sided heart catheterization

#35 right‐sided heart catheterisation

#36 RHC

#37 #28 OR #29 OR #30 #31 #32 OR #33 OR #34 OR #35 OR #36

#38 #14 AND #27 AND #37
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3. EMBASE

('echocardiography'/exp OR 'echocardiography':ab OR 'ECHO':ab OR 'echocardiogram*':ab 

OR 'ultrasound cardiography':ab OR 'heart echography':ab OR 'cardi* echography':ab OR 

'cardiac ultrasound':ab OR 'heart ultrasound':ab OR 'echo cardiogra*':ab OR 'echo sounding, 

heart':ab OR 'echography, heart':ab OR 'heart echo sounding':ab) AND ('pulmonary 

hypertension'/exp OR 'pulmonary hypertension':ab OR 'hypertension, pulmonary':ab OR 

'hypertension, lung':ab OR 'hypertensive pulmonary':ab OR 'pulmonary arter* hypertension':ab 

OR 'lung arter* hypertension':ab OR 'lung hypertension':ab OR 'pulmonary fixed 

hypertension':ab OR 'pulmonary hypertensive':ab OR 'PH':ab) AND ('right cardiac 

catheterisation':ab OR 'right cardiac catheterization':ab OR 'right heart catheterization':ab OR 

'right heart catheter*':ab OR 'right cardiac catheter*':ab OR 'RHC':ab)
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4. Web of Science 

#4 #3 AND #2 AND #1 

DocType=All document types; Language=All languages;

#3 TS= （ “right cardiac catheterization” or “right heart catheterization” or “ right heart 

catheter*” or “right cardiac catheter*” or “right heart catheterisation” or “right cardiac 

catheterisation” or “RHC” or “right ‐ sided heart catheterization” or “right ‐ sided 

heart catheterisation”） 

DocType=All document types; Language=All languages;

#2 TS= （ “Pulmonary Hypertension” or “PH” or “lung hypertension” or “pulmonary 

arter*hypertension” or “lung arter* hypertension” or “pulmonary hypertensive” or 

“hypertensive pulmonary”） 

DocType=All document types; Language=All languages;

#1 TS=（echocardiography or ECHO or echocardiogram* or “ultrasound cardiography” or 

“heart echography” or “Cardiac ultrasound” or “heart ultrasound” or "cardi* echography" 

or "echo cardiogra*"） 

DocType=All document types; Language=All languages;
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Abstract

Objective: To evaluate the diagnostic accuracy of transthoracic echocardiography (TTE) in 

patients with pulmonary hypertension (PH).

Design: Systematic review and meta-analysis.

Data sources and eligibility criteria: EMBASE, Cochrane Library for clinical trials, PubMed 

and Web of Science were searched from inception to June 19, 2019. Studies using both TTE 

and right heart catheterization (RHC) to diagnose PH were included.

Main results: A total of 27 studies involving 4386 subjects were considered as eligible for 

analysis. TTE had a pooled sensitivity of 85% (95% CI 81–90%), a pooled specificity of 74% 

(95% CI 64–81%), a pooled positive likelihood ratio of 3.2 (95% CI 2.3–4.4), a pooled negative 

likelihood ratio of 0.20 (95% CI 0.15–0.26), a pooled diagnostic odds ratio of 16 (95% CI 10–

27), and finally an area under the summary receiver operating characteristic (SROC) curve of 

0.88 (95%CI 0.85–0.90).

Conclusion: TTE has clinical value in diagnosing PH, although it cannot yet replace RHC 

considered as the gold standard. The accuracy of TTE may be improved by shortening the time 

interval between TTE and RHC and by developing an appropriate threshold. TTE may not be 

suitable to assess pulmonary arterial pressure in patients with pulmonary diseases.

Review registration number: PROSPERO CRD42019123289.
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4

Strengths and limitations of this study

1. We conducted a comprehensive search of the main database, included more studies, and 

obtained a large sample size.

2. Detailed subgroup analysis and sensitivity analysis were performed.

3. The types of pulmonary hypertension included in the studies could not be distinguished.

4. Significant heterogeneity in our study limits the interpretation of results.
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1 Introduction

2 The prevalence of pulmonary hypertension (PH) is estimated at 1% in the general population, 

3 and as high as 10% in the 600 million people older than 65.1 Early detection and accurate 

4 assessment are vital for improved outcomes for PH patients.2 Right heart catheterization (RHC) 

5 is the gold standard in the diagnosis of PH,3 but it is invasive and cannot be used frequently or 

6 repeatedly.4 The latest guideline for PH recommends transthoracic echocardiography (TTE) as 

7 a noninvasive test for screening.3 

8 High quality meta-analysis has been considered as one of the key tools for achieving 

9 evidence.5 6 Three systematic reviews and meta-analysis regarding the diagnostic accuracy of 

10 TTE for PH were published between 2010 and 2013.7-9 The studies included in these meta-

11 analysis were all published before 2010. In addition, two of them included fewer studies and 

12 performed a simple diagnostic data synthesis.8 9 The other included a relatively large number 

13 of studies, but did not assess a detailed subgroup analysis.7 In recent years, TTE has still been 

14 used in the clinical diagnosis of PH, and many new original studies have been published.10-13 

15 Therefore, the purpose of our study was to undertake a comprehensive systematic review and 

16 quantitative meta-analysis on the accuracy of TTE in the diagnosis of PH.

17 Methods

18 The present study is reported according to the Preferred Reporting Items for Systematic 

19 Reviews and Meta-analyses (PRISMA) statement and the published recommendations.14 15 The 

20 detailed protocol is accessible in PROSPERO (CRD42019123289).16 17

21 Data sources and search
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22 A systematic search in EMBASE, Cochrane Library for clinical trials, PubMed and Web of 

23 Science was performed to find the relevant literature from inception to June 19, 2019. Subject 

24 words were combined with free words, and the search strategy was developed and adapted for 

25 each database. For unpublished trials, ClinicalTrials.gov and the trials registers on the World 

26 Health Organization International Clinical Trials Registry Platform were searched. The 

27 references of the included studies and other systematic reviews and meta-analysis were also 

28 reviewed to obtain a comprehensive list of included studies.

29 Study selection

30 Studies were selected based on the following inclusion criteria: studies that diagnosed PH by 

31 TTE; the study population was represented by patients with suspected PH; TTE measurement 

32 of systolic pulmonary artery pressure (SPAP) was performed using tricuspid regurgitation; 

33 RHC was used as the gold standard for the diagnosis of PH. 

34 The exclusion criteria were the following: insufficient data to construct a 2×2 table; tricuspid 

35 regurgitation method was not used to calculate pulmonary artery pressure; studies with less than 

36 20 subjects; duplicate data were used (in this case, the largest sample or the latest study was 

37 selected).

38 Two reviewers (JR.N and PJ.Y) independently screened the eligible studies for suitability. 

39 Disagreements were resolved by consensus. If consensus could not be reached, a third reviewer 

40 (SD.L) was deferred to arbitration and consensus. No language restriction was applied. If a 

41 study is not conducted in the author's language, professional translation software could be used.

42 Data extraction 

Page 6 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033084 on 22 D

ecem
ber 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

7

43 Two reviewers (JR.N and PJ.Y) extracted the data independently according to a predefined 

44 data extraction sheet. The following variables were extracted from the included studies: lead 

45 author, publication year, country of study, study design, study population demographics, 

46 sample size, mean age, male ratio, time interval between TTE and RHC, the cut-off threshold 

47 levels for TTE and RHC, and number of true-positive (TP), false-negative (FN), true-negative 

48 (TN) and false-positive (FP) observations. Extracted data was cross-checked and disagreements 

49 were resolved via discussion or referral to a third reviewer (Y.H).

50 Quality assessment 

51 The Quality Assessment of Diagnostic Accuracy Studies QUADAS-2 tool was used to assess 

52 the risk of bias and clinical applicability concerns of the included studies according to the 

53 Cochrane Collaboration recommendation.18 19 Two reviewers (JR.N and PJ.Y) independently 

54 evaluated QUADAS-2 items, and all emerging conflicts were resolved by consensus. 

55 Data synthesis and statistical analysis

56 Statistical analysis was performed using STATA/SE version 15.1 (Stata Corp, College 

57 Station, TX) and Review Manager Version 5.3 software (Copenhagen, Denmark, Nordic 

58 Cochrane Centre, Cochrane Collaboration, 2014). All tests were two-tailed. A p value< 0.05 

59 was considered statistically significant.

60 The correlation coefficient between the logarithm of sensitivity and logarithm of one minus 

61 specificity was calculated to test whether the threshold effect was one of the sources of 

62 heterogeneity.20 Deeks’ test was used to test for publication bias.21 The bivariate model for 

63 diagnostic meta-analysis was used to obtain pooled estimates of sensitivity and specificity.22 
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64 Statistical heterogeneity among studies was explored using the I2 statistic. 

65 Pooled sensitivity, specificity, diagnostic odds ratio (DOR), positive likelihood ratio (PLR), 

66 negative likelihood ratio (NLR), and the area under the summary receiver operating  

67 characteristic (SROC) curve were calculated from the number of TPs, FNs, FPs, and TNs. The 

68 95% confidence interval (CI) was estimated for each metric.

69 Subgroup analyses were undertaken based on the following variables: the time interval 

70 between TTE and RHC; disease classification of the study population; publication year of the 

71 study; study design (prospective or retrospective) and cut-off threshold of TTE to diagnose PH. 

72 Sensitivity analysis was undertaken by excluding low-quality studies (according to the 

73 QUADAS-2 quality assessment) or trials with characteristics different from the others.

74 Results

75 Studies selection and characteristics

76 Figure 1 shows the PRISMA flow chart of the literature screening. A total of 27 articles 

77 involving 4386 subjects met our inclusion criteria (Table 1).10-13 23-45 Habash’s study was 

78 divided into two independent parts because of the differences between the case group (Habash-1) 

79 and the control group (Habash-2).27 

80 Of the 27 eligible studies, fourteen (52%) were published during 2010–2019,10-13 26 27 30 33 34 

81 39 41 43-45 and thirteen (48%) were published before 2010.23-25 28 29 31 32 35-38 40 42 Twelve (44%) 

82 studies were performed in Europe,12 24 26 32-35 37-39 43 44 nine (30%) in United States of America 

83 (USA),10 13 23 25 27 28 31 40 42 two (8%) in East Asia,29 36 three (12%) in Middle East,11 41 45 and one 

84 (4%) in Australia.30 Most of the studies (15/27, 56%) 11 12 23 24 28-32 35 36 38 39 41 45were of prospective 

85 design versus 44% (12/27)10 13 25-27 33 34 37 40 42-44 retrospective.
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86 All included studies used the tricuspid maximal regurgitation velocity (TRVmax) to estimate 

87 SPAP; the majority of these studies (23/27, 85%) used classical method (4TRVmax2+RAP) to 

88 calculate SPAP.10 11 13 23-28 31-37 39-45 The right atrial pressure (RAP) was calculated through the 

89 diameter and collapse of the inferior vena cava (IVC) during spontaneous respiration in 

90 sixteen(59%) studies,10 23 25-27 31 33 35-37 39-42 44 45 through the jugular vein pressure (JVP) in one 

91 study (4%), 24 and using a fixed value (5 or 10 mm Hg) in three studies (11%). 28 32 34 Three 

92 studies (11%) did not report their method for calculating RAP. 11 13 43 Four studies (15%) used 

93 a tricuspid gradient (4TRVmax 2) instead of SPAP. 12 29 30 38

94 The majority of the studies (22/27, 81%) reported the time interval (mean or maximum) 

95 between TTE and RHC, 10-13 23-29 31-35 38 40-42 44 45 while five (5/9, 19%) did not. 30 36 37 39 43 Nine 

96 studies (33%) considered time intervals greater than one week,10 13 24 25 27 31 38 40 42 while thirteen 

97 studies (48%) considered time intervals of less than one week.11 12 23 26 29 32-35 37 39 41 44 The time 

98 interval between TTE and RHC ranged from four hours to three months.

99 Quality Assessment

100 The quality assessment of the included studies according to the QUADAS-2 inventory is 

101 shown in Figure 2. In twenty (74%) study protocols, 10-13 23 24 26 28-32 34 35 37-39 41 44 45 consecutive 

102 subjects were enrolled, with no inappropriate exclusions. The risk of bias during patient 

103 recruitment was unclear in the remaining seven (26%) studies, 25 27 33 36 40 42 43 as patient 

104 recruitment was not reported. In six (22%) studies investigators designed the single-blind 

105 methods for TTE.10 12 23 26 39 45 Double blinding in imaging assessment was not mentioned in any 

106 studies. The risk of bias on flow and timing between the index test and reference standard was 

107 categorized as unclear in 14 (52%) study protocols that did not explicitly state the successful 
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108 investigation with both index and reference tests in all included patients.24 30-40 42 43 

109 Quantitative Analysis

110 The SROC curve for TTE is shown in Figure 3. Four studies fall within the 95% confidence 

111 interval.11 26 34 44 The AUC was 0.88 (95%CI 0.85–0.90). The pooled sensitivity and specificity 

112 for TTE were 85% (95%CI 81%–90%) and 74% (95%CI 64%–81%), respectively (Figure 4). 

113 The pooled PLR and NLR were 3.2 (95%CI 2.3–4.4) and 0.20 (95%CI 0.15–0.26). The pooled 

114 DOR for TTE was 16 (95%CI 10–27).

115 The heterogeneity in our study was significant. The threshold test proved that the threshold 

116 effect was not the source of heterogeneity (r=﹣0.34, P=0.12). Deeks’ test for funnel plot 

117 asymmetry suggested no publication bias (P=0.69).The results of the subgroup analysis are 

118 presented in Table 2. The sensitivity (87%, 95%CI 81%–91%), specificity (74%, 95%CI 62%–

119 83%) and AUC (0.89, 95%CI 0.86–0.91) of TTE to diagnose PH was higher for studies 

120 published in 2010 and later compared to those published before 2010. Among the time interval 

121 subgroups, the group with the shortest time interval between TTE and RHC had the best 

122 diagnostic effect, with sensitivity, specificity and AUC of 88% (95%CI 73%–95%), 90% 

123 (95%CI 53%–99%) and 0.94(95%CI 0.92–0.96), respectively. The disease composition of the 

124 study population also affected the diagnostic accuracy of TTE. Compared with patients with 

125 other diseases, TTE had lower sensitivity (81%, 95%CI 70%–88%), specificity (61%, 95%CI 

126 53%–69%) and AUC (0.73, 95%CI 0.69–0.77) in the subgroup of patients with definite lung 

127 diseases.

128 Subgroup analysis of different cut-off thresholds to diagnose PH based on TTE showed that 

129 the subgroup with a cut-off threshold of 35 mmHg had superior performance than that at 40 
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130 mmHg. The sensitivity, specificity and AUC of the former were respectively 92% (95%CI 

131 88%–94%), 65% (95%CI 43%–83%) and 0.92 (95%CI 0.89–0.94), while the sensitivity, 

132 specificity and AUC at 40 mmHg were 84% (95%CI 75%–91%), 52% (95%CI 31%–71%) and 

133 0.80 (95%CI 76%–83%).

134 The sensitivity analysis results are shown in Table 3. After excluding low-quality studies and 

135 studies with specific characteristics, sensitivity analysis did not reveal a source for the 

136 heterogeneity in the diagnostic accuracy analysis. Overall, the pooled meta-analysis results for 

137 outcomes were in accordance to our sensitivity analyses.

138 Discussion

139 Our study found that TTE has a better sensitivity but moderate specificity for the detection 

140 of PH. In addition, shortening the time interval between TTE and RHC and developing an 

141 appropriate threshold could improve the accuracy of TTE. However, the accuracy of TTE to 

142 diagnose PH in patients with lung diseases was low.

143 Although PH is a chronic disease, we still believe that the shortest possible time interval 

144 between TTE and RHC is more conducive. Otherwise, changes in the patient's condition and 

145 the application of intervention measures would lead to an increase in the deviation of the results 

146 of the two examinations. A detailed subgroup analysis was performed according to the time 

147 interval between TTE and RHC. As expected, the diagnostic accuracy was highest when the 

148 time interval was less than or equal to 24 hours. The results also showed that the efficacy of 

149 TTE in the diagnosis of PH was gradually reduced with the extension of the time interval.

150 Subgroups analysis based on the disease composition of the population suggested that the 

151 diagnostic accuracy of TTE was lower in patients with lung diseases. Changes associated with 
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152 chronic pulmonary disease, including marked increase in intrathoracic gas, consolidation of 

153 lung tissue, expansion of the thoracic cage, and alterations in the position of the heart, adversely 

154 affect the imaging quality and parameters measurement of TTE.46 Therefore, the use of TTE to 

155 measure pulmonary pressure in patients with lung diseases might not be an ideal choice.

156 Guideline recommend the use of IVC width and collapse rate to estimate RAP, 3 which was 

157 not used in some of the included studies. Sensitivity analysis for this point showed that studies 

158 which calculated RAP through IVC do not seem to have a higher diagnostic performance. In 

159 order to avoid errors caused by RAP estimation, TRVmax was also considered as an indicator 

160 to evaluate the possibility of PH. Four studies using TRPG (4TRVmax2) instead of SPAP were 

161 grouped into a subgroup and showed that this subgroup had good diagnostic specificity but poor 

162 sensitivity.

163 The sensitivity analysis based on the mean pulmonary artery pressure (MPAP) threshold of 

164 25 mmHg did not result in a higher diagnostic value than the whole, indicating that the overall 

165 results were stable. It has been suggested that MPAP threshold of 25 mmHg is arbitrarily chosen 

166 and that lowering it to 20 mmHg (two standard deviations higher than MPAP for the population) 

167 is considered a scientific methods.47 However, some scientists insist that it is premature to 

168 reduce the MPAP threshold to 20 mmHg because of the risk of over-diagnosis, unclear 

169 treatment implications and additional psychological burden on patients.48 Since none of the 

170 study we included used MPAP>20mmHg as the diagnostic threshold for RHC, subgroup 

171 analysis on the two thresholds of 20mmHg and 25mmHg could not be performed. Therefore, 

172 we expect that more studies may be conducted in the future to verify the appropriate threshold 

173 of RHC.
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174 In our review, the cut-off thresholds of SPAP ranged from 30 to 50 mmHg. Subgroup 

175 analysis showed that the diagnostic accuracy of the group of 35 mmHg was higher. Sensitivity 

176 analysis results of studies that excluded high TTE cut-off value showed that a high cut-off value 

177 increased the specificity and reduced the sensitivity of TTE. Due to the small sample size of the 

178 subgroup in this study, the value of the cut-off threshold still needs to be determined by further 

179 prospective studies of multi-center and large samples. 

180 Subgroup analysis according to the publication year confirmed that studies published after 

181 2010 had only a slightly higher diagnostic accuracy than previous studies. With the 

182 improvement of TTE technology and instruments in the past ten years, the diagnostic efficiency 

183 of PH has not been significantly improved, which forces us to pay attention to other TTE 

184 parameters.49 50 Perhaps, this could be a new direction for future studies on PH diagnosis. 

185 Limitations:

186 Several limitations are present in our study. Firstly, the systematic review and meta-analysis 

187 is a secondary research method based on original research and the quality of the included study 

188 affects the results. In addition, the possibility of missing relevant articles objectively exists, and 

189 significant heterogeneity may limit the interpretation of the results. Secondly, the accuracy of 

190 echocardiography relies heavily on the operator's ability, experience, and operational discipline. 

191 In order to obtain more original studies, we did not strictly controlled this aspect. Thirdly, the 

192 studies included in this review involve several different types of PH, and some studies do not 

193 describe the basic disease and PH type in detail. It is obvious that pulmonary lesions can affect 

194 the quality of TTE imaging, leading to underestimated results. 

195 Conclusion
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196 TTE has clinical value in the diagnosis of PH thanks to its better sensitivity and moderate 

197 specificity, but it cannot yet replace RHC considered as the gold standard. Shortening the time 

198 interval between TTE and RHC and developing an appropriate threshold can improve the 

199 accuracy of TTE. TTE may not be suitable to assess pulmonary arterial pressure in patients with 

200 pulmonary disease. It may be necessary to combine multiple TTE parameters and conduct 

201 multi-center, large-sample studies to further improve the accuracy of TTE in the diagnosis of 

202 PH in future research.
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Table 1 Characteristics of each study included in this meta-analysis.

Study
Yea
r Country Design N

Disease Composition of the 
Population

Mean Age 
(Years)

Male
(%)

Time 
Interval

TTE Threshold 
(mmHg)

RHC Threshold
(mmHg) TTE Method

Ahmed 2019 USA Retrospective 136 Multiple diseases 59±20 35 <3m SPAP≥40 MPAP≥25
4TRVmax2+RAP(IVC
)

Keir 2018 Australia Prospective 265 Interstitial lung disease 60.8±16.5 46 – TRPG>46 MPAP≥25 4TRVmax2

Habash-1 2018 USA Retrospective 31 Liver transplantation  candidates 57±11 42 36.8±13.4d SPAP>47 MPAP≥25
4TRVmax2+RAP(IVC
)

Habash-2 2018 USA Retrospective 49 Multiple diseases 59±15 31 16.0±11.6d SPA>43 MPAP≥25
4TRVmax2+RAP(IVC
)

Schneider 2018 Austria Prospective 65 Cardiac and lung diseases 67.2 43 <48h TRPG>32 MPAP≥25 4TRVmax2

Balcl 2016 Turkey Prospective 103 Lung transplantation candidates 47.6±10.4 66 <72h SPAP>35 MPAP≥25 4TRVmax2+RAP (NR)
Shujaat 2016 USA Retrospective 87 Multiple diseases 54.3±15.9 29 13d* SPAP>40 MPAP>25 4TRVmax2+RAP (NR)

Sohrabi 2016 Iran Prospective 300 Rheumatic mitral stenosis 59.9 31 <24h SPAP≥35
MPAP≥25

4TRVmax2+RAP(IVC
)

Nagel 2015 Germany Prospective 76 Systemic sclerosis 58±14 16 – SPAP>40 MPAP≥25
4TRVmax2+RAP(IVC
)

Greiner 2014 Germany Retrospective 1695 Cardiac disease 63±15 67 <5d
SPAP≥36

MPAP≥25
4TRVmax2+RAP(IVC
)

Lafitte 2013 France Retrospective 114 Cardiac and lung disease 64.8±15.9 52 <48h
SPAP≥38

MPAP>25
4TRVmax2+RAP(IVC
)

Lange 2013 Germany Retrospective 231 Multiple diseases 62±13 43 5±4d SPAP>50 MPAP≥25 4TRVmax2+RAP (5)
Raevens 2013 Belgium Retrospective 152 Liver transplantation candidates 58±11 66 – SPAP>38 MPAP≥25 4TRVmax2+RAP (NR)

Parsaee 2012 Iran Prospective 103 Cardiac diseases 41.0±15.8 44 <4h SPAP≥35 MPAP>25
4TRVmax2+RAP(IVC
)

Rajaram 2012 UK Retrospective 81 Connective tissue disease 62±14 15 <48h TRPG≥40 MPAP≥25 4TRVmax2

Hua 2009 China Prospective 105 Liver transplantation candidates 49.5±11.8 63 4.2±2.0d
SPAP≥30

MPAP≥25
4TRVmax2+RAP(IVC
)

Nathan 2008 USA Retrospective 60 Idiopathic pulmonary fibrosis 62.9±8.6 55 32±78d
SPAP≥40

MPAP>25
4TRVmax2+RAP(IVC
)

Hsu 2008 USA Prospective 49 Systemic Sclerosis 55 18 <4h SPAP>47 MPAP≥25 4TRVmax2+RAP (10)

Mogollon 2008 Spain. Retrospective 67 Heart transplantation candidates – – – SPAP>40 MPAP>35
4TRVmax2+RAP(IVC
)

Fisher 2007 USA Retrospective 63 Emphysema patients 65.6±6.6 60 23d SPAP>40 MPAP≥25
4TRVmax2+RAP(IVC
)

Lanzarini 2005 Italy Prospective 57 Heart failure 52±11 74 <24h SPAP≥32 SPAP≥35 4TRVmax2+RAP(IVC
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USA, United States of America; UK, United Kingdom of Great Britain and Northern Ireland; TTE, Transthoracic echocardiography; RHC, right heart catheterization; SPAP, systolic pulmonary artery 
pressure; MPAP, mean pulmonary artery pressure; TRPG, tricuspid regurgitation pressure gradient; TRV, tricuspid regurgitation velocity; RAP, right atrial pressure;IVC, Inferior vena cava; JVP, jugular 
vein pressure; COPD, chronic obstructive pulmonary disease; ILD, Interstitial lung disease; PVD, peripheral vascular disease; NR, not report.
* The median time (other terms are mean time)

)
Mukerjee 2004 UK Prospective 137 Systemic sclerosis 63 – <3 m TRPG>40 MPAP≥25 4TRVmax2

Arcasoy 2003 USA Prospective 166 COPD 68%, ILD 28%, PVD 4% 51 43 <72h
SPAP≥45 SPAP≥45

4TRVmax2+RAP(IVC
)

Penning 2001 USA Retrospective 27 Pregnant women with cardiac diseases 28.6 0 25.8d
SPAP≥40 SPAP≥35

4TRVmax2+RAP(IVC
)

Matsuyama 2001 Japan Prospective 35 COPD 66 94 –
SPAP≥40

MPAP>25
4TRVmax2+RAP(IVC
)

Kim 2000 USA Prospective 74 Liver transplantation candidates 54 50 59d SPAP>50 MPAP≥35
4TRVmax2+RAP(IVC
)

Denton 1997 UK Prospective 20 COPD 48.6±11.7 30 1.8±2.3m
SPAP≥30 SPAP≥30

4TRVmax2+RAP(JVP
)

Laaban 1989 France Prospective 27 COPD 63±9 78 <2d SPAP≥35 SPAP≥35 4TRVmax2+RAP(5)
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Table 2 Subgroup analysis

Group N
I2

(95%CI)
AUC

(95%CI)
Sensitivity
(95%CI)

Specificity 
(95%CI)

PLR
(95%CI)

NLR
((95%CI)

DOR
(95%CI)

All Studies 28 98(97–99) 0.88(0.85–0.90) 0.85(0.81–0.90) 0.74(0.64–0.81) 3.2(2.3–4.4) 0.20(0.15–0.26) 16(10–27)
Time Interval
≤24h 4 95(90–99) 0.94(0.92–0.96) 0.88(0.73–0.95) 0.90(0.53–0.99) 8.9(1.5–54.5) 0.13(0.06–0.29) 68(13–348)
≤48h* 7 95(90–99) 0.94(0.91–0.95) 0.88(0.81–0.93) 0.89(0.71–0.96) 7.8(2.8–21.3) 0.13(0.09–0.21) 59(23–148)

≤72h＊
9 94(89–99) 0.91(0.89–0.93) 0.87(0.82–0.91) 0.83(0.65–0.93) 5.2(2.4–11.2) 0.15(0.11–0.21) 34(14–82)

≤1 week 13 93(87–99) 0.91(0.88–0.93) 0.87(0.84–0.90) 0.80(0.68–0.88) 4.3(2.7–6.9) 0.16(0.12–0.21) 27(15–48)
>1 week 10 97(95–99) 0.82(0.78–0.85) 0.85(0.73–0.92) 0.60(0.40–0.77) 2.1(1.3–3.4) 0.25(0.14–0.45) 9(4–21)

Unclear 5 82(63–100） 0.85(0.810.88） 0.79(0.63–0.99) 0.76(0.61–0.87) 3.4(1.9–5.9) 0.27(0.15–0.51) 12(5–33)
Population Disease
Cardiac diseases 6 94(89–99) 0.90(0.87–0.92) 0.90(0.86–0.93) 0.67(0.29–0.91) 2.7(0.9–8.1) 0.15(0.08–0.30) 18(3–95)
Lung diseases 8 90(81–100) 0.73(0.69–9.77) 0.81(0.70–0.88) 0.61(0.53–0.69) 2.1(1.8–2.4) 0.32(0.21–0.48) 7(4–10)
Multiple diseases# 6 93(87–99) 0.90(0.87–0.92) 0.89(0.84–0.92) 0.70(0.40–0.89) 3.0(1.3–7.1) 0.16(0.11–0.23) 19(6–60)
Unclear& 8 88(77–100) 0.88(0/85–0.90) 0.80(0.64–0.90) 0.85(0.80–0.89) 5.3(4.0–7.0) 0.23(0.12–0.45) 23(10–51)
Published Year
≥2010 15 97(95–99) 0.89(0.86–0.91) 0.87(0.81–0.91) 0.74(0.62–0.83) 3.3(2.3–4.9) 0.18(0.13–0.25) 19(11–13)
<2010 13 96(93–99) 0.86(0.83–0.89) 0.84(0.74–0.90) 0.73(0.56–0.85) 3.1(1.8–5.3) 0.22(0.14–0.37) 14(6–33)
Study Design
Prospective 15 97(95–99) 0.90(0.87–0.92) 0.86(0.77–0.91) 0.79(0.69–0.87) 4.2(2.7–6.4) 0.18(0.11–0.28) 23(12–45)
Retrospective 13 96(92–99) 0.86(0.83–0.89) 0.86(0.80–0.90) 0.65(0.49–0.78) 2.5(1.6–3.7) 0.22(0.15–0.32) 11(6–22)
TTE Threshold
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SPAP≥40 mmHg 8 96(93–99) 0.80(0.76–0.83) 0.84(0.75–0.91) 0.52(0.31–0.71) 1.7(1.2–2.5) 0.30(0.21–0.44) 6(3–11)

SPAP≥35 mmHg 4 76(47–100） 0.92(0.890.94） 0.92(0.88–0.94) 0.65(0.43–0.83) 2.6(1.4–4.9) 0.13(0.08–0.22) 16(9–28)
TRPG 4 0(0–100) 0.85(0.82–0.88) 0.75(0.58–0.86) 0.81(0.70–0.89) 4.0(2.2–7.3) 0.31(0.17–0.57) 13(4–40)
AUC, Area under curve; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; TTE, Transthoracic 
echocardiography; SPAP, systolic pulmonary artery pressure; TRPG, tricuspid regurgitation pressure gradient.
*Studies with time intervals less than or equal to 24 hours were included in this subgroup.

＊Studies with time intervals less than or equal to 24 hours and 48 hours were included in this subgroup.

# Studies included a variety of diseases, including heart disease and lung disease.
&Diseases were not specifically identified in the studies (transplant candidates).
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Table 3 Sensitivity analysis for diagnostic accuracy meta-analysis.

Study characteristic N
I2

(95%CI)
AUC

(95%CI)
Sensitivity
(95%CI)

Specificity
(95%CI)

PLR
(95%CI)

NLR
((95%CI)

DOR
(95%CI)

All included studies 28 98(97–99) 0.88(0.85–0.90) 0.85(0.81–0.90) 0.74(0.64–0.81) 3.2(2.3–4.4) 0.20(0.15–0.26) 16(10–27)
Excluding study of Penning＊ 27 98(97–99) 0.88(0.85–0.91) 0,86(0.81–0.89) 0.75(0.66–0.82) 3.4(2.5–4.6) 0.19(0.14–0.26) 18(11–28)
RHC threshold MPAP≥25 mmHg 21 98(97–99) 0.87(0.84–0.90) 0.83(0.77–0.88) 0.76(0.67–0.83) 3.5(2.5–4.8) 0.22(0.16–0.30) 16(10–26)
RAP method(IVC)£ 17 96(93–99) 0.89(0.86–0.91) 0.86(0.82–0.90) 0.73(0.59–0.84) 3.2(2.0–5.1) 0.19(0.13–0.27) 17(8–35)
Excluding high TTE threshold * 21 97(95–99) 0.90(0.87–0.92) 0.88(0.85–0.91) 0.72(0.59–0.82) 3.2(2.1–4.8) 0.16(0.12–0.22) 20(11–36)

AUC, Area under curve; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; MPAP, mean pulmonary artery 
pressure; TTE, Transthoracic echocardiography; RHC, right heart catheterization;RAP, right atrial pressure; IVC, Inferior vena cava.

＊Study of Penning was excluded because only pregnant women withcardiac disease were included as subjects.

£The RAP was calculated through the diameter and collapse of IVC during spontaneous respiration. Habash’s study was divided into two independent 
parts, so the results section showed 16 studies, but 17 sets of data were analyzed.
* High TTE threshold was defined as SPAP greater than 45 mmHg or tricuspid regurgitation pressure gradient (TRPG) greater than 40 mmHg.
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Figure legend/caption

Figure 1 Flowchart for identification of studies. 

﹡Habash’s study was divided into two independent parts because of the differences between the 

case group (Habash-1) and the control group (Habash-2). 27 studies were included, but 28 sets 

of data were analyzed.

Figure 2 Risk of bias and applicability concerns summary: review authors' judgements about 

each domain for each included study (n=28).

Figure 3 Summary receiver operating characteristic (SROC) graph with 95% confidence region 

and 95% prediction region for TTE in the diagnosis of pulmonary hypertension (n=28). 

Figure 4 Forrest plot of the sensitivity and specificity of each individual study, summary 

sensitivity and specificity and I2 statistic for heterogeneity (n=28).
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Figure 1 Flowchart for identification of studies. 
﹡Habash’s study was divided into two independent parts because of the differences between the case group 
(Habash-1) and the control group (Habash-2). 27 studies were included, but 28 sets of data were analyzed. 
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Figure 2 Risk of bias and applicability concerns summary: review authors' judgements about each domain 
for each included study (n=28). 
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Figure 3 Summary receiver operating characteristic (SROC) graph with 95% confidence region and 95% 
prediction region for TTE in the diagnosis of pulmonary hypertension (n=28). The study of Habash et al was 

divided into two independent items, because their case group and control group provided different 
diagnostic data. 
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Figure 4 Forrest plot of the sensitivity and specificity of each individual study, summary sensitivity and 
specificity and I2 statistic for heterogeneity (n=28). 
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INTRODUCTION 
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Clinical role of index 
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5
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5

METHODS 
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registration 
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registration information including registration number. 
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6

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched. 

6

Search 8 Present full search strategies for all electronic databases and other sources searched, including any limits used, such 
that they could be repeated.

Supplementar
y Data

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

Figure 1

Data collection 
process 

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 

6

Definitions for data 
extraction

11 Provide definitions used in data extraction and classifications of target condition(s), index test(s), reference 
standard(s) and other characteristics (e.g. study design, clinical setting).

6-7

Risk of bias and 
applicability

12 Describe methods used for assessing risk of bias in individual studies and concerns regarding the applicability to the 
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Diagnostic accuracy 
measures
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Synthesis of results 14 Describe methods of handling data, combining results of studies and describing variability between studies. This 
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Results of individual 
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Limitations 25 Discuss limitations from included studies (e.g. risk of bias and concerns regarding applicability) and from the review 

process (e.g. incomplete retrieval of identified research).
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Conclusions 26 Provide a general interpretation of the results in the context of other evidence. Discuss implications for future research and 
clinical practice (e.g. the intended use and clinical role of the index test).
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Abstract

Objective: To evaluate the diagnostic accuracy of transthoracic echocardiography (TTE) in 

patients with pulmonary hypertension (PH).

Design: Systematic review and meta-analysis.

Data sources and eligibility criteria: EMBASE, Cochrane Library for clinical trials, PubMed 

and Web of Science were used to search studies from inception to June 19, 2019. Studies using 

both TTE and right heart catheterization (RHC) to diagnose PH were included.

Main results: A total of 27 studies involving 4386 subjects were considered as eligible for 

analysis. TTE had a pooled sensitivity of 85%, a pooled specificity of 74%, a pooled positive 

likelihood ratio of 3.2, a pooled negative likelihood ratio of 0.20, a pooled diagnostic odds ratio 

of 16, and finally an area under the summary receiver operating characteristic (SROC) curve of 

0.88. The subgroup with the shortest time interval between TTE and RHC had the best 

diagnostic effect, with sensitivity, specificity and AUC of 88%, 90% and 0.94, respectively. 

TTE had lower sensitivity (81%), specificity (61%) and AUC (0.73) in the subgroup of patients 

with definite lung diseases. Subgroup analysis also showed that different thresholds of TTE 

resulted in a different diagnostic performance in the diagnosis of PH.

Conclusion: TTE has a clinical value in diagnosing PH, although it cannot yet replace RHC 

considered as the gold standard. The accuracy of TTE may be improved by shortening the time 

interval between TTE and RHC and by developing an appropriate threshold. TTE may not be 

suitable to assess pulmonary arterial pressure in patients with pulmonary diseases.

Review registration number: PROSPERO CRD42019123289.
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Strengths and limitations of this study

1. A comprehensive search was conducted in the main database, more studies were included, 

and a large sample size was obtained.

2. Detailed subgroup analysis and sensitivity analysis were performed.

3. The types of pulmonary hypertension included in the studies could not be distinguished.

4. Significant heterogeneity in our study limits the interpretation of the results.
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1 Introduction

2 The prevalence of pulmonary hypertension (PH) is estimated at 1% in the general population, 

3 and as high as 10% in the 600 million people older than 65.1 Early detection and accurate 

4 assessment are vital to obtain better outcomes for PH patients.2 Right heart catheterization 

5 (RHC) is the gold standard in the diagnosis of PH,3 but it is invasive and cannot be used 

6 frequently or repeatedly.4 The latest guideline for PH recommends transthoracic 

7 echocardiography (TTE) as a noninvasive test for screening.3 

8 High quality meta-analysis has been considered as one of the key tools for achieving 

9 evidence.5 6 Three systematic reviews and meta-analysis regarding the diagnostic accuracy of 

10 TTE for PH were published between 2010 and 2013.7-9 Studies included in these meta-analyses 

11 were all published before 2010. In addition, two of them included fewer studies and performed 

12 a simple diagnostic data synthesis.8 9 The other included a relatively large number of studies, 

13 but did not assess a detailed subgroup analysis.7 In recent years, TTE has still been used in the 

14 clinical diagnosis of PH, and many new original studies have been published.10-13 Therefore, 

15 the purpose of our study was to undertake a comprehensive systematic review and quantitative 

16 meta-analysis on the accuracy of TTE in the diagnosis of PH.

17 Methods

18 The present study is reported according to the Preferred Reporting Items for Systematic 

19 Reviews and Meta-analyses (PRISMA) statement and the published recommendations.14 15 The 

20 detailed protocol is accessible in PROSPERO (CRD42019123289).16 17

21 Data sources and search
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22 A systematic search in EMBASE, Cochrane Library for clinical trials, PubMed and Web of 

23 Science was performed to find the relevant literature from inception to June 19, 2019. Subject 

24 words were combined with free words, and the search strategy was developed and adapted for 

25 each database. ClinicalTrials.gov and the trials registers on the World Health Organization 

26 International Clinical Trials Registry Platform were used to search unpublished trails. The 

27 references of the included studies and other systematic reviews and meta-analysis were also 

28 reviewed to obtain a comprehensive list of included studies.

29 Study selection

30 Studies were selected based on the following inclusion criteria: studies that diagnosed PH by 

31 TTE; study population represented by patients with suspected PH; TTE measurement of 

32 systolic pulmonary artery pressure (SPAP) performed using tricuspid regurgitation; RHC as the 

33 gold standard for the diagnosis of PH. 

34 The exclusion criteria were the following: insufficient data to construct a 2×2 table; studies 

35 with less than 20 subjects; duplicate data were used (in this case, the largest sample or the latest 

36 study was selected).

37 Two reviewers (JR.N and PJ.Y) independently screened the eligible studies for suitability. 

38 Disagreements were resolved by consensus. If consensus could not be reached, a third reviewer 

39 (SD.L) was deferred to arbitration and consensus. No language restriction was applied. If a 

40 study was not conducted in the authors’ language, a professional translation software could be 

41 used.

42 Data extraction 
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43 The data were extracted independently by two reviewers (JR.N and PJ.Y) according to a 

44 predefined data extraction sheet. The following variables were extracted from the included 

45 studies: lead author, publication year, country of study, study design, study population 

46 demographics, sample size, mean age, male ratio, time interval between TTE and RHC, cut-off 

47 threshold levels for TTE and RHC, and number of true-positive (TP), false-negative (FN), true-

48 negative (TN) and false-positive (FP) observations. Extracted data were cross-checked and 

49 disagreements were resolved via discussion or referral to a third reviewer (Y.H).

50 Quality assessment 

51 The Quality Assessment of Diagnostic Accuracy Studies QUADAS-2 tool was used to assess 

52 the risk of bias and clinical applicability concerns of the included studies according to the 

53 Cochrane Collaboration recommendation.18 19 Two reviewers (JR.N and PJ.Y) independently 

54 evaluated QUADAS-2 items, and all emerging conflicts were resolved by consensus. 

55 Data synthesis and statistical analysis

56 Statistical analysis was performed using STATA/SE version 15.1 (Stata Corp, College 

57 Station, TX) and Review Manager Version 5.3 software (Copenhagen, Denmark, Nordic 

58 Cochrane Centre, Cochrane Collaboration, 2014). All tests were two-tailed. A p value< 0.05 

59 was considered statistically significant.

60 The correlation coefficient between the logarithm of sensitivity and logarithm of one minus 

61 specificity was calculated to test whether the threshold effect was one of the sources of 

62 heterogeneity.20 Deeks’ test was used to test for publication bias.21 The bivariate model for 

63 diagnostic meta-analysis was used to obtain pooled estimates of sensitivity and specificity.22 
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64 Statistical heterogeneity among studies was explored using the I2 statistic. 

65 Pooled sensitivity, specificity, diagnostic odds ratio (DOR), positive likelihood ratio (PLR), 

66 negative likelihood ratio (NLR), and area under the summary receiver operating  characteristic 

67 (SROC) curve were calculated from the number of TPs, FNs, FPs, and TNs. The 95% 

68 confidence interval (CI) was estimated for each metric.

69 Subgroup analyses were performed based on the following variables: the time interval 

70 between TTE and RHC; disease classification of the study population; publication year of the 

71 study; study design (prospective or retrospective) and cut-off threshold of TTE to diagnose PH. 

72 Sensitivity analysis was undertaken by excluding low-quality studies (according to the 

73 QUADAS-2 quality assessment) or trials with characteristics different from the others.

74 Results

75 Studies selection and characteristics

76 Figure 1 shows the PRISMA flow chart of the literature screening. A total of 27 articles 

77 involving 4386 subjects met our inclusion criteria (Table 1).10-13 23-45 Habash’s study was 

78 divided into two independent parts because of the differences between the case group (Habash-1) 

79 and the control group (Habash-2).27 

80 Of the 27 eligible studies, fourteen (52%) were published between 2010–2019,10-13 26 27 30 33 34 

81 39 41 43-45 and thirteen (48%) were published before 2010.23-25 28 29 31 32 35-38 40 42 Twelve (44%) 

82 studies were performed in Europe,12 24 26 32-35 37-39 43 44 nine (30%) in the United States of America 

83 (USA),10 13 23 25 27 28 31 40 42 two (8%) in East Asia,29 36 three (12%) in the Middle East,11 41 45 and 

84 one (4%) in Australia.30 Most of the studies (15/27, 56%) 11 12 23 24 28-32 35 36 38 39 41 45were of 

85 prospective design versus 44% (12/27)10 13 25-27 33 34 37 40 42-44 retrospective.
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86 All included studies used the tricuspid maximal regurgitation velocity (TRVmax) to estimate 

87 SPAP; the majority of these studies (23/27, 85%) used the classical method to calculate SPAP: 

88 4TRVmax2+ right atrial pressure (RAP).10 11 13 23-28 31-37 39-45 The RAP was calculated through 

89 the diameter and collapse rate of the inferior vena cava (IVC) during spontaneous respiration 

90 in sixteen(59%) studies,10 23 25-27 31 33 35-37 39-42 44 45 through the jugular vein pressure (JVP) in one 

91 study (4%), 24 and using a fixed value (5 or 10 mm Hg) in three studies (11%). 28 32 34 Three 

92 studies (11%) did not report their method for calculating RAP. 11 13 43 Four studies (15%) used 

93 a tricuspid gradient (4TRVmax 2) instead of SPAP. 12 29 30 38

94 The majority of the studies (22/27, 81%) reported the time interval (mean or maximum) 

95 between TTE and RHC, 10-13 23-29 31-35 38 40-42 44 45 while five (5/9, 19%) did not. 30 36 37 39 43 Nine 

96 studies (33%) considered time intervals greater than one week,10 13 24 25 27 31 38 40 42 while thirteen 

97 studies (48%) considered time intervals of less than one week.11 12 23 26 29 32-35 37 39 41 44 The time 

98 interval between TTE and RHC ranged from four hours to three months.

99 Quality Assessment

100 The quality assessment of the included studies according to the QUADAS-2 inventory is 

101 shown in Figure 2. Overall, the quality of the included studies was modest. The included studies 

102 were of good quality regarding the applicability concerns, but most of them were of low quality 

103 in the risk of bias. In twenty (74%) study protocols, 10-13 23 24 26 28-32 34 35 37-39 41 44 45 consecutive 

104 subjects were enrolled, with no inappropriate exclusions. The risk of bias during patient 

105 recruitment was unclear in the remaining seven (26%) studies, 25 27 33 36 40 42 43 as patient 

106 recruitment was not reported. In six (22%) studies investigators designed the single-blind 

107 methods for TTE.10 12 23 26 39 45 Double blinding in imaging assessment was not mentioned in any 
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108 study. The risk of bias on flow and timing between the index test and reference standard was 

109 categorized as unclear in 14 (52%) study protocols that did not explicitly state the successful 

110 investigation with both index and reference tests in all included patients.24 30-40 42 43 

111 Quantitative Analysis

112 The SROC curve for TTE is shown in Figure 3. Four studies fall within the 95% confidence 

113 interval.11 26 34 44 The AUC was 0.88 (95%CI 0.85–0.90). The pooled sensitivity and specificity 

114 for TTE were 85% (95%CI 81%–90%) and 74% (95%CI 64%–81%), respectively (Figure 4). 

115 The pooled PLR and NLR were 3.2 (95%CI 2.3–4.4) and 0.20 (95%CI 0.15–0.26), respectively. 

116 The pooled DOR for TTE was 16 (95%CI 10–27).

117 The heterogeneity in our study was significant. The threshold test proved that the threshold 

118 effect was not the source of heterogeneity (r=﹣0.34, P=0.12). Deeks’ test for funnel plot 

119 asymmetry suggested no publication bias (P=0.69).The results of the subgroup analysis are 

120 presented in Table 2. The sensitivity (87%, 95%CI 81%–91%), specificity (74%, 95%CI 62%–

121 83%) and AUC (0.89, 95%CI 0.86–0.91) of TTE to diagnose PH were higher for studies 

122 published in 2010 and later compared to those published before 2010. Among the time interval 

123 subgroups, the group with the shortest time interval between TTE and RHC had the best 

124 diagnostic effect, with sensitivity, specificity and AUC of 88% (95%CI 73%–95%), 90% 

125 (95%CI 53%–99%) and 0.94(95%CI 0.92–0.96), respectively. The disease composition of the 

126 study population also affected the diagnostic accuracy of TTE. Compared with patients with 

127 other diseases, TTE had lower sensitivity (81%, 95%CI 70%–88%), specificity (61%, 95%CI 

128 53%–69%) and AUC (0.73, 95%CI 0.69–0.77) in the subgroup of patients with definite lung 

129 diseases.
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130 Subgroup analysis of different cut-off thresholds to diagnose PH based on TTE showed that 

131 the subgroup with a cut-off threshold of 35 mmHg had a higher diagnostic accuracy than that 

132 at 40 mmHg. The sensitivity, specificity and AUC of the former were respectively 92% (95%CI 

133 88%–94%), 65% (95%CI 43%–83%) and 0.92 (95%CI 0.89–0.94), while the sensitivity, 

134 specificity and AUC at 40 mmHg were 84% (95%CI 75%–91%), 52% (95%CI 31%–71%) and 

135 0.80 (95%CI 76%–83%), respectively.

136 The sensitivity analysis results are shown in Table 3. After excluding low-quality studies and 

137 studies with specific characteristics, the sensitivity analysis did not reveal a source for the 

138 heterogeneity in the diagnostic accuracy analysis. Overall, the pooled meta-analysis results for 

139 outcomes were in accordance to our sensitivity analyses.

140 Discussion

141 Our study found that TTE has a better sensitivity but moderate specificity for the detection 

142 of PH. In addition, shortening the time interval between TTE and RHC and developing an 

143 appropriate threshold could improve the accuracy of TTE. However, the accuracy of TTE to 

144 diagnose PH in patients with lung diseases was low.

145 Although PH is a chronic disease, we still believe that the shortest possible time interval 

146 between TTE and RHC is more favorable. Otherwise, changes in the patient's condition and the 

147 application of intervention measures would lead to an increase in the deviation of the results of 

148 the two examinations. A detailed subgroup analysis was performed according to the time 

149 interval between TTE and RHC. As expected, the diagnostic accuracy was the highest when 

150 the time interval was less than or equal to 24 hours. The results also showed that the efficacy 

151 of TTE in the diagnosis of PH was gradually reduced with the extension of the time interval.
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152 Subgroup analysis based on the disease composition of the population suggested that the 

153 diagnostic accuracy of TTE was lower in patients with lung diseases. Changes associated with 

154 chronic pulmonary disease, including a marked increase in intrathoracic gas, consolidation of 

155 lung tissue, expansion of the thoracic cage, and alterations in the position of the heart, adversely 

156 affect the imaging quality and the parameter measurement of TTE.46 Therefore, the use of TTE 

157 to measure pulmonary pressure in patients with lung diseases might not be an ideal choice.

158 The Guideline recommend the use of IVC width and collapse rate to estimate RAP, 3 which 

159 was not used in some of the included studies. The sensitivity analysis for this point showed that 

160 studies which calculated RAP through IVC do not seem to have a higher diagnostic 

161 performance. In order to avoid errors caused by RAP estimation, TRVmax was also considered 

162 as an indicator to evaluate the possibility of PH. Four studies using TRPG (4TRVmax2) instead 

163 of SPAP were grouped into a subgroup and showed that this subgroup had good diagnostic 

164 specificity but poor sensitivity.

165 The sensitivity analysis based on the mean pulmonary artery pressure (MPAP) threshold of 

166 25 mmHg did not result in a higher diagnostic value than the whole, indicating that the overall 

167 results were stable. A previous work suggested that a MPAP threshold of 25 mmHg is arbitrarily 

168 chosen and lowering it to 20 mmHg (two standard deviations higher than MPAP for the 

169 population) is considered a scientific method.47 However, some scientists insist that it is 

170 premature to reduce the MPAP threshold to 20 mmHg because of the risk of over-diagnosis, 

171 unclear treatment implications and additional psychological burden on patients.48 Since none 

172 of the study we included used MPAP>20mmHg as the diagnostic threshold for RHC, subgroup 

173 analysis on the two thresholds of 20mmHg and 25mmHg could not be performed. Therefore, 
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174 we expect that more studies may be performed in the future to verify the appropriate threshold 

175 of RHC.

176 In our review, the cut-off thresholds of SPAP ranged from 30 to 50 mmHg. Subgroup 

177 analysis showed that the diagnostic accuracy of the group of 35 mmHg was higher. Sensitivity 

178 analysis results of studies that excluded high TTE cut-off value showed that a high cut-off value 

179 increased the specificity and reduced the sensitivity of TTE. Due to the small sample size of the 

180 subgroup in this study, the value of the cut-off threshold still needs to be determined by further 

181 prospective studies of multi-center and large samples. 

182 Subgroup analysis according to the publication year confirmed that studies published after 

183 2010 had only a slightly higher diagnostic accuracy than previous studies. With the 

184 improvement of TTE technology and instruments in the past ten years, the diagnostic efficiency 

185 of PH has not been significantly improved, which forces us to pay attention to other TTE 

186 parameters.49 50 Perhaps, this could be a new direction for future studies on PH diagnosis. 

187 Limitations:

188 Several limitations are present in our study. Firstly, the systematic review and meta-analysis 

189 is a secondary research method based on original research and the quality of the included study 

190 affects the results. In addition, the possibility of missing relevant articles objectively exists, and 

191 significant heterogeneity may limit the interpretation of the results. Secondly, the accuracy of 

192 echocardiography relies heavily on the operator's ability, experience, and operational discipline. 

193 In order to obtain more original studies, we did not consider this aspect as an exclusion criterion. 

194 Thirdly, the studies included in this review involve several different types of PH, and some of 

195 the included studies do not describe the basic disease and PH type in detail. It is clear that 
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196 pulmonary lesions can affect the quality of TTE imaging, leading to underestimated results. 

197 Conclusion

198 TTE has clinical value in the diagnosis of PH thanks to its better sensitivity and moderate 

199 specificity, but it cannot yet replace RHC considered as the gold standard. Shortening the time 

200 interval between TTE and RHC and developing an appropriate threshold can improve the 

201 accuracy of TTE. TTE may not be suitable to assess pulmonary arterial pressure in patients with 

202 pulmonary disease. It may be necessary to combine multiple TTE parameters and conduct 

203 multi-center, large-sample studies to further improve the accuracy of TTE in the diagnosis of 

204 PH in future research.
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Table 1 Characteristics of each study included in this meta-analysis.

Study
Yea
r Country Design N

Disease Composition of the 
Population

Mean Age 
(Years)

Male
(%)

Time 
Interval

TTE Threshold 
(mmHg)

RHC Threshold
(mmHg) TTE Method

Ahmed 2019 USA Retrospective 136 Multiple diseases 59±20 35 <3mo SPAP≥40 MPAP≥25
4TRVmax2+RAP(IVC
)

Keir 2018 Australia Prospective 265 Interstitial lung disease 60.8±16.5 46 – TRPG>46 MPAP≥25 4TRVmax2

Habash-1 2018 USA Retrospective 31 Liver transplantation  candidates 57±11 42 36.8±13.4d SPAP>47 MPAP≥25
4TRVmax2+RAP(IVC
)

Habash-2 2018 USA Retrospective 49 Multiple diseases 59±15 31 16.0±11.6d SPA>43 MPAP≥25
4TRVmax2+RAP(IVC
)

Schneider 2018 Austria Prospective 65 Cardiac and lung diseases 67.2 43 <48h TRPG>32 MPAP≥25 4TRVmax2

Balcl 2016 Turkey Prospective 103 Lung transplantation candidates 47.6±10.4 66 <72h SPAP>35 MPAP≥25 4TRVmax2+RAP (NR)
Shujaat 2016 USA Retrospective 87 Multiple diseases 54.3±15.9 29 13d* SPAP>40 MPAP>25 4TRVmax2+RAP (NR)

Sohrabi 2016 Iran Prospective 300 Rheumatic mitral stenosis 59.9 31 <24h SPAP≥35
MPAP≥25

4TRVmax2+RAP(IVC
)

Nagel 2015 Germany Prospective 76 Systemic sclerosis 58±14 16 – SPAP>40 MPAP≥25
4TRVmax2+RAP(IVC
)

Greiner 2014 Germany Retrospective 1695 Cardiac disease 63±15 67 <5d
SPAP≥36

MPAP≥25
4TRVmax2+RAP(IVC
)

Lafitte 2013 France Retrospective 114 Cardiac and lung disease 64.8±15.9 52 <48h
SPAP≥38

MPAP>25
4TRVmax2+RAP(IVC
)

Lange 2013 Germany Retrospective 231 Multiple diseases 62±13 43 5±4d SPAP>50 MPAP≥25 4TRVmax2+RAP (5)
Raevens 2013 Belgium Retrospective 152 Liver transplantation candidates 58±11 66 – SPAP>38 MPAP≥25 4TRVmax2+RAP (NR)

Parsaee 2012 Iran Prospective 103 Cardiac diseases 41.0±15.8 44 <4h SPAP≥35 MPAP>25
4TRVmax2+RAP(IVC
)

Rajaram 2012 UK Retrospective 81 Connective tissue disease 62±14 15 <48h TRPG≥40 MPAP≥25 4TRVmax2

Hua 2009 China Prospective 105 Liver transplantation candidates 49.5±11.8 63 4.2±2.0d
SPAP≥30

MPAP≥25
4TRVmax2+RAP(IVC
)

Nathan 2008 USA Retrospective 60 Idiopathic pulmonary fibrosis 62.9±8.6 55 32±78d
SPAP≥40

MPAP>25
4TRVmax2+RAP(IVC
)

Hsu 2008 USA Prospective 49 Systemic Sclerosis 55 18 <4h SPAP>47 MPAP≥25 4TRVmax2+RAP (10)

Mogollon 2008 Spain. Retrospective 67 Heart transplantation candidates – – – SPAP>40 MPAP>35
4TRVmax2+RAP(IVC
)

Fisher 2007 USA Retrospective 63 Emphysema patients 65.6±6.6 60 23d SPAP>40 MPAP≥25
4TRVmax2+RAP(IVC
)

Lanzarini 2005 Italy Prospective 57 Heart failure 52±11 74 <24h SPAP≥32 SPAP≥35 4TRVmax2+RAP(IVC
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USA, United States of America; UK, United Kingdom of Great Britain and Northern Ireland; TTE, Transthoracic echocardiography; RHC, right heart catheterization; SPAP, systolic pulmonary artery 
pressure; MPAP, mean pulmonary artery pressure; TRPG, tricuspid regurgitation pressure gradient; TRV, tricuspid regurgitation velocity; RAP, right atrial pressure;IVC, Inferior vena cava; JVP, jugular 
vein pressure; COPD, chronic obstructive pulmonary disease; ILD, Interstitial lung disease; PVD, peripheral vascular disease; NR, not reported.
* The median time (other terms are mean time)

)
Mukerjee 2004 UK Prospective 137 Systemic sclerosis 63 – <3 mo TRPG>40 MPAP≥25 4TRVmax2

Arcasoy 2003 USA Prospective 166 COPD 68%, ILD 28%, PVD 4% 51 43 <72h
SPAP≥45 SPAP≥45

4TRVmax2+RAP(IVC
)

Penning 2001 USA Retrospective 27 Pregnant women with cardiac diseases 28.6 0 25.8d
SPAP≥40 SPAP≥35

4TRVmax2+RAP(IVC
)

Matsuyama 2001 Japan Prospective 35 COPD 66 94 –
SPAP≥40

MPAP>25
4TRVmax2+RAP(IVC
)

Kim 2000 USA Prospective 74 Liver transplantation candidates 54 50 59d SPAP>50 MPAP≥35
4TRVmax2+RAP(IVC
)

Denton 1997 UK Prospective 20 COPD 48.6±11.7 30 1.8±2.3mo
SPAP≥30 SPAP≥30

4TRVmax2+RAP(JVP
)

Laaban 1989 France Prospective 27 COPD 63±9 78 <2d SPAP≥35 SPAP≥35 4TRVmax2+RAP(5)
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Table 2 Subgroup analysis

Group N
I2

(95%CI)
AUC

(95%CI)
Sensitivity
(95%CI)

Specificity 
(95%CI)

PLR
(95%CI)

NLR
((95%CI)

DOR
(95%CI)

All Studies 28 98(97–99) 0.88(0.85–0.90) 0.85(0.81–0.90) 0.74(0.64–0.81) 3.2(2.3–4.4) 0.20(0.15–0.26) 16(10–27)
Time Interval
≤24h 4 95(90–99) 0.94(0.92–0.96) 0.88(0.73–0.95) 0.90(0.53–0.99) 8.9(1.5–54.5) 0.13(0.06–0.29) 68(13–348)
≤48h* 7 95(90–99) 0.94(0.91–0.95) 0.88(0.81–0.93) 0.89(0.71–0.96) 7.8(2.8–21.3) 0.13(0.09–0.21) 59(23–148)

≤72h＊
9 94(89–99) 0.91(0.89–0.93) 0.87(0.82–0.91) 0.83(0.65–0.93) 5.2(2.4–11.2) 0.15(0.11–0.21) 34(14–82)

≤1 week 13 93(87–99) 0.91(0.88–0.93) 0.87(0.84–0.90) 0.80(0.68–0.88) 4.3(2.7–6.9) 0.16(0.12–0.21) 27(15–48)
>1 week 10 97(95–99) 0.82(0.78–0.85) 0.85(0.73–0.92) 0.60(0.40–0.77) 2.1(1.3–3.4) 0.25(0.14–0.45) 9(4–21)

Unclear 5 82(63–100） 0.85(0.810.88） 0.79(0.63–0.99) 0.76(0.61–0.87) 3.4(1.9–5.9) 0.27(0.15–0.51) 12(5–33)
Population Disease
Cardiac diseases 6 94(89–99) 0.90(0.87–0.92) 0.90(0.86–0.93) 0.67(0.29–0.91) 2.7(0.9–8.1) 0.15(0.08–0.30) 18(3–95)
Lung diseases 8 90(81–100) 0.73(0.69–9.77) 0.81(0.70–0.88) 0.61(0.53–0.69) 2.1(1.8–2.4) 0.32(0.21–0.48) 7(4–10)
Multiple diseases# 6 93(87–99) 0.90(0.87–0.92) 0.89(0.84–0.92) 0.70(0.40–0.89) 3.0(1.3–7.1) 0.16(0.11–0.23) 19(6–60)
Unclear& 8 88(77–100) 0.88(0/85–0.90) 0.80(0.64–0.90) 0.85(0.80–0.89) 5.3(4.0–7.0) 0.23(0.12–0.45) 23(10–51)
Published Year
≥2010 15 97(95–99) 0.89(0.86–0.91) 0.87(0.81–0.91) 0.74(0.62–0.83) 3.3(2.3–4.9) 0.18(0.13–0.25) 19(11–13)
<2010 13 96(93–99) 0.86(0.83–0.89) 0.84(0.74–0.90) 0.73(0.56–0.85) 3.1(1.8–5.3) 0.22(0.14–0.37) 14(6–33)
Study Design
Prospective 15 97(95–99) 0.90(0.87–0.92) 0.86(0.77–0.91) 0.79(0.69–0.87) 4.2(2.7–6.4) 0.18(0.11–0.28) 23(12–45)
Retrospective 13 96(92–99) 0.86(0.83–0.89) 0.86(0.80–0.90) 0.65(0.49–0.78) 2.5(1.6–3.7) 0.22(0.15–0.32) 11(6–22)
TTE Threshold
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SPAP≥40 mmHg 8 96(93–99) 0.80(0.76–0.83) 0.84(0.75–0.91) 0.52(0.31–0.71) 1.7(1.2–2.5) 0.30(0.21–0.44) 6(3–11)

SPAP≥35 mmHg 4 76(47–100） 0.92(0.890.94） 0.92(0.88–0.94) 0.65(0.43–0.83) 2.6(1.4–4.9) 0.13(0.08–0.22) 16(9–28)
TRPG 4 0(0–100) 0.85(0.82–0.88) 0.75(0.58–0.86) 0.81(0.70–0.89) 4.0(2.2–7.3) 0.31(0.17–0.57) 13(4–40)
AUC, Area under the curve; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; TTE, transthoracic 
echocardiography; SPAP, systolic pulmonary artery pressure; TRPG, tricuspid regurgitation pressure gradient.
*Studies with time intervals less than or equal to 24 hours were included in this subgroup.

＊Studies with time intervals less than or equal to 24 hours and 48 hours were included in this subgroup.

# Studies including a variety of diseases, including heart disease and lung disease.
&Diseases were not specifically identified in the studies (transplant candidates).
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Table 3 Sensitivity analysis for diagnostic accuracy meta-analysis.

Study characteristic N
I2

(95%CI)
AUC

(95%CI)
Sensitivity
(95%CI)

Specificity
(95%CI)

PLR
(95%CI)

NLR
((95%CI)

DOR
(95%CI)

All included studies 28 98(97–99) 0.88(0.85–0.90) 0.85(0.81–0.90) 0.74(0.64–0.81) 3.2(2.3–4.4) 0.20(0.15–0.26) 16(10–27)
Excluding study of Penning＊ 27 98(97–99) 0.88(0.85–0.91) 0,86(0.81–0.89) 0.75(0.66–0.82) 3.4(2.5–4.6) 0.19(0.14–0.26) 18(11–28)
RHC threshold MPAP≥25 mmHg 21 98(97–99) 0.87(0.84–0.90) 0.83(0.77–0.88) 0.76(0.67–0.83) 3.5(2.5–4.8) 0.22(0.16–0.30) 16(10–26)
RAP method(IVC)£ 17 96(93–99) 0.89(0.86–0.91) 0.86(0.82–0.90) 0.73(0.59–0.84) 3.2(2.0–5.1) 0.19(0.13–0.27) 17(8–35)
Excluding high TTE threshold * 21 97(95–99) 0.90(0.87–0.92) 0.88(0.85–0.91) 0.72(0.59–0.82) 3.2(2.1–4.8) 0.16(0.12–0.22) 20(11–36)

AUC, Area under the curve; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; MPAP, mean pulmonary artery 
pressure; TTE, transthoracic echocardiography; RHC, right heart catheterization;RAP, right atrial pressure; IVC, inferior vena cava.

＊The study of Penning was excluded because only pregnant women withcardiac disease were included as subjects.

£The RAP was calculated through the diameter and collapse rate of IVC during spontaneous respiration. Habash’s study was divided into two 
independent parts, thus the results section showed 16 studies, but 17 sets of data were analyzed.
* High TTE threshold was defined as SPAP greater than 45 mmHg or tricuspid regurgitation pressure gradient (TRPG) greater than 40 mmHg.

Page 27 of 34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-033084 on 22 D

ecem
ber 2019. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

28

Figure legends/captions

Figure 1 Flowchart for identification of the studies. 

﹡Habash’s study was divided into two independent parts because of the differences between the 

case group (Habash-1) and the control group (Habash-2). A total of 27 studies were included, 

but 28 sets of data were analyzed.

Figure 2 Risk of bias and applicability concerns summary: review authors' judgements 

regarding each domain for each included study (n=28).

Figure 3 Summary receiver operating characteristic (SROC) graph with 95% confidence region 

and 95% prediction region for TTE in the diagnosis of pulmonary hypertension (n=28). 

Figure 4 Forest plot of the sensitivity and specificity of each individual study, summary 

sensitivity and specificity and I2 statistic for heterogeneity (n=28).
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Figure 1 Flowchart for identification of the studies. 
﹡Habash’s study was divided into two independent parts because of the differences between the case group 
(Habash-1) and the control group (Habash-2). A total of 27 studies were included, but 28 sets of data were 

analyzed. 
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Figure 2 Risk of bias and applicability concerns summary: review authors' judgements regarding each 
domain for each included study (n=28). 
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Figure 3 Summary receiver operating characteristic (SROC) graph with 95% confidence region and 95% 
prediction region for TTE in the diagnosis of pulmonary hypertension (n=28). 
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Figure 4 Forest plot of the sensitivity and specificity of each individual study, summary sensitivity and 
specificity and I2 statistic for heterogeneity (n=28). 
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PRISMA-DTA Checklist

Section/topic # PRISMA-DTA Checklist Item Reported on 
page # 

TITLE / ABSTRACT
Title 1 Identify the report as a systematic review (+/- meta-analysis) of diagnostic test accuracy (DTA) studies. 1
Abstract 2 Abstract: See PRISMA-DTA for abstracts. 3
INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of what is already known. 5
Clinical role of index 
test

D1 State the scientific and clinical background, including the intended use and clinical role of the index test, and if 
applicable, the rationale for minimally acceptable test accuracy (or minimum difference in accuracy for comparative 
design).

5

Objectives 4 Provide an explicit statement of question(s) being addressed in terms of participants, index test(s), and target 
condition(s).

5

METHODS 
Protocol and 
registration 

5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number. 

5

Eligibility criteria 6 Specify study characteristics (participants, setting, index test(s), reference standard(s), target condition(s), and study 
design) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, 
giving rationale.

6

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched. 

6

Search 8 Present full search strategies for all electronic databases and other sources searched, including any limits used, such 
that they could be repeated.

Supplementar
y Data

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

Figure 1

Data collection 
process 

10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 

6

Definitions for data 
extraction

11 Provide definitions used in data extraction and classifications of target condition(s), index test(s), reference 
standard(s) and other characteristics (e.g. study design, clinical setting).

6-7

Risk of bias and 
applicability

12 Describe methods used for assessing risk of bias in individual studies and concerns regarding the applicability to the 
review question.

7

Diagnostic accuracy 
measures

13 State the principal diagnostic accuracy measure(s) reported (e.g. sensitivity, specificity) and state the unit of 
assessment (e.g. per-patient, per-lesion).

7

Synthesis of results 14 Describe methods of handling data, combining results of studies and describing variability between studies. This 
could include, but is not limited to: a) handling of multiple definitions of target condition. b) handling of multiple 
thresholds of test positivity, c) handling multiple index test readers, d) handling of indeterminate test results, e) 

7
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PRISMA-DTA Checklist

grouping and comparing tests, f) handling of different reference standards

Page 1 of 2 

Section/topic # PRISMA-DTA Checklist Item Reported 
on page # 

Meta-analysis D2 Report the statistical methods used for meta-analyses, if performed. 7
Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which 

were pre-specified. 
8

RESULTS 
Study selection 17 Provide numbers of studies screened, assessed for eligibility, included in the review (and included in meta-analysis, if 

applicable) with reasons for exclusions at each stage, ideally with a flow diagram. 
Figure 1

Study characteristics 18 For each included study provide citations and present key characteristics including: a) participant characteristics 
(presentation, prior testing), b) clinical setting, c) study design, d) target condition definition, e) index test, f) reference 
standard, g) sample size, h) funding sources

23
Table 1

Risk of bias and 
applicability

19 Present evaluation of risk of bias and concerns regarding applicability for each study. Figure 2

Results of individual 
studies 

20 For each analysis in each study (e.g. unique combination of index test, reference standard, and positivity threshold) report 
2x2 data (TP, FP, FN, TN) with estimates of diagnostic accuracy and confidence intervals, ideally with a forest or receiver 
operator characteristic (ROC) plot.

Figure 3

Synthesis of results 21 Describe test accuracy, including variability; if meta-analysis was done, include results and confidence intervals. Figure 4
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression; analysis of index test: 

failure rates, proportion of inconclusive results, adverse events).
24-26
Table 2,3

DISCUSSION 
Summary of evidence 24 Summarize the main findings including the strength of evidence. 11
Limitations 25 Discuss limitations from included studies (e.g. risk of bias and concerns regarding applicability) and from the review 

process (e.g. incomplete retrieval of identified research).
13

Conclusions 26 Provide a general interpretation of the results in the context of other evidence. Discuss implications for future research and 
clinical practice (e.g. the intended use and clinical role of the index test).

12-13

FUNDING 
Funding 27 For the systematic review, describe the sources of funding and other support and the role of the funders. 2
Adapted From:  McInnes MDF, Moher D, Thombs BD, McGrath TA, Bossuyt PM, The PRISMA-DTA Group (2018). Preferred Reporting Items for a Systematic Review and Meta-analysis of Diagnostic Test 
Accuracy Studies: The PRISMA-DTA Statement.  JAMA. 2018 Jan 23;319(4):388-396. doi: 10.1001/jama.2017.19163.

For more information, visit: www.prisma-statement.org. 
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