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Introduction: The magnitude of pulmonary artery pressure (PAP) and the extent of ventilation/perfusion (V/Q) mismatch are essential for assessing the prognosis of acute pulmonary embolism (APE). We aimed to develop a model for predicting the status of the pulmonary circulation and arterial gas exchange functions using serum levels of cardiac biomarkers and arterial oxygenation index (OI) values.

Materials and methods: This single-center, retrospective observational cohort study included 224 patients with APE. Multivariate linear regression and Poisson regression were used to test the statistical association between cardiac biomarkers, OI, PAP, and V/Q mismatch. Diagnostic efficiency was calculated from a receiver operating characteristic (ROC) curve.

Results: Serum levels of troponin I (TNI), N-terminal pro-brain natriuretic peptide (NT-proBNP), and arterial OI magnitude significantly correlated with PAP and V/Q mismatches (P < 0.05). Multivariate linear regression showed that NT-proBNP serum levels (β = 0.002, P < 0.001) and OI values (β = −0.022, P = 0.001) significantly influenced PAP. Arterial OI (β = −0.039, P < 0.001) had a significant influence on the percentage of pulmonary vascular obstruction (PVO) as determined by perfusion scanning. Poisson regression showed that OI (odds ratio: 0.995, p < 0.001) was a predictor of the number of lung segments with V/Q mismatches. ROC area under the curve (AUC) values of NT-proBNP and OI predicting pulmonary hypertension were 0.716 and 0.730, respectively, and for V/Q mismatch scanning, the results were 0.601 and 0.634, respectively.

Conclusion: Arterial OI and serum levels of cardiac biomarkers may be used as indicators of pulmonary hypertension and V/Q mismatch.
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1. Introduction

Venous thromboembolism (VTE), including acute pulmonary embolism (APE) and deep vein thrombosis, is the third most common acute cardiovascular disease in the world (1). Longitudinal studies have found that the annual incidence of APE shows an upward trend over time (2, 3). Precise diagnosis and early determination of risk stratification in patients with APE are critical for follow-up treatment.

Both pulmonary circulation and arterial gas exchange are affected by APE. The main manifestations of disrupted pulmonary circulatory are increased pulmonary artery pressure (PAP) and right ventricular (RV) failure (4). Persistent and organized deep vein thrombosis can result in a progressive increase in PAP that can eventually cause chronic thromboembolic pulmonary hypertension (CTEPH), a life-threatening obstructive vasculopathy. A mean PAP of >30 mmHg has been related to poor survival (4). Therefore, pre-existing CTEPH or high PAP should not be overlooked in patients with APE (1).

Abnormal arterial gas exchange is caused by reduced blood flow at the APE site and the widening of alveolar dead space. Ventilation/perfusion (V/Q) mismatch will ultimately result in respiratory failure (5). V/Q scintigraphy is a diagnostic test for APE, especially for finding segmental V/Q mismatches.

The extent of V/Q mismatch at diagnosis is the main predictor of poor APE prognosis (6). In addition to pulmonary circulation function, risk stratification and adverse outcomes in APE have also been increasingly studied in relation to respiratory perfusion functions such as partial pressure of oxygen (PO2) and oxygenation index (OI) (7, 8).

For patients initially admitted with APE, it is often easier to measure serum levels of cardiac biomarkers and arterial blood gas values than conduct echocardiography and V/Q scans. Given the importance of PAP and V/Q for prognosis, our research aimed to evaluate the use of laboratory results to predict the status of the pulmonary circulation and arterial gas exchange functions.



2. Materials and methods


2.1. Study design and participants

From January 2018 to April 2021, patients meeting the criteria for the diagnosis, treatment, and prevention of pulmonary thromboembolism (Chinese version) (9) at the Department of Respiratory Medicine, Xin Hua Hospital, affiliated with the Shanghai Jiao Tong University School of Medicine, were enrolled in this study. The exclusion criteria were: (1) age < 18 years, (2) PE without verification (3) pulmonary hypertension (PH) caused by severe cardiovascular or other diseases, and (4) other lung diseases (chronic obstructive pulmonary diseases, asthma, pneumonia, etc.). The risk stratification approach used in our study was also based on Chinese guidelines (Supplementary Table 1; 9).



2.2. Ethical approval

The study was approved by the Medical Ethics Committee of Xinhua Hospital, affiliated with Shanghai Jiao Tong University School of Medicine, Shanghai, China (No. XHEC-NSFC-2020-014) and the informed consent was exempted from all participants.



2.3. Data collection

General information about the participants was collected, including sex and age. Laboratory examination data included arterial blood gas measurement, serum levels of cardiac biomarkers troponin I (TNI) and N-terminal pro-brain natriuretic peptide (NT-proBNP), and D-dimer values. The arterial blood gas and cardiac biomarkers were collected at the time of admission, usually within one hour.



2.4. Ventilation-perfusion lung scintigraphy

High probability findings of V/Q scan include at least two large mismatched segmental defects or segmental defect equivalents (10, 11). The diagnosis of APE was confirmed by combining a high probability of V/Q scan mismatch with clinical data. The number of lung segments with V/Q mismatches was collected for each patient. To semi-quantitatively study the mismatch range, each V/Q scan was scored as follows (12). According to the regional distribution of pulmonary blood flow in the supine position, each lobe was assigned a weight: right upper lobe 18%, right middle lobe 12%, right lower lobe 25%, left upper lobe 13%, left lingula 12%, and left lower lobe 20%. For comparison with the photo density of a normally perfused area, a semi-quantitative perfusion fraction for each lobe from 0 to 1 (0, 0.25, 0.5, 0.75, 1) was evaluated. Each lobe perfusion score was calculated by multiplying the perfusion fraction by the corresponding weight. The percentage of pulmonary vascular obstruction (PVO) was calculated as: (PVO) = (1–Overall perfusion score) × 100.

For low-risk and intermediate-risk patients, the V/Q scan was completed about 3 days after admission. For high-risk patients, especially high-risk patients, the V/Q scan was taken after patients had stabilized, usually within 5 days after admission.



2.5. Echocardiography

APE may cause RV dysfunction, which can be observed by echocardiography (12). Pulmonary artery systolic pressure can be determined by measuring the tricuspid regurgitation pressure difference and the right atrial pressure using echocardiography. We collected the PAP data of each patient in this study. The detection time of echocardiography was the same as that of V/Q scan.



2.6. Statistical analysis

SPSS 19.0 (IBM Corp., Armonk, NY, USA) and R software (version 4.2.1) were used in this study. The normality of the data distribution was checked using the Kolmogorov-Smirnov test. Continuous data are summarized as mean with standard deviation (SD) or median with interquartile range (IQR). The non-parametric Mann–Whitney test was used to analyse the non-normally distributed data. ANOVA test was used to analyse normally distributed data between groups, and LSD was used in differences between couples of groups. Categorical data were summarized as percentages and fractions of occurrence and were analysed by chi-square test to compare groups according to the variable type. The correlation between the variables was measured using Spearman’s correlation coefficient. Generalized and multivariate linear regression were used to explore the factors affecting PH and the extent of lung segment V/Q mismatches. We used Poisson regression when the outcome variable was a count-type variable. The receiver operating characteristic (ROC) curve and area under the curve (AUC) were used to determine the diagnostic value and optimal cut-off values. P-values were two-sided, and <0.05 was considered significant.




3. Results


3.1. Patient characteristics

Overall, 224 patients met the inclusion criteria. Patient numbers in the high, intermediate, and low-risk groups were 31 (13.8%), 97 (43.3%), and 96 (42.9%), respectively. A total of 89 patients received oxygen therapy, 19 (61.3%) high-risk patients, 42 (43.3%) intermediate-risk patients, and 28 (29.2%) low-risk patients. The values of D-dimer, TNI, NT-proBNP, PO2, OI, PAP, number of lung segments with V/Q scan mismatches, and PVO between the different risk stratification groups were statistically significant (Table 1). Differences between couples of groups were shown in Supplementary Table 2.


TABLE 1    Acute pulmonary embolism (APE) patient characteristics.
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3.2. Correlation between cardiac Biomarkers, OI, PH, and PVO

OI is not affected by the oxygen absorption concentration, and it can better reflect patient hypoxia than the partial oxygen pressure measured in arterial blood. Therefore, we chose OI for correlation analysis. TNI, NT-proBNP, and OI were significantly correlated with systolic PAP and pulmonary perfusion defects (P < 0.05) (Table 2). NT-proBNP and OI were more significantly correlated than TNI.


TABLE 2    Correlation between cardiac biomarkers, oxygenation index (OI), pulmonary hypertension (PH), and pulmonary vascular obstruction (PVO).
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3.3. Univariate and generalized multivariate linear regression models

In the univariate models, significant correlations were evident between NT-proBNP, OI, PAP, and PVO (Figure 1). Multivariate linear regression analysis showed that NT-proBNP (β coefficient = 0.002, P < 0.001) and OI (β coefficient = −0.022, P = 0.001) significantly affected PAP. The OI (β coefficient = −0.039, P < 0.001) also significantly influenced PVO. PAP and PVO decreased by 2.2 mmHg and 3.9%, respectively, per 100 mmHg increase in the OI. The NT-proBNP level did not significantly influence PVO (P = 0.279). No significant association was found between TNI and PAP, PVO in both univariate and multivariate Models (Table 3).
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FIGURE 1
Correlation between NT-proBNP and oxygenation index (OI) with pulmonary artery pressure (PAP) and pulmonary vascular obstruction (PVO). (A) NT-proBNP and PAP. (B) OI and PAP. (C) NT-proBNP and PVO. (D) OI and PVO. NT-proBNP, N-terminal pro-brain natriuretic peptide; PAP, pulmonary artery pressure; PVO, pulmonary vascular obstruction; OI, oxygenation index.



TABLE 3    Influencing factors by linear regression analysis.
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Table 4 shows the Poisson regression analysis used to identify the predictors of the number of lung segments with V/Q scan mismatches and hospitalization days. Odds ratios (OR) with 95% confidence intervals (CI) were also calculated. OI was a significant variable to identify the predictors of the number of lung segments with V/Q scan mismatches (OR 0.995; 95% CI: 0.995–0.996; P < 0.001). NT-proBNP (OR 1.001; 95% CI: 1.000–1.003; P = 0.034), OI (OR 0.999; 95% CI: 0.998–1.000; P = 0.043) and PAP (OR 1.006; 95% CI: 1.003–1.008; P = 0.020) were significant variables to identify the predictors of hospitalization time.


TABLE 4    Poisson regression for predictors of the number of V/Q mismatched lung segments and hospitalization time.
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3.4. Diagnostic accuracy of parameters for PH and the extent of lung segment defect

PH was considered to exist if the pulmonary artery systolic pressure obtained by echocardiography was greater than 30 mm Hg. At least two large mismatched segmental defects were considered positive for the V/Q scan results.

The ROC analysis showed that NT-proBNP (AUC 0.716, 95% CI: 0.645–0.787, P < 0.001) and OI (AUC 0.730, 95% CI: 0.650–0.810, P < 0.001) had positive effects in predicting PH. The optimal cut-off values for each parameter were as follows: NT-proBNP: 328.85 pg/ml (sensitivity 80.00%; specificity 62.28%); OI: 372.86 mmHg (sensitivity, 62.28%; specificity, 81.82%).

The AUC of NT-proBNP and OI were 0.601 (95% CI: 0.523–0.678, P = 0.012) and 0.634 (95% CI: 0.561–0.708, P = 0.038). They had a predictive value for the V/Q scan results. The critical values of NT-proBNP and OI were 211.90 pg/ml (sensitivity, 63.04%; specificity, 60.71%) and 406.59 mmHg (sensitivity, 52.38%; specificity, 70.29%) (Figure 2).
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FIGURE 2
Receiver operating characteristic (ROC) curve of NT-proBNP and oxygenation index (OI) in predicting PH and V/Q scan result. (A) NT-proBNP and PH. (B) OI and PH. (C) NT-proBNP and V/Q scan result. (D) OI and V/Q scan result. ROC, receiver operating characteristic; NT-proBNP, N-terminal pro-brain natriuretic peptide; PH, pulmonary hypertension; V/Q, ventilation perfusion lung scintigraphy; OI, oxygenation index.





4. Discussion

In 2001, the Respiratory Branch of the Chinese Medical Association issued the first guidelines for standardized diagnosis and treatment of pulmonary embolism (9). The prevention and treatment of APE and VTE in China have undergone tremendous changes with the help of joint efforts. The mortality rate of pulmonary embolism in China has dropped from 25% 20 years ago to 3.9% (13), and the latest data show a further drop to 1.3% (14). The change in this trend was associated with successful adherence to the risk-adjusted diagnostic and treatment plans recommended by the guidelines (9).

A tricuspid valve insufficiency gradient > 30 mmHg represents the RV overload and dysfunction criterion and is seen in over 30% of patients with pulmonary embolism (15). A long-term study over 15 years found that mortality correlated with PAP and RV failure. PH progressed further in patients with an initial PAP > 30 mmHg. In contrast, almost none of the patients with a normal initial PAP developed severe PH (16). Therefore, it is crucial to assess PAP at the time of initial APE onset. At present, echocardiography is not recommended for patients with suspected PE yet stable hemodynamics (10). Furthermore, not all hospitals can perform primary echocardiography; hence, we wanted to develop a model to predict PAP changes quickly through simple and rapid laboratory examinations.

A lung perfusion mismatch in a lobar, segmental, or even sub-segmental distribution and without a ventilation defect can be observed on a V/Q scan (17). V/Q scanning is the standard for assessing PVO (18) that can evaluate the extent and degree of embolism. During an 8-year follow-up study, PVO at the initial PE diagnosis (HR: 33.00, 95% CI: 1.64–667.00, P = 0.02) was the main predictor for CTEPH (6). A V/Q scan appointment always involves long wait times, is not as fast as the computed tomography pulmonary angiogram (CTPA) test, and is not available at all hospitals. However, given its significant prognostic value, the establishment of PVO prediction models will help to rapidly evaluate the condition of APE patients and guide the follow-up treatment plan.

Our team has been committed to the evaluation and prognosis of APE. A V/Q defect ultimately results in respiratory failure and hypoxemia. However, according to Chinese guidelines (9), risk stratification mainly depends on the patient’s hemodynamics, cardiac biomarkers, and RV function and omits the role of respiratory function. Hypoxemia is a typical manifestation of APE (19). Our previous studies have found that PO2 and OI are prognostic biomarkers of mortality in APE. Low PO2 (less than 8 kPa) suggested a higher risk of mortality (HR 9.462, P = 0.001) (7). We designed this study to elucidate the importance of respiratory function further and improve clinical focus. We found that the OI significantly influenced both PAP and PVO. This suggests that the OI has strong clinical value for assessing pulmonary circulation and arterial gas exchange in APE patients.

Serum NT-proBNP level reflects the status of hemodynamics and RV function in APE patients. A high NT-proBNP level (more than 500 pg/ml) was used to select patients for outpatient treatment in a multicenter study (20). Focusing on the prognostic specificity of adverse outcomes, an NT-proBNP value of ≥600 pg/ml is more appropriate (21). In our study, the optimal cut-off value of NT-proBNP in patients with high PAP (>30 mmHg) was 328.85 pg/ml. PAP increased by 1 mmHg per 500 pg/ml increase in NT-proBNP level. The decrease in RV contractile forces causes an imbalance in oxygen supply and demand, and the two can interact. Although NT-proBNP level was associated with PVO through simple linear regression, it was not statistically significant. This might suggest a limitation of NT-proBNP, different from the OI, in assessing gas exchange in APE.

Our study found that TNI correlated with PAP and PVO, but linear regression analysis suggested that it had no predictive value for either. Pulmonary artery obstruction and hypoxic vasoconstriction cause RV dysfunction and increased pulmonary vascular resistance in APE patients (22). Unlike acute coronary syndrome, coronary artery occlusion or spasm causes myocardial ischemia and necrosis (23). TNI is a marker of myocardial injury but not of RV dysfunction. This may explain why TNI was not an effective predictor of PAP.

Our study has some limitations. First, the sample size was small, and it was a single-center retrospective study. The patients included in our study were all hospitalized; therefore, they were mainly in intermediate- and high-risk groups. The enrolled patients might have overshadowed low-risk patients who only required outpatient treatment and follow-up. The patients who were haemodynamically unstable and unable to complete the echocardiography and V/Q scan were not included in this study. We conducted the linear regression between different risk groups of APE, but there was no significant statistical significance in the subsequent analyses (Supplementary Table 3), which might due to the shortage and deviation of sample size. Second, although the V/Q scan is an effective imaging method for detecting pulmonary embolism, it is a planar image, which has certain limitations in measuring the specific perfusion defect range of the patient. Although we measured PVO artificially, it could only be detected semi-quantitatively. Third, the gold standard for the diagnosis of PH is the RV floating catheter measurement. Almost no patients underwent this invasive examination; therefore, we used PAP measured by echocardiography for the research analysis. Finally, we need to expand the patient sample size further and collect V/Q single photon emission/computed tomography (SPECT/CT) data (1, 24) that can be used for three-dimensional imaging, to verify the applicability of the results.

In conclusion, our study found that PAP and PVO decreased by 2.2 mmHg and 3.9%, respectively, per 100 mmHg increase in the OI, and PAP increased by 1 mmHg per 500 pg/ml increase in the NT-proBNP. OI has strong clinical value for assessing the pulmonary circulation and arterial gas exchange of APE patients. This study provides a potentially convenient method for clinical evaluation of APE when it is challenging to perform immediate echocardiography and V/Q scans.



Data availability statement

The original contributions presented in this study are included in this article/Supplementary material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by Medical Ethics Committee of Xinhua Hospital, affiliated with Shanghai Jiao Tong University School of Medicine, Shanghai, China. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

WY and XC collected the data. WY and XL performed the data analysis. WY, XC, XG, and WG wrote the main manuscript. WY, XC, and XL prepared the Figures 1, 2 and Tables 1–4. XG and WG designed the study, revised, and reviewed the manuscript. All authors reviewed the manuscript.



Funding

This work was supported by Shanghai Jiao Tong University star project of medical engineering cross-research (YG2021QN49) and Shanghai Science and Technology Commission (22Y11901700).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.1090805/full#supplementary-material



References

1. Konstantinides S, Meyer G, Becattini C, Bueno H, Geersing G, Harjola V, et al. 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in collaboration with the European respiratory society (ERS). Eur Heart J. (2020) 41:543–603. doi: 10.1093/eurheartj/ehz405

2. Keller K, Hobohm L, Ebner M, Kresoja K, Münzel T, Konstantinides S, et al. Trends in thrombolytic treatment and outcomes of acute pulmonary embolism in Germany. Eur Heart J. (2020) 41:522–9. doi: 10.1093/eurheartj/ehz236

3. Lehnert P, Lange T, Møller C, Olsen P, Carlsen J. Acute pulmonary embolism in a national danish cohort: increasing incidence and decreasing mortality. Thromb Haemost. (2018) 118:539–46. doi: 10.1160/TH17-08-0531

4. McIntyre K, Sasahara A. The hemodynamic response to pulmonary embolism in patients without prior cardiopulmonary disease. Am J Cardiol. (1971) 28:288–94. doi: 10.1016/0002-9149(71)90116-0

5. Burrowes K, Clark A, Tawhai M. Blood flow redistribution and ventilation-perfusion mismatch during embolic pulmonary arterial occlusion. Pulm Circ. (2011) 1:365–76. doi: 10.4103/2045-8932.87302

6. Fauché A, Presles E, Sanchez O, Jaïs X, Le Mao R, Robin P, et al. Frequency and predictors for chronic thromboembolic pulmonary hypertension after a first unprovoked pulmonary embolism: results from PADIS studies. J Thromb Haemost. (2023) 20:2850–61. doi: 10.1111/jth.15866

7. Ye W, Chen X, Li X, Guo X, Gu W. Arterial partial pressure of oxygen and diffusion function as prognostic biomarkers for acute pulmonary embolism. Respir Med. (2022) 195:106794. doi: 10.1016/j.rmed.2022.106794

8. Vedovati M, Cimini L, Pierpaoli L, Vanni S, Cotugno M, Pruszczyk P, et al. Prognostic value of respiratory index in haemodynamically stable patients with acute pulmonary embolism: the Respiratory Index model study. Eur Heart J Acute Cardiovasc Care. (2020) 9:286–92. doi: 10.1177/2048872620913849

9. Pulmonary embolism and pulmonary vascular diseases group of Chinese thoracic society, Pulmonary embolism and pulmonary vascular disease working committee of Chinese association of chest physicians, National cooperation group on prevention and treatment of pulmonary embolism and pulmonary vascular disease. Guidelines for the diagnosis, treatment and prevention of pulmonary thromboembolism. Zhonghua Yi Xue Za Zhi. (2018) 98:1060–87. doi: 10.3760/cma.j.issn.0376-2491.2018.14.007

10. Moore A, Wachsmann J, Chamarthy M, Panjikaran L, Tanabe Y, Rajiah P. Imaging of acute pulmonary embolism: an update. Cardiovasc Diagn Ther. (2018) 8:225–43. doi: 10.21037/cdt.2017.12.01

11. Sostman H, Miniati M, Gottschalk A, Matta F, Stein P, Pistolesi M. Sensitivity and specificity of perfusion scintigraphy combined with chest radiography for acute pulmonary embolism in PIOPED II. J Nucl Med. (2008) 49:1741–8. doi: 10.2967/jnumed.108.052217

12. Meyer G, Collignon M, Guinet F, Jeffrey A, Barritault L, Sors H. Comparison of perfusion lung scanning and angiography in the estimation of vascular obstruction in acute pulmonary embolism. Eur J Nucl Med. (1990) 17:315–9. doi: 10.1007/BF01268022

13. Yang Y, Liang L, Zhai Z, He H, Xie W, Peng X, et al. Pulmonary embolism incidence and fatality trends in Chinese hospitals from 1997 to 2008: a multicenter registration study. PLoS One. (2011) 6:e26861. doi: 10.1371/journal.pone.0026861

14. Zhai Z, Wang D, Lei J, Yang Y, Xu X, Ji Y, et al. Trends in risk stratification, in-hospital management and mortality of patients with acute pulmonary embolism: an analysis from the China pUlmonary thromboembolism REgistry study (CURES). Eur Respir J. (2021) 58:2002963. doi: 10.1183/13993003.02963-2020

15. Grifoni S, Olivotto I, Cecchini P, Pieralli F, Camaiti A, Santoro G, et al. Utility of an integrated clinical, echocardiographic, and venous ultrasonographic approach for triage of patients with suspected pulmonary embolism. Am J Cardiol. (1998) 82:1230–5. doi: 10.1016/s0002-9149(98)00612-2

16. Riedel M, Stanek V, Widimsky J, Prerovsky I. Longterm follow-up of patients with pulmonary thromboembolism. Late prognosis and evolution of hemodynamic and respiratory data. Chest. (1982) 81:151–8. doi: 10.1378/chest.81.2.151

17. Mirza H, Hashmi M. Lung ventilation perfusion scan (VQ Scan). Treasure Island (FL): StatPearls Publishing (2022).

18. Bonnefoy P, Margelidon-Cozzolino V, Catella-Chatron J, Ayoub E, Guichard J, Murgier M, et al. What’s next after the clot? Residual pulmonary vascular obstruction after pulmonary embolism: from imaging finding to clinical consequences. Thromb Res. (2019) 184:67–76. doi: 10.1016/j.thromres.2019.09.038

19. Howard L. Acute pulmonary embolism. Clin Med. (2019) 19:243–7. doi: 10.7861/clinmedicine.19-3-247

20. Agterof M, Schutgens R, Snijder R, Epping G, Peltenburg H, Posthuma E, et al. Out of hospital treatment of acute pulmonary embolism in patients with a low NT-proBNP level. J Thromb Haemost. (2010) 8:1235–41. doi: 10.1111/j.1538-7836.2010.03831.x

21. Lankeit M, Jiménez D, Kostrubiec M, Dellas C, Kuhnert K, Hasenfuß G, et al. Validation of N-terminal pro-brain natriuretic peptide cut-off values for risk stratification of pulmonary embolism. Eur Respir J. (2014) 43:1669–77. doi: 10.1183/09031936.00211613

22. Lankhaar J, Westerhof N, Faes T, Marques K, Marcus J, Postmus P, et al. Quantification of right ventricular afterload in patients with and without pulmonary hypertension. Am J Physiol Heart Circ Physiol. (2006) 291:H1731–7. doi: 10.1152/ajpheart.00336.2006

23. Bergmark B, Mathenge N, Merlini P, Lawrence-Wright M, Giugliano R. Acute coronary syndromes. Lancet. (2022) 399:1347–58. doi: 10.1016/S0140-6736(21)02391-6

24. Thanuja M, Maimanah M, Sara U. Diagnosis of pulmonary embolism: a comparison between ventilation/perfusion SPECT/CT and perfusion-only SPECT/CT. Med J Malaysia. (2020) 75:490–3.



OPS/images/fcvm-10-1090805-t001.jpg
High-risk Intermediate-risk Low-risk
N=31 N =97 N =96

Male gender (%) 103 (32.3%) 10 (32.3%) 43 (44.3%) 50 (52.1%) 0.143
Age (years) 68.44 (13.48) 70.87 (12.91) 68.04 (13.15) 68.06 (14.04) 056
D-Dimer (mg/L) 1.64 (0.70-3.51) 2.31(0.92-5.39) 2.38 (0.99-3.84) 1.09 (0.39-2.74) <0.001
TNI (ng/ml) 0.01 (0.01-0.04) 0.03 (0.01-0.06) 0.04 (0.01-0.08) 0.01 (0.00-0.01) <0.001
NT-proBNP (pg/ml) 230.25 (80.17-1037.78) 847.00 (234.30-2450.00) 729.70 (271.15-2344.50) 77.71 (30.73-166.45) <0.001
PO, (kpa) 13.16 (4.58) 10.87 (2.87) 12.76 (4.55) 14.30 (4.74) 0.001
OI (mmHg) 374.18 (105.64) 281.08 (88.40) 361.83 (104.39) 416.72 (88.91) <0.001
PAP (mmHg) 30 (25-36) 35 (26-44) 35(28.5-41.5) 265 (23-31) <0.001
Number of V/Q mismatched lung 2.5(0-6) 16 (0-16) 2 (0-5) 2 (0-4) <0.001
segments (1)

PVO (%) 17.60 (0.00-31.65) 41.70 (37.57-48.71) 17.45 (0.00-25.65) 12.91 (0.00-23.02) <0.001
Hospitalization days (range) 12 (10-14) 12 (10-15) 12 (10-15) 11 (9-14) 0.025

Data are presented as mean (SD), median (IQR), 1 (%). TNI, troponin I; NT-proBNP, N-terminal pro-brain natriuretic peptide; PO,, partial oxygen pressure; V/Q scan, ventilation-perfusion lung
scintigraphy; PAP, pulmonary artery pressure; PVO, pulmonary vascular obstruction; OI, oxygenation index.
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