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Abstract

:

Sparse data are available on the female-specific features of chronic thromboembolic pulmonary hypertension (CTEPH). We prospectively enrolled 160 consecutive female patients who were firstly diagnosed with CTEPH between 2013 and 2019 to explore their clinical phenotypes, treatment patterns, and long-term survival. The patients’ mean age was 54.7 ± 13.8 years, 70.6% provided a confirmed history of venous thromboembolism, 46 (28.8%) patients underwent pulmonary endarterectomy (PEA), 65 (40.6%) received balloon pulmonary angioplasty (BPA), and 49 (30.6%) were treated with medical therapy alone. The patients were followed for a median of 51 (34–70) months; three patients were lost to follow-up, and twenty-two patients died. The estimated survival rates at 1, 3, 5, and 7 years were 98.1% (95% CI 96.0–100), 96.9% (95% CI 94.2–99.6), 85.1% (95% CI 78.1–92.2), and 76.2% (95% CI 65.2–87.2), respectively. After adjusting for the confounders, the results of the multivariate Cox analysis showed that the presence of anemia (5.56, 95% CI 1.6–19.22) was associated with an increased risk of all-cause death, and compared with medical treatment, receiving PEA and BPA decreased the risk of death by 74% (0.26, 95% CI 0.07–0.97) and 86% (0.14, 95% CI 0.04–0.57), respectively. In conclusion, in the modern era of CTEPH treatment, invasive revascularization combined with targeted therapy display good clinical outcomes for females; anemia should be actively modified, which may lead to clinical improvements. (ClinicalTrials.gov Identifier: NCT05360992).
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1. Introduction


Chronic thromboembolic pulmonary hypertension (CTEPH) is classified within group 4 pulmonary hypertension (PH), which is a rare but severe complication of pulmonary embolism (PE), leading to right heart failure and death. According to previous reports, the incidence of CTEPH after symptomatic PE in prospective studies ranged from 0.4% to 6.2% [1,2,3,4,5,6]. Pulmonary endarterectomy (PEA) is currently the preferred option for operable patients with marked symptomatic relief and improved long-term survival, and the 10-year survival rates were estimated to be 62–75% [7,8,9,10,11]. For inoperable patients and patients who have persistent or recurrent pulmonary hypertension (PH) after surgery, PAH targeted therapy with or without balloon pulmonary angioplasty (BPA) is the recommended treatment option [12,13,14,15].



Several subtypes of PH are characterized by female predominance, and the female sex appears to have longer survival than males after diagnosis [16,17,18]. Moreover, females and males also respond differently to medical therapy for PH [17]. However, sex-specific differences in CTEPH have been reported inconsistently in different studies. The European registry found the sex ratio was evenly balanced, and women underwent PEA less frequently than men but had better long-term survival [19]. On the other hand, 75% of CTEPH patients were females in Japan, and they showed less improvement through surgery than males [20]. Given these conflicting results, we conducted the present study to clarify the female-specific clinical features and the female long-term survival in CTEPH patients. We also examined independent predictors for all-cause death in these patients.




2. Methods


2.1. Study Cohort


Consecutively hospitalized female patients who were firstly diagnosed with CTEPH at the thrombosis center of Fuwai Hospital were entered into a database between May 2013 and May 2019. The patients’ clinical characteristics, functional and hemodynamic data, and comorbidities at diagnosis were collected during a routine diagnostic workup. The treatment regimens including PEA, BPA, and/or medical therapy were decided by a multidisciplinary team including PAH specialists, surgeons experienced with PEA, BPA interventionists, and radiologists. PEA was mainly considered for patients with: (1) New York Heart Association functional class III or IV symptoms; (2) a preoperative pulmonary vascular resistance (PVR) > 3.75 Wood units; (3) with surgically accessible stenosis and occlusion of pulmonary artery (in the main, lobar, or segmental pulmonary arteries); and (4) no severe comorbidities [21,22]. BPA was considered for patients with distal stenosis and occlusion, which were technically inoperable, or who carried an unfavorable risk/benefit ratio for PEA. The patients who refused or were technically inapplicable for PEA and BPA received targeted drugs [7,23]. PAH targeted drugs, including guanylate stimulator-riociguat, phosphodiesterase type 5 inhibitors, endothelin receptor antagonists, and prostacyclin analogue, were administrated alone or in combination according to the clinical judgement. Anemia was defined as hemoglobin less than 12 g/dL according to the World Health Organization classification.



Patients were followed-up by outpatient visit, hospitalization, phone calls, or online interviews annually, and the data cutoff was 22 February 2021. The primary outcome of the study was the time from diagnosis to the all-cause death.




2.2. CTEPH Diagnosis


CTEPH diagnosis was based on the following criteria [24,25]:




	
PH confirmed by right heart catheterization (mean pulmonary arterial pressure (mPAP) > 25 mm Hg, pulmonary vascular resistance (PVR) > 3 Wood units, and pulmonary arterial wedge pressure (PAWP) < 15 mm Hg at rest);



	
Mismatch on ventilation/perfusion scintigraphy or evidence of pulmonary vascular lesions on multidetector computed tomography angiography or pulmonary angiography [16,17];



	
At least 3 months of effective anticoagulation;



	
Other factors that may lead to pulmonary vascular lesions, such as arteritis, Takayasu’s disease, pulmonary artery sarcoma, fibrosing mediastinitis, pulmonary sarcoidosis, or schistosomiasis were excluded.









2.3. Statistical Analysis


Continuous variables were presented as mean ± SD or median (interquartile interval) as appropriate. The T test and the Mann–Whitney U test were performed to compare the difference between variables with normal and abnormal distribution, respectively. Categorical variables were described as frequencies (percentage, %), and the differences were tested by the chi-square test or Fisher’s exact test.



The Kaplan–Meier method was used to estimate the survival of female CTEPH patients. The Cox proportional hazards model was applied to identify the factors associated with death during follow-up. A multivariate Cox proportional hazards model was established based on the predictors associated with the hazard of death identified in the univariable analysis. For the variables that were associated with survival and differed significantly among the three treatment groups, sensitive analysis was performed to validate the results from the multivariate Cox proportional hazards model. A two-tailed p value < 0.05 was considered statistically significant. Statistical analyses were performed by using SAS (version 9.4, SAS institute, Cary, NC, USA)





3. Results


3.1. Clinical Features


During the study period, we enrolled 160 female patients who were firstly diagnosed with CTEPH in our center. The mean age was 54.7 ± 13.8 years, The median time from symptoms to diagnosis was 24.4 (9.1–60.78) months, 70.6% of patients provided a confirmed history of VTE, and 67.5% of the patients had WHO FC III/IV at diagnosis. The six-minute walking distance (6MWD) was 377 (342–442) meters, and the arterial oxygen saturation (SaO2) reduced to 89% [86–93%]. In hemodynamics, the mPAP was 51 ± 13 mmHg, the PVR was 9.68 (6.81–12.66) Wood units, and the mixed venous oxygen saturation (SVO2) was 61% (57–66%). Eight women (5%) were diagnosed with thrombophilia, twelve (7.5%) were also had antiphospholipid syndrome, and three suffered from cancer. In the overall cohort, 152 (95%) patients received targeted PAH therapy, 46 (28.8%) patients underwent PEA, 65 (40.6%) received BPA, and 49 (30.6%) were treated with medical therapy alone (Table 1). All the women received anticoagulants, with 65.54% with novel NOAC. Ninety-five percent of the patients were treated with PAH targeted therapy, 33.8% with monotherapy, and 61.3% with combination therapy.



Patients were followed for a median of 51 (34–70) months, three patients were lost to follow-up, and 22 patients died during the follow-up period. Comparing patients who survived with those who did not survive, the age at diagnosis, history of venous thromboembolism (VTE), WHO function class (FC) at diagnosis, mPAP, cardiac output (CO), PVR, SaO2, anticoagulants used, and comorbidities including thrombophilia, antiphospholipid syndrome and cancer were all similar; however, the SVO2 and main treatment modality differed. For patients who survived, 42 (30.4%), 61 (44.2%), and 35 (25.4%) were treated with PEA, BPA, and medical therapy alone, respectively. In contrast, for patients who did not survive, the rates were 18.2%, 18.2%, and 63.6%, respectively (p < 0.001). Moreover, the patients who survived had a lower occurrence of anemia than those died (6.5% and 22.7%, p = 0.027).



Table S1 provides the comparison between female patients and male CTEPH patients (n = 190) who were diagnosed during the same time period in our center. Females seemed to display more severe disease than males at diagnosis, presented with a higher WHO functional class, a lower 6MWD, a higher PVR, and reduced CO, Svo2, and SaO2. More male patients were recorded as having a history of VTE (82.6%), thrombophilia (12.1%), and coronary artery disease (9%). Regarding the main treatment modality, women underwent PEA less and BPA more than men. There were a total of 22 (13.8%) deaths in women and 23 (12.1%) in men recorded over the long-term follow-up.




3.2. Long-Term Survival and Risk Factors for All-Cause Death


The estimated survival rates at 1, 3, 5, and 7 years for female patients were 98.1% (95% CI 96.0–100), 96.9% (95% CI 94.2–99.6), 85.1% (95% CI 78.1–92.2), and 76.2% (95% CI 65.2–87.2), respectively (see Figure 1). The causes of death were right heart failure (n = 15), sudden cardiac death (n = 1), perioperative death (PEA, n = 2; BPA, n = 2), and cancer (n = 2).



In the univariate COX proportional hazards regression associated with all-cause death (Table S2), the predictors with significance were retained. The results of the multivariate Cox analysis after adjusting for the confounders (age, BMI, and the predictors associated with death identified in the univariable analysis) are shown in Table 2. The presence of anemia (5.56, 95% CI 1.61–19.22) was associated with an increased risk of all-cause death, and compared with medical treatment, receiving PEA and BPA decreased the risk of death by 74% (0.26, 95% CI 0.07–0.97) and 86% (0.14, 95% CI 0.04–0.57), respectively.




3.3. Sensitive Analysis


The baseline clinical characteristics of patients in each treatment group (targeted drug group, PEA and BPA group) are displayed in Table S3. The WHO FC, 6MWD, mPAP, and PVR were all comparable. For the variables that differed significantly among the three groups, time from first symptom to diagnosis and anticoagulant therapy had potential clinical importance. Sensitive analysis including the two variables showed that predictors associated with death were consistent with the above results from the multivariate Cox analysis (Table S4).




3.4. Discussion


The present longitudinal study provided us information about the clinical phenotypes and long-term survival of female patients with CTEPH, as well as factors that were significantly associated with all-cause death. We found that patients displayed a severely impaired functional and hemodynamic status when diagnosed, and those who were still alive at the last follow-up underwent more surgical or interventional regimens than those who did not survive; the latter were mainly treated with medical therapy alone. Compared to the males diagnosed during the same time period, the females were older, had more severe disease, and underwent PEA less but BPA more than the men. Women had an estimated 5-year survival rate of 85%, and aside from the main treatment modality, anemia was determined as the most potent independent factor for all-cause mortality.



The gender distribution in our study for CTEPH was nearly balanced, which is similar to what was reported in the European registry and some other registry studies [8,19,26], but it disagreed with cohorts from the United Kingdom, Japan, Korea, and Mexico in which female predominance was observed [20,27,28,29]. The paradoxical figures may be explained by the different eligible criteria of each study and national diverse baseline features and demographics. Since CTEPH is proposed to be related to the incomplete resolution of prior VTE events, the reports from Marshall et al. that VTE-related outcomes did not appear to differ significantly based on sex may be indirect evidence for our findings [30].



In this study, we reported that the survival rates after 1, 3, 5, and 7 years for the female patients were 98.1%, 96.9%, 85.1%, and 76.2%, similar to the survival of the whole CTEPH cohort in our center, as previously reported (the survival was 97.1%, 93.3%, 86.9%, and 82.0%, respectively) [23]. When compared to the historical data from Spain and a multicenter registry study from China, the long-term survival of our female patients at 3 and 5 years was much better (Spanish: 75% and 65%, China: 84.6% and 73.4%) [31,32]. The improved survival is mainly attributed to the new therapies (PEA or BPA) developed and the technique improvement in the last ten years in our center, which has a large volume of CTEPH patients, and perhaps partly due to the female-specific characteristics. In the surviving women, nearly 75% underwent surgery or interventional therapy; in contrast, only about 36% of the non-surviving patients were treated with PEA or BPA, although all of them were treated with targeted PAH therapy. This finding is also consistent with observations from the whole CTEPH cohort in that those who received PEA or BPA had a better prognosis than those who were only treated with targeted drugs alone [23]. In the European CTEPH registry study, Barco et al. reported that women underwent PEA less often than men; of the 339 women, 183 (54%) underwent PEA, compared with 221 of the 340 men (65%) [19]. In our study, females underwent PEA less but BPA more than males; however, the invasive revascularization ratio (including PEA and BPA) was similar (69.4% and 70%). The sex-specific discrepancy in regimens for CTEPH might be explained by subjective disease-related factors that determine surgery or intervention, along with female patients’ refusal to more invasive PEA due to their older age at diagnosis.



In the multivariate analysis, we determined that receiving PEA (HR 0.26) or BPA (HR 0.14) could significantly decrease the risk of all-cause mortality compared to targeted therapy alone, and the finding was robust in the sensitivity analysis. This agreed with findings from previous studies that interventional revascularization therapy with PEA [8,31] or BPA [33] could benefit long-term survival. Moreover, we found that anemia (HR 5.56) at diagnosis was an independent factor that could significantly increase all-cause mortality in female CTEPH. Numerous mechanistic links between PH and anemia have been proposed, such as hypoxic stress, endothelial dysfunction, and inflammation-driven processes [34]. Causes of anemia in women may include erythropoiesis disorder by low cardiac output [35], iron deficiency [36], malnutrition, menorrhagia, bleeding due to anticoagulants use, and the adverse effects of endothelium receptor antagonists (bosentan, ambrisentan, macitentan) [37,38,39]. Richard et al. reported that in a cohort of 145 patients with PH (75.2% were female and 69.7% were group 1 PH), after adjustment for known predictors of death and PH etiology, anemic patients were 3.3 times more likely to die than non-anemic patients; however, in that study, only 2.8% of patients were classified in group 4 PH [40]. Although anemia has been reported to be a strong risk factor for mortality in a number of chronic illnesses [41,42], our study reveals for the first time that anemia has a powerful association with the clinical outcome in female CTEPH patients. As life-long anticoagulation is the cornerstone therapy for CTEPH, the presence of anemia may restrict the dosage and duration of anticoagulant use, even affecting the treatment choice for PEA or BPA; this may be an explanation for anemia as a marker for a worsened clinical outcome in patients. In response to hypoxic stress and chronic inflammation, anemia can be a consequence of PH. On the other hand, the chronic hypoxic condition caused by various subtypes of anemia may further aggravate the pulmonary vascular remodeling in PH [34,43]. Therefore, our finding emphasizes the importance of actively modifying anemia for female patients with CTEPH, which may lead to clinical improvement in this challenging disorder.



This study had several limitations. Firstly, regarding the study design, the database was prospectively collected, but it was retrospectively analyzed; thus, we only analyzed patients’ baseline data. Secondly, the study was performed at one single large medical center and was therefore subject to referral bias. However, 160 female CTEPH patients were enrolled in the study and were followed for a median of 51 months, and only three patients were lost to follow-up during the study period. From the qualified study, we clarified the clinical phenotype, treatment patterns, and survival rates at a large-volume center in the contemporary treatment era. Thirdly, the day of diagnosis of CTEPH was used as the starting point to determine the length of survival, but there was a time lapse after diagnosis to the initiation of BPA or PEA, generally 3 to 6 months. However, the study was from real clinical practice, hence, the time lapse was almost unavoidable.





4. Conclusions


In this study specifically of female patients with CTEPH, we found that patients presented with severely compromised hemodynamics at diagnosis. Nearly 70% of women received invasive revascularization treatment including PEA or BPA. The survival rates at 1, 3, 5, and 7 years were estimated to be 98.1%, 96.9%, 85.1%, and 76.2%, respectively. Anemia at diagnosis and PEA and BPA regimens were determined as independent potent predictors for long-term clinical outcome. These findings provide new insights into this specific population with the challenging disorder. In the modern era of CTEPH treatment, invasive revascularization combined with targeted therapy display good clinical outcome for females; anemia should be detected early and actively modified, which may lead to clinical improvements.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcdd9090308/s1, Table S1: Clinical characteristics and outcomes in female vs. male CTEPH patients; Table S2: Univariate COX proportional hazards regression analysis of risk factors for mortality in female patients; Table S3: Clinical characteristics of female CTEPH patients in each treatment group; Table S4: Sensitivity analysis results.





Author Contributions


Conceptualization, Y.W., S.H., T.-T.G., X.G. and L.H.; methodology, Y.W., S.H., X.-X.Y., F.-H.P., J.-S.T., T.-T.G., X.G. and L.H.; software, Y.W., S.H. and J.-S.T.; validation, X.-X.Y., F.-H.P., J.-S.T. and T.-T.G.; formal analysis, Y.W., S.H., T.-T.G. and X.G.; investigation, Y.W., S.H., X.-X.Y., F.-H.P., J.-S.T. and T.-T.G.; writing—original draft preparation, Y.W. and S.H.; writing—review and editing, Y.W., S.H., X.-X.Y., F.-H.P., J.-S.T. and T.-T.G.; supervision, X.G. and L.H. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by grants from the National Clinical Research Center for Cardiovascular Diseases, Fuwai Hospital, Chinese Academy of Medical Sciences (NCRC2020007).




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Research Ethics Committee of Fuwai Hospital (NO. 2016-850).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to patients’ privacy.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Kim, N.H.; Delcroix, M.; Jais, X.; Madani, M.M.; Matsubara, H.; Mayer, E.; Ogo, T.; Tapson, V.F.; Ghofrani, H.A.; Jenkins, D.P. Chronic thromboembolic pulmonary hypertension. Eur. Respir. J. 2019, 53, 1801915. [Google Scholar] [CrossRef]

	



Pengo, V.; Lensing, A.W.; Prins, M.H.; Marchiori, A.; Davidson, B.L.; Tiozzo, F.; Albanese, P.; Biasiolo, A.; Pegoraro, C.; Iliceto, S.; et al. Incidence of chronic thromboembolic pulmonary hypertension after pulmonary embolism. N. Engl. J. Med. 2004, 350, 2257–2264. [Google Scholar] [CrossRef]

	



Becattini, C.; Agnelli, G.; Pesavento, R.; Silingardi, M.; Poggio, R.; Taliani, M.R.; Ageno, W. Incidence of chronic thromboembolic pulmonary hypertension after a first episode of pulmonary embolism. Chest 2006, 130, 172–175. [Google Scholar] [CrossRef] [PubMed]

	



Poli, D.; Grifoni, E.; Antonucci, E.; Arcangeli, C.; Prisco, D.; Abbate, R.; Miniati, M. Incidence of recurrent venous thromboembolism and of chronic thromboembolic pulmonary hypertension in patients after a first episode of pulmonary embolism. J. Thromb. Thrombolysis 2010, 30, 294–299. [Google Scholar] [CrossRef] [PubMed]

	



Guerin, L.; Couturaud, F.; Parent, F.; Revel, M.P.; Gillaizeau, F.; Planquette, B.; Pontal, D.; Guegan, M.; Simonneau, G.; Meyer, G.; et al. Prevalence of chronic thromboembolic pulmonary hypertension after acute pulmonary embolism. Prevalence of cteph after pulmonary embolism. Thromb. Haemost. 2014, 112, 598–605. [Google Scholar] [CrossRef]

	



Coquoz, N.; Weilenmann, D.; Stolz, D.; Popov, V.; Azzola, A.; Fellrath, J.M.; Stricker, H.; Pagnamenta, A.; Ott, S.; Ulrich, S.; et al. Multicentre observational screening survey for the detection of cteph following pulmonary embolism. Eur. Respir. J. 2018, 51, 1702505. [Google Scholar] [CrossRef] [PubMed]

	



Galie, N.; Humbert, M.; Vachiery, J.L.; Gibbs, S.; Lang, I.; Torbicki, A.; Simonneau, G.; Peacock, A.; Vonk Noordegraaf, A.; Beghetti, M.; et al. 2015 esc/ers guidelines for the diagnosis and treatment of pulmonary hypertension: The joint task force for the diagnosis and treatment of pulmonary hypertension of the european society of cardiology (esc) and the european respiratory society (ers): Endorsed by: Association for european paediatric and congenital cardiology (aepc), international society for heart and lung transplantation (ishlt). Eur. Heart J. 2016, 37, 67–119. [Google Scholar]

	



Delcroix, M.; Lang, I.; Pepke-Zaba, J.; Jansa, P.; D’Armini, A.M.; Snijder, R.; Bresser, P.; Torbicki, A.; Mellemkjaer, S.; Lewczuk, J.; et al. Long-term outcome of patients with chronic thromboembolic pulmonary hypertension: Results from an international prospective registry. Circulation 2016, 133, 859–871. [Google Scholar] [CrossRef]

	



Cannon, J.E.; Su, L.; Kiely, D.G.; Page, K.; Toshner, M.; Swietlik, E.; Treacy, C.; Ponnaberanam, A.; Condliffe, R.; Sheares, K.; et al. Dynamic risk stratification of patient long-term outcome after pulmonary endarterectomy: Results from the United Kingdom National Cohort. Circulation 2016, 133, 1761–1771. [Google Scholar] [CrossRef]

	



Kallonen, J.; Glaser, N.; Bredin, F.; Corbascio, M.; Sartipy, U. Life expectancy after pulmonary endarterectomy for chronic thromboembolic pulmonary hypertension: A swedish single-center study. Pulm. Circ. 2020, 10, 2045894020918520. [Google Scholar] [CrossRef]

	



Kallonen, J.; Korsholm, K.; Bredin, F.; Corbascio, M.; Andersen, M.J.; Ilkjær, L.B.; Mellemkjær, S.; Sartipy, U. Sex and survival following pulmonary endarterectomy for chronic thromboembolic pulmonary hypertension: A scandinavian observational cohort study. Pulm. Circ. 2021, 11, 20458940211056014. [Google Scholar] [CrossRef] [PubMed]

	



Guth, S.; D’Armini, A.M.; Delcroix, M.; Nakayama, K.; Fadel, E.; Hoole, S.P.; Jenkins, D.P.; Kiely, D.G.; Kim, N.H.; Lang, I.M.; et al. Current strategies for managing chronic thromboembolic pulmonary hypertension: Results of the worldwide prospective cteph registry. ERJ Open Res. 2021, 7, 00850-2020. [Google Scholar] [CrossRef] [PubMed]

	



Mizoguchi, H.; Ogawa, A.; Munemasa, M.; Mikouchi, H.; Ito, H.; Matsubara, H. Refined balloon pulmonary angioplasty for inoperable patients with chronic thromboembolic pulmonary hypertension. Circ. Cardiovasc. Interv. 2012, 5, 748–755. [Google Scholar] [CrossRef]

	



Sugimura, K.; Fukumoto, Y.; Satoh, K.; Nochioka, K.; Miura, Y.; Aoki, T.; Tatebe, S.; Miyamichi-Yamamoto, S.; Shimokawa, H. Percutaneous transluminal pulmonary angioplasty markedly improves pulmonary hemodynamics and long-term prognosis in patients with chronic thromboembolic pulmonary hypertension. Circ. J. 2012, 76, 485–488. [Google Scholar] [CrossRef] [PubMed]

	



Olsson, K.M.; Wiedenroth, C.B.; Kamp, J.C.; Breithecker, A.; Fuge, J.; Krombach, G.A.; Haas, M.; Hamm, C.; Kramm, T.; Guth, S.; et al. Balloon pulmonary angioplasty for inoperable patients with chronic thromboembolic pulmonary hypertension: The initial german experience. Eur. Respir. J. 2017, 49, 1602409. [Google Scholar] [CrossRef]

	



Martin, Y.N.; Pabelick, C.M. Sex differences in the pulmonary circulation: Implications for pulmonary hypertension. Am. J. Physiol. Heart Circ. Physiol. 2014, 306, H1253–H1264. [Google Scholar] [CrossRef] [PubMed]

	



Marra, A.M.; Benjamin, N.; Eichstaedt, C.; Salzano, A.; Arcopinto, M.; Gargani, L.; D’Alto, M.; Argiento, P.; Falsetti, L.; Di Giosia, P.; et al. Gender-related differences in pulmonary arterial hypertension targeted drugs administration. Pharmacol. Res. 2016, 114, 103–109. [Google Scholar] [CrossRef]

	



Humbert, M.; Sitbon, O.; Chaouat, A.; Bertocchi, M.; Habib, G.; Gressin, V.; Yaici, A.; Weitzenblum, E.; Cordier, J.F.; Chabot, F.; et al. Survival in patients with idiopathic, familial, and anorexigen-associated pulmonary arterial hypertension in the modern management era. Circulation 2010, 122, 156–163. [Google Scholar] [CrossRef]

	



Barco, S.; Klok, F.A.; Konstantinides, S.V.; Dartevelle, P.; Fadel, E.; Jenkins, D.; Kim, N.H.; Madani, M.; Matsubara, H.; Mayer, E.; et al. Sex-specific differences in chronic thromboembolic pulmonary hypertension. Results from the european cteph registry. J. Thromb. Haemost. JTH 2020, 18, 151–161. [Google Scholar] [CrossRef]

	



Shigeta, A.; Tanabe, N.; Shimizu, H.; Hoshino, S.; Maruoka, M.; Sakao, S.; Tada, Y.; Kasahara, Y.; Takiguchi, Y.; Tatsumi, K.; et al. Gender differences in chronic thromboembolic pulmonary hypertension in japan. Circ. J. 2008, 72, 2069–2074. [Google Scholar] [CrossRef]

	



Wilkens, H.; Lang, I.; Behr, J.; Berghaus, T.; Grohe, C.; Guth, S.; Hoeper, M.M.; Kramm, T.; Kruger, U.; Langer, F.; et al. Chronic thromboembolic pulmonary hypertension (cteph): Updated recommendations of the cologne consensus conference 2011. Int. J. Cardiol. 2011, 154 (Suppl. 1), S54–S60. [Google Scholar] [CrossRef]

	



Doyle, R.L.; McCrory, D.; Channick, R.N.; Simonneau, G.; Conte, J.; American College of Chest, P. Surgical treatments/interventions for pulmonary arterial hypertension: Accp evidence-based clinical practice guidelines. Chest 2004, 126, 63S–71S. [Google Scholar] [CrossRef]

	



Hu, S.; Tan, J.S.; Liu, S.; Guo, T.T.; Song, W.; Peng, F.H.; Wu, Y.; Gao, X.; Hua, L. The long-term survival in patients with chronic thromboembolic pulmonary hypertension: Experience from a single center in China. J. Thromb. Thrombolysis 2022, 53, 926–933. [Google Scholar] [CrossRef]

	



He, J.; Fang, W.; Lv, B.; He, J.G.; Xiong, C.M.; Liu, Z.H.; He, Z.X. Diagnosis of chronic thromboembolic pulmonary hypertension: Comparison of ventilation/perfusion scanning and multidetector computed tomography pulmonary angiography with pulmonary angiography. Nucl. Med. Commun. 2012, 33, 459–463. [Google Scholar] [CrossRef]

	



Kim, N.H.; Delcroix, M.; Jenkins, D.P.; Channick, R.; Dartevelle, P.; Jansa, P.; Lang, I.; Madani, M.M.; Ogino, H.; Pengo, V.; et al. Chronic thromboembolic pulmonary hypertension. J. Am. Coll. Cardiol. 2013, 62, D92–D99. [Google Scholar] [CrossRef]

	



Kramm, T.; Wilkens, H.; Fuge, J.; Schafers, H.J.; Guth, S.; Wiedenroth, C.B.; Weingard, B.; Huscher, D.; Pittrow, D.; Cebotari, S.; et al. Incidence and characteristics of chronic thromboembolic pulmonary hypertension in Germany. Clin. Res. Cardiol. 2018, 107, 548–553. [Google Scholar] [CrossRef]

	



Martinez, C.; Wallenhorst, C.; Teal, S.; Cohen, A.T.; Peacock, A.J. Incidence and risk factors of chronic thromboembolic pulmonary hypertension following venous thromboembolism, a population-based cohort study in England. Pulm. Circ. 2018, 8, 1–10. [Google Scholar] [CrossRef]

	



Al-Naamani, N.; Espitia, H.G.; Velazquez-Moreno, H.; Macuil-Chazaro, B.; Serrano-Lopez, A.; Vega-Barrientos, R.S.; Hill, N.S.; Preston, I.R. Chronic thromboembolic pulmonary hypertension: Experience from a single center in Mexico. Lung 2016, 194, 315–323. [Google Scholar] [CrossRef]

	



Park, S.Y.; Lee, S.M.; Shin, J.W.; Choi, B.W.; Kim, H.; Lee, J.S.; Lee, S.D.; Park, S.S.; Moon, H.S.; Park, Y.B. Epidemiology of chronic thromboembolic pulmonary hypertension in korea: Results from the korean registry. Korean J. Intern. Med. 2016, 31, 305–312. [Google Scholar] [CrossRef]

	



Marshall, A.L.; Bartley, A.C.; Ashrani, A.A.; Pruthi, R.K.; Durani, U.; Gonsalves, W.I.; Kapoor, P.; Hashmi, S.K.; Siddiqui, M.A.; Go, R.S. Sex-based disparities in venous thromboembolism outcomes: A national inpatient sample (nis)-based analysis. Vasc. Med. 2017, 22, 121–127. [Google Scholar] [CrossRef]

	



Deng, L.; Quan, R.; Yang, Y.; Yang, Z.; Tian, H.; Li, S.; Shen, J.; Ji, Y.; Zhang, G.; Zhang, C.; et al. Characteristics and long-term survival of patients with chronic thromboembolic pulmonary hypertension in China. Respirology 2021, 26, 196–203. [Google Scholar] [CrossRef]

	



Escribano-Subias, P.; Blanco, I.; Lopez-Meseguer, M.; Lopez-Guarch, C.J.; Roman, A.; Morales, P.; Castillo-Palma, M.J.; Segovia, J.; Gomez-Sanchez, M.A.; Barbera, J.A.; et al. Survival in pulmonary hypertension in Spain: Insights from the spanish registry. Eur. Respir. J. 2012, 40, 596–603. [Google Scholar] [CrossRef]

	



Taniguchi, Y.; Jais, X.; Jevnikar, M.; Boucly, A.; Weatherald, J.; Brenot, P.; Planche, O.; Parent, F.; Savale, L.; Fadel, E.; et al. Predictors of survival in patients with not-operated chronic thromboembolic pulmonary hypertension. J. Heart Lung Transplant. 2019, 38, 833–842. [Google Scholar] [CrossRef] [PubMed]

	



Sonnweber, T.; Pizzini, A.; Tancevski, I.; Loffler-Ragg, J.; Weiss, G. Anaemia, iron homeostasis and pulmonary hypertension: A review. Intern. Emerg. Med. 2020, 15, 573–585. [Google Scholar] [CrossRef]

	



Okonko, D.O.; Anker, S.D. Anemia in chronic heart failure: Pathogenetic mechanisms. J. Card. Fail. 2004, 10, S5–S9. [Google Scholar] [CrossRef]

	



Quatredeniers, M.; Montani, D.; Cohen-Solal, A.; Perros, F. Iron deficiency in pulmonary arterial hypertension: Perspectives. Pulm. Circ. 2021, 11, 1–4. [Google Scholar] [CrossRef] [PubMed]

	



Galiè, N.; Barberà, J.A.; Frost, A.E.; Ghofrani, H.A.; Hoeper, M.M.; McLaughlin, V.V.; Peacock, A.J.; Simonneau, G.; Vachiery, J.L.; Grünig, E.; et al. Initial use of ambrisentan plus tadalafil in pulmonary arterial hypertension. N. Engl. J. Med. 2015, 373, 834–844. [Google Scholar] [CrossRef]

	



Aversa, M.; Porter, S.; Granton, J. Comparative safety and tolerability of endothelin receptor antagonists in pulmonary arterial hypertension. Drug Saf. 2015, 38, 419–435. [Google Scholar] [CrossRef]

	



Pulido, T.; Adzerikho, I.; Channick, R.N.; Delcroix, M.; Galiè, N.; Ghofrani, H.A.; Jansa, P.; Jing, Z.C.; Le Brun, F.O.; Mehta, S.; et al. Macitentan and morbidity and mortality in pulmonary arterial hypertension. N. Engl. J. Med. 2013, 369, 809–818. [Google Scholar] [CrossRef]

	



Krasuski, R.A.; Hart, S.A.; Smith, B.; Wang, A.; Harrison, J.K.; Bashore, T.M. Association of anemia and long-term survival in patients with pulmonary hypertension. Int. J. Cardiol. 2011, 150, 291–295. [Google Scholar] [CrossRef]

	



Knight, K.; Wade, S.; Balducci, L. Prevalence and outcomes of anemia in cancer: A systematic review of the literature. Am. J. Med. 2004, 116 (Suppl. 7A), 11S–26S. [Google Scholar] [CrossRef]

	



Lipsic, E.; van der Horst, I.C.; Voors, A.A.; van der Meer, P.; Nijsten, M.W.; van Gilst, W.H.; van Veldhuisen, D.J.; Zijlstra, F. Hemoglobin levels and 30-day mortality in patients after myocardial infarction. Int. J. Cardiol. 2005, 100, 289–292. [Google Scholar] [CrossRef]

	



Hu, S.; Tan, J.S.; Liu, S.; Guo, T.T.; Song, W.; Peng, F.H.; Wu, Y.; Gao, X.; Hua, L. Development and validation of a nomogram for predicting the long-term survival in patients with chronic thromboembolic pulmonary hypertension. Am. J. Cardiol. 2022, 163, 109–116. [Google Scholar] [CrossRef]








[image: Jcdd 09 00308 g001 550] 





Figure 1. Kaplan–Meier survival for females with thromboembolic pulmonary hypertension. The estimated survival rates at 1, 3, 5, and 7 years for female patients were 98.1% (95% CI 96.0–100), 96.9% (95% CI 94.2–99.6), 85.1% (95% CI 78.1–92.2), and 76.2% (95% CI 65.2–87.2), respectively. 
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Table 1. The clinical characteristics of female CTEPH patients.
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Variables

	
All Female Patients (n = 160)

	
Survival

(n = 138)

	
Non-Survival

(n = 22)

	
p Value






	
Characteristics

	

	

	

	




	
Age

	
54.7 ± 13.8

	
54.6 ± 13.8

	
55.7 ± 13.8

	
0.716




	
BMI (kg/m2)

	
23.6 ± 3.3

	
23.7 ± 3.2

	
22.9 ± 3.6

	
0.269




	
History of VTE

	
113 (70.6)

	
101 (73.2)

	
12 (54.6)

	
0.075




	
Time from first symptom to diagnosis (months)

	
24.4 [9.1, 60.78]

	
24.3 [9.1, 58.8]

	
35.0 [9.6, 66.7]

	
0.321




	
WHO FC III/IV

	
108 (67.5)

	
92 (66.7)

	
16 (72.7)

	
0.573




	
6MWD (m)

	
377 [342, 442]

	
384 [342, 442]

	
342.0 [253, 442]

	
0.037




	
Hemodynamics

	

	

	

	




	
Systolic PAP (mmHg)

	
84.7 ± 23.6

	
84.2 ± 24.0

	
87.5 ± 21.2

	
0.542




	
Diastolic PAP (mmHg)

	
31.0 [25.5, 36.5]

	
31.0 [25.0, 36.0]

	
31.0 [26.0, 39.0]

	
0.661




	
mean PAP (mmHg)

	
50.6 ± 13.0

	
50.2 ± 13.2

	
53.0 ± 11.6

	
0.361




	
mean RAP (mmHg)

	
7.0 [4.0, 10.0]

	
6.0 [4.0, 10.0]

	
7.5 [5.0, 11.0]

	
0.141




	
PAWP (mmHg)

	
10.0 [8.0, 12.0]

	
10.0 [7.0, 11.0]

	
10.0 [9.0, 12.0]

	
0.119




	
PVR (Wood units)

	
9.68 [6.81, 12.66]

	
9.40 [6.79, 12.35]

	
11.70 [6.89, 15.00]

	
0.136




	
CO (L/min)

	
4.32 [3.69, 4.96]

	
4.34 [3.70, 5.03]

	
4.01 [3.00, 4.90]

	
0.135




	
CI (L/(min.m2)

	
2.47 [2.14, 2.90]

	
2.47 [2.18, 2.91]

	
2.39 [1.80, 2.72]

	
0.161




	
Svo2 (%)

	
61.1 [56.9, 65.9]

	
61.6 [58.1, 66.2]

	
56.9 [43.3, 65.5]

	
0.022




	
Laboratory tests

	

	

	

	




	
HGB (g/L)

	
143.0 [129.0, 155.0]

	
144.5 [131.0, 158.0]

	
129.5 [114.0, 146.0]

	
0.013




	
PLT (×109)

	
199.0 [162.0, 258.5]

	
199.5 [162.0, 263.0]

	
194.5 [167.0, 234.0]

	
0.431




	
NT-proBNP (ng/mL)

	
1318 [350, 2867]

	
1208 [310, 2782]

	
2109 [765, 4312]

	
0.095




	
D-dimer (μg/mL)

	
0.42 [0.22, 0.82]

	
0.42 [0.23, 0.77]

	
0.45 [0.22, 1.20]

	
0.338




	
ALT (IU/L)

	
20.0 [13.0, 35.0]

	
21.0 [14.0, 35.0]

	
17.0 [12.0, 35.0]

	
0.715




	
AST (IU/L)

	
24.0 [19.0, 31.0]

	
24.0 [20.0, 31.0]

	
22.0 [19.0, 31.0]

	
0.625




	
TB (μmol/L)

	
18.07 [12.90, 27.57]

	
18.14 [12.67, 26.30]

	
18.00 [15.90, 32.60]

	
0.455




	
DB (μmol/L)

	
3.90 [2.87, 7.40]

	
3.90 [2.87, 7.40]

	
4.30 [2.90, 7.40]

	
>0.999




	
Creatinine (μmol/L)

	
70.15 [61.00, 80.07]

	
70.75 [61.60, 80.07]

	
68.50 [57.06, 79.20]

	
0.347




	
Uric acid (μmol/L)

	
381.4 [301.1, 465.5]

	
386.8 [314.2, 460.3]

	
335.3 [284.0, 554.0]

	
0.690




	
Sao2 (%)

	
89.4 [86.6, 92.5]

	
89.4 [86.8, 92.5]

	
89.6 [84.5, 92.1]

	
0.818




	
Comorbidities

	

	

	

	




	
Thrombophilia

	
8 (5.0)

	
7 (5.1)

	
1 (4.6)

	
>0.999




	
APS

	
12 (7.5)

	
11 (8.0)

	
1 (4.6)

	
>0.999




	
CHD

	
6 (3.8)

	
4 (2.9)

	
2 (9.1)

	
0.192




	
DM

	
4 (2.5)

	
3 (2.2)

	
1 (4.6)

	
0.450




	
Hypertension

	
37 (23.1)

	
33 (23.9)

	
4 (18.2)

	
0.554




	
Cancer

	
3 (1.9)

	
2 (1.5)

	
1 (4.6)

	
0.360




	
Anemia

	
14 (8.8)

	
9 (6.5)

	
5 (22.7)

	
0.027




	
Targeted drug at diagnosis

	

	

	
0.287




	
No drugs

	
8 (5.0)

	
8 (5.8)

	
0 (0.0)

	




	
Monotherapy

	
54 (33.8)

	
44 (31.9)

	
10 (45.5)

	




	
Combination therapy

	
98 (61.3)

	
86 (62.3)

	
12 (54.5)

	




	
Main treatment modality

	

	

	
0.001




	
Targeted drug

	
49 (30.6)

	
35 (25.4)

	
14 (63.6)

	




	
PEA

	
46 (28.8)

	
42 (30.4)

	
4 (18.2)

	




	
BPA

	
65 (40.6)

	
61 (44.2)

	
4 (18.2)

	




	
Anticoagulants

	

	

	

	
0.897




	
Warfarin

	
55 (34.6)

	
48 (34.8)

	
7 (33.3)

	




	
NOAC

	
104 (65.4)

	
90 (65.2)

	
14 (66.7)

	








Data are presented as mean ± SD or n (%) or median [IQR].CTEPH: chronic thromboembolic pulmonary hypertension; BMI: Body mass index; VTE: Venous Thrombus Embolism; WHO FC: WHO function class; 6MWD: 6-min walking distance; PAP: pulmonary artery pressure; RAP: right atrial pressure; PAWP: pulmonary artery wedge pressure; PVR: pulmonary vascular resistance; CO: cardiac output; CI: cardiac index; SvO2: mixed venous oxygen saturation; HGB: hemoglobin; PLT: platelet; NT-proBNP: N-terminal pro brain natriuretic peptide; ALT: alanine aminotransferase; AST: aspartic transaminase; TB: total bilirubin; DB: direct bilirubin; Sao2: arterial oxygen saturation; APS: antiphospholipid syndrome; CHD: coronary heart disease; DM: Diabetes mellitus; PEA: pulmonary endarterectomy; BPA: balloon pulmonary angioplasty; NOAC: novel oral anticoagulants.
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Table 2. Results of the multivariate Cox analysis after adjusting for the confounders.
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	Variables
	HR
	95% CI
	p Value





	Age
	1.01
	0.97–1.05
	0.741



	BMI (kg/m2)
	0.92
	0.78–1.09
	0.339



	6MWD/20 (m)
	0.97
	0.90–1.05
	0.415



	Svo2 (%)
	0.97
	0.92–1.03
	0.288



	NT-proBNP/500 (ng/mL)
	1.09
	1.00–1.18
	0.053



	Cancer
	5.17
	0.55–48.43
	0.150



	Anemia
	5.56
	1.61–19.22
	0.007



	Targeted drug
	Ref
	Ref
	



	PEA
	0.26
	0.07–0.97
	0.044



	BPA
	0.14
	0.04–0.57
	0.006







BMI: Body mass index; 6MWD/20: 6-min walking distance, per 20 m increase in distance; SvO2: mixed venous oxygen saturation; NT-proBNP/500: N-terminal pro-brain natriuretic peptide, per 500 ng/mL increase in concentration; PEA: pulmonary endarterectomy; BPA: balloon pulmonary angioplasty.
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