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ABSTRACT 

BACKGROUND: The Spanish “Registry of Pulmonary Arterial Hypertension” 

(REHAP), started in 2007, includes chronic thromboembolic hypertension (CTEPH) 

patients. Based on data provided by this registry and retrospective data from patients 

diagnosed during 2006 (≤ 12 months since the registry was created), clinical 

management and long-term outcomes of CTEPH patients are analyzed nationwide for 

the first time in a scenario of a decentralized organization model of CTEPH 

management. METHODS AND RESULTS: A total of 391 patients (median [Q1:Q3] 

age 63.7 [48.0;73.3] years, 58% females) with CTEPH included during the period 

January 1, 2006 - December 31, 2013 in the REHAP registry were analyzed. Rate of 

pulmonary endarterectomy (PEA) was 31.2%, and highly asymmetric among centers: 

rate was 47.9% at two centers designated as CTEPH expert centers, while it was 4.6% 

in other centers. Among patients not undergoing PEA, 82% were treated with therapies 

licensed for pulmonary arterial hypertension (PAH). Five-year survival rate was 86.3% 

for PEA patients, and 64.9% for non-PEA patients. Among non-PEA patients, 

presenting proximal lesions (42% of non-referred patients) was associated with a 3-fold 

increase in mortality. PEA patients achieved significantly better hemodynamic and 

clinical outcomes at one-year follow-up compared to non-PEA patients. Patients not 

being referred for PEA assessment were older and had a worse functional capacity. 

Older age was the most deterrent factor for non-operability. CONCLUSION: Despite 

the increase in diagnosis and expertise in PEA-specialized centers, an important 

percentage of patients do not benefit of PEA in a decentralized organization model of 

CTEPH management. 
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1. INTRODUCTION 

Chronic pulmonary thromboembolic hypertension (CTEPH) is one of the leading causes 

of severe pulmonary hypertension (PH) and as such, it is associated with significant 

morbidity and mortality [1, 2]. Even though recognition of CTEPH has recently 

increased [3], epidemiological data are scarce [3, 4] and there is an urgent need to 

identify patients. 

 

Pulmonary endarterectomy (PEA) is the treatment of choice for CTEPH patients given 

its potential to cure the disease [5], with restoration of hemodynamics to normal or 

nearly normal and improvement in clinical symptoms in most patients [3, 6, 7]. PEA is 

performed in highly specialized centers, and outcomes are associated with growing 

expertise in the technique, optimal patient selection, and better perioperative 

management [3, 8]. Until the launch in 2015 of riociguat –currently the only treatment 

licensed for CTEPH-, which has demonstrated to significantly improve exercise 

capacity and PVR in CTEPH patients deemed inoperable or those with residual PH after 

PEA [9, 10], patients were treated with medical therapies proven to be effective in 

pulmonary arterial hypertension (PAH) [5].  

 

Current knowledge on the outcomes associated with the management of CTEPH arises 

precisely from these PEA-specialized centers [3, 11]. However, this information is far 

from capturing outcomes of CTEPH patients at a nationwide perspective since country-

specific management issues, and specifically how referral for PEA assessment is 

undertaken (i.e. mandatory and centralized in reference centers vs. optional and based 

on a decentralized decision-making model), may greatly influence outcomes at this 

level. These kinds of analyses, which are fundamental to outline policies for CTEPH 
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management, are scarce and only available from countries where a centralized model is 

followed [3, 12]. 

 

A national observational registry of pulmonary arterial hypertension (REHAP) has been 

running in Spain since 2007 providing valuable information about CTEPH 

epidemiology and survival [4]. This registry is one of the largest currently in place in 

Europe. One of its objectives was to evaluate the clinical management of CTEPH 

patients and long-term outcomes under a nationwide perspective, according to the 

management organization model established. This model is characterized for being 

decentralized, with management of patients (i.e. diagnosis and treatment, some of them 

including PEA) taking place at so-designated PH-specialized centers and at general 

hospitals. In centers not performing PEA, decision regarding referral for PEA 

assessment is left to doctor’s judgment. Two of the PH-specialized centers bring 

together most CTEPH patients and are designated as expert centers.  

 

The REHAP offers therefore a unique opportunity to analyze from a nationwide 

perspective how patients are treated and long-term outcomes according to treatment in a 

decentralized model of CTEPH management. This is also especially interesting since 

only a few long-term evidence of outcomes in CTEPH patients receiving PAH-specific 

therapies is currently available [3]. Other data of interest such as how patient selection 

for PEA assessment is undertaken when left to doctor’s judgment is also provided. 
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2. METHODS 

2.1. Study subjects  

Analyzed CTEPH patients were included in the REHAP registry from January 1, 2006 

to December 31, 2013. Patients diagnosed during 2006 (≤ 12 months since the registry 

was created) were included retrospectively, and prospectively thereafter. Centers 

reporting data to the registry included 31 PH-specialized centers and general hospitals, 

which covered 15 of the 17 administrative regions of Spain. Two of these centers 

managing more than 50 CTEPH patients (those belonging to the health administrative 

area and those being referred for PEA assessment) are considered CTEPH expert 

centers. As such, they participate at the International CTEPH registry [11].  

 

Study design, inclusion criteria and data collection have been previously described [4, 

13]. Summarizing, registered patients were older than 14 years and met the modified 

definition of CTEPH [14] and pre-specified hemodynamic criteria by right heart 

catheterization (RHC) before study entry (mean pulmonary artery pressure [mPAP] ≥ 

25 mm Hg, pulmonary capillary wedge pressure or left ventricular end-diastolic 

pressure ≤ 15 mmHg or 16 – 18 mm Hg if justified [11] and PVR ≥ 3 Wood units). All 

patients showed perfusion defects by ventilation/perfusion lung scintigraphy and CT 

angiography consistent with CTEPH. Patients showing a FEV1 < 60% were included if 

they met all other inclusion criteria. All patients received anticoagulation therapy for at 

least three months before a CTEPH diagnosis, and continued receiving it chronically. 

 

2.2. Follow-up 

Data were obtained from assessments routinely performed in clinical practice, and 

included demographic (age and gender) and anthropometric parameters, PH clinical 
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characteristics, and diagnostic parameters (echocardiography and RHC). Lesion 

proximity was assessed by computed tomographic angiography. Lesions affecting main 

and lobar arteries were considered proximal lesions. Decision to operate was based on 

the judgment of the multidisciplinary team of each centre and was based on lesion 

accessibility, hemodynamic status and presence of co-morbidities. Haemodynamic 

residual PH was defined as having a mPAP ≥ 25 mm Hg at rest  [5]. Clinically relevant 

PH was defined as also having a PVR ≥ 5 Wood units [15]. Both, all-cause and PH-

related causes of death (heart failure and sudden death) were collected. The protocol 

was reviewed and approved by the Institutional Review Board of the Hospital de 

Cruces, Bilbao, Spain. 

 

2.3. Statistical analysis 

Continuous variables were expressed as mean (standard deviation [SD]) or as median 

with first and third quartiles (Q1;Q3) when not normally distributed. Comparisons were 

made using the paired t test for parametric data or the U-Mann Whitney test for non-

parametric data. Categorical variables were expressed as n (%) and compared using the 

Chi-square test or Fisher’s exact test, as appropriate. All P-values were two-sided, with 

a P-value < 0.05 being considered statistically significant.  

 

Univariate Cox’s proportional-hazard regression models were used to assess the 

relationship between patient characteristics and both, the likelihood to undergo PEA and 

mortality. The selection of patients’ characteristics potentially associated with mortality 

or with the likelihood of undergoing PEA was made on the basis of published data [3, 6, 

11, 16] and own expertise. Only variables available in > 70% patients were chosen. Co-

linearity between variables was examined. Variables identified in this analysis (P-value 
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< 0.2) were included in a forward stepwise multivariate Cox’s proportional hazards 

model in order to identify independent risk factors. A 95% confidence interval (CI) was 

considered in PEA and mortality models. 

 

Survival was estimated using the Kaplan-Meier analysis. The study date of entry was 

defined as the date of the first diagnostic RHC. Patients were followed-up until the 

censoring date of December 31, 2014 or the date of death. For survival analysis, patients 

lost to follow-up were censored at the time of their last visit or observation. All-cause 

mortality was defined as the end-point and the log-rank test was used for comparison 

between groups. Outcomes at one year were also analyzed (follow-up analysis). For this 

purpose, the visit date closer to one year was chosen. Patients included in the follow-up 

analysis were those with a follow-up visit 4 months after PEA or at initiation of medical 

treatment when no PEA was performed. Overall change (Delta value) was calculated for 

the most prominent variables indicating prognosis. All statistics were performed using 

SPSS version 17 (SPSS Inc., Chicago, IL, USA). 
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3. RESULTS 

3.1. Study population 

A total of 391 CTEPH patients meeting the inclusion criteria had been included in the 

registry by December 2013, and constituted the study population. Patients presented a 

median age (Q1;Q3) of 63.7 (48.0;73.3), were women in 58% of cases and had a severe 

clinical and hemodynamic condition (Table 1).  

 

3.2. Treatment at diagnosis 

Among all patients, 122 (31.2%) underwent PEA during this period (hereafter PEA 

patients). Of these, 115 PEAs (94% of all PEAs) took place among the 240 patients 

(47.9%) managed at the two expert centers (see Introduction) (figure 1). Median 

(Q1;Q3) time from diagnosis to PEA was 135 (46;276) days. Compared to non-PEA 

patients, patients undergoing PEA were younger and male in a higher proportion and 

had a better functional capacity and a higher mPAP (Table 1). 

 

Among PEA patients, 53 (43.4%) had received pre-operative treatment with PAH-

specific therapies. Compared to patients not receiving pre-operative treatment, those 

treated had a higher PVR (median [Q1:Q3] 11.0 [7.3;14.9] vs. 7.9 [5.5;11] Wood units; 

P = 0.001) and mPAP (mean [SD] 51.1 [11.3] vs. 45.6 [13.2] mm Hg; P = 0.018), and a 

reduced cardiac output (mean [SD] 3.9 [1.2] vs. 4.5 [1.0] L·min
-1

; P = 0.008). No other 

differences were observed with respect to functional class or the 6-minute walking 

distance (6MWD) (data not shown). Median (Q1;Q3) time from diagnosis to PEA was 

195 (101;391) days in the pre-treated group and 77 (28;182) days in the non-pre-treated 

group (P = 0.001). 
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Among the 269 patients not undergoing PEA (hereafter non-PEA patients), 220 (81.8%) 

received PAH-specific therapy, with endothelin receptor antagonists (ERA) and PDE-5i 

being the most frequently used (Table 2).  

 

3.3. Outcomes according to treatment 

Survival 

One-, 3-, and 5-year survival rates from diagnosis were 96.6%, 90.9% and 86.3% for 

PEA patients, and 92.6%, 80.7% and 64.9% for non-PEA patients (P = 0.003, figure 2). 

Fourteen patients died in the PEA group during the whole study period (11.5%) and 71 

in the non-PEA group (26.4%). Sudden death and heart failure accounted for 42.9% 

deaths among PEA patients and 47.9% among non-PEA patients. Perioperative 

complications accounted for 4 deaths after PEA (3.3%). Within 1 year after PEA, two 

more patients died. Seventeen patients were lost to follow-up (9 PEA patients [7.4%] 

and 8 non-PEA patients [3.0%]). 

 
Patient characteristics, procedures and other variables of interest potentially associated 

with greater mortality in univariate analysis are shown in Table 3. Multivariate analyses 

showed that PEA was independently associated with a 53% reduction in the risk of 

death (hazard ratio [HR] = 0.470; 95% CI 0.228 to 0.971; P = 0.042) in the overall 

population. A higher cardiac output was also an independent protective factor in all 

patients, while a higher 6MWD was a mild protective factor in the non-PEA and overall 

groups. Presenting pericardial effusion was in all cases an independent mortality risk 

factor. Among non-PEA patients, presenting proximal lesions was associated with a 3-

fold increase in mortality (HR = 3.158; 95% CI 1.691 to 5.899; P < 0.001)  (figure 3). 
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Residual PH after PEA 

In patients for whom RHC assessment was available within 6 months and 1 year after 

PEA (N = 97), 40 (41.2%) presented residual PH and 29 (29.9%) clinically relevant 

residual PH. Mean (SD) PVR was 2.59 (1.05) Wood units in the group with a 

favourable outcome, and 7.60 (3.25) Wood units in the group with clinically relevant 

residual PH. 

 

Follow-up outcomes  

Median follow-up time at the 1-year visit was 365 (256;420) days in the PEA group, 

and 372 (282;464) in the non-PEA group. Data were available for 99 PEA and 237 non-

PEA patients. At this visit, PEA patients achieved significantly better hemodynamic and 

clinical outcomes compared to non-PEA patients (figure 4). These better outcomes were 

also reflected in the lower need for PAH-specific therapy: 16 out of 90 PEA patients 

(16.2%) and 183 out of 237 (77.2%) non-PEA patients were receiving medical 

treatment at this visit (P < 0.001).  

 

3.4. Patient selection for referral 

Compared to patients assessed at expert centers, those assessed only at local PH-

specialized centers / general hospitals (i.e. not being referred to expert centers) had a 

better hemodynamic condition but were also significantly older (median age was 70.4 

vs. 57.1 years; P < 0.0001) and had a worse functional capacity (median distance 

walked 305 vs. 368 m; P = 0.002). They presented proximal lesions in a lower 

proportion (23% vs. 49%; P < 0.001) (see Table 1 at the Supplemental Materials 

section, available at the on line version). 
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3.5. Patient selection for PEA 

 On multivariate analysis, presenting proximal lesions was the patient characteristic 

associated with a greater likelihood for operability (HR = 9.895; 95% CI 4.639 to 

21.106; P < 0.001), including characteristics identified on univariate analysis (see Table 

2 at the Supplemental Materials section) better physical status (6MWD, 20 m) had only 

a small effect (HR = 1.063; 95% CI 1.008 to 1.120; P = 0.024). Older age was the only 

independent risk factor for non-operability (HR = 0.596; 95% CI 0.468 to 0.758; P < 

0.001) (see fig. 1 at the Supplemental Materials section, available at the on line 

version).  

 

 

4. DISCUSSION 

Our study, based on data provided by the REHAP registry, provides novel useful 

information regarding diagnosis and outcomes associated to CTEPH patient 

management from a nationwide perspective vs. PEA-specialized enter in a specific 

scenario of decentralized decision-making model of referral for PEA assessment. 

Analysis of the data has revealed the existence of an important gap between operability 

rate at PEA-specialized centers and that of the country, when considered as a whole. 

This implies that, despite increasing surgical expertise in these highly specialized 

centers [17, 18] and the better outcomes achieved by patients undergoing PEA as 

reported here, a decentralized model of CTEPH management may severely impact 

CTEPH patient prognosis.  

 

Main aspect arising from our analysis is that despite global rate of PEA scale was 

31.2%, results were highly asymmetric across the different centers performing PEA. 
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Noteworthy is the fact that nearly 95% of surgeries were performed in the two expert 

centers, which showed a rate of 47.2% of PEA among CTEPH patients being assessed 

in those centers (patients belonging to the health administrative area and those being 

referred for PEA assessment). On the other hand, PEA rate among the 151 patients not 

being managed in or referred to these centers (38.6% of patients included in this 

registry) was 4.6% (7 out of 151). This is important since PEA rate at the two expert 

centers resembled that of other expert centers (i.e. those participating at the 

International prospective registry [11]), although comparisons are difficult since these 

latter figures are based on “operable” patients being assessed by expert teams, and not 

on “operated” patients as it is our case. Nevertheless, our results show how a wider 

perspective may better reflect the real scenario in CTEPH patient management 

compared to that showed by expert centers. This is especially true in decentralized 

decision-making models, as for instance the national PEA rate in UK (~50%) is that of 

the single PEA center where all patients are mandatorily referred [3], which supports 

the need of PEA assessment being mandatory for all CTEPH patients, as recommended 

by guidelines and expert committees [5, 19].  

 

Our study also provides further evidence regarding the better outcomes associated with 

PEA with respect to survival and hemodynamic condition, compared to those achieved 

in patients not undergoing this procedure. Most patients not undergoing PEA (82%) 

were treated with PAH-specific therapies, despite the fact that therapies available at the 

time of study had no proven benefit in prospective randomized studies [20-22] and that 

only highly selected patients deemed inoperable are thought to benefit from this therapy 

[19]. Hence, our study also provides evidence of long-term outcomes of CTEPH 

patients receiving one or another treatment thus reflecting again the real situation in 
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CTEPH management. However, survival, clinical and hemodynamic outcomes in non-

PEA patients –and therefore receiving medical treatment-, have to be interpreted taking 

into account that not all non-PEA patients were deemed inoperable due to lack of 

referral in some cases, and the specific characteristics of these patients as a result of the 

“non-referral selection” in potentially PEA-patients as discussed below. Five-year 

survival rate was 86.3% in PEA patients and 64.9% in non-PEA ones. These survival 

rates among PEA patients are similar to those reported in other studies [8]. Greater 

clinical and hemodynamic improvement among PEA patients translated into a low need 

for medical treatment at the first follow-up visit (15%). It should be noted that half of 

PEA patients also received this therapy before the procedure despite the ongoing 

controversy regarding its benefit [19, 23]. These patients had in fact a worse 

hemodynamic status at diagnosis. This practice was associated with a 2.5-fold increase 

delay in undergoing PEA (P = 0.001), as also reported in other studies [6, 19].  

 

Presenting pericardial effusion, a known independent predictor of mortality in patients 

with PAH [24, 25], was associated with increased mortality both in PEA and non-PEA 

patients, with a higher effect in the former. In our set of patients prevalence was 9.9%, 

similar to that reported by Lang et al. [16] in other CTEPH series (14.1%). Higher 

cardiac output was inversely related to mortality in both groups of patients, as 

previously described among CTEPH patients [26]. The protective effect of 6MWD was 

mild, and evident only in non-PEA patients. 

 

Our study has showed that older patients or those with a worst clinical condition (as 

assessed by the 6MWT) were less likely to be referred for PEA assessment. This is 

important since 23% of patients being managed at local hospitals/ PH-specialized 
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centers presented proximal lesions. They were not referred even when their median age 

was 70.4 (58.3;76.4) years and they could have benefited from PEA. Moreover, non-

PEA patients presenting proximal lesions showed a 3-fold increase in mortality, thus 

reinforcing the need of making available the benefit of PEA to these patients. Mortality 

was higher among patients not being treated in expert centers, although this might be 

due to the fact that patients at expert centers underwent PEA in a much higher 

proportion. 

 

As expected, presence of a proximal lesion was the strongest patient characteristic 

leading to operability. Conversely, older age was identified as the main deterrent factor, 

probably reflecting the low referral rate of relatively old patients. Other potential 

deterrent factors, these including a worst hemodynamic status or frailty, did not merge 

as independent factors for operability on multivariate analysis. Although some patients 

might have refused to undergo PEA, this reason was not collected in the registry. 

 

Some of the limitations to be considered when interpreting these data have been 

previously discussed. Globally, the voluntary nature of this registry may lead to missing 

or inconclusive data for analysis, and may also affect epidemiology data. Limitations 

due to the retrospective inclusion of patients affect only patients included during 2006 

(one out of the eight-year study). When interpreting results according to treatment 

received, it should be noted that by the time the analysis was completed, available 

therapies for CTEPH had failed to show a benefit in exercise capacity or survival in 

CTEPH patients [20-22]. Recently, two novelties have changed the CTEPH 

management scenario that might change prognosis in patients not undergoing PEA: 

riociguat, a recent treatment licensed for CTEPH and PAH, and secondly, the 
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suggestion of pulmonary angioplasty as a supplementary interventional treatment option 

for inoperable CTEPH patients [19, 27]. 

 

5. CONCLUSIONS 

The low rate of PEA reported in our national registry, and thus the important percentage 

of patients whom do not benefit from this potentially curative option, highlights that 

despite efforts made in CTEPH patient management such as increasing awareness and 

expertise in PEA at specialized centers, such efforts do not seem to translate into 

generalized benefits for patients when a decentralized model of decision making with 

respect to referral for PEA assessment is followed. Organizational models for CTEPH 

management should take these putative weaknesses into account and specifically ensure 

that all patients are timely referred for operability assessment as recommended by 

guidelines and expert committees [5, 19].  
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Table 1. Patients’ characteristics at diagnosis. 

 

Variables CTEPH 

(n = 391) 

PEA 

(n = 122) 

non-PEA  

(n = 269) 

P 

Demographic and anthropometric     

Gender, n (%) males 164 (42.0) 68 (56.0) 96 (36.0) < 0.001 

Age, years, median (Q1;Q3) 63.7 (48.0;73.3) 50 (41;65) 69 (55;75) < 0.001 

BMI, kg/m
2
, mean (SD)

a 
28.3 (5.3) 27.5 (5.1) 28.6 (5.4) 0.063 

Clinical     

WHO FC I / II, n (%) 114 (29.0) 34 (28.0) 80 (30.0) 0.816 

WHO FC III, n (%) 249 (64.0) 83 (68.0) 166 (62.0) 0.257 

WHO FC IV, n (%) 28 (7.0) 5 (4.1) 23 (8.6) 0.140 

6MWD, m, median (Q1;Q3)
b
 340 (243.5;432.0) 400 (290;475) 320 (210;407) 0.001 

Hemodynamic     

Pericardial effusion, n (%)
c
 35 (9.9%) 14 (13.0) 21 (8.5) 0.181 
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mPAP, mmHg, mean (SD)
d
 45.6 (12.4) 48.0 (12.6) 44.5 (12.2) 0.011 

PVR, Wood units, median (Q1;Q3)
e
 8.5 

(5.6;12.4) 

8.6 

(6.2-13.1) 

8.3 

(5.4-12.4) 

0.461 

Cardiac output, mean (SD)
f
 4.2 (1.2) 4.2 (1.1) 4.2 (1.2) 0.579 

 

BMI: Body mass index; WHO FC: World Health Organization Functional Class; 6MWD: 6-min walking distance; mPAP: Mean pulmonary arterial pressure; PVR: 

Pulmonary vascular resistance. 

 

Missing values:
 a
18 in PEA, 3 in non-PEA; 

b
32 in PEA, 39 in non-PEA; 

c
15 in PEA, 21 in non-PEA; 

d
5 in PEA, 30 in non-PEA; 

e
3 in PEA, 14 in non-PEA; 

f
2 in PEA, 13 in 

non-PEA
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Table 2. Treatment administered to patients not undergoing PEA (n = 269). 

 

 
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PDE-5i: Phosphodiesterase 5 inhibitor; ERA: Endothelin receptor antagonist.

Medical treatment n (%) 

No treatment 49 (18.2) 

PDE-5i 84 (31.2) 

ERA 103 (38.3) 

Inhaled prostacyclin analogues  1 (0.4) 

Subcutaneous prostacyclin analogues 0 (0) 

Intravenous prostacyclin analogues 3 (1.1) 

Oral combined therapy  22 (8.2) 

Inhaled prostacyclin + oral therapy 2 (0.7) 

Subcutaneous prostacyclin analogues + 

oral therapy 

2 (0.7) 

Intravenous prostacyclin analogues + oral 

therapy 

3 (1.1) 
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Table 3. Patients’ characteristics associated with mortality in univariate analysis (hazard ratio). 

 Overall population (n = 391) PEA (n = 122) Non-PEA (n = 269) 

 Variables HR (95% CI) 
P-

value* 
HR (95% CI) 

P-

value* 
HR (95% CI) 

P-

value* 

Demographic and anthropometric       

Male gender  0.88 (0.56;1.38) 0.589 0.55 (0.18;1.67) 0.295 1.18 (0.72;1.92) 0.515 

Age, HR per 10 years  1.30 (1.10;1.53) 0.002 1.06 (0.72;1.55) 0.777 1.25 (1.02;1.53) 0.030 

BMI
a
 ≥ 30 kg/m

2 
 0.48 (0.27;0.85) 0.013 0.50 (0.13;1.86) 0.299 0.48 (0.25;0.92) 0.026 

Clinical parameters       

WHO FC I and II 0.33 (0.17;0.61) 0.001 0.03 (0.00;3.73) 0.153 0.39 (0.20;0.74) 0.004 

WHO FC III 1.48 (0.92;2.37) 0.108 6.40 (0.84;49.0) 0.074 1.27 (0.77;2.09) 0.351 

WHO FC IV 3.13 (1.73;5.67) < 0.001 2.03 (0.26;15.7) 0.495 3.24 (1.73;6.04) < 0.001 

Syncope 0.53 (0.25;1.16) 0.113 1.15 (0.32;4.12) 0.833 0.39 (0.14;1.08) 0.069 

6MWD
b
, HR per 20 m 0.93 (0.90;0.96) < 0.001 0.96 (0.88;1.04) 0.310 0.93 (0.90;0.97) < 0.001 

Hemodynamic parameters       

Echocardiography       
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PSP
c
, HR per 1 mmHg 1.01 (1.00;1.02) 0.211 1.01 (0.99;1.04) 0.262 1.01 (0.99;1.02) 0.296 

Pericardial effusion
d
 2.57 (1.44;4.61) 0.001 3.71 (1.20;11.5) 0.023 3.06 (1.50;6.26) 0.002 

Right heart catheterisation       

mPAP
e
, HR per 5 mm Hg 1.05 (0.97;1.14) 0.200 1.12 (0.93;1.36) 0.231 1.08 (0.98;1.18) 0.102 

RAP, HR per 5 mm Hg 1.39 (1.15;1.67) 0.001 1.61 (1.05;2.47) 0.028 1.37 (1.11;1.69) 0.004 

Cardiac output
f
, HR per 0.5 L·min

-1 
0.80 (0.71;0.89) < 0.001 0.73 (0.55;0.97) 0.029 0.82 (0.73;0.92) 0.001 

PVR
g
, HR per 3 Wood units 1.17 (1.07;1.29) 0.001 1.41 (1.04;1.90) 0.025 1.15 (1.04;1.26) 0.007 

Respiratory parameters       

FVC < 60%
h
 1.72 (0.85;3.47) 0.132 4.90 (1.04;23.2) 0.045 1.31 (0.59;2.91) 0.499 

FEV1 < 60%
i
 1.98 (1.10;3.59) 0.024 3.34 (0.41;27.3) 0.260 1.66 (0.89;3.09) 0.114 

Proximal lesions
†j

 1.17 (0.73;1.89) 0.505 0.46 (0.13;1.62) 0.224 2.62 (1.54;4.43) < 0.001 

Undergoing PEA 0.42 (0.24;0.75) 0.003 - - - - 

Time from diagnosis to PEA / MT 1.00 (1.00;1.00) 0.068 1.00 (1.00;1.00) 0.456 1.00 (1.00;1.00) 0.295 

Pre-treatment before surgery - - 1.25 (0.44;3.60) 0.675 - - 
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*P-values < 0.2 at the Univariate Cox’s proportional-hazard regression model are indicated in bold. 
†
Lesions were assessed by computed tomographic angiography. Those affecting main and lobar arteries were considered proximal lesions. 

 

BMI: Body mass index; WHO FC: World Health Organization Functional Class; 6MWD: 6-min walking distance; PSP: Pulmonary systolic pressure; mPAP: Mean 

pulmonary arterial pressure; RAP: Right atrial pressure; PVR: Pulmonary vascular resistance; FVC: Forced vital capacity; FEV1: Forced expiratory volume in 1 second; PEA: 

Pulmonary endarterectomy; MT: medical treatment. 

 

Missing values:
 a
18 in PEA, 3 in non-PEA; 

b
32 in PEA, 39 in non-PEA; 

c
16 in PEA, 26 in non-PEA; 

d
15 in PEA, 21 in non-PEA; 

e
5 in PEA, 30 in non-PEA; 

f
2 in PEA, 13 in 

non-PEA; 
g
3 in PEA, 14 in non-PEA; 

h
23 in PEA, 51 in non-PEA; 

i
22 in PEA, 45 in non-PEA; 

j
30 in PEA, 47 in non-PEA.
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FIGURE LEGENDS 

 

Figure 1. Operability of patients in the REHAP registry.  

 

 

*Patients assessed in these centers include those belonging to the health administrative area and those 

being referred from local PH-specialized centers / general hospitals. 
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Figure 2. Kaplan-Meier estimates of cumulative survival from diagnosis (years) in PEA 

and non-PEA patients. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Patients at risk 0-1 year 1-2 years 2-3 years 3-4 years 4-5 years 

PEA 114 89 65 50 39 

Non-PEA 260 212 160 118 84 

P = 0.003 
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Figure 3. Characteristics associated with mortality in multivariate analysis in the 

overall population and in PEA and non-PEA patients (hazard ratio). 

 

 

 

 

6MWD: 6-min walking distance; PEA: pulmonary endarterectomy. HR analyzed are indicated in table 3. 
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Figure 4. Hemodynamic and clinical improvement achieved at the follow up visit for 

patients who undergone PEA and those who did not (Delta values). 

 

 

 

SD: standard deviation; WHO FC: WHO functional class; 6MWD: 6-min walking distance; mPAP: Mean 

pulmonary arterial pressure. 

 

Data were missing for 25 patients due to death (n = 6 in the PEA group, n = 19 in the non-PEA group), 

due to undergoing PEA or starting medical treatment after December, 31 2013, with visits taking place 

after the pre-determined follow-up period (n = 13 and n = 3, respectively), or due to lack of a follow-up 

visit during the follow-up period (n = 4 and n = 10, respectively). 
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SUPPLEMENTAL MATERIAL 

 

Table 1. Differential characteristics between patients assessed at expert centers* and in 

other centers. 

 
 

*CTEPH expert centers are Hospital 12 de Octubre (Madrid) and Hospital Clínic (Barcelona). 

Patients assessed in these centers include those belonging to the health administrative area and those 

being referred from local PH-specialized centers. 

BMI: Body mass index; WHO FC: World Health Organization Functional Class; 6MWD: 6-min walking 

distance; PSP: Pulmonary systolic pressure; mPAP: Mean pulmonary arterial pressure; RAP: Right atrial 

pressure; PVR: Pulmonary vascular resistance. 

Missing values for each variable are indicated in Table 3 (manuscript).  

 

 Variables 
Expert centers  

(N = 240) 

Other centers 

(N = 151) 
P value 

Demographic and anthropometric    

Gender, n (%) males 102 (42) 62 (42) 1.000 

Age, years, median (Q1;Q3) 57.1 (44.6;69.3) 70.4 (58.3;76.4) < 0.001 

BMI, kg/m
2
, mean (SD) 28 (5.0) 28.6 (5.8) 0.352 

Clinical parameters    

WHO FC III, n (%) 160 (66) 89 (60) 0.234 

WHO FC IV, n (%) 14 (5.8) 14 (9.4) 0.225 

Syncope, n (%) 41 (17.0) 13 (8.8) 0.024 

6MWD, m, median (Q1;Q3) 368 (258;450) 305 (207;385) 0.002 

Hemodynamic parameters    

Pericardial effusion, n (%) 30 (14.0) 5 (3.7) 0.002 

mPAP, mmHg, mean (SD) 47.1 (12.3) 43.1 (12.2) 0.002 

PVR, Wood units, median (Q1;Q3) 9.3 (6.0;14.0) 7.2 (5.3;10.5) 0.013 

Cardiac output, mean (SD) 4.1 (1.1) 4.4 (1.2) 0.027 

Proximal lesions 96 (49) 27 (23) < 0.001 
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Table 2. Patients’ characteristics associated with operability in univariate analysis 

(hazard ratio). 

 

 Variables 
HR (95% CI) for 

operability 
P value 

Demographic and anthropometric   

Male gender  2.27 (1.47;3.51) < 0.001 

Age, HR per 10 years  0.58 (0.50;0.68) < 0.001 

BMI ≥ 30 kg/m
2 
 0.81 (0.49;1.33) 0.399 

Clinical parameters   

WHO FC I and II, 0.91 (0.57;1.47) 0.706 

WHO FC III 1.32 (0.84;2.08) 0.229 

WHO FC IV 0.46 (0.17;1.23) 0.122 

Syncope 1.78 (0.99;3.20) 0.056 

6MWD, HR per 20 m 1.08 (1.04;1.13) < 0.001 

Hemodynamic parameters   

Echocardiography   

PSP, HR per 1 mm Hg 1.00 (0.99;1.01) 0.956 

Pericardial effusion 1.63 (0.79;3.34) 0.184 

Right heart catheterisation   

mPAP, HR per 5 mmHg 1.12 (1.03;1.22) 0.011 

RAP, HR per 5 mmHg 1.04 (0.85;1.28) 0.686 

Cardiac output, HR per 0.5 L·min
-1 

1.03 (0.93;1.13) 0.578 

PVR, HR per 3 Wood units 1.02 (0.91;1.14) 0.765 

Respiratory parameters   
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FVC < 60% 0.50 (0.18;1.36) 0.176 

FEV1 < 60% 0.23 (0.09;0.61) 0.003 

Proximal lesions
†
 8.60 (4.93;15.00) < 0.001 

 
 
*P-values < 0.2 at the Univariate Cox’s proportional-hazard regression model are indicated in bold. 

 

BMI: Body mass index; WHO FC: World Health Organization Functional Class; 6MWD: 6-min walking 

distance; PSP: Pulmonary systolic pressure; mPAP: Mean pulmonary arterial pressure; RAP: Right atrial 

pressure; PVR: Pulmonary vascular resistance; FVC: Forced vital capacity; FEV1: Forced expiratory 

volume in 1 second. 

 

Missing values for each variable are indicated in Table 3 (manuscript).  
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Figure 1. Multivariate analysis of characteristics associated with operability (hazard 

ratio). 

 

 

6MWD: 6-min walking distance. HR analyzed are indicated in Table 2 at this Supplementary Appendix. 

 

 


