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Abstract 

Chronic thromboembolic pulmonary hypertension (CTEPH) is a severe complication of 

pulmonary embolism (PE). Its incidence following PE is debated. An active screening for CTEPH 

in patients with acute PE is yet to be recommended. 

This prospective, multicentre, observational study (INPUT on PE; ISRCTN61417303) included 

patients with acute PE from 11 centres in Switzerland from March 2009 to November 2016. 

Screening for possible CTEPH was performed at 6, 12 and 24 months using a step-wise algorithm 

that included a dyspnoea phone-based survey, transthoracic echocardiography, right heart 

catheterisation and radiologic confirmation of CTEPH.  

Of 1699 patients with PE, 508 patients were assessed for CTEPH screening over 2 years. The 

CTEPH incidence following PE was 3.7 per 1000 patient-years, with a two-year cumulative 

incidence of 0.79%. The Swiss pulmonary hypertension registry consulted in December 2016 did 

not report additional CTEPH cases in these patients. The survey yielded 100% sensitivity and 

81.6% specificity. The second step echocardiography in newly dyspnoeic patients showed a 

negative predictive value of 100%. 

CTEPH is a rare but treatable disease. A simple and sensitive way for CTEPH screening in patients 

with acute PE is recommended. 

 



 
 

Introduction 

Chronic thromboembolic pulmonary hypertension (CTEPH) is viewed as a long-term 

complication of acute pulmonary embolism (PE). Although its physiopathology remains poorly 

understood, the hypothesis relies on fibrotic transformation of thrombi in pulmonary arteries 

leading to non-homogeneous vascular obstructions. Together with an overflow arteriopathy in the 

non-obstructed vascular bed, this causes an increase of the pulmonary artery pressure and finally 

right heart failure [1].  

The cardinal symptom is progressive dyspnoea on exertion [2]. When oral anticoagulation was the 

only available treatment option, the prognosis was poor [3]. Pulmonary endarterectomy is 

nowadays a well-established therapy that has the potential to improve hemodynamic and survival 

[4]. Moreover, for the patient ineligible for surgery or with recurrent pulmonary hypertension (PH) 

after surgery there are new therapeutic options available: balloon pulmonary angioplasty and 

medical therapy or both together are increasingly used with gain on the hemodynamic and quality 

of life [5–7]. Therefore, CTEPH can be considered as uncommon but serious and potentially 

curable complication of the frequently occurring PE [8].  

Incidence of CTEPH after acute PE is currently a matter of debate and epidemiological data from 

large prospective cohorts of patients with acute PE are lacking. As background for our study, in 

2008, published reports on the cumulative incidence of CTEPH after PE varied almost five times, 

from 0.8 to 3.8% [9–11]. Recently a meta-analysis from Ende-Verhaar et al. summed up the actual 

knowledge of this topic [12]. They stratified previous studies according to their inclusion/exclusion 

criteria. Lower incidence is observed in unselected population (“all comers”) compared to PE 

survivors or PE survivors without major comorbidity. Therefore, a precise description of the 

studied population is essential for data analysis and comparison.  In Switzerland, incidence of 

CTEPH can be only estimated from the Swiss Pulmonary Hypertension Registry (SPHR), a 

registry developed in 1998 to capture and follow-up patients with pulmonary hypertension (PH) 

[13].  

The diagnosis of CTEPH is challenging as symptoms are non-specific. According to the current 

literature, CTEPH is often diagnosed with a delay of several months after the first symptom [2, 14, 

15]. A systematic screening algorithm of patients following a PE event could be helpful for an 

earlier diagnosis of CTEPH and to identify cases with milder symptoms [16]. However, there is 

currently a lack of evidence in favour of any routine screening after PE [4, 17].  

The study aims were to prospectively assess the CTEPH incidence in patients diagnosed with PE 

and to test the usefulness of a multi-step screening algorithm based on an initial dyspnoea 

questionnaire. We also aimed to identify potential risk factors for developing CTEPH. 

Methods 

Study participants 

This prospective, multicentre study was performed between March 2009 and November 2016 in 

11 pulmonary hypertension centres in Switzerland. Patients were screened for acute PE and 



 
 

included in the study if the PE was confirmed by either pulmonary angiography, contrast-enhanced 

computed tomography (CT) or ventilation/perfusion scan (V/Q scan) within four weeks preceding 

the enrolment visit. All included patients had to have a signed informed consent. Patients were 

excluded if they were diagnosed before screening with pulmonary hypertension, pre-existing 

severe chronic dyspnoea New York Heart Association functional class (NYHA FC) III-IV, cancer 

or other threatening diseases with a life expectancy inferior to six months. Patients with NYHA 

FC not assessable due to severe mobility limitation were also excluded. Irrespective of their final 

enrolment in the study, all patients screened were registered (initials, sex, date of birth).  

Outcomes 

The primary endpoint was the incidence rate of CTEPH after acute PE. The secondary endpoints 

were the assessment of the usefulness of a multi-step screening algorithm and the identification of 

risk factors associated with development of CTEPH. To test the usefulness of the algorithm, we 

conducted a post-hoc analysis matching the initial 1699 patients with PE with the data of the 

SPHR. The match was performed in December 2016 using patient’s initials, sex and date of birth. 

We first checked that patients within the study and diagnosed with CTEPH were listed in the 

SPHR. We then queried the SPHR for incident cases of CTEPH registered during the study period 

and looked-for individuals among the 1699 screened patients. 

Procedures 

Baseline health survey was filled at the enrolment visit. This questionnaire focused on 

demographics, baseline status and potential risk factors for PE or CTEPH. PE therapy, including 

the choice and duration of anticoagulation was left at the discretion of physicians in charge 

according to the local practice. We used the term provoked PE and unprovoked PE, respectively 

defined by the presence or absence of one of the previously defined PE risk factors [18]. 

A three-step algorithm was created and applied at 6, 12 and 24 months (figure 1). Step one was a 

phone assessment of dyspnoea, based on a standardised NYHA FC questionnaire translated in 

German, French and Italian (supplement 1). If the dyspnoea score equalled NYHA FC II or above, 

the patient advanced to the second step, unless an obvious and/or transient known cause that 

explained the current dyspnoea was identified. Step two consisted in a hospital visit for clinical 

examination, unblinded reassessment of the NYHA FC and transthoracic echocardiography (TTE). 

Based on TTE results, patients were classified as PH unlikely or PH possible. These two groups 

were adapted over time from the 2004 and 2009 European guidelines [19, 20]. PH was considered 

possible if the peak tricuspid regurgitation velocity (TRV) was >2.8m/s or if TRV was not 

measurable or ≤2.8m/s but other signs of PH were present at TTE. If TRV was ≤2.8m/s and there 

were no other signs of PH, PH was considered unlikely and the patient returned to follow-up. TTE 

ordered by patient’s general practitioner outside the study was also accepted if above variables 

were assessable. If PH was deemed possible, patients was engaged to step three for assessment by 

right heart catheterisation (RHC). According to the accepted definition of CTEPH, our diagnosis 

criteria were: mean pulmonary arterial pressure (mPAP) ≥25mmHg, post capillary wedge pressure 

<15mmHg, at least three months of effective anticoagulation therapy and radiological 

confirmation with either V/Q scan, contrast-enhanced CT or pulmonary angiography.  



 
 

Statistical Analysis 

A sample size of 1000 patients was estimated in order to obtain a 2% wide 95% confidence interval 

(95%CI) for an expected CTEPH incidence after PE of 3%. Incidence rate of CTEPH after PE was 

expressed as number of events in number of patient-years and cumulative incidence rate in % over 

two years. Descriptive statistics are presented as mean with standard deviation for continuous data 

and as absolute numbers with percentages and Wilson 95%CI for categorical data. We calculated 

the percentage of concordance of the NYHA FC stage between the phone-based survey and the 

clinical evaluation. Accuracy of the screening algorithm was assessed by comparing it to the data 

of the SPHR using sensitivity, specificity, negative and positive predictive value at each step of 

the algorithm. For the risk factors analysis, we used a two-tailed t-test and a Fischer exact test for 

continuous and categorical values respectively. Significance limit was set at a p-value <0.05 and 

all tests are conducted two sided. 

Primary and secondary endpoints were analysed in patients with complete data. Patients were 

considered lost-to-follow-up if they withdraw their consent or didn’t have at least completed the 

last follow-up appointment. For the primary endpoint, sensitivity analyses were performed to 

account for missing data using multiple imputation techniques, described elsewhere [21]. We used 

R 3.3.3 (R core team, 2016) with the package mice 2.30 and SPSS 24 (IBM, 2016) for statistical 

analyses [22]. 

Swiss Ethics Committees approved this study in 2008; all included patients signed an informed 

consent. The study is registered under WHO: ISRCTN61417303.  

Results 

Patients 

We included patients between March 2009 and November 2013, and the study was closed in 

November 2016. Overall, 1699 consecutive patients were diagnosed with acute PE and assessed 

for eligibility. Of those, 542 patients were excluded and 555 could not sign the informed consent 

(figure 2). For the remaining 602 patients, 94 did not complete the study because they were lost to 

follow-up (n=51), withdrew their consent (n=7) or died during the study period (n=36). The causes 

of deaths were neoplasia (n=15; 42%), cardiovascular diseases (n=5; 14%), infection (n=3; 8%), 

suicide (n=1; 3%), unknown reason (n=9; 25%) and the last 3 (8%) were sudden deaths during the 

primary hospitalisation that could only be imputed to the acute PE. Thus, 508 patients had a full 

follow-up during a median time of 2 years. The baseline characteristics of these patients are 

described in table 1.  

  



 
 

Table 1: Baseline characteristics of the INPUT cohort 

  

Study 

population 

(n=508) 

Demographic data mean ± SD 

Age at baseline 61.2 (16.2) 

Sex   

male 271 (53.3%) 

female 237 (46.7%) 

BMI 28 (5.4) 

Smoking status   

current smoker 90 (17.7%) 

previous smoker 115 (22.6%) 

non-smoker 303 (59.6%) 

PE management   

Thrombolysis 25 (4.9%) 

Surgery 0 (0%) 

Long term anticoagulation   

oral anticoagulation 485 (95.5%) 

LWMH 9 (1.8%) 

heparin 11 (2.2%) 

unknown 3 (0.6%) 

Thromboembolic risk factors and history   

Unprovoked PE 227 (44.7%) 

Previous history of PE 71 (14.0%) 

Concomitant DVT at diagnosis 176 (34.6%) 

Previous history of DVT 74 (14.6%) 

Family history of DVT or PE 73 (14.4%) 

Thrombophilic disorders 25 (4.9%) 

antiphopholipid antibodies 4 (0.8%) 

Major surgery setting 83 (16.3%) 

Trauma (major trauma, fractures) 36 (7.1%) 

Immobility (hospital and nonhospital setting) 143 (28.1%) 

Hormonal (HRT, pregnancy, oral contraception) 68 (13.4%) 

Past medical Record   

History of malignancy 56 (11.0%) 

Active malignancy 27 (5.3%) 

Rheumatoid arthritis 10 (2.0%) 

Inflammatory bowel disease 8 (1.6%) 

Splenectomy 3 (0.6%) 

Pacemaker / VA shunt 5 (1.0%) 

Infection of pacemaker or VA shunt 2 (0.4%) 

Congestive heart failure 3 (0.6%) 

Cerebrovascular disease 20 (3.9%) 

Table 1:  Data are n (%) and mean (±SD). BMI=body mass index. SD=standard deviation. LWMH=low weighted 

molecular heparin. PE = pulmonary embolism. DVT=deep venous thrombosis. HRT=hormone replacement therapy. 

VA shunt=ventriculoatrial shunt. 

  



 
 

Incidence of CTEPH 

Over two years of follow-up, four CTEPH cases were diagnosed in the cohort of 508 fully followed 

PE patients. A description of each CTEPH patient hemodynamic is provided in table 2 (additional 

clinical parameters are provided in the supplementary material). The cumulative incidence of 

CTEPH was 0.79% (95%CI 0.31-2.07%) over a median time of 2 years, which yields an incidence 

rate of 3.7 per 1000 patient-years (95%CI 1.43-9.36). Among patients presenting with a dyspnoea 

≥II NYHA FC in the survey (n=97), the cumulative incidence of CTEPH rose to 4.12% (95%CI 

1.62-10.13). Matching the 1699 screened patients with the SPHR identified four additional CTEPH 

cases among the 1097 excluded patients (cause of exclusion: involvement in other studies (n=2), 

no discernment (n=1), estimated life expectancy under 6 months (n=1)). No other CTEPH who 

matches the identity of the 508 included patients under study was found in the SPHR. The 

sensitivity analyses led to similar incidence ranges. 

Table 2: Hemodynamic of the CTEPH cases 

Patient 1 2 3 4 

mPAP (mmHg) 25 25 31 27 

PAWP (mmHg) 10 7 10 13 

mRAP (mmHg) 10 2 10 12 

PVR (dyn‧ sec‧ cm-5) 317 360 232 151 

CO (l/min) 3.79 3.99 7.24 7.50 

CI (l/min‧ m2) 1.80 2.40 3.89 3.00 

BMI (kg/m2) 28.2 25.2 26.0 52.7 

 

Table 2: CTEPH=chronic thromboembolic pulmonary hypertension. mPAP=mean pulmonary arterial pressure. 

PAWP=pulmonary arterial wedge pressure. PVR=pulmonary vascular resistance. mRAP=mean right atrial pressure. 

CO=cardiac output. CI=cardiac index. 

Screening algorithm   

Screening algorithm profile is described in figure 3. The phone-based dyspnoea survey identified 

149 episodes of dyspnoea ≥II NYHA FC in 97 patients (19.1%) over the two-year follow-up. The 

agreement of the NYHA FC between phone-based survey and clinical evaluation was 86.1% 

(95%CI 78.1-91.6). The clinical evaluation of NYHA FC class was higher than the phone-based 

survey in 8.2% (95%CI 4.1-14.8) of these patients and lower in 6.2% (95%CI 2.89-12.4). 

TTE identified 15 episodes of possible PH with a mean TRV of 2.96 ±0.05m/s in 14 different 

patients who were invited for step three. The RHC confirmed PH in four patients with a mean 

mPAP of 27mmHg. All four cases were CTEPH, confirmed either with V/Q scan (n=3) or contrast-

enhanced CT (n=1). In four patients, RHC was not performed because of patient’s refusal (n=3) 

or due to temporary contraindication (n=1). However, for three of them, PH was excluded at the 

next follow-up visit by TTE. The last one refused to undergo RHC at the final follow-up visit but 

was then regularly followed without signs of evolution towards a CTEPH during six years.  



 
 

Accuracy of the screening algorithm compared to SPHR is described in table 3. The survey yielded 

100% (95%CI 51-100) sensitivity and 81.6% (95%CI 77.9-88.4) specificity. The second step 

echocardiography in newly dyspnoeic patients showed a negative predictive value of 100% 

(95%CI 51-100). 

 

Table 3: Accuracy of the screening algorithm. 

  

6 months 

survey 

(n=508) 

12 months 

survey 

(n=506) 

24 months 

survey (n=505) 

overall survey 

(n=508) 

overall TTE 

(n=97) 

Sensitivity 50% 50% 100% 100% 100% 

Specificity 88.9% 91.5% 90.9% 81.6% 88.7% 

Positive predictive value 3.4% 2.3% 2.1% 4.1% 26.7% 

Negative predictive value 99.6% 99.8% 100% 100% 100% 

Table 3: Accuracy of the screening algorithm for the survey in detecting CTEPH at six, 12 and 24 months and over 

the 2 years in all included PE patients and for the TTE in the patients detected with dyspnoea. TTE=transthoracic 

echocardiography. 

Risk factors  

The presence of antiphospholipid antibodies was significantly associated with a CTEPH 

development after PE (p=0.03). No other risk factors were identified in all the other baseline 

characteristics tested (supplementary material). A multivariate analysis was not applicable due to 

small number of CTEPH cases. 

  



 
 

Discussion 

In this prospective observational study, we followed a large population of patients after acute PE. 

Our main finding is a cumulative incidence of CTEPH of 0.79% over two years. One in five 

patients will experience a dyspnoea within two years following an acute PE. In these patients, the 

incidence of CTEPH rises to 4.12%. Furthermore, our results show that our algorithm based on an 

initial dyspnoea assessment by the NYHA FC is a sensitive way to screen PE patient for CTEPH. 

They also confirm that the presence of antiphospholipid antibodies is a risk factor for the 

development of CTEPH after PE.  

Compared to the existing literature, our study is the second largest multicentre cohort that have 

evaluated the incidence of CTEPH prospectively in patients with acute PE [12]. We found an 

incidence in the lower range of the previously published analogous studies with 0.4% to 9.1%  [9–

11, 23–26]. The reason for such a wide range between studies may lay in the methodologies 

applied. The recent meta-analysis of Ende-Verhaar et al. showed the impact of the selection criteria 

when considering the incidence of CTEPH after PE distinguishing the three subgroups: “all 

comers”, “survivors” and “survivors without PE” [12]. Our study may be classified into the 

“survivors without major comorbidities” as we have done a complete cases analysis and excluded 

some patients with severe comorbidity. Thus, we have a lower incidence than described in the 

meta-analysis for this subgroup (2.8%; 95%CI 1.5-4.1). The published studies included in this 

subgroup may have overestimated the incidence by the selective inclusion of higher-risk PE 

(notably the unprovoked PE percentage) while some could have misclassified acute PE for CTEPH 

[27, 28]. We have addressed this latter issue with a post-hoc control of the CTEPH patient images 

to ensure that we did not miss any pre-existing pattern suggestive of CTEPH. Therefore, the risk 

of overestimation has been minimized. To the contrary, we may face a possible underestimation 

through the negative segregation of high risk patients including the 236 with an estimated life 

expectancy < six month and the 149 with a NYHA FC ≥ III. However, there was no significant 

differences in the sex and age distribution between the excluded and the included patient. 

Furthermore, the post-hoc comparison to the Swiss Pulmonary Hypertension Registry (SPHR) 

showed a similar incidence range in included and excluded patients. This incidence is in the range 

of the “all comers” subgroup from the meta-analysis by Ende-Verhaar (0.57%; 95%CI 0.13-0.98). 

This suggests an unbiased selection of patients. The higher incidence in published studies could 

also be the consequence of a selection of patients only from tertiary high-volume centres that are 

probably prone to treat higher-risk PE. As we also included patients from smaller hospitals and 

ambulatory patients, we probably have included more low-risk PE. Consequently, our results are 

more prone to be generalised to the entire population than previous reports. 

We think that the present study is a valid assessment of the incidence of CTEPH after PE. First, 

we used recommended criteria to diagnose CTEPH, using strict RHC thresholds for PH and 

standard radiological examinations [4]. As done previously elsewhere, a senior specialized 

radiologist assessed the images of CTEPH patients and excluded a pre-existing pattern suggestive 

of CTEPH at the time of PE [27, 28]. It is now well established that all the studies using TTE as 

the only diagnostic tool overestimate the incidence of CTEPH [12]. Furthermore, the match with 

the Swiss Pulmonary Hypertension Registry (SPHR) strengthens our findings. This registry 



 
 

gathers all recognised PH centres in Switzerland and collects systematically all newly diagnosed 

CTEPH and PAH cases [13]. It therefore allows us to confirm that we did not segregate a different 

subpopulation between the excluded and the included patients. It also offers a good tool to 

eventually detect potential undiagnosed cases within the two-year follow-up. We matched the 1699 

screened patients from at least three years and up to seven years after the initial PE event. Given 

the natural history of the disease, all CTEPH cases, even with a honeymoon period of several 

months and a diagnosis delay of two years, should be symptomatic, diagnosed and listed in the 

registry [10, 26, 29]. In the SPHR, there was an average of 20.1 new cases of CTEPH per year 

between 2000 and 2012 [13]. With an estimated PE incidence rate of 0.6 per 1000 patient-years 

for a population of 8 million inhabitants, there are approximatively 5000 acute PE per year in 

Switzerland [8, 30]. If we apply our CTEPH incidence rate to this number of PE, we would expect 

17.9 (95% CI 7.2-46.8) new cases per year, which is close to the registry data. However, this 

calculation did not account for CTEPH cases without clinical PE that could yield a slight lower 

number. 

According to current literature, the diagnosis of CTEPH is often delayed [2, 15]. Most cases are 

diagnosed when patients reach NYHA FC III or IV [2]. If patients were diagnosed at an earlier 

stage, such as NYHA FC II, many would benefit from effective therapies [31]. Therefore, a 

screening strategy may be appealing for earlier diagnosis and treatment [31, 32]. Presently, there 

is no official recommendation for any systematic screening in patients after PE. The only statement 

in the latest 2015 (ESC/ERS) guidelines is to consider TTE in all patients with dyspnoea on 

exertion and history of PE [4]. In that sense, our algorithm represents a step further in favour of an 

active screening of CTEPH after PE. 

With the algorithm applied in our study, we tested the sensitivity of a systematic screening based 

on a phone-based dyspnoea assessment within two years after acute PE. The group of Held et al. 

already showed on a smaller population that telephone symptom-based screening is valuable to 

identify CTEPH cases after PE [16]. Furthermore, our algorithm is easily applicable in the real 

world as it is simple and conceivable for a general practitioner to follow patients with a practical 

dyspnoea survey during three visits within two years after acute PE. The first screening step, based 

on a symptomatic approach is attractive because more than 99% of CTEPH patients will develop 

dyspnoea [2]. Other algorithms based on risk factors could miss patients that nevertheless develop 

CTEPH in the absence of such risk factors. “CTEPH rule out criteria” developed and externally 

validated by Klok et al. addresses the problem by including electrocardiographic features and NT-

proBNP value [33]. Whether this strategy could be applied outside an experimental setting remains 

to be determined. Almost every published screening strategy use TTE as a second step since it is 

a non-invasive and widely accessible method to evaluate the presence of PH. According to the low 

incidence of CTEPH, even in patients with dyspnoea, an efficient screening should yield the lowest 

false positive rate while false negatives should be near zero. Because of the high negative 

predictive value, present results support the use of TTE to select patients for a RHC. 

Cardiopulmonary exercise testing is currently assessed in the diagnostic work-up but, up to now, 

its diagnostic performance is unknown and such test could be difficult to apply widely [34]. 

Altogether, such a systematic screening may improve the awareness to CTEPH in patients with 

PE and favour earlier diagnosis. 



 
 

This study has limitations. First, we did not reach the expected sample size. We decided to end 

enrolment because the number of positive cases was low and we already had achieved a precision 

aim of 2% wide 95%CI for the primary endpoint which ensure the internal validity of the study. 

Secondly, we cannot totally exclude that some CTEPH cases remained undiagnosed. However, it 

would have been unethical and unrealistic to perform RHC in the 602 patients enrolled in the study. 

Nevertheless, the two years follow-up together with the back-up control from the SPHR data 

appears as reasonable way to identify most of symptomatic CTEPH cases. As 94 patients were lost 

to follow-up for various reasons, it is feasible that CTEPH cases went undetected in this 

population. To address this problem, we performed several sensitivities analyses that yielded 

similar results. Among 36 deaths, none had history of chronic right heart failure, although we 

acknowledge that post mortem examination was not performed. We did not address the situation 

where a dyspnoeic patient is found with a normal resting hemodynamic at rest but with exercise 

PH characterised by a steeper pressure-flow slope, as exercise RHC was not performed [35]. 

According to the current definition, such patients do not have CTEPH and are classified as chronic 

thromboembolic disease [36]. The prognosis and the indication to treat such cases remains a matter 

of debate. Third, we acknowledge a high proportion of excluded patients in the initially screened 

cohort. However, and unlike previous studies, the fate of the excluded patients has been 

documented though the Swiss PH registry, giving a reasonable estimate of symptomatic CTEPH 

cases in this population. Finally, we had designed the study a few months before the publication 

of the 2009 European guidelines [19]. We had therefore to slightly adapt initial TTE criteria 

initially based on the 2004 guidelines. Post-hoc monitoring ensures that all 101 TTE had been 

evaluated accordingly to the latest guidelines without change in patients that should have been 

invited for step three.  

In conclusion, CTEPH is a rare but devastating complication of PE. Our proposed algorithm is a 

simple and sensitive way to assess the development of CTEPH in such patients. We recommend 

that such systematic CTEPH screening should be done regularly in the two years following PE 

event for patient with a new dyspnoea. Further research including an external validation and a cost-

effectiveness analysis are needed to make this screening algorithm fully suitable for everyday 

clinical practice. 
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Supplement 2: Study monitoring 

For each patient enrolled, an electronic case report form (ECRF) was completed, collected on a centralised 

database and systematically checked for completeness by the local study nurse and/or the local investigator. During 

the study, the protocol observance was assessed by a study coordinator associated with the Swiss Society for 

Pulmonary Hypertension (SSPH). This monitoring consisted in a full verification for the presence of informed 

consent, adherence to the inclusion/exclusion criteria and the recording of the endpoints. These checks were done 

comparing source data to the ECRF. 

 

Supplement 3: Incidence of CTEPH in the INPUT cohort and sensitivity analysis. 

 

Supplement 3: Each missing variable was imputed 15 times (10.6% of data) and then regrouped after a previously 

described method. This process was repeated 10 times for each method. Model used (1) most correlated 

characteristics with centre: antiphospholipid antibody, age at baseline, BMI, current smoker, centre (2) most 

correlated characteristics without centre: antiphospholipid antiphospholipid antibody, age at baseline,  BMI, 

current smoker (3) recognised risk factors in the literature: antiphospholipid antibody, splenectomy, recurrent PE, 

inflammatory bowel disease, thyroid replacement therapy, active cancer, ventriculoatrial shunt and pacemaker 

with or without infection, unprovoked PE. 

  

% 95% CI unit

Cumulative incidence of complete cases 0.79 [0.31 ; 2.07] % over 2 year

Incidence rate of complete cases 3.65 [1.43 ; 9.36] 1000 persons / year

Cumulative incidence in dyspneic patients ≥ II NYHA 4.12 [1.62 ; 10.13] % over 2 year

Imputation model 1 1.15 [0.30 ; 2.62] % over 2 year

Imputation model 2 0.86 [0.27 ; 2.08] % over 2 year

Imputation model 3 0.91 [0.33 ; 2.11] % over 2 year
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Supplement 4: Baseline variable correlated to CTEPH. 

 

Supplement 4: Data are n (%) and mean (±SD). CTEPH=chronic thromboembolic pulmonary hypertension. 

  

CTEPH no CTEPH Pearson Fischer t-test

antiphopholipid antibody 1 (25%) 3 (0.6%) 0.22 0.03

thrombophilic disorder 1 (25%) 24 (4.8%) -0.16 0.18

body mass index 33 (13.2) 28.0 (5.3) 0.08 0.49

age at baseline 47 (25.8) 61.3 (16.0) 0.08 0.34

current smoker 2 (50%) 88 (17.5%) -0.08 0.15

current weight in kilograms 92 (33.9) 81.7 (17.2) 0.07 0.34

male 1 (25%) 270 (53.6%) 0.05 0.58

previous smoker 0 115 (22.8%) -0.05 1

previously documented deep venous thrombosis 0 74 (14.6%) -0.05 1

history of malignancy 0 56 (11.1%) -0.04 1

protracted travel more than 4 hours 0 51 (10.1%) -0.03 0.51

height in centimetre 167.3 (8.7) 170.6 (9.6) -0.03 0.44

history of confirmed pulmonary embolism 1 (25%) 70 (14.0%) 0.03 1

prolonged immobilidy non hospital setting more than 7 days 0 47 (9.3%) -0.03 1

hormonal contraception 0 49 (9.7%) -0.03 1

prolonged hospitalization more than 7 days 0 45 (8.9%) -0.03 0.46

family history of deep venous thrombosis or pulmonary embolism 1 (25%) 72 (14.3%) 0.03 1

massive pulmonary embolism (with shock) 0 38 (7.5%) -0.03 1

are any other potential causes of PH present besides PE 0 39 (7.7%) -0.02 1

chronic venous insufficiency 0 35 (7.0%) -0.02 1

active cancer 0 27 (5.4%) -0.02 1

noninsulindependent diabete 0 29 (5.8%) -0.02 1

oral anticoagulation 4 (100%) 481 (95.4%) 0.02 1

coronary disease and or myocardial infarction 0 27 (5.4%) -0.02 1

major surgery more than 2 and a half hour 1 (25%) 82 (16.3%) 0.02 0.52

thrombolytics 0 25 (5.0%) -0.02 1

cerebrovascular disease 0 20 (4.0%) -0.02 1

recent fracture 0 22 (4.4%) -0.02 1

has vena cava filter 0 21 (4.2%) -0.02 1

chemotherapy used 0 13 (2.6%) -0.02 1

concomitant symptomatology of deep venous thromobosis 0 175 (34.7%) -0.02 1

thyroid replacement therapy 0 18 (3.6%) -0.02 1

major trauma (spinal, low extermities, pelvis, head or thorax 0 14 (2.7%) -0.02 1

nephrotic syndrome 0 9 (1.8%) -0.01 1

hormone replacement therapy 0 13 (2.6%) -0.01 1

low molecular weighted heparin 0 9 (1.79%) -0.01 1

metastatic cancer 0 4 (0.8%) -0.01 1

unfractionned heparin 0 11 (2.18%) -0.01 1

rheumatoid arthritis 0 10 (2.0%) -0.01 1

provoked pulmonary embolism 0 279 (55.4%) -0.01 1

inflammatory bowel disease 0 8 (1.5%) -0.01 1

insulindependant diabete 0 9 (1.2%) -0.01 1

unknown anticoagulation therapy 0 3 (0.6%) -0.01 1

congestive heart failure 0 3 (0.6%) -0.01 1

pregnancy 0 6 (1.2%) -0.01 1

splenectomy 0 3 (0.6%) -0.01 1

pacemaker 0 5 (1.0%) -0.01 1

obesity with body mass index more than 30 1 (25%) 147 (29.2%) -0.01 1

thrombectomy device angiojet 0 3 (0.6%) -0.01 1

liver cirrhosis 0 3 (0.6%) -0.01 1

dialysisdependent replacement therapy 0 2 (0.4%) -0.01 1

infection of ventriculoatrial shunt 0 0 -0.01 1
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Supplement 5: Detail of the sensitivity/specificity. 

6 months M+ M- Total Sensitivity 50% (15-85) 

T+ 2 56 58 Specificity 88.9% (85.6-91.3) 

T- 2 448 450 PPV 3.5% (1.0-11.7) 

Total 4 504 508 NPV 99.7% (98.4-99.9) 

            

12 months M+ M- Total Sensitivity 50% (9.5-90.5) 

T+ 1 43 44 Specificity 91.5% (88.7-93.6) 

T- 1 461 462 PPV 2.3% (0.4-11.8) 

Total 2 504 506 NPV 99.8% (97.8-100) 

            

24 months M+ M- Total Sensitivity 100% (20.7-100) 

T+ 1 46 47 Specificity 91.0% 

T- 0 458 458 PPV 2.1% 

Total 1 504 505 NPV 100% (99.2-100) 

            

overall survey M+ M- Total Sensitivity 100% (51.0-100) 

T+ 4 93 97 Specificity 81.6% (77.9-84.7) 

T- 0 411 411 PPV 4.1% (1.6-10.1) 

Total 4 504 508 NPV 100% (99.1-100) 

            

overall TTE M+ M- Total Sensitivity 100% (51.0-100) 

T+ 4 11 15 Specificity 88.2% (80.8-93.5) 

T- 0 82 82 PPV 26.7% (10.9-52.0) 

Total 4 93 97 NPV 100% (95.5-100) 

            

overall RHC M+ M- Total Sensitivity 100% (51.0-100) 

T+ 4 0 4 Specificity 100% (74.1-100) 

T- 0 10 10 PPV 100% (51.0-100) 

Total 4 10 14 NPV 100% (74.1-100) 

            

overall algorithm M+ M- Total Sensitivity 100% (51.0-100) 

T+ 4 145 149 Specificity 90.4% (88.9-91.8) 

T- 0 1370 1370 PPV 2.7% (1.1-6.7) 

Total 4 1515 1519 NPV 100% (99.7-100) 

Supplement 5: M+=CTEPH confirmed. M-=no CTEPH. T+=test positive. T-=test negative. PPV=positive 

predictive value. NPV=negative predictive value. RHC=right heart catheterization. 
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Supplement 6: Characteristics of the CTEPH cases 

 

Supplement 6: CTEPH=chronic thromboembolic pulmonary hypertension. OA=oral anticoagulation. 

PEA=pulmonary endarterectomy. PH=pulmonary hypertension NYHA FC=New York Heart Association 

functional class. I-II-III-IV=dyspnoea NYHA FC. mmHg=millimetre of mercure. TTE=transthoracic 

echocardiography. TRV=tricuspid regurgitation jet velocity. m/s=meter per second. mPAP=mean pulmonary 

artery pressure. VQ=ventilation-perfusion scan. CT=contrast-enhanced chest computed tomography. 

#=diagnosed. 

  

Baseline characteristics 1 2 3 4

Sex Male Female Female Female

Age at baseline 44 81 18 45

BMI 28·2 25·2 26·0 52·7

Qanadli index of obstruction in % 37·5 20 77·5

Amputation of perfusion on V/Q scan in % 40

Thrombolysis no no no no

Long term anticoagulation OA OA OA OA

History of PE (n) no no yes (1) no

Recurrent PE during follow-up (n) no no yes (1) yes (1)

Concomitant DVT no no yes no

Family history of PE or DVT no yes no no

Other risk factors for PE no no
antiphospholipid 

antibody

previous major 

surgery

Time to the CTEPH diagnosis in months 6 6 25 17

Treatment of CTEPH at 24 months PEA + OA OA OA OA

Follow up 1 (6 months) 1 2 3 4

NYHA Class II II I III

TTE (TRV in ms) PH possible (3·0) PH possible (3·0)
PH unlikely (not 

measurable)

RHC (mPAP in mmHg) PH confirmed (25) PH confirmed (25)

Radiologic confirmation (modality)
CTEPH confirmed 

(S.)

CTEPH confirmed 

(CT)

Follow up 2 (12 months) 1 2 3 4

NYHA Class # # I III

TTE (TRV in ms) # #
PH possible (not 

measurable)

RHC (mPAP in mmHg) # # PH confirmed (27)

Radiologic confirmation (modality) # #
CTEPH confirmed 

(S.)

Follow up 3 (24 months) 1 2 3 4

NYHA Class # # III #

TTE (TRV in ms) # # PH possible (3·2) #

RHC (mPAP in mmHg) # # PH confirmed (31) #

Radiologic confirmation (modality) # #
CTEPH confirmed 

(S.)
#
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Supplement 7: Study centres 

 

The 11 study centres are: Basel (Bâle), Bern (Berne), Lausanne, Locrano, Luzern (Lucerne), Lugano, Mendrisio, 

Neuchâtel, Sankt Gallen (St. Gall), Zürich (Zurich) 


