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To the Editor, 

Chronic thromboembolic pulmonary hypertension (CTEPH) is characterized by chronic thrombi in the 

pulmonary arterial bed, causing pulmonary hypertension [1-3]. CTEPH is diagnosed in ~3% of patients who 

survive a symptomatic acute pulmonary embolism (PE).[4] While the surgical removal of chronic fibrotic 

thrombotic vascular occlusions by pulmonary endarterectomy (PEA) may cure most patients with CTEPH by 

normalizing pulmonary artery hemodynamics and improving symptoms, patients who remain not operated or do 

not undergo balloon pulmonary angioplasty have had severe functional limitations, and poor quality of life and 

survival [5, 6]. Since the natural course of CTEPH involves progressive remodelling of the distal arteries and 

increase of pulmonary vascular resistance (PVR), which are both important determinants of outcome, early 

CTEPH diagnosis and referral to an expert centre are both critical for optimal treatment. It has however been 

shown that early diagnosis of CTEPH remains a major challenge, as demonstrated by a median diagnostic delay 

of 14 months identified in the large European CTEPH registry [7]. The most likely explanations for this are 

diagnostic misclassifications as acute PE or other conditions, the nonspecific and often insidious clinical 

presentation of CTEPH, and the cumbersome diagnostic process of CTEPH, which involves multiple healthcare 

providers from different clinical specialties [8, 9]. The main determinants for and consequences of the 

diagnostic delay in CTEPH have not been studied.  

This was an analysis of the prospective European CTEPH registry that included patients with CTEPH 

who did not receive PAH-targeted treatment before diagnosis from CTEPH expert centres in Europe and Canada 

between 2007 and 2009. Details of the registry have been presented in earlier reports [5, 7]. For the purpose of 

this study, only patients who reported CTEPH symptoms or with known timing of symptoms onset were 

considered.  

The aims of the current analysis were to i) assess the impact of longer delay on prognosis, ii) describe 

the patterns of diagnostic delay and iii) evaluate predictors for longer delay.  

Diagnostic delay was defined as the time of first self-reported onset of symptoms, to the day of CTEPH 

diagnosis by right heart catheterisation, and was expressed in tertiles for the purposes of the present analysis. 

We partitioned total diagnostic delay in patients‘-associated delay, i.e. from the self-reported moment of 

symptom onset to first physician contact for these symptoms, and doctors‘-associated delay, defined as time 

from first physician contact to confirmation of CTEPH diagnosis.  

Of all 679 patients included in the registry, no symptoms were recorded for 42 patients (6.2%) who 

were all categorized as NYHA class I. These 42 patients were excluded from further analysis. Median duration 



of follow-up was 37.7 months (IQR 16.6-46.0). Overall, 321 patients were female (50%) and mean age was 63 

years; 77 patients had cancer (14%), 29 had chronic heart disease (4.8%), 131 had concomitant conditions 

associated with pulmonary hypertension (21%), and 142 (22%) were diagnosed with recurrent VTE during 

follow-up. Median patients‘-associated delay was 3.1 months (IQR 0-15) and median doctors‘-associated delay 

was 5.4 months (IQR 2.6-13). We observed a non-linear distribution of delays suggesting that longer patients‘-

associated delay corresponded to shorter doctors‘-associated delay and vice versa.  

Of all studied variables included in a penalized ordinal logistic regression model, recurrent VTE and 

obesity were selected for their association with a longer delay with ORs of 1.66 (95%CI 1.16-2.38) and 1.52 

(95%CI 1.04-2.24), respectively. Vice versa, chest pain and fatigue were associated with a shorter delay, with 

ORs of 0.65 (95%CI 0.44-0.97) and 0.72 (95%CI 0.53-0.98), respectively. Age, sex and severity of degree of 

exertional dyspnea (as expressed with NYHA classification) were not associated with longer or shorter delay. In 

one-way analysis of variance, patients with longer delay had less favourable pulmonary hemodynamics with 

mPAP in the third tertile (diagnostic delay >24.5 months) being ~4.5 mmHg higher than in the second 

(diagnostic delay 9.8-24.5 months) or first tertile (diagnostic delay <9.8 months), respectively (p<0.001). 

Longer delay did not impact the chances of the patient to be judged operable (OR 1.08, 95%CI 0.77-1.51, third 

tertile versus first and second tertile), the actual performance of PEA (OR 1.19, 95%CI 0.85-1.66, third tertile 

versus first and second tertile) or surgical complications (OR 1.27, 95%CI 0.88- 1.84, third tertile versus first 

and second tertile). However, longer delay was associated with a higher risk of all-cause mortality (Table 1, 

model 1). In a multivariable Cox regression model, patients in the third tertile of delay were found to have an 

adjusted Hazard Ratio (HR) of 1.47 (95%CI 0.99-2.15) compared to the first and second tertile together, with 

adjustment for age, sex, PEA and severity of symptoms. The same adjusted model comparing patients in the 

third tertile to the other two tertiles separately (Table 1, model 2) clarified that the largest difference in mortality 

risk was found between the third and first tertile (adjusted HR 1.60, 95%CI 1.02-2.50), while there was no 

relevant difference between second and first tertile (adjusted HR 1.20, 95%CI 0.75-1.92).  The predicted 

probability of death grew exponentially if the diagnostic delay was accounted as a continuous variable  

regardless of whether patients underwent PEA or not: these observations are underpinning the lack of an 

interaction between diagnostic delay and the decision to perform PEA. 

 

In this study, we identified subgroups of CTEPH patients with longer diagnostic delay which was 

associated with less favourable hemodynamic profile and shorter survival, possibly reflecting more severe 



concomitant secondary vascular disease and poorer right ventricular function. Being a severe cardiovascular 

disease, it may come to no surprise that delay in diagnosis (and treatment initiation) of CTEPH has a negative 

impact on prognosis. However, the diagnostic process of CTEPH is complex and is influenced by many 

different patient- as well as doctor-driven factors [8-10]. Even for acute PE, diagnostic delay was found to have 

little prognostic significance in epidemiological studies for the same reasons [11, 12].  

Recurrent VTE and obesity were found to be associated with longer diagnostic delay. For the former, it 

is likely that this diagnosis was incorrect, since the spectrum of CTEPH symptoms and findings on imaging tests 

may resemble that of recurrent acute PE [13, 14]. In such cases of potential misclassification, while awaiting the 

results of (intensified) anticoagulant therapy, diagnostic tests for CTEPH were likely to be delayed. 

Consistently, physicians and patients may erroneously attribute non-specific symptoms to obesity and refrain 

from ruling out underlying pathology such as CTEPH, especially in the absence of a prior VTE diagnosis. The 

opposite can be argued for chest pain, being the presentation of acute thoracic conditions that often prompt 

diagnostic evaluation that could show clues of pulmonary hypertension [15].  

The main limitations of our study are i) recall bias, ii) lack of standardisation of the reported episodes 

of acute PE and iii) absence of detailed information of the diagnostic reasoning of the treating physicians. 

  

In conclusion, we have for the first time demonstrated that longer delay negatively impacts prognosis 

of CTEPH. Although our results should be regarded as hypothesis-generating, they support the need for 

increased CTEPH awareness by physicians, particularly those commonly diagnosing and treating acute PE. 
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Table 1.Cox regression analysis for all-cause mortality 

 Unadjusted HR (95%CI) Adjusted HR (95%CI) 

Model 1 

Delay (Thirds II-I) Reference Reference 

Delay (Third III) 1.34 (0.92-1.96) 1.47 (0.999-2.15) 

Age (per unit increase) 1.03 (1.01-1.04) 1.01 (0.997-1.03) 

Male sex Reference Reference 

Female sex 0.74 (0.51-1.07) 0.60 (0.41-0.87) 

PEA not performed Reference Reference 

PEA performed 0.28 (0.19-0.42) 0.28 (0.18-0.43) 

NYHA I-II Reference Reference 

NYHA III-IV 2.46 (1.29-4.71) 2.21 (1.15-4.24) 

Model 2 

Delay (Third I) Reference Reference 

Delay (Third II) 0.94 (0.59-1.50) 1.20 (0.75-1.92) 

Delay (Third III) 1.30 (0.84-2.03) 1.60 (1.02-2.50) 

Age (per unit increase) 1.03 (1.01-1.04) 1.02 (0.998-1.03) 

Male sex Reference Reference 

Female sex 0.74 (0.51-1.07) 0.59 (0.40-0.85) 

PEA not performed Reference Reference 

PEA performed 0.28 (0.19-0.42) 0.28 (0.18-0.42) 

NYHA I-II Reference Reference 

NYHA III-IV  2.46 (1.29-4.71) 2.25 (1.17-4.33) 

Note: CTEPH, chronic thromboembolic pulmonary hypertension; HR= hazard ratio; PEA= pulmonary 

endarterectomy 

 


