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ABSTRACT

Background: The pathophysiology of chronic thromboembolic pulmonary hypertension 
(CTEPH) is not fully understood. Poor-quality anticoagulation may contribute to a higher 
risk of CTEPH after acute pulmonary embolism (PE), partly explaining the transition 
from acute PE to CTEPH. We assessed the association between the time in therapeutic 
range (TTR) of vitamin-K antagonist (VKA) treatment and incidence of CTEPH after a PE 
diagnosis.

Methods: Case-control study in which the time spent in, under and above therapeutic 
range was calculated in 44 PE patients who were subsequently diagnosed with CTEPH 
(cases). Controls comprised 150 consecutive PE patients in whom echocardiograms 
two years later did not show pulmonary hypertension. All patients were treated with 
VKA for at least 6 months after the PE diagnosis. Time in (TTR), under and above range 
were calculated. Mean differences between cases and controls were estimated by linear 
regression.

Results: Mean TTR during the initial 6-month treatment period was 72% in cases versus 
78% in controls (mean difference -6%, 95%CI -12 to -0.1), mainly explained by more time 
above the therapeutic range in the cases. Mean difference of time under range was 0% 
(95%CI -6 to 7) and 2% (95CI%  -3 to 7) during the first 3 and 6 months, respectively. 
In a multivariable model, adjusted odds ratios (ORs) for CTEPH were around unity 
considering different thresholds for ‘poor anticoagulation’, i.e. TTR <50%, <60% and 
<70%.

Conclusion: Subtherapeutic initial anticoagulation was not more prevalent among PE 
patients diagnosed with CTEPH than in those who did not develop CTEPH.
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INTRODUCTION

Chronic thromboembolic pulmonary hypertension (CTEPH) is traditionally referred to 
as a rare, long‑term complication of acute pulmonary embolism (PE).1 Although the 
exact pathophysiology is not yet completely understood, a well-accepted theory is the 
combination of incomplete thrombus resolution after PE and vascular remodeling in 
previously unaffected vessels secondary to high shear stress.2 However and remarkably, 
at least 25% of CTEPH patients do not have a history of confirmed PE 3, the risk profiles 
for PE and CTEPH differ considerably 4, and in a majority of CTEPH patients with prior PE, 
signs of CTEPH were already evident on echocardiography and computed tomography 
pulmonary angiography (CTPA) at the time of the index PE.5-8 This latter is suggestive 
of diagnostic misclassification rather than CTEPH being the consequence of poorly 
resolved acute symptomatic PE.

Even in this setting of potential diagnostic misclassification, according to current 
guidelines, a CTEPH diagnosis can only be confirmed after at least three months of 
effective anticoagulation, as to prevent performing pulmonary artery endarterectomy 
of fresh blood clots.9 In this three-month period, high-quality initial anticoagulation 
should also prevent recurrent venous thromboembolism (VTE), a notable additional 
risk factor for CTEPH.10,11 In DVT, subtherapeutic initial anticoagulant treatment indeed 
results in poorer long-term vessel patency and is a well-known risk factor for post-
thrombotic syndrome.12 In parallel, poor-quality anticoagulation may contribute to a 
higher risk of CTEPH after acute PE as well, although studies focusing on this issue are 
currently unavailable.

We aimed to evaluate whether poor-quality anticoagulation in the first 3-6 months 
following a diagnosis of PE would be more prevalent in patients with confirmed CTEPH 
than in patients who were not diagnosed with CTEPH in the clinical course of acute PE. 
Such knowledge could not only help identifying a potential risk factor for CTEPH, but 
would also shed light on the pathophysiologic mechanism of the transition from acute 
PE to CTEPH.

MATERIAL AND METHODS

Study population
In this case-control study, we focused on 50 consecutive patients diagnosed with 
and treated for CTEPH in the Amsterdam University Medical Centers (Amsterdam 
UMC) between 2014 and 2016. These patients (cases) had previously been diagnosed 
with acute PE and were included in the InShape III study, details of which have been 
described previously.5 Of the 50 patients, 44 provided written informed consent and 
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could be evaluated in the current analysis. Their CTEPH diagnosis was confirmed by 
right heart catheterization (RHC) and pulmonary angiography in accordance with 
current guideline recommendations.9 The control group was a convenience cohort from 
two previous prospective studies from the Leiden University Medical Center (LUMC): 
150 consecutive patients with acute PE who had an echocardiography without signs 
of pulmonary hypertension after a follow-up period of at least 2 years.13-15 All study 
participants had been treated with vitamin K antagonists (VKA) for the index PE, 
preceded by unfractionated and/or low molecular weight heparin for at least five days.

Ethics approval for this analysis was obtained from the local Medical Ethics 
Committees from both the Amsterdam UMC and the LUMC. All CTEPH patients provided 
written informed consent and all control patients had provided informed consent for 
collection of relevant data upon inclusion of the previous LUMC studies.13-15

Data collection
International Normalized Ratio (INR) measurements of the first 6 months of treatment 
after the index PE, or if relevant, of the treatment period following a recurrent VTE 
diagnosis were collected. These values were retrospectively requested from local 
Thrombosis Services in the Netherlands, where the study patients had been monitored 
regularly.

Exposure
The exposure was the time in therapeutic range (TTR) in cases versus controls as well as 
the time under and above this range. We also studied whether poor anticoagulation was 
associated with CTEPH incidence. Patients were considered to have poor anticoagulation 
control in case of a TTR <60%, sensitivity analyses were performed for a TTR cutoff of 
50% and 70%.16,17

Determination of time in therapeutic range
An INR value per day was assigned between two consecutive INR measurements, 
assuming a linear relationship according to the validated Rosendaal method.18 The 
maximum time allowed between two consecutive INR measurements was set at 49 days, 
comprising the maximum measurement interval of 42 days according to international 
guidelines, with an additional margin of 7 days.19,20 In wider intervals, a linear increase or 
decrease between the two values may not be plausible, which can result in biased INR 
estimates.21

Time in, under and above therapeutic range per patient was calculated for each 
separate treatment period. Therapeutic range was defined as an INR ≥2.0 and ≤3.5 
for the entire study population. This comprises both the current VKA intensity target 
according international guidelines (INR 2.0 to 3.0) 19 as well as the previous Dutch 
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national standard (INR 2.5 to 3.5), which was held until April 2016 as decided by the 
Federation of Dutch Anticoagulation Clinics.22

Statistical analyses
Continuous variables were reported as mean with standard deviation (SD), and 
categorical variables as numbers with percentages. Mean TTR values were compared 
across both groups for the first 3 and 6 months after treatment initiation using the 
Independent samples T-test. To measure the association between presence of CTEPH in 
patients with good versus poor anticoagulation control, logistic regression was used to 
estimated odds ratios (ORs) with corresponding 95% confidence intervals (95% CI). The 
ORs were adjusted for age, sex and type of VKA used. All statistical tests were performed 
using SPSS Statistics software (version 23.0, IBM) and R version 3.5.1.

RESULTS

Patients
Patient characteristics at the time of first PE diagnosis (index event) are provided in 
Table 1. The male-female ratio was roughly 1:1 in both groups. Mean age at baseline 
was 60 (±15) years in cases and 48 (±15) years in controls. Index PEs were diagnosed 
between 1985 and 2017; 35 patients (18%) had been diagnosed with at least one VTE 
recurrence after the index PE diagnosis. VKA treatment consisted of phenprocoumon in 

Table 1: Baseline characteristics

PE patients with confirmed CTEPH  
later on (n=44)

PE patients (in whom CTEPH  
is ruled out) (n=150)

General characteristics

Male 22 (51) 74 (49)

Age at baseline 60 (±15) 48 (±15)

Recurrent VTE 21 (48) 14 (9.3)

Vitamin K antagonist

Phenprocoumon 18 (41) 134 (89)

Acenocoumarol 26 (59) 15 (10)

Warfarin 0 1 (0.67)

INR target range at baseline

2.0-3.0 32 (73) 142 (95)

2.5-3.5 12 (27) 8 (5.3)

Note: Continuous variables denoted as mean (± standard deviation), categorical variables as number (percentage). 
Baseline is defined as the moment of first VTE diagnosis. Abbreviations: VTE, venous thromboembolism; INR, International 
Normalized Ratio.
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41% of cases and in 89% of controls, and acenocoumarol in 59% and 10%, respectively. 
Only one control patient (0.67%) was treated with warfarin. The INR target range had 
been 2.0 to 3.0 in 73% of cases and 94% of controls. The remaining patients had an INR 
target range of 2.5 to 3.5 (27% and 5.3%, respectively).

Availability of INR data
INR data were available in 185 patients (95%). In the remaining patients, INR data 
was retrieved for the treatment period after a diagnosis of recurrent VTE that 
occurred between the index PE diagnosis and CTEPH diagnosis (n=9) (Table 2). In 3 
control patients, data was only available beyond the first 3 months due to long-term 
hospitalization during which they received either heparin intravenously and/or LMWH 
treatment.

Proportion of time in, under and above therapeutic range
The calculated overall proportion of cases and controls in and out of the therapeutic 
range per day from the start of initial VKA treatment up to the 6-month of follow-up is 
displayed in Fig 1, demonstrating a trend towards better treatment control in controls 

Table 2: Mean percentages of time spent in, under and above therapeutic range and corresponding mean 
differences

Patients with 
CTEPH (%)

Patients without 
CTEPH (%)

Mean difference 
(95%CI) #

First available VTE: 3-month analysis * n=44 n=147

Time under therapeutic range 13 13 0 (-6 to 7)

Time in therapeutic range 69 73 -4 (-12 to 4)

Time above therapeutic range 18 14 4 (-3 to 11)

First available VTE: 6-month analysis * n=44 n=150

Time under therapeutic range 12 10 2 (-3 to 7)

Time in therapeutic range 72 78 -6 (-12 to -0.1)

Time above therapeutic range 16 12 4 (-1 to 9)

First PE only: 3-month analysis ^ n=35 n=147

Time under therapeutic range 11 13 -2 (-9 to 5)

Time in therapeutic range 71 73 -2 (-10 to 7)

Time above therapeutic range 17 14 3 (-4 to 11)

First PE only: 6-month analysis ^ n=35 n=150

Time under therapeutic range 11 10 1 (-4 to 6)

Time in therapeutic range 74 78 -4 (-10 to 3)

Time above therapeutic range 15 12 3 (-3 to 8)

Note: * Including all patients with INR data from the first available VTE. ^ Including all patients with INR data available of 
the first episode of PE only. # Independent samples T-test.
Abbreviations: 95%CI, 95% confidence interval; VTE, venous thromboembolism; INR, International Normalized Ratio.
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versus cases. Mean TTR was 69% in cases versus 73% in controls, for a mean difference of 
-4% (95%CI -12 to 4) during the first 3 months, and 72% versus 78%, respectively (mean 
difference -6%; 95%CI -12 to -0.1) during the first 6 months of treatment (Table 2). This 
difference in TTR was mostly explained by a longer time above the therapeutic target 
in the CTEPH patients: after 3 months, time under therapeutic range was 13% in cases 
versus 13% in controls (mean difference 0%; 95%CI -6 to 7). This was 12% versus 10%, 
respectively, after 6 months (mean difference 2%; 95%CI -3 to 7). Time above therapeutic 
range was 18% in cases versus 14% in controls at 3 months (mean difference 4%; 
95%CI -3 to 11), and 16% versus 12% at 6 months (mean difference 4%; 95%CI -1 to 9). 
Focussing on patients with INR data available after the index PE diagnosis, we found 
similar results: the mean TTR was 71% for cases and 73% for controls at the 3-month 
follow-up (mean difference -2%; 95%CI -10 to 7). This was 74% and 78% after 6 months 
of follow-up, respectively (mean difference -4%; 95%CI -10 to 3).

Poor anticoagulation control and CTEPH development
A mean TTR ≤60% did not predict CTEPH, with an adjusted OR of 1.4 (95%CI 0.6 to 3.2) 
and 1.4 (95%CI 0.6 to 3.3) at 3 and 6 months, respectively (Table 3), nor did a mean TTR 
≤50% or ≤70%.

Figure 1: Proportion of cases (A) and controls (B) in, above and under INR range per day from the start of 
VKA therapy
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DISCUSSION

For the first time, our results demonstrate that poor initial anticoagulation control with 
VKA for acute PE was not more prevalent among PE patients diagnosed with CTEPH than 
in those who did not develop CTEPH. Notably, if anything, cases spent more time above 
than under the therapeutic range than the controls. Also, we did not find evidence for 
an association between the anticoagulation control using a fixed threshold for achieved 
TTR and case or control status.

We have two explanations for our findings. First, the quality of anticoagulation was 
high. In our study, the mean TTR was 72-78% in the 6-month analysis, whereas previous 
studies in VTE as well as atrial fibrillation patients, including multiple randomized 
controlled trials, have showed a mean TTR of 60% or lower.12,23 Our chosen wide 
therapeutic range with a higher upper limit of INR 3.5 (rather than 3.0), retrospectively 
applied to all individuals, has probably largely contributed to this. Consequently, 

Table 3: Proportion of patients under and above different thresholds of TTR and its association with CTEPH 
after the first available VTE

Patients with
CTEPH (%)

Patients without
CTEPH (%)

Odds ratio
(95% CI)

Odds ratio
(95%CI)*

Odds ratio
(95%CI)**

3-month analysis n=44 n=147

≥ 50% 35 (80) 119 (81) 1.0 (ref ) 1.0 (ref ) 1.0 (ref )

< 50% 9 (20) 28 (19) 1.1 (0.5 to 2.5) 1.1 (0.4 to 2.6) 1.1 (0.4 to 3.0)

6-month analysis n=44 n=150

≥ 50% 39 (89) 137 (91) 1.0 (ref ) 1.0 (ref ) 1.0 (ref )

< 50% 5 (11) 13 (9) 1.4 (0.5 to 4.0) 1.3 (0.4 to 4.2) 0.6 (0.1 to 2.3)

3-month analysis n=44 n=147

≥ 60% 29 (66) 108 (73) 1.0 (ref ) 1.0 (ref ) 1.0 (ref )

< 60% 15 (34) 39 (27) 1.4 (0.7 to 3.0) 1.5 (0.7 to 3.3) 1.4 (0.6 to 3.2)

6-month analysis n=44 n=150

≥ 60% 31 (70) 126 (84) 1.0 (ref ) 1.0 (ref ) 1.0 (ref )

< 60% 13 (30) 24 (16) 2.2 (1.01 to 4.8) 2.1 (0.9 to 5.0) 1.4 (0.6 to 3.3)

3-month analysis n=44 n=147

≥ 70% 27 (61) 93 (63) 1.0 (ref ) 1.0 (ref ) 1.0 (ref )

< 70% 17 (39) 54 (37) 1.1 (0.5 to 2.2) 1.2 (0.5 to 2.4) 1.3 (0.5 to 2.9)

6-month analysis n=44 n=150

≥ 70% 25 (57) 103 (69) 1.0 (ref ) 1.0 (ref ) 1.0 (ref )

< 70% 19 (43) 47 (31) 1.7 (0.8 to 3.3) 1.8 (0.9 to 3.8) 1.8 (0.8 to 4.1)

Note: ^ Showing data of patients with an initial acute PE, of which in 9 patients INR data was only available from 
recurrent VTE, i.e. 6 recurrent PE and 3 DVT episodes. *Adjusted for age and sex. **Adjusted for age, sex and type of VKA. 
Abbreviations: CTEPH, chronic thromboembolic pulmonary hypertension; VTE, venous thromboembolism; TTR,  time in 
therapeutic range; PE, pulmonary embolism; DVT, deep vein thrombosis; VKA; vitamin K antagonist.
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because none of our study patients fulfilled the criteria of ‘poor anticoagulation’, we 
cannot rule out a causal association between poor anticoagulation control with VKA 
and CTEPH after acute PE. The other way around, although the TTR found in our study 
was not fully representative for daily practice, we observed that even high-quality 
anticoagulation did not prevent the cases from being diagnosed with CTEPH.

 A second explanation could be that CTEPH might not necessarily develop after an 
episode of acute symptomatic PE. In fact, the International Prospective CTEPH Registry 
showed that only three quarters of 679 CTEPH patients had a history of confirmed acute 
PE.3 Moreover, it has been demonstrated that the index CTPA used to diagnose acute PE 
in patients with an ultimate diagnosis of CTEPH demonstrated many radiological signs 
of CTEPH, i.e. intravascular webs; pulmonary artery retraction or dilatation; bronchial 
artery dilatation; right ventricular (RV) hypertrophy; and interventricular septum 
flattening.5,6 Notably, the presence of 3 or more of these criteria was almost diagnostic 
for CTEPH.5 The diagnostic misclassification implied by this observation makes it unlikely 
that even high-quality anticoagulation could have prevented CTEPH since it was already 
present before the start of anticoagulant treatment.

Even though indefinite anticoagulant therapy in CTEPH is undisputed in current 
guidelines, the efficacy and safety of anticoagulant treatment in CTEPH have been poorly 
studied.9 Notably, anticoagulation therapy in this setting is mostly aimed at preventing 
recurrent VTE and/or in situ pulmonary artery thrombosis, even after successful 
pulmonary endarterectomy, rather than treating CTEPH itself.24 A potential role of 
poor-quality anticoagulation in the development of CTEPH after PE has been briefly 
suggested, for instance, in a small observational study, in which 92 PE patients were 
followed for 18 months through echocardiography and CTPA. All patients appeared to 
have had suboptimal anticoagulation therapy according to patient compliance to both 
therapy and monitoring regimens. Notably, TTR values were not reported.25 CTEPH was 
reported in 20% of patients though they were not diagnosed according to the current 
standard 9, and likely represented an overestimation of the CTEPH incidence.

Importantly, VKAs are no longer the first-line treatment in VTE since direct oral 
anticoagulants (DOACs) feature a more favorable safety profile than VKA.26 Our study 
therefore shows unique and accurate data on the quality of initial anticoagulant 
treatment with VKA in relation to CTEPH after PE, data that are unlikely available in recent 
PE or CTEPH registries. Notably, in this new anticoagulation era, TTR is no longer an issue 
but adherence to therapy has emerged as important new challenge for achieving high-
quality anticoagulation treatment.27,28 It would therefore be interesting to study the 
prevalence of CTEPH in the years before and after introduction of the DOACs, in relation 
to medication adherence.

 A limitation of our work is the relatively small study population, which is due to the 
difficulty of achieving a high number of cases on VKA treatment in the current DOAC 
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era, as well as the low incidence of CTEPH in PE patients. As a consequence, the possible 
insufficient statistical power to make a definite conclusion on the association between 
anticoagulation quality after PE and the risk of CTEPH. Moreover, the retrospective 
nature of our study caused unavailability of INR data of the first VTE episode in 9 patients, 
which was replaced by INR data after a subsequent recurrent VTE diagnosis. Also, the 
target INR was not the same for all patients and controls due to local protocols and 
a change in national guidelines. Lastly, phenprocoumon was the choice of treatment 
for the vast majority in the control group, whereas acenocoumarol was more often 
prescribed in the cases. The choice of VKA was different between the groups due to 
local preferences, which could have resulted in relevant confounding with regard to 
the achieved quality of anticoagulation control. Of note, since the control patients were 
mostly treated with the more ‘stable’ phenprocoumon, this study limitation actually 
supports our main conclusion.

In conclusion, PE patients diagnosed with CTEPH were not found to have a higher 
prevalence of subtherapeutic initial anticoagulation than PE patients who did not 
develop CTEPH over the course of 2 years. The quality of anticoagulation was even 
comparable between cases and controls. An important observation is that high-quality 
anticoagulation did not prevent CTEPH in the patients in our study, possibly due to 
diagnostic misclassification of CTEPH and PE.
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