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Abstract

Background: A large prospective multicenter cohort study with systematic follow-up

recently reported a 2.3% 2-year cumulative incidence of chronic thromboembolic

pulmonary hypertension (CTEPH) after acute pulmonary embolism (PE).

Objectives: The present investigation aimed to determine the reported prevalence and

incidence of CTEPH diagnosis after acute PE in real-world practice over a 12-year period.

Methods: This study was based on nationwide ambulatory billing claims and drug pre-

scription data of all residents with public health insurance in Germany from 2010 to 2021.

Results: A total of 573 972 patients with acute PE (median age, 71 years; 57.4%

women) were identified between 2010 and 2021. Prevalence of CTEPH among

patients with history of PE increased during the period from 0.4% in 2010 to 0.9% in

2021. CTEPH was diagnosed in 2556 patients after acute PE, with most (17.6%) di-

agnoses reported within the first 3 months after the index PE event. The cumulative

incidence rate after 3 months (first quarter) was calculated at 0.08% and after the first

2 years (eighth quarter) at 0.36%; it was 0.75% over the entire (90-month) follow-up

period. Patients with CTEPH diagnosis during follow-up more often had right ven-

tricular dysfunction at the index acute PE (14.9% vs 8.3%; P < .001).

Conclusion: The low CTEPH incidence rate after acute PE in the present analysis

suggests low awareness of CTEPH. It further suggests a lack of systematic follow-up

protocols for acute PE survivors in the real world. Improved implementation of exist-

ing recommendations on follow-up strategies after PE is warranted.
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1 | INTRODUCTION

Acute pulmonary embolism (PE) is a common and potentially life-

threatening condition that results from acute thrombotic to

fibrotic obstructions of the pulmonary arterial tree [1]. While most

patients recover fully with appropriate treatment after the acute

event, some may develop chronic thromboembolic pulmonary hy-

pertension (CTEPH), a severe and underdiagnosed sequela of PE

[2]. CTEPH is characterized by persistent pulmonary hypertension

and progressive right heart failure due to the obstruction of the

pulmonary arteries by organized chronic thrombi. Although CTEPH

is a relatively rare condition, with an estimated 2-year incidence of

0.5 to 4 cases per million population, it significantly impacts pa-

tients and healthcare systems due to its high morbidity and mor-

tality rates [3]. Reported incidence estimates of CTEPH following

acute PE vary widely, from less than 1% to more than 10% [4,5].

The variability in reported incidence may be related to study

design, differences among patient populations, diagnostic criteria,

follow-up assessment tools, and duration of follow-up. It is

recognized that the risk of CTEPH is increased in patients with

underlying risk factors, such as recurrent venous thromboembo-

lism, malignancy, or hypercoagulable disorders [6].

Early recognition and appropriate management of CTEPH are

crucial to improving patient outcomes [7]. However, CTEPH is often

not diagnosed, or diagnosis is delayed due to its nonspecific symptoms

and the lack of awareness among healthcare providers. Optimal

management of CTEPH should be initiated promptly along with

CTEPH-specific treatment options including medical therapy, balloon

pulmonary angioplasty, and/or pulmonary endarterectomy (PEA) [8,9].

In this analysis, we sought to investigate the prevalence and incidence

of CTEPH diagnosis after acute PE in real-world practice over a 12-

year time period.
2 | METHODS

2.1 | Data source

Diagnostic codes were identified using the International Statistical

Classification of Diseases and Related Health Problems, 10th revision,

German Modification (ICD-10-GM). Medications were identified by

Anatomical Therapeutic Chemical Classification codes. This study is

based on nationwide data from outpatient claims (VDA) and drug

prescriptions (AVD) for all residents with statutory health insurance in

Germany from 2010 to 2021; the total population included in the

database was approximately 73.3 million as of 2021. The dataset in-

cludes outpatient prescriptions, diagnoses, and patient-physician

contacts of general practitioners and subspecialty physicians. Pre-

scription data are limited to medications dispensed at a pharmacy.

Because VDA data are available quarterly, once the AVD and VDA

data are linked, prescriptions and diagnoses can be analyzed every

quarter.
2.2 | Study population

All patients with at least 1 verified diagnosis of PE, as indicated by the

ICD-10-GM code I26, were included in the analysis. To identify pa-

tients with CTEPH, verified diagnoses with the ICD-10-GM code

I27.20 were utilized. To ensure that only actual cases of CTEPH were

included, the diagnosis had to be coded in at least 2 out of 4

consecutive quarters.
2.3 | Prevalence and cumulative incidence

For analyses without the possibility of patient follow-up, data were

available from 2010 to 2021. For this time period, the prevalence of

CTEPH was calculated as the proportion of patients with diagnosed

CTEPH among all patients with history of PE. A 2-year follow-up was

discussed for patients with acute PE in our study analysis in order to

compare with current evidence [5]; thus, patients from 2011 to 2019

were investigated regarding the diagnosis of CTEPH. To calculate the

cumulative incidence of CTEPH, only patients for whom the time point

of the first PE event was known were included. A diagnosis of PE was

considered first diagnosis if no PE had been diagnosed previously over

a period of at least 5 consecutive quarters. As neither the AVD nor the

VDA data provide information on whether a patient has had contin-

uous statutory health insurance (vs private health insurance) coverage

or is a permanent resident of Germany, absence of data alone was

insufficient to exclude a previous PE diagnosis. Only patients with at

least 1 patient-physician contact in the 5 quarters preceding the first

PE diagnosis were included to exclude patients whose diagnoses may

have yet to be fully captured in the data.

Following the initial diagnosis of PE, patient data were retrieved

and analyzed until CTEPH was diagnosed, the follow-up period ended,

or they were considered to have died. As the data analyzed did not

provide information on mortality, patients were considered to have

died if they had no patient-physician contact for 4 consecutive quar-

ters during the follow-up or postobservation period.

To avoid counting a previous CTEPH diagnosis as a first diagnostic

event, diagnoses were included in the analysis only if there was no

identical diagnosis in the 2 last quarters. Patients who did not develop

CTEPH during follow-up were censored at death or the end of the

study period.
2.4 | Patient characteristics, comorbidities, and

comedication

Patient characteristics and comorbidities were analyzed separately for

PE patients who were diagnosed with and those who were not diag-

nosed with CTEPH during the study period. Definitions of the char-

acteristics and comorbidities assessed are shown in Tables 1 to 3.

Comorbidities were analyzed in the year before the initial diagnosis of

PE. PE-specific conditions were evaluated in the same quarter as the



T AB L E 1 Analyzed patient characteristics.

General characteristics Values

Sex Female, male

Age (y) 18-108

TA B L E 2 Diagnosis codes used for the evaluation of risk factors
and comorbidities.

Comorbidities ICD-10-GM code

Endocrine and metabolic

disorders

Obesity E66.-

Diabetes E10-E14

Hyperlipidemia E78

Hypothyroidism E02.-, E03.-

Cardiovascular disorders

Coronary heart disease I25.-

Heart failure I50.-

Left heart failure I50.1-

NYHA1 I50.11

NYHA2 I50.12
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initial PE diagnosis. Comedication was analyzed 2 quarters before and

in the same quarter as the first PE diagnosis.

Since prolonged anticoagulation treatment, or lack thereof, may

affect the development of CTEPH, we also captured data on antico-

agulant therapy in the patients with PE. Vitamin K antagonist and

direct oral anticoagulant prescriptions were analyzed according to the

Anatomical Therapeutic Chemical Classification codes listed in

Table 4. This prescription analysis included patients with new-onset

PE from 2012 to 2018. The inclusion criteria were the same as

those for the cumulative incidence analysis, and for visualization

purposes, these results were presented in years.

NYHA3 I50.13

NYHA4 I50.14

Right heart failure I50.0-

Atrial fibrillation I48.-

Other disorders

Chronic obstructive

pulmonary disease

J44.-

Hypertension I10.-

Chronic kidney disease N18.3-, N18.83, N18.84,

N18.4-, N18.5-

Thrombophilia D68.5-, D68.6-

Hyposplenism D73.0-

Inflammatory bowel

disease

K50.-, K51.-
3 | RESULTS

3.1 | Baseline characteristics and comorbidities of

patients with PE

A total of 573 972 patients with acute PE were identified to fulfill

inclusion criteria in the German ambulatory healthcare system be-

tween 2010 and 2021. Of these, 57.4% were women with a median

age of 71 years (Table 5). Cardiovascular risk factors and comorbid-

ities were common in this patient population: 19.9% had a history of

coronary artery disease, 24.8% had diabetes, 30.1% had malignancy,

21.1% were obese, and 61.8% had arterial hypertension. In most pa-

tients, the index event of PE was reportedly not accompanied by signs

of right ventricular dysfunction (94.4%; Table 5).

Presence of cerebrospinal

fluid drainage device

Z98.2-

Malignant neoplasm of: C00-C97

Specified site C00-C75

Lymphoid,

hematopoietic and

related tissues

C81-C96

Unspecified sites C76-C80, C97.-

PE-specific conditions

Phlebitis and

thrombophlebitis

I80.-
3.2 | Risk factors predisposing to CTEPH

Risk factors for CTEPH after PE have been described previously in the

literature. Of these known risk factors, L-thyroxin treatment was

present in 18.9% of all PE cases in our study population. Further risk

factors were not frequently diagnosed. Overall, 1.5% were diagnosed

with inflammatory bowel disease, 0.13% had a diagnosis of splenec-

tomy, and 0.03% patients had a cerebrospinal fluid drainage device

placed (Table 5).
PE with acute cor

pulmonale

I26.0-

PE without acute cor

pulmonale

I26.9-

ICD-10-GM, International Statistical Classification of Diseases and

Related Health Problems, 10th revision, German Modification; NYHA,

New York Heart Association; PE, pulmonary embolism.
3.3 | Prevalence and cumulative incidence of

CTEPH after PE

Among patients with history of PE, prevalence of CTEPH increased

during the 12-year observation period from 0.5% in 2010 to 0.9% in



T AB L E 3 Anatomical Therapeutic Chemical Classification codes
used for the evaluation of chronic thromboembolic pulmonary hy-
pertension (CTEPH) risk and comorbidities, including medications
directly altering CTEPH risk or indicating diseases with altered
CTEPH risk.

Comedication ATC code

Levothyroxine sodium H03AA01

Acetylsalicylic acid B01AC06, N02BA01, A01AD05

ATC, Anatomical Therapeutic Chemical Classification.
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2021 (Figure 1). Overall, 2556 (0.4%) patients were diagnosed with

CTEPH after acute PE during a follow-up of 30 quarters (90

months). The quarter following the index PE event was the quarter

with the highest proportion of CTEPH diagnoses (17.7%). CTEPH

was diagnosed at a median of 4.5 quarters after the index PE. The

cumulative incidence rate after 3 months (first quarter) was

calculated at 0.08% and after the first 2 years (eighth quarter) at

0.36%; it was 0.75% over the entire (90-month) follow-up period

(Figure 2).
3.4 | Specific characteristics of patients with CTEPH

during follow-up

Patients subsequently diagnosed with CTEPH were older at the time

of the index PE event compared with those without a CTEPH diag-

nosis (median 72 vs 71; absolute risk reduction [ARR] + 1%; Table 5).

Patients with CTEPH during follow-up were more often likely to be

female (62.4% vs 57.4%; ARR + 4.98%) and obese (23.6% vs 21.0%;

ARR + 2.59%) and more frequently had a history of chronic

obstructive pulmonary disease (19.8% vs 14.9%; ARR + 4.89%) and

arterial hypertension (67.4% vs 61.8%; ARR + 5.66%) compared with

patients without CTEPH during follow-up. Patients with CTEPH

diagnosis during the follow-up period had considerably more often

signs of right ventricular dysfunction than those without CTEPH

(14.9% vs 8.3%; ARR + 6.67%; Table 5).

Prescriptions for oral anticoagulants changed in the opposite di-

rection: in 2018, direct oral anticoagulants were predominantly pre-

scribed, while vitamin K oral antagonists accounted for only a small

proportion of prescriptions (Figure 3).
T AB L E 4 Treatment classification.

Treatment label Treatment ATC code

VKA Phenprocoumon B01AA04

Warfarin B01AA03

DOAC Dabigatran B01AE07

Rivaroxaban B01AF01

Apixaban B01AF02

Edoxaban B01AF03

ATC, Anatomical Therapeutic Chemical Classification; DOAC, direct oral

anticoagulant; VKA, vitamin K antagonist.
4 | DISCUSSION

In the present study, we retrospectively investigated a large popula-

tion of 573 972 unselected patients with acute PE for the diagnosis of

CTEPH over a 12-year period. The key findings can be summarized as

follows: (I) the estimated cumulative incidence of CTEPH was 0.36%

after 2 years and 0.75% after 7.5 years (90 months); (II) the quarter

following the index PE event was the quarter with the highest pro-

portion of CTEPH diagnoses (17.7%), and CTEPH was diagnosed at a

median of 4.5 quarters after the index PE; (III) prevalence of CTEPH

among survivors of acute PE increased from 0.5% in 2010 to 0.9%

in the year 2021; and (IV) patients with right ventricular dysfunction

at the initial PE event had a higher probability of CTEPH diagnosis

during the 12-year period.

CTEPH is considered a rare but severe sequela after acute PE,

with a high mortality rate and poor prognosis if not detected early and

managed inappropriately [10]. CTEPH is potentially curable if surgical

PEA is performed [7,8]. In patients in whom PEA is not feasible,

medical therapy and/or percutaneous balloon pulmonary angioplasty

may be alternative treatment options [9]. Therefore, the awareness of

CTEPH should be high. The possibility of CTEPH should be carefully

considered in all patients with persistent symptoms after acute PE,

leading to functional limitation, and in patients who may claim to be

asymptomatic but have predisposing risk factors for CTEPH [3,11].

Persistent dyspnea and functional limitation along with imaging and/

or laboratory abnormalities may result in further diagnostic work-up,

such as ventilation/perfusion lung scintigraphy, for assessment of

CTEPH. If imaging yields ventilation-perfusion mismatch, right heart

catheterization is required to confirm the diagnosis of CTEPH [3]. In

the present study, patients with CTEPH diagnosis more often had

right ventricular dysfunction (14.9% vs 8.3%; ARR + 6.67%) at the

index acute PE event, suggesting that patients with right ventricular

dysfunction may have an elevated risk of developing CTEPH or that it

may be a sign of preexisting CTEPH.

Predisposing factors for CTEPH, such as permanent intravas-

cular devices, inflammatory bowel disease, splenectomy, thrombo-

philia, high-dose thyroid hormone replacement therapy, and

malignancy, may increase the probability of CTEPH either in the

presence or in the absence of functional limitation after acute PE

[3,12]. The most common predisposing risk factor in our study pop-

ulation was hypothyroidism with consecutive levothyroxine substi-

tution, which was more often present in PE patients with CTEPH

diagnosis during the follow-up period (ARR + 2.11%). Thyroid dis-

ease and dysfunction have numerous effects on organs and tissues,

including alterations of the coagulation cascade [13]. High levels of

free thyroxine can increase the risk of venous thromboembolism by

elevating the plasma concentration of von Willebrand factor and

factor VIII [14]. Studies suggest that thyroid dysfunction affects

hemodynamic status and long-term survival [15]. It has been re-

ported that cancer patients are at higher risk of first and recurrent

venous thromboembolism events, and almost 20% of PE occurs in

patients with malignancy [16]. Our data revealed that malignancy

was less frequently present in patients with CTEPH as opposed to



T AB L E 5 General characteristics, comorbidities, and comedications of the study population.

General characteristics All patients With diagnosed CTEPH Without diagnosed CTEPH Difference

No. of patients N 573 972 2556 571 416 −568 860

% 100 0.4 99.6 −99.1

Female sex % 57.44 62.4 57.42 4.98

Age Mean ± SD 66.9 ± 16.1 68.1 ± 14.1 66.9 ± 16.1 1.2

Median 71 72 71 1

Comorbidities %

Endocrine and metabolic disorders

Obesity 21.05 23.63 21.04 2.59

Diabetes 24.83 22.54 24.84 −2.3

Hyperlipidemia 37.45 37.09 37.45 −0.36

Hypothyroidism 8.73 9.04 8.73 0.31

Cardiovascular disorders

Coronary heart disease 19.92 19.21 19.92 −0.71

Heart failure 14.18 19.21 14.15 5.06

Left heart failure 4.97 7.75 4.95 2.8

NYHA class I 0.42 0.67 0.42 0.25

NYHA class II 1.75 2.58 1.75 0.83

NYHA class III 1.54 2.66 1.54 1.12

NYHA class IV 0.4 0.39 0.4 −0.01

Right heart failure 1.69 3.25 1.69 1.56

Atrial fibrillation 9.3 9.12 9.3 −0.18

Other disorders

Chronic obstructive pulmonary

disease

14.93 19.8 14.91 4.89

Hypertension 61.77 67.41 61.75 5.66

Chronic kidney disease 4.89 5.48 4.89 0.59

Thrombophilia 0.93 1.29 0.93 0.36

Hyposplenism 0.13 0.2 0.13 0.07

Inflammatory bowel disease 1.45 1.49 1.45 0.04

Presence of cerebrospinal fluid

drainage device

0.03 0.2 0.02 0.18

Malignant neoplasm of:

Specified site 22.61 18.31 22.63 −4.32

Lymphoid hematopoietic and

related tissues

2.01 1.88 2.01 −0.13

Unspecified sites 5.47 1.88 5.49 −3.61

PE-specific conditions

Phlebitis and thrombophlebitis 28.53 29.42 28.52 0.9

PE with acute cor pulmonale 8.31 14.95 8.28 6.67

PE without acute cor pulmonale 94.44 92.61 94.45 −1.84

Comedication % All patients With CTEPH Without CTEPH Difference

Levothyroxine sodium 16.8 18.9 16.79 2.11

Acetylsalicylic acid 10.92 8.53 10.93 −2.4

CTEPH, chronic thromboembolic pulmonary hypertension; NYHA, New York Heart Association; PE, pulmonary embolism.
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F I GUR E 1 Prevalence of chronic

thromboembolic pulmonary hypertension

(CTEPH) diagnosis after acute pulmonary

embolism (PE).

F I GUR E 2 Cumulative incidence of

chronic thromboembolic pulmonary

hypertension (CTEPH) after acute

pulmonary embolism (PE).
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those without CTEPH. These findings suggest the lack of search for

CTEPH in patients with malignancy, perhaps also the lack of search

for malignancy in patients with diagnosed CTEPH [17]. Other re-

ported risk factors predisposing to CTEPH, such as thrombophilia,

inflammatory bowel disease, or permanent drainage devices, were

not significantly different in PE patients with vs without CTEPH in

our study [6,12].

The increased incidence and prevalence of CTEPH reported in the

last few years may relate to a higher level of awareness, leading to

stricter screening protocols for patients with imaging abnormalities

and/or functional limitations [18–20]. The recently published results of

the FOCUS study yielded a 2-year cumulative CTEPH incidence of

2.3% (1.2%-4.4%). That prospective multicenter observational cohort

study followed patients with acute symptomatic PE with a
standardized, systematic assessment plan and predefined visits. In fact,

the 2019 European Society of Cardiology guidelines for diagnosing and

managing acute PE recommended specific strategies for patient follow-

up after PE [11]. In our study population reflecting real-world practice

from 2010 to 2021, an increasing prevalence and cumulative incidence

of diagnosed CTEPH after acute PE was observed. However, this is still

only a small fraction of the expected incidence rate as expected based

on the FOCUS study. Thus, the diagnosis of CTEPH may have been

missed in more than 13 000 patients with acute PE. In addition to the

implications for the patients’ lives and health status, the economic

consequences of missing early CTEPH diagnosis after acute PE need to

be taken into consideration [21]. A recent study demonstrated a sub-

stantial health gain when CTEPH was diagnosed promptly and

managed early [22].



F I GUR E 3 Prescriptions of oral

anticoagulants in patients with acute

pulmonary embolism (PE). DOAC, direct

oral anticoagulant; OAC, oral

anticoagulants; VKA, vitamin K antagonist.

HOBOHM ET AL. - 2209
Some limitations of our study need to be kept in mind. Since our

results are based on administrative data and the original charts could

not be directly verified, we must include code misclassification or

missed diagnoses of other complications. Additionally, the data are

restricted to outpatient diagnoses and do not incorporate information

from the inpatient sector. As a result, patients who require hospital-

ization can only be identified once an outpatient physician documents

the diagnosis. This may result in an actual duration between PE and

CTEPH being different from that calculated based on our data.

Furthermore, patients who die in the hospital after being hospitalized

for new-onset PE or CTEPH can only be recognized as deaths. Addi-

tionally, a PE event is often not recognized in patients with CTEPH

due to the fact that PE can also occur asymptomatically. Thus, the PE

diagnosis that caused hospitalization was not available, leading to

some underestimation of the actual number of events.

In conclusion, the present study provides an estimate of the

incidence of CTEPH after acute PE as diagnosed in the “real world”

of the German healthcare system. The low rate of CTEPH incidence,

compared with that in prospective cohort studies employing sys-

tematic follow-up protocols, suggests a low level of awareness of

late PE sequelae and considerable underdiagnosis of CTEPH in

Germany. Our results thus support the need for improved imple-

mentation and possibly further optimization of follow-up strategies

after acute PE.
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