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Aims Catheter-directed treatment (CDT) of acute pulmonary embolism (PE) is entering a growth phase in Europe following a
steady increase in the USA in the past decade, but the potential economic impact on European healthcare systems remains
unknown.

Methods We built two statistical models for the monthly trend of proportion of CDT among patients with severe (intermediate- or

and results high-risk) PE in the USA. The conservative model was based on admission data from the National Inpatient Sample (NIS)

2016-20 and the model reflecting increasing access to advanced treatment from the PERT™ national quality assurance data-
base registry 2018-21. By applying these models to the forecast of annual PE-related hospitalizations in Germany, we cal-
culated the annual number of severe PE cases and the expected increase in CDT use for the period 2025-30. The NIS-based
model yielded a slow increase, reaching 3.1% (95% confidence interval 3.0-3.2%) among all hospitalizations with PE in 2030;
in the PERT-based model, increase would be steeper, reaching 8.7% (8.3—-9.2%). Based on current reimbursement rates, we
estimated an increase of annual costs for PE-related hospitalizations in Germany ranging from 15.3 to 49.8 million euros by
2030. This calculation does not account for potential cost savings, including those from reduced length of hospital stay.

Conclusion Our approach and results, which may be adapted to other European healthcare systems, provide a benchmark for health-
care costs expected to result from CDT. Data from ongoing trials on clinical benefits and cost savings are needed to deter-
mine cost-effectiveness and inform reimbursement decisions.
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Key points

healthcare systems remains unknown.

(prospective registry of PE response teams) model.

help to inform cost-effectiveness over the long term.

¢ The use of catheter-directed treatment (CDT) for acute pulmonary embolism (PE) is rapidly increasing, but its economic impact on European
¢ We analysed recent time trends of CDT use in the USA, building both a conservative (Nationwide Inpatient Sample) and a higher trend line

¢ Taking into account the forecast for PE hospitalizations in Germany and current CDT reimbursement in the German Diagnosis Related
Groups system, we calculated an anticipated increase of CDT use between 3.1% (low estimate) and 8.7% (high estimate) and an increase
in total annual hospitalization costs between 15.3 and 49.8 million euros by 2030.

e Our results provide a benchmark for the potential costs of PE-related treatment if ongoing CDT trials support expanded use. These data can

Catheter-directed treatment (CDT) options have emerged as an alter-
native to systemic thrombolysis for patients with acute pulmonary em-
bolism (PE) necessitating advanced reperfusion treatment, i.e. those
belonging to the high-risk and (select) intermediate-risk PE category.'?
A number of CDT systems, applying various pharmacomechanical,
aspiration-based thrombus removal, or hybrid combination devices,
have received approval by the US Food and Drug Administration and
the European Medicines Agency.”? In the USA, the use of CDT has
steadily increased over the past decade,*® paralleled by growing
implementation of multidisciplinary PE response teams (PERT) which
aim to optimize local expertise and resource allocation.®’ In contrast,
European scientific societies and healthcare systems have been cautious
in endorsing CDT in PE management, waiting for hard clinical evidence
demonstrating their efficacy and safety compared with the current
standard of care.*®

Recently, reimbursement for various CDT procedures began in
Germany, based on the German version of the Diagnosis Related

Groups (G-DRG) system and on locally negotiated reimbursements
for novel treatment methods. This step, along with the 2023 national-
level recommendations on the establishment and operational proce-
dures of PERT in German hospitals,” is triggering an increase of CDT
use reflecting the early growth phase observed in the USA 6-8 years
ago. However, estimation of the expected impact of CDT on future
hospitalization costs at the national level is still lacking. We therefore
performed the present study, analysing the time trends of CDT use
in the USA and using them as the basis for modelling the rate of
CDT penetration and PE hospitalization costs in the German health-
care system through the end of the current decade.

The analysis proceeded in four steps. First, we built two statistical
models to analyse the trend of monthly proportion of CDT use in pa-
tients with ‘severe’ PE (encompassing, for the purpose of this analysis,
intermediate-risk and high-risk PE and thus the possible candidates for
CDT®) in the USA. The first, termed lower or conservative model, was
based on data from the National Inpatient Sample (NIS), representing
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Figure 1 Observed and modelled monthly proportion of use of catheter-directed treatment in the National Inpatient Sample (2016-20) and the
Pulmonary Embolism Response Teams (PERT) registry (2018-21). Observed monthly proportion of the use of catheter-directed treatment (CDT;
black dots and lines) and modelled monthly proportion based on an individual patient-level binomial (logistic) model (green lines) among patients
with severe pulmonary embolism (PE) in the National Inpatient Sample (left panel) and the PERT™ registry (right panel).
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Figure 2 Number of patients with pulmonary embolism (PE) estimated to receive catheter-directed treatment (CDT) in Germany, 2025-30. The
total number of patients with PE and the predicted proportion of those with severe PE for the time period 2025-30 were estimated based on (i) a
forecast for the German population and (i) observed trends of the proportion of patients with severe PE between 2016 and 2020, both obtained
from the German Federal Statistical Office. The 95% confidence interval for the predicted CDT penetration in the German PE population for this future
period was modelled separately from the US Nationwide Inpatient Sample (NIS; left panel) and the Pulmonary Embolism Response Teams (PERT)™
national quality assurance database registry (right panel) using binomial (logistic) regression as shown in Figure 1. The NIS model was trained on 201620
data, the PERT model was trained on 2018-21 data, and the calculated penetration in the years 201620 in each model was applied to the German

population for the time period 2025-30.

an unselected sample of US hospital admissions, from 2016 to 2020.
Here, severe PE was defined, in line with previous analyses of German
data,"® as International Statistical Classification of Diseases (ICD)-10
codes for either PE with acute cor pulmonale (126.0) or PE without acute
cor pulmonale (126.9) but with at least one of the following: shock (R57),
cardiopulmonary resuscitation [ICD-10-Procedure Coding System
(PCS) codes 5A12012 or 5A1221Z], or tachycardia (147, R00.0).
However, the recent CDT reimbursement in Germany and guidance
on establishing PERT nationwide’ are expected to accelerate the
growth of advanced PE treatment beyond that predicted by the conser-
vative model. Consequently, we also built a second model for higher
CDT penetration, representative of US hospitals with expertise and re-
sources for advanced therapies of PE; this was based on data from the
US PERT™ national quality assurance database registry, ranging from
its start in 2018-21. In the latter model, severe PE was defined as either
intermediate-risk or high-risk PE as documented at each PERT activa-
tion or, if no risk class was explicitly assigned, by >1 of the following:
(i) haemodynamic collapse or need for vasopressors, (ii) simplified
Pulmonary Embolism Severity Index > 1; (iii) elevated troponin or
natriuretic peptide levels; (iv) elevated right-to-left ventricular diameter
ratio in the computed tomographic angiogram; or (v) echocardiograph-
ic signs of right ventricular pressure overload and/or dysfunction. Since
estimation values of monthly probability and proportion of CDT coin-
cide, we calculated the time trend using a binomial (logistic) model with
calendar month as continuous explanatory variable; this allowed us to
use the full information from individual patient-level as opposed to

monthly aggregated data. We also fitted a linear regression model
which yielded similar results. As expected, the PERT-based model dis-
played both higher absolute penetration of CDT [initial odds of pene-
tration in mid-2018: 0.245, 95% confidence interval (Cl) 0.207-0.290]
and faster growth of CDT use [annual increase by a factor of 1.27
(1.18-1.37)] over time compared with the NIS population [initial odds
of penetration in 2016: 0.053 (0.049-0.056); annual increase by 1.18
(1.16-1.21)] (Figure 1).

In the second step, we forecast the annual total number of severe PE
cases in Germany starting in 2025 and until 2030. For this aim, we ob-
tained the annual incidence of hospitalizations for PE from the German
Federal Statistical Office for the most recent years available (2016-20)
and the Office’s forecast for the total German population size in a scen-
ario with moderate development of natality, life expectancy, and immi-
gration for the period 2025-30."" Severe PE was defined using the same
ICD-10 codes as in the NIS. The year 2025 was chosen as the ‘starting
year’, following the recent reimbursement of major CDT procedures in
Germany and thus mirroring the phase that started in the USA in 2016.
The resulting forecast yielded a total number of anticipated PE cases
increasing slightly from 99 336 (of which 28 223 severe PE) in 2025
to 99799 (28 355 severe PE) in 2030.

Subsequently, we applied the two US models obtained in Step 1 to
the predicted number of severe PE cases in Germany for 2025-30 ob-
tained in Step 2. The NIS-based scenario predicted a slow increase in
CDT use, to reach 3.1% (95% Cl 3.0-3.2%) of all patients hospitalized
with PE in 2030; in the PERT-based scenario, the proportion of CDT
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Figure 3 Percent increase in total estimated costs of hospitalizations for pulmonary embolism (PE) in Germany until 2030, compared with the ref-
erence year 2025. Costs were calculated based on the estimated annual numbers of patients to be hospitalized with PE as depicted in Figure 2 and on
current German reimbursement for PE hospitalization with vs. without catheter-directed treatment (CDT). Predicted increase of CDT costs was mod-
elled separately from the US Nationwide Inpatient Sample (NIS; left panel) and the US Pulmonary Embolism Response Teams (PERT)™ national quality
assurance database registry (right panel). The bars display the relative increase of costs relative to 2025 of each limit of the 95% confidence interval (Cl)
for the estimated number of patients using CDT. In the PERT-based model, the upper limit of the 95% Cl, while always reflecting higher absolute num-
bers (as visible in Figure 2) and costs increases less quickly than the lower limit over time, thus displaying a slower increase relative to its baseline in 2025.

use would increase more steeply and be expected to reach 8.7%
(8.3-9.2%) in that year. The corresponding annual numbers of patients
with severe PE and, among those, the patients expected to receive
CDT are shown in Figure 2.

In the final step, we calculated future cost trends of PE-related
hospitalizations (Figure 3). We considered the average current reim-
bursement amount of all existing German procedure codes for CDT
(8-838.d0, 8-838.50, 8-838.60, 8-838.70, and 8-83b.j), since the pre-
sent early stage of CDT growth in Germany does not yet allow us to
reliably predict the penetration of individual catheter-directed systems.
This analysis yielded an estimated increase of total costs from €395 mil-
lionin 2025 to €410.3 million in 2030 in the NIS-based and from €404.3
million in 2025 to €454.2 million in 2030 in the PERT-based model.
These anticipated increases do not take into account possible future re-
ductions in the price of CDT systems. Such changes are difficult to
model at this stage, since few devices have been included in the DRG
thus far, and any future reduction in their price may be outweighed
by the introduction of new thromboaspiration/thrombectomy systems.

The direct costs of catheter-directed systems and procedures for
advanced PE therapy will need to be determined separately for
each country’s hospital reimbursement system and must be weighed
against possible benefits in terms of reduced early complications, earl-
ier discharge from hospital, return to work and productivity and pre-
vention of late sequelae. In that sense, observational data suggest that
CDT may reduce the risk of major in-hospital bleeding complications
compared with systemic thrombolysis and that it may be associated
with lower in-hospital mortality and a reduced length of intensive

care and hospital stay.'>"® Favourable effects of CDT may, if con-
firmed in ongoing prospective randomized trials with a focus on clin-
ical outcomes,®™ result in cost savings to be accounted for in future
health economic analyses. In the meantime, the range of anticipated
trends of hospital costs provided by the present study provides a
benchmark for potential future healthcare costs related to catheter-
directed therapy for PE, helping to determine its cost-effectiveness
and inform reimbursement decisions.
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