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ABSTRACT

Background Symptomatic peripheral arterial occlusive
disease (PAOD) involves highly complex and costly
revascularisations for preventing adverse limb events

and impaired survival. Contrary to recommendations

from valid guidelines, a large group of patients do not
receive adequate pharmacological therapy after such
interventions. Based on health insurance claims data,

our study aims to assess (1) the extent of provision of
pharmacological therapy after revascularisation and (2)
related long-term outcomes for all patients and subgroups,
that is, gender and disease severity.

Methods A retrospective observational population-based
cohort study will be based on data from the second largest
statutory health insurance fund in Germany (BARMER)
covering about 13% of the insured population (~10 million
patients). Study entry is the index revascularisation for
symptomatic PAQOD. Study variables will be analysed and
compared among subgroups using parametric and non-
parametric tests, generalised linear regression analysis
and survival models.

Discussion This study will provide a comprehensive
insight in the extent and time trends of adequate provision
of pharmacological therapy and long-term outcomes

for patients with symptomatic PAOD. This may help to
identify those patients benefiting most from improved
pharmacological therapy for increasing the success of
revascularisations in general.

Trial registration NCT03909022.

BACKGROUND

Peripheral arterial occlusive disease (PAOD)
is a prevalent circulatory condition caused
by reduced blood flow in the lower extrem-
ities due to atherosclerosis. It affects over
200 million patients worldwide representing
a significant burden to healthcare systems
with increasing prevalence.' * Patients with
PAOD are at risk of worsening limb symp-
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For preventing such outcomes, a timely
detection and adequate treatment of the
disease involving all pillars of invasive and
non-invasive vascular care are crucial.

Pharmacological therapy as main pillar of
secondary prevention after revascularisation
represents an integral element of evidence-
based revascularisation. The rapid progress
in the field of endovascular therapy led to an
extension of its use in more complex lesions
and recently, drug eluting devices have been
established in routine care. When compared
with the strict regulation of drugs, high risk
medical devices in vascular surgery such as
drug-eluted or atherectomy devices could
be introduced to the market following lower
requirements. As a consequence, the lack
of randomised and controlled trials led to
an increasing utilisation of real-world data
to illuminate the benefit, harms and costs
of innovative techniques.” Accordingly, the
IDEAL recommendations advise the evalu-
ation of the clinical effectiveness of widely
adopted interventions by explicitly using
routine data focusing on rates and long-term
outcomes.” ® Yet, for any valid comparison
of different revascularisation strategies with
respect to amputation risk, re-admission and
survival, the assessment of post-discharge
pharmacological therapy is crucial.

Valid guidelines highlight the importance
of pharmacological control of cardiovas-
cular risk factors, in particular of diabetes,
hypertension and dyslipidaemia. Addition-
ally, they also recommend the prescription
of lipid-lowering and antiplatelet drugs
independently from pathological labora-
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Table 1 Recent guidelines of the AHA/ACC 2016 and ESC 2017 on the treatment of PAOD
Drugs groups Society
Lipid-lowering drugs
Statins are recommended in all patients with PAOD ESC 2017
In patients with intermittent claudication, on top of general prevention, statins are indicated to improve ESC 2017
walking distance
Treatment with a statin medication is indicated for all patients with PAOD AHA/ACC 2016
Antithrombotics
Antiplatelet therapy with aspirin alone (range 75-325 mg per day) or clopidogrel alone (75 mg per day) is AHA/ACC 2016
recommended to reduce M, stroke and vascular death in patients with symptomatic PAOD
In patients with PAOD and AF, OAC is recommended when the CHA2DS2-VASc score is >2 ESC 2017
Cilostazol is an effective therapy to improve symptoms and increase walking distance in patients with AHA/ACC 2016
claudication.
Long-term single-antiplatelet treatment (clopidogrel 75 mg/day or aspirin 75-100 mg/day) is recommended ESC 2017
in patients with symptomatic PAOD
Antiplatelet therapy is recommended in patients with symptomatic PAOD ESC 2017
Long-term single-antiplatelet treatment (clopidogrel 75 mg/day or aspirin 75-100 mg/day) is recommended ESC 2017
in all patients who have undergone revascularisation
In patients with PAOD who have an indication for OAC (AF, mechanical prosthetic valve), oral ESC 2017
anticoagulants alone should be considered
Vitamin K antagonists may be considered after autologous vein infra-inguinal bypass ESC 2017
In patients with ALI, systemic anticoagulation with heparin should be administered unless contraindicated. AHA/ACC 2016
Antihypertensives
In patients with PAOD and hypertension, it is recommended to control blood pressure at <140/90 mm Hg  ESC 2017
Antihypertensive therapy should be administered to patients with hypertension and PAOD to reduce the AHA/ACC 2016
risk of MI, stroke, heart failure, and cardiovascular death
The use of ACEi or angiotensin-receptor blockers can be effective to reduce the risk of cardiovascular AHA/ACC 2016
ischaemic events in patients with PAOD
ACE:i or angiotensin-receptor blockers should be considered as first-line therapy in patients with PAODs ESC 2017
and hypertension
ACEi or ARBs should be considered as first-line therapy in patients with PAOD and hypertension ESC 2017

ACC, American College of Cardiology; ACEi, ACE inhibitors; AF, atrial fibrillation; AHA, American Heart Association; ALI, acute limb ischaemia;
ARBs, angiotensin-receptor blockers; CHA2DS2-VASc, congestive heart failure, hypertension, age, diabetes mellitus, stroke/TIA, vascular
disease, age, sex category; ESC, European Society for Cardiology; LEAD, lower extremity artery disease; MI, myocardial infarction; OAC, oral
anticoagulants; PAODs, peripheral arterial occlusive disease; SAPT, single-antiplatelet treatment; TIA, transient ischaemic attack.

Depending on the performed type of revascularisation,
the patient’s risk profile and comorbidities, anticoagula-
tion therapy is also indicated in a narrower patient popu-
lation. Thereby, uncertainty exists regarding the optimal
regime of antithrombotic therapy.” This concerns the
indication and optimal duration, particularly the long-
term use, of dual-antiplatelet therapy and the combina-
tion of single-antiplatelet therapy and anticoagulation
(eg, low-dose rivaroxaban and low-dose aspirin).” '’ Guide-
lines emphasise the importance of evidence on compar-
ative effectiveness of pharmacological therapy along the
full spectrum of clinical reality, most importantly distin-
guished by disease severity (intermittent claudication
(IC) vs chronic limb threatening ischaemia (CLII)),
obtained in-hospital procedure (endovascular, open

surgery, hybrid cases, minor or major amputation) and
concomitant comorbidities (eg, atrial fibrillation, coro-
nary artery disease, prior stroke or myocardial infarction).
Besides antithrombotic therapy, gaps exist with respect
to time trends in prescription rates of lipid-lowering
drugs and the optimal dose of such agents in the CLTI
subpopulation.*

Real-world evidence on the extent of adequate provi-
sion of pharmacological therapy and related outcomes
is scarce. Prior studies either focused on few medical
agents only or they included just a small and selective
set of patients with PAOD. Other studies did not distin-
guish important subgroups, that is, disease severity and
gender, or were based on meanwhile outdated data.''™*
In general, prior studies reported room for improvement
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in antiplatelet prescription and low statin prescription
rates particularly in women.'*°

This study aims to determine the provision of pharma-
cological therapy after revascularisation of PAOD in a
real-world setting from a longitudinal and patient-based
perspective. First, we focus on extent and time trends in
provision of pharmacological therapy. Second, we assess
the long-term outcomes MACE, MALE and all-cause
mortality. For this purpose, German health insurance
claims data will be used. All analyses will be performed for
all patients and for subgroups, that is, gender and disease
severity.

METHODS

Study design

A retrospective cohort study of patients with an index
revascularisation for symptomatic PAOD of symptomatic
PAOD. The trial was retrospectively registered on clinical-
trials.gov (NCT03909022; Date of registration: April 09,
2019).

Data source

Analyses will be carried out via remote access to pseud-
onymised health insurance claims files of BARMER
health insurance containing information on about 9.2
million insured persons representing more than 13%
of the insured German population (with about 10 000
incident index diagnoses of PAOD annually).' The data
extract that we represents the full sample of the BARMER
database (calendar years 2005-2018) providing informa-
tion on all billable services of primary and secondary
healthcare in Germany including diagnoses, pharmaco-
logical therapy and in-hospital procedures. Diagnoses
were coded according to German version of the Interna-
tional Classification of Diseases in its 10th revision and
drugs prescriptions according to the German version of

the Anatomical Therapeutic Chemical Classification of
drugs (table 2). Procedures were identified according
to the German Operations and procedure code adapted
to the International Classification of Procedures in
Medicine.

The German healthcare system

One of the main priorities of the most recent global
vascular guidelines comprises the description of treat-
ment and outcomes of PAOD around the world.* A valid
interpretation of the results of our study in this context
requires knowledge on the characteristics of the German
healthcare system. Generally, it is classified as supply-
oriented and choice-oriented public system with a high
level of financial and human resources predominantly
funded by public financing.'” In comparison to other
countries, access to resources is not strongly regulated
and free choice among providers exist. Provision and
remuneration of medical services is subject to fundamen-
tally different rules for outpatient and inpatient care.
To date, the prescription of pharmacological therapy is
restricted to general practitioners (GPs) and specialists in
the ambulatory sector and not linked to a specific indica-
tion or primary diagnosis within a fee-for-service scheme.
By contrast, inpatient care is based on a diagnosis-related-
groups payment (DRG), introduced in 2004, with fixed
hospital budgets where procedures are mandatory linked
to a primary and a set of secondary diagnoses also vali-
dated externally. Citizens are universally covered by
healthcare with about 90% statutory health insurance and
about 10% private health insurance. Concerns of over-
provision are raised due to a particularly high number
of outpatient contacts and number of inpatient stays,
especially high admission rate for patients with chronic
conditions, and highest per capita expenditures on retail
pharmaceuticals.'

Table 2 Main variables and coding

Symptomatic PAOD

Primary inpatient diagnosis, ICD-10 GM, before 2015

ICD-10 GM, since 2015

Fontaine Il: intermittent 170.21 170.21, 170.22
claudication

Fontaine llI: rest pain 170.22 170.23
Fontaine IV: ulceration 170.23, 170.24 170.24, 170.25
and gangrene

Main pharmacological

therapy groups Description German ATC

Lipid-lowering drugs
acid and derivatives
Antithrombotics

Blood pressure-lowering
drugs

HMG CoA reductase inhibitors, fibrates, bile acid sequestrants, nicotinic C10

VKA, heparins, platelet aggregation inhibitors, enzymes, direct thrombin  BO1
inhibitors, direct factor Xa inhibitors

Antihypertensives, diuretics, beta-blocking agents, calcium channel
blockers, agents acting on the renin-angiotensin system C09

C02, C03, C07, COo8,

ATC, anatomical therapeutic chemical classification; HMG CoA, 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase; ICD GM, International
classification of diseases German modification; PAOD, peripheral arterial occlusive disease; VKA, Vitamin K antagonists.
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Population

We will include patients aged =40 years with first in-hos-
pital admission for revascularisation of symptomatic
PAOD (Fontaine stage II: IC, Fontaine stage III: isch-
aemic rest pain and Fontaine stage IV: ulceration or
gangrene), denoted as index stay (table 2). For finding
the index stay and to identify the comorbidities of the
patients, up to 5 years of lookback period will be used.
After admission from index stay, patients will be followed
up until the respective outcome or the end of the observa-
tion period. Information on comorbidities were collected
from current and past hospital visits, while drug prescrip-
tions will be measured before and after index stay.

Study variables

Patient characteristics

Patient characteristics will be age at index stay, inpa-
tient diagnosis of PAOD (Fontaine stage II, III and 1IV),
prior outpatient diagnosis and number of drug prescrip-
tions (polypharmacy), Elixhauser comorbidities and
van Walraven score, ” dyslipidaemia, history of coronary
artery disease, myocardial infarction and stroke or tran-
sient ischaemic attack.

Characteristics of in-hospital revascularisation

Variables related to the specific in-hospital revascularisa-
tion will be calendar year of index stay, performed inva-
sive procedure (peripheral vascular intervention; PVI,
open surgical revascularisation, hybrid procedures using
PVI and open-surgical revascularisations, minor and
major amputation), length of stay.

Provision of pharmacological therapy

For determining pharmacological therapy, we will assess
the prescription prevalence after index stay grouped in
lipid-lowering agents, antithrombotics and antihyperten-
sives (table 2).

Long-term health-related outcomes
Measured health-related outcomes of interest are all-
cause mortality, MACE and MALE after index stay.

Analysis

All analyses will be performed with software SAS V.9.04
(SAS Institute, NC, USA). We will adhere to the reporting
of studies conducted using observational routinely
collected health data statement and the standardised
reporting of secondary data analyses statement for
presenting our central findings.”” Patient characteris-
tics will be presented in percentage for categorical vari-
ables and mean (+SD) or median (+IQR) for continuous
variables. Group differences by sex, age, Fontaine stage,
invasive procedure will be tested using x? test, t-test and
Wilcoxon-Mann-Whitney test, relative risk differences,
standardised differences and tests for trends over time.
For adjusting prescription prevalence, prediction the risk
for receiving guideline-specific pharmacological therapy
and predicting health-related outcomes generalised linear
models will be utilised. As sensitivity analyses, interaction

effects will be included in the main analyses and models
will be fitted separately to different subgroups. To inves-
tigate health-related long-term outcomes and survival,
Kaplan—Meier function with log-rank tests and Cox
proportional hazard model will be used. We will select
covariates to be include in the multivariate models based
on clinical relevance and variable selection by forward and
backward selection and regularisation approaches.”’ We
will perform complete case deletion for the few patients
with missing or implausible information. To adjust for
observed and unobserved confounding, propensity score
matching and instrumental variables will be applied in
models focusing on outcomes.

DISCUSSION

The particular merit of this study is to provide a compre-
hensive picture of pharmacological therapy after revas-
cularisation in symptomatic PAOD patients and related
outcomes, using a large and diverse cohort. Our anal-
ysis will be based on a full sample of health claims data,
not suffering the selection bias, recall bias, dropout and
panel attrition usually found in other study designs. The
findings will complement existing evidence on optimal
management of evidence-based revascularisation assisting
physicians and patients the choice for particular treat-
ment modalities.

Yet, diagnoses on PAOD, related comorbidities and
treatments extracted from claims data were collected
for the purpose of reimbursement and not for research.
Within the German DRG system, upcoding from cheaper
to more expensive diagnoses might be incentivised in
the inpatient setting potentially overstating the actual
disease severity of the patients to a certain degree. In the
outpatient setting, diagnoses are not necessarily linked to
treatment because first they were reported once in each
quarter only and second, less possibilities for diagnostics
exist in general practices. Consequently, some diseases
are likely to remain undiagnosed, under-reported or
coded less specific. This is undoubtedly relevant for the
case of chronic PAOD often associated with none or
atypical symptoms during onset and early progression
of the disease. However, the longitudinal perspective of
our study following each patient for more than a decade,
allows to combine information from a longer sequence
of multiple visits in the outpatient and inpatient setting
providing a much more comprehensive view on individ-
uals’ disease progression than a single cross-section alone.
Despite the potential bias of upcoding, diagnoses from
inpatient care are of high value as they are mandatory,
directly linked to a specific procedure at a specific date
and cross-checked by a special software and about 20%
reviewed by special physicians.*®

Patients receive prescriptions for medication either
in GP’s or specialists’ practice and are required to have
their prescription filled at registered pharmacies. Data
on filled prescriptions are transferred from the pharmacy
to the health insurance and approximately 10% of all
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prescriptions were never filled.*” Also, pharmacological
therapy dispensed during in-hospital stays and over-the-
counter medication is not visible in claims data. Hence,
the prescription prevalence as will be reported in our
study may slightly underestimate the true prevalence.
Additionally, the date of prescription, which will be used
in our study, and date of dispense could differ so that the
true exposure of pharmacological therapy might be over-
stated. However, validation studies reported that the date
of prescription is more reliable than the date of dispense
offsetting the small bias due to the delay in time.*> Addi-
tionally, validation studies on diagnoses and prescriptions
in routine data demonstrated sufficient validity of the
data for solid analyses.”

A sound construction of patient biographies using data
from a single health insurance fund requires to exclude
those that entered during the lookback period or left
during follow-up aside from the event death. Yet, the
potential bias related to this selection problem is likely to
be small as the vast majority of people in Germany enters
a specific insurance at younger ages and remains there
until death. Particularly at older ages, only few people
change their insurance company. A related selection
problem associated with the use of a single health insur-
ance fund comprises the characteristics of its members
compared with the German population: BARMER
members are slightly older, the proportion of insured
males much lower, better educated and health-related
variables slightly below average.”* However, compared
with other large insurance funds, the data are still more
representative for the German population and in any case
more representative than RCTs or regional registry or
survey studies. As this study focuses only on care practices
in Germany, its results need to be understood within the
properties of the German healthcare system and are not
directly transferable to other countries. For this purpose
multi-country analyses should be performed.

While providing rich information on diagnoses, treat-
ment and outcomes, routine data do not contain valid
information on more specific clinical parameters and
health-related lifestyles as smoking, alcohol consump-
tion, nutrition and obesity and only limited information
on socioeconomic status. Thus, a certain amount of vari-
ance between relevant subgroups, for example, gender,
disease severity and age, will be unexplained pointing
at potentials for further studies. Yet, recently developed
approaches such as the use of instrumental variables in
survival models potentially allow to also adjust for such
unobserved confounding, which will be assessed in this
study.”

Index stay is defined by a first revascularisation for
symptomatic PAOD diagnosis using a lookback period of
5 years. Thus, some of the index stays will be artefacts if
the patients were diagnosed more than 5 years prior to
this date. However, especially chronic and severe diseases
were less affected by this issues as demonstrated in vali-
dation studies.** To test the validity of this assumption in
more detail, we will use shorter and longer lookback times

for a subset of patients as sensitivity analysis. Further-
more, we will take outpatient diagnoses into account to
assess whether a validated diagnosis could be stated based
on the QI, Q2 or Q3 criterion (Q=subsequent quarters
where the disease was diagnosed).

Finally, we believe that this study will provide valuable
insights in PAOD in a real-world setting, generating
hypothesis for further research for improving treatment
of the disease.

Twitter Frederik Peters @VASCevidence and Christian-Alexander Behrendt @
VASCevidence
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