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Editorial

by

Mixed reality: a promising
technology for Therapeutic Patient

Education

Comment on J. Hatzl et al., pp. 160-168

Cristina Lopez-Espada’??®

and Jose Linares-Palomino’?*

" Vascular Surgery Unit, University Hospital Virgen de las Nieves, Granada, Spain

? Instituto de Investigacion Biosanitaria ibs. Granada, Spain

3 Department of Surgery, School of Medicine, University of Granada, Spain

In 1989, the European office of the World Health Organiza-
tion (WHO) defined Therapeutic Patient Education (TPE)
as: “the set of measures that enables people with chronic
diseases to manage their illness and yields benefits in both
health and financial terms” [1]. However, it was also
warned “many healthcare providers (HCP) lack of skills
to provide their patients with such an education”.

The paper by Hatlz and colleagues from the University of
Heidelberg is commendable in this respect [2]. A teaching
method based on the latest available technology (mixed
reality) is implemented in patients who will undergo infra-
renal aortic aneurysm surgery. This new technology is com-
pared with the conventional educational process.

On many occasions, patients are offered limited informa-
tion regarding their surgical procedure, enough to obtain a
legally impeccable written informed consent. International
health care organizations and stakeholders have recom-
mended their use in routine patient care and this policy
has been proven to modify health behaviour positively
and thus, improve biological, psychological, and quality
of life outcomes for many patients with chronic disorders
[3, 4]. The evidence suggests that educated patients
develop skills to better manage and adapt their lives to their
disease [5].

These educational programs have been developed in a
very asymmetrical pattern in patient care. Some well-
designed programs have been applied to many chronic dis-
eases such as diabetes, cancer, heart disease, or psychiatric
diseases [2]. However, the TPE is less implemented in sur-
gical procedures [6]. In Vascular Surgery and Angiology,
most of its etiological conditions are chronic, such as arte-
riosclerosis. This might justify the implementation of pow-
erful TPE programs, as stated in the paper by Hatzl et al. An
aortic aneurysm is a surgical condition with high mobility
and mortality. Surgery can prevent patient from dying with
a ruptured aneurysm, but also compel the patient to a strict
surveillance program lifelong. In this type of vascular dis-
eases, the involvement of patients in self-care can improve
their health condition. Education should range from the

© 2023 Hogrefe

effective control of risk factors (smoking cessation, hyper-
tension and diabetes levels) to the need of modifying the
patient’s lifestyle. These patients should also be educated
on their dependence on life-long medication consumption,
compliance to surveillance programs after surgery and also
in the awareness of postoperative complications [7].

Hatzl’s paper has shown that there are many features
involved in the TPE process. Special consideration should
be given to the primary assessment of the patient and the
competence of the trainers. When a patient is first assessed,
it would be necessary to consider: age, chronic conditions,
years of disease evolution and treatment/s, patient knowl-
edge, technical skills, attitudes, socio-cultural situation,
quality of life perception and adherence to treatment.

As in Hatz!’s study, patients suffering from an abdominal
aortic aneurysm (AAA) tended to be fragile, elderly, with a
reduction in their learning capacities and with a high surgi-
cal risk (ASA risk >3). Most of them were patients on life-
long medication for chronic diseases, such as diabetes
(20%), coronary arterial diseases (46%), hypertension
(92%) and being active smokers.

In light of the above, it is essential to design an educa-
tional program, flexible enough to adapt to the great vari-
ability of the primary conditions of the patients, including
the level of anxiety when facing of imminent surgery [6, 7].

The second factor to be considered is the quality of the
training and the competence of the trainers. TPE can be
provided by HCP responsible of a patient with a chronic
disease, by a nurse or physician responsible of the surgical
follow-up or by other professionals such as psychologist, or
social worker. All of them can contribute directly to the
educational process.

Patient-centred communication techniques are accessi-
ble to a wide range of professionals. Using a variety of edu-
cational techniques, patients are allowed to commit to an
active learning process within an individually tailored pro-
gramme. The quality of TPE activities depends to a large
extent on the abilities, skills and training of HCPs [5, 8].
According to this, the mixed reality methodology followed

Vasa (2023), 52 (3), 139-140
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by Hatzl is an interesting aid for TPE. TPE has been pro-
posed to be part of HCP training programs [1, 6, 8].

According to the current study of Hatzl’s group, both
strategies followed in TPE (traditional and mixed reality)
increase the level of patient’s knowledge about the disease
and the perceived quality satisfaction and also demonstrate
that elderly patients do not reject the use of virtual technol-
ogy (Head-mounted Display) despite their serious chronic
conditions and the concern about their near coming surgi-
cal intervention. The use of virtual glasses did not have a
negative impact in patients or distracted them from the
learning task, as other authors have shown [9, 10].

In summary, this publication by Hatzl et al. significantly
improves the TPE methodology. Their initiative empowers
patients to control their health and also reinforce specific
training programs to increase competence of HCPs in the
process of patient health care education.
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Endovascular interventions in
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Summary: Endovascular arterial revascularisations for the treatment of symptomatic peripheral arterial disease are
constantly increasing in importance and number due to the changing age structure and high numbers of comorbidities in the
German population. Patients with peripheral artery disease are often at increased risk for peri- and post-procedural
complications including severe cardiovascular events. Due to limited financial and human resources and considerable risks of
hospitalization, endovascular interventions that were previously reserved for hospitalized patients are now progressively
considered to be performed as day case procedures. More than one third of these procedures are performed in Germany by
internists with a specialization in angiology. In the current position paper the German Society of Angiology endorsed by the
European Society of Vascular Medicine, summarizes the requirements and risk factors to be considered for the planning, safe
performance and post procedural care of endovascular revascularizations in outpatients. The performance of endovascular
procedures for peripheral artery disease both in hospitalised and outpatients should be accompanied by a mandatory quality
assurance process that should not only capture procedural data, but also require documentation of complications and
longterm outcome.

Keywords: Daycase, endovascular, angioplasty, peripheral artery disease, Germany, same day discharge
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Introduction

The German Society for Angiology (DGA) was founded in
1972 as a scientific specialist society for vascular medicine.
Since 1992, the medical speciality of angiology has been
recognised as a board-certified internal medicine sub-speci-
ality in Germany. In addition to the comprehensive medical
diagnosis and conservative therapy of vascular diseases as
well as the management of risk factors and concomitant dis-
eases, endovascular interventions are part of the core com-
petence of angiologists. In the German medical Continuing
Professional Education regulation, they are firmly embed-
ded in the training to become a board-certified specialist
in internal medicine and angiology. The certification of the
curriculum “Interventional Therapy of Arterial Vascular Dis-
eases” guarantees the performance of endovascular inter-
ventions according at a high, recognised and defined
standard by an angiologist, certified for this purpose [1].

In particular peripheral arterial disease is closely related
to other medical conditions such as diabetes mellitus, arte-
rial hypertension or dyslipidaemia. At the same time,
peripheral arterial disease is associated with markedly
increased cardiovascular mortality [2]. As an internist, it
is the primary task of the specialist for internal medicine
and angiology to place endovascular therapy always in
the context of the general state of health of the patients,
who often additionally suffer from other severe comorbidi-
ties. It is therefore not surprising that according to the qual-
ity reports of hospitals in Germany, published by the
Federal Joint Committee in 2018, approximately one-third
of all inpatient peripheral endovascular interventions were
carried out by angiologists/internists, indicating the central
role of angiology, as the primary discipline, which is in
charge of the clinical care and endovascular treatment of
such patients. Therefore, the German Society of Angiology
herewith takes a position on safe implementation of outpa-
tient endovascular vascular procedures.

Due to technical progress, endovascular interventions
have gained increasing importance in the last decade, espe-
cially in the treatment of arterial diseases [3]. In addition, it
has been shown that a delay in endovascular revascularisa-
tion leads to a higher amputation rate [4]. However, so far,
these interventions have only rarely been performed in an
outpatient setting in Germany. A recent interim analysis of
the Quality Registry of the German Society of Angiology
(Recording Courses of Vascular Diseases, RECCORD;
ClinicalTrials.gov, Identifier: NCT03448029) revealed
that currently only 3.4% of endovasclar revascularisations
are performed as day cases in Germany. The registry
includes reporting of clinical and procedural data including
complications of patients after endovascular revascularisa-
tions of the lower extremity. It documents a high technical
success rate of 96% and a low total complication rate of
5.8% in outpatients. The criteria for day case vs. inpatient
selection were not recorded in the registry. The German
Society of Angiology basically encourages the option of out-
patient care for endovascular interventions in favour of
the economical use of the limited resources in the health

Vasa (2023), 52 (3), 141-146

sector. However, patient safety should have the highest pri-
ority for individual decision-making. Accordingly, the fol-
lowing statement focuses mainly on this aspect.

Several studies in recent years have shown high technical
success and low complication rates for endovascular proce-
dures. These results serve as the basis for this position
paper. In elective outpatient endovascular interventions
with a low degree of complexity, the technical success rate
is 92% [5, 6]. With a careful patient selection, post-inter-
ventional hospitalisation is to be expected in only 0.5-
0.7% [5]. The perioperative major complication rate of out-
patient vascular interventions is similar to that of inpatient
interventions (haematoma requiring intervention: 0.3%,
stenosis/occlusion: 0.2%, distal embolization: 0.9%) [7].
For a period of 3 years, it could be shown that complication
rate, the number of revascularisations, the amputation rate,
and overall mortality is comparable between outpatient
and inpatient care [8].

The Vascular Quality Initiative PVI Registry showed that
a careful patient selection is necessary: in over 127,000
patients treated as outpatients or inpatients between
2010 and 2021, differences in patient populations, indica-
tions, and types of interventions were significantly different
between both forms of care. However, complication rates
were similarly low [7].

A checklist with a decision pathway for pre- and post-
intervention evaluation of patients for whom outpatient
vascular intervention may be considered is shown in
figure 1.

Requirements for outpatient
peripheral vascular interventions

Based on the scientific data available to date, the following
patient characteristics are to be assumed regarding the
highest possible level of patient safety in outpatient vascu-
lar interventions:

General conditions for outpatient
peripheral vascular interventions

e Consent of the patient.

e Sufficient general condition, clinical stability
(not older than 80 years, not frail, without severe
pronounced overweight or underweight) [9, 10, 11].

o Sufficient cognitive function and compliance.

e Sufficient mobility in the home environment.

e Domestic conditions that ensure safe follow-up care,
having a responsible adult to stay with them.

e No pronounced fear of complications.

e Timely accessibility of medical assistance in case of
complications (travel time less than 30 minutes).

e Transportation to preliminary and follow-up
examinations possible.

e Sufficiently possible pre-interventional outpatient
diagnostics.

© 2023 Hogrefe
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Pre-Procedure Evaluation
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€ 58 2. Does any member of the care team feel for any other reason that

2 & the patient is not a candidate for same-day discharge? [0 No || [Yes— =

L =
£

g 3. Does the patient have adequate caregiver support? [ Yes||[JNo— %

) — -

E 8| 4. Can the patient or caregiver reach 112, if necessary? [ Yes } | CINo — _E

= O =

S ©

= 5.1s the patient willing to be discharged the same day 2

¥~

= (shared decision-making)? O Yes | | CINo — .8
=
)

£ 6. s the patient scheduled early enough in the day so that he/she =

% g can be observed for a sufficient amount of time (4-6 hours

Q‘ = post-procedure) and discharged at a reasonable time? [0 Yes || ONo—

L

b

Care Team Action <«
Once the procedure is finished, complete the Post-Procedure Evaluation on the next page to
confirm same-day discharge.

Post-Procedure Evaluation

7. Did complications occur during the procedure?

[0 Nol| OYes—

8. Was the intervention successful?

[ Yes | | CONo —

9.1s the patient experiencing any of the following post-procedure?
Stroke, bleed, vascular complications, allergic reaction, unresolved 0] No | | CIYes—
and/or severe chest pain, acute heart failure, persistent ischemic
ECG changes, dysrhytmia, or any other unforeseen complications.

10. Is there an exacerbation of an underlying disease (e.g., heart failure,
high blood pressure, diabetes, COPD flare)? [0 No }| [ves—

11.1s the patient’s mental status the same as baseline presentation [ Yes || CINo —

Monitor patient overnight

decision-making)?

12.Is the patient willing to be discharged the same day (shared

[ Yes || (JNo —

Proceed to the Pre-Discharge Checklist

Figure 1. Pre- and post-procedure evaluation and decision pathway on same-day discharge after endovascular intervention adapted from the

American College of Cardiology [19].

Absence of concomitant diseases
requiring hospitalisation

e No concomitant diseases requiring secondary
inpatient treatment surrounding the procedure.

e No concomitant diseases that increase the risk of
systemic complications during the follow-up phase.

No increased intervention- and/or
perfusion-associated risk

e No need for inpatient treatment before the start of
the examination.

e No known complications from previous catheter
interventional procedures.

e No examination result requiring immediate and
continuous inpatient monitoring.

© 2023 Hogrefe

No examination result that could potentially lead

to further measures on the following day.

No persistent - potentially critical - circulatory
disorder requiring supplementary conservative
follow-up treatment.

No local findings potentially requiring follow-up
interventions (e.g., debridement, minor amputation).
No increased risk of local complications during the
follow-up phase.

Risk factors for peripheral vascular
interventions in an outpatient
setting

Based on scientific data and the authors’ consensus, outpa-
tient vascular intervention is not suggested in the following
disease- and/or procedure-related conditions.

Vasa (2023), 52 (3), 141-146
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Systemic findings

e Frailty in older age (Clinical Frailty Score>Grade 4)
[9, 10, 11].

e Pronounced underweight or overweight (body mass
index <18.5 or >35).

e Acute and chronic right and/or left heart failure
(in particular NYHA III and 1V, severely impaired left
ventricular function [LVEF<40%]).

e Severe valvular heart disease.

e Pulmonary hypertension with an invasive
mPAP >25 mmHg or non-invasive systolic PA
pressure of >50 mmHg.

e Chronic respiratory insufficiency with long-term
oxygen therapy, non-invasive ventilation or
Continuous Positive Airway Pressure (CPAP) therapy.

e Chronic renal failure from stage II onwards [22].

o Insulin-dependent diabetes mellitus or metabolic dis-
order [12].

e History of gastrointestinal bleeding.

e Systemic risk of bleeding (hepatic insufficiency,
underlying haematological diseases, chronic
inflammatory bowel diseases).

e Parkinson’s disease or other underlying neurological
and neuromuscular diseases.

e Post-stroke condition with residual cognitive,

sensory, or motor deficits, cerebrovascular events

(haemorrhage, TIA, stroke, embolism <30 d).

Dementia or other cognitive impairment.

Underlying psychiatric diseases.

Mobility-limiting orthopaedic or other diseases.

Inadequately controlled arterial hypertension with

repeatedly documented values >180 mmHg systolic

and/or diastolic >110 mmHg.

e Known allergy to contrast media.

e Hyperthyroid metabolic state.

e Comedication contraindicated to concomitant
pharmacotherapy.

The risk of serious cardiovascular or limb-related events
and all-cause mortality is more than doubled in frail
patients with peripheral arterial disease [9, 10, 11]. The out-
comes of vascular interventions are also strongly associ-
ated with the general condition [13]. In patients with
insulin-dependent diabetes, vascular interventions are
more often associated with impaired wound healing and
major amputation than in non-insulin-dependent patients
[12]. Heart failure is a risk factor for severe periprocedural
haemorrhage [14].

Characteristics of the underlying vascular
disease

e Acute onset or subacute worsening of circulatory
disorder [15]

e Chronic limb-threatening ischaemia (Rutherford
category >4).
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e Complicated wound- or infection situations with
pre-interventional necessary measures.

e Dost-intervention persisting circumstances justifying
hospitalisation.
o Persistent infection.
o Persistent critical wound conditions.

In interventions for acute ischaemia, 10% of patients
require periprocedural amputations, with a mortality rate
of 20% [15]. Chronic limb-threatening ischaemia is associ-
ated with severe periprocedural haemorrhage [14]. The
incidence is described as 23%. Periprocedural cardiovascu-
lar events occur in 9% of patients. The rate of periprocedu-
ral major amputation is 3% and mortality is 4%. In
addition, multiple procedures are required in about one
third of patients with chronic limb-threatening ischaemia
[16].

Intervention-related factors

e Administration of more than 5000 IU heparin.

e Transbrachial access, associated with higher access
site complication rates [14].

e Multiple puncture attempts, difficult access, atypical
puncture sites.

e Need for mechanical thrombectomy or lysis therapy.

e Periinterventional bleeding, requiring the use of
covered stents.

e Necessary non-target lesion examinations (e.g., due to
embolism or vasculitis).

e Long procedure time [17].

e Failure to use a vascular closure system with a
sheath size of >6F.

e Post-examination bleeding.

e Intraprocedural complications.

o Administration of high amounts of contrast medium
with the need for IV hydration and close-meshed
laboratory tests.

A prospective observational study identified a series of
risk factors for bleeding complications associated with vas-
cular interventions that justify the recommendations listed
above [18]: For example, the rate of bleeding complications
increases with the dose of heparin administered and is sig-
nificantly increased above 5000 IU (odds ratio [OR] at
5000 IU heparin: 1.96; above 5000 IU: 2.60). In addition,
there were significantly more bleeding complications with
transbrachial compared to transfemoral access (OR trans-
brachial versus retrograde transfemoral: 4.58) which often
occur several hours after the intervention and require
immediate treatment. The administration of thrombolytics
is also associated with a significantly increased rate of
bleeding complications (OR: 3.56). In addition, a longer
examination time is usually an expression of a more com-
plex intervention.

Extending the examination time by 10 minutes increases
the rate of access complications by 1% each (OR per 10
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minutes: 1.01). The registry further showed that the compli-
cation rate decreases significantly with the use of vascular
closure devices. Therefore, the use is highly recommended
in particular when using sheath sizes above 6F. If the use of
vascular closure devices is not possible for patient- or pro-
cedure-related reasons, increased bleeding complications
must be expected (OR for use of a vascular closure device:
0.80) [18].

Conclusions

Endovascular vascular interventions for the treatment of
stable, acute and chronic peripheral arterial disease are
constantly increasing in importance and number due to
the changing age structure and high numbers of comorbidi-
ties in the German population. Patients with peripheral
artery disease are often due to their age and multimorbidity
at increased risk for peri- and post-procedural complica-
tions including severe cardiovascular events. The aspects
of risk management and patient safety need to play a major
role in the individual decision-making favouring or exclud-
ing the possibility of a procedure being performed on an
outpatient basis. The focus of this position paper is on
patient safety during and after endovascular vascular inter-
ventions. Concrete social and medical factors were listed
that speak against outpatient post-interventional care.
These factors were collected in accordance with Good Clin-
ical Practice, the current medical data situation and the
existing guidelines and position papers [20, 21]. The perfor-
mance of in- and outpatient endovascular procedures for
peripheral artery disease should be accompanied by a
mandatory quality assurance process that should not only
capture procedural data, but also require documentation
of complications and long-term outcome. The RECCORD
registry of the German Society of Angiology would natu-
rally lend itself for this purpose also allowing comparison
of results with procedures performed in hospitalised
patients.

Electronic supplementary material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doi.org/
10.1024/0301-1526/a001067

ESM 1. German version of the Statement paper of the
German Society for Angiology (DGA) - Society for Vas-
cular Medicine e.V.
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Best crossing of peripheral
chronic total occlusions

A systematic algorithm and an interdisciplinary position
statement
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Summary: Together with colleagues from different disciplines, including cardiologists, interventional radiologists and
vascular surgeons, committee members of the of the German Society of Angiology (Deutsche Gesellschaft fiir Angiologie
[DGAY)), developed a novel algorithm for the endovascular treatment of peripheral chronic total occlusive lesions (CTOs). Our
aim is to improve patient and limb related outcomes, by increasing the success rate of endovascular procedures. This can be
achieved by adherence to the proposed crossing algorithm, aiding the standardization of endovascular procedures. The
following steps are proposed: (i) APPLY Duplex sonography and if required 3D techniques such as computed tomography or
magnetic resonance angiography. This will help you to select the optimal access site. (ii) EVALUATE the CTO cap morphology
and distal vessel refilling sites during diagnostic angiography, which are potential targets for a retrograde access. (iii) START
with antegrade wiring strategies including guidewire (GW) and support catheter technology. Use GW escalation strategies to
penetrate the proximal cap of the CTO, which may usually be fibrotic and calcified. (iv) STOP the antegrade attempt depending
on patient specific parameters and the presence of retrograde options, as evaluated by pre-procedural imaging and during
angiography. (v) In case of FAILURE, consider advanced bidirectional techniques and reentry devices. (vi) In case of SUCCESS,
externalize the GW and treat the CTO. Manage the retrograde access at the end of the endovascular procedure. (vii) STOP the
procedure if no progress can be obtained within 3 hours, in case of specific complications or when reaching maximum
contrast administration based on individual patient’s renal function. Consider radiation exposure both for patients and
operators. In this manuscript we systematically follow and explain each of the steps (i)-(vi) based on practical examples from
our daily routine. We strongly believe that the integration of this algorithm in the daily practice of endovascular specialists,
can improve vessel and patient specific outcomes.

Keywords: Peripheral chronic total occlusions (CTO), infrainguinal, antegrade/retrograde crossing, guidewires (GWs), re-entry
catheter devices, duplex sonography, intravascular ultrasound, treatment algorithm, endovascular repair
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Abbreviations

ACT: Activated clotting time

BTK: Below-the-knee

CFA: Common femoral artery

CLTI: Critical limb-threatening ischemia
CTA: Computed tomography angiography
CTO: Chronic total occlusion

CTOP: CTO based on plaque cap morphology
DCB: Drug coated balloon

DFA: Deep femoral artery

GW:  Guidewire(s)

IVUS: Intravascular ultrasound

MRA: Magnetic resonance angiography
SFA: Superficial femoral artery

Introduction

Peripheral artery disease (PAD) is an endemic disease,
which currently affects >200 million individuals worldwide
[1, 2]. With an aging population however, the numbers are
expected to further rise in future decades. Despite progress
with pharmacologic treatments, such patients face high
morbidity and mortality rates [1, 3]. Endovascular treat-
ment for PAD is continuously evolving, with proven clinical
benefits such as reduced limb pain in patients with claudi-
cation and limb salvage in patients with critical limb threat-
ening ischemia (CLTI) [4, 5]. However, the recently
published BEST-CLI study raised the issue that technical
failure with endovascular procedures may trigger higher
rates of adverse limb events, including major re-interven-
tions and amputations during follow-up [6]. Therefore,
standardization of endovascular procedures is crucial to
further reduce failure rates and improve vessel and patient
specific outcomes in patients treated endovascularly.

Together with colleagues from other disciplines, includ-
ing cardiologists, interventional radiologists and vascular
surgeons, committee members of the German Society of
Angiology (Deutsche Gesellschaft fiir Angiologie, [DGA])
therefore developed a novel algorithm for the endovascular
treatment of peripheral chronic total occlusive lesions
(CTOs) [7]. Herein we aim to provide a practical approach
to operators who are experienced with peripheral interven-
tions but less experienced with CTO lesions, or operators
experienced with large-vessel endovascular repair but not
with infrainguinal CTOs. Achieving this goal by using prac-
tical case examples from our clinical practice, we believe
that the integration of this algorithm in the daily practice
will improve vessel and patient specific outcomes.

Selection of the primary access site
and patient positioning

Careful preprocedural planning is crucial in order to have a
successful procedure and avoid unnecessary complications
[8, 9]. In addition, careful planning prior to the beginning of
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a procedure, considering the optimal primary access site
and alternative crossing routes in case of an antegrade fail-
ure can help keeping low the radiation exposure and con-
trast agent administration.

Color-coded duplex ultrasound is a well-established
diagnostic imaging tool not only for the detection of infrain-
guinal lesions but also for pre-procedural planning. Duplex
is cost-effective, can be used at bedside and does not
involve iodine contrast agent administration or ionizing
radiation. Using duplex sonography, the level of the
femoral bifurcation, the lesion length, the location of the
occlusion and the severity of calcifications within the inflow
and outflow of the target vessel, as well as the target plaque
morphology, which vary based between homogenous vs
heterogeneous and with or without thrombus can be
assessed. In addition, Duplex sonography can help select-
ing the puncture access site and potential distal access sites
in case of antegrade failure [10]. The latter can be per-
formed by assessing the quality and measuring the diame-
ter of tibial and peroneal arteries, which may act as distal
access sites in case of an antegrade failure. In selected
cases of complex anatomy, 3D imaging techniques, such
as computed tomography angiography (CTA) or magnetic
resonance angiography (MRA) may be necessary for more
precise pre-procedural planning. MRA has the advantage of
not involving ionizing radiation for the patients, while CTA
provides more precise visualization of lesion morphology
and calcification.

Based on the lesion location and complexity, Duplex
sonography, CTA or MRA help to determine the most effec-
tive primary access site, including cross-over, antegrade,
retrograde or a trans-brachial access. Some practical exam-
ples of these 3 assess site options are listed below.

The cross-over approach

Figure 1 demonstrates a flush occlusion of the superficial
femoral artery (SFA) i.e., an occlusion directly at the origin
of the artery with a barely visible stump (A). Note that a
short stump appears to be present after ipsilateral angula-
tion of the C-arm (B). In such a case and in case of concomi-
tant iliac lesions on the ipsilateral or contralateral site,
needing attention, the cross-over approach represents the
preferred strategy. In addition, the cross-over approach is
preferable in obese patients, where an antegrade puncture
may be associated with a higher chance for access site com-
plications, such as a retroperitoneal hematoma or the for-
mation of a pseudoaneurysm, especially if punctures are
not performed under ultrasound guidance.

The antegrade approach

Figures 1C and 1D demonstrate the images of a patient with
patent CFA and proximal and mid SFA and an occlusion of
the distal SFA at the level of the Hunter’s Canal (Figure 1C-
D). In this case, and generally when a CTO is located >4-
5cm distal to the origin of the SFA, the antegrade access,
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Figure 1. In case of flush SFA occlusion i.e., an occlusion directly at the origin of the artery with a barely visible stump, as seen in A, a cross-over
approach is preferrable. Note that a short stump appears to be present after ipsilateral angulation of the C-arm (blue arrow in B). In patients with
lesions or occlusions in the mid or distal SFA, on the other hand (C-D, blue arrow points to the occlusion in D), the antegrade access of the

common femoral artery (CFA) is the favored option.

puncturing the common femoral artery (CFA) is the
favored option. This access offers improved back-up for
lesion crossing and prompt solution strategies for unantic-
ipated complications, such as peripheral thromboem-
bolism. Especially in case of thromboembolism in crural
and pedal arteries, catheter aspiration can be performed
more easily in case of an antegrade approach, whereas
the limited shaft length of aspiration catheters, may make
the aspiration of thrombotic debris using a cross-over
approach difficult or impossible to reach. In addition, the
antegrade approach offers additional advantages in CLTI
patients, in case of concomitant lesions or occlusions of
the ipsilateral below-the-knee (BTK) arteries, which in this
case can be more easily tackled within the same session,
compared to when using a cross-over approach. In some
patients however, staged procedures targeting the inflow
by a cross-over approach and then revascularizing BTK
arteries within a second procedure may be preferable, espe-
cially in cases of frailty and chronic renal failure.

The transbrachial and transradial
approaches

Transbrachial and transradial approaches were previously
described as technically feasible and safe [11]. More recent
studies, however, pointed to higher access site complica-
tion rates with the transbrachial approach, including bleed-
ing or other complications requiring further treatment [12].
Generally, the transradial approach is considered safer in
terms of access site complications. However, since with

© 2023 Hogrefe

the transradial approach the distance to the CTO is even
higher compared to the transbrachial strategy, restrictions,
especially in terms of the shaft length of the balloon cathe-
ters and stents need to be taken into account [13]. In addi-
tion, since with both approaches passage of a GW and
sheaths is required across the aortic arch, caution is neces-
sary in the case of a thrombogenic aortic arch or a ‘shaggy’
aorta, where catheter manipulations may cause emboliza-
tion and apoplex. Furthermore, data for the transradial
access exist only for less complex infrainguinal lesions,
whereas for complex and calcified CTOs the limited
back-up provided with this approach may pose an addi-
tional limitation or make additional access sites during
the procedure necessary [13]. This in turn, may cause addi-
tional complications since puncture of further access sites
is performed after the administration of heparin, which is
given at the beginning of the procedure.

Angiographic evaluation of the proximal
and distal cap: the CTOP classification

Morphologically, CTOs consist of fibrotic and calcific tis-
sue, which depending on their density and architecture
may be decisive for the success or failure of endovascular
procedures [14, 15]. It needs to be noted, that the exact
length of the occlusion cannot be surely evaluated by
angiography. Thus, contrast medium injected from the
proximal sheath above the CTO flows through the collat-
eral circulation, which then arrives to the main distal ves-
sel. However, the contrast agent is unable to flow from
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Figure 2. Type Il lesion with a concave proximal cap and convex distal cap by the CTOP classification system (A). Due to this more complex plaque
morphology, the antegrade wire passage was unsuccessful, so that a retrograde puncture of the occluded stent became necessary. After
successful retrograde wire passage, externalization was performed using an antegrade guiding catheter (blue arrow in B) and the wire was
reversed and passed antegrade through the occlusion using a 0.018 support catheter (blue arrow in C). The final angiographic result after lesion
preparation with a 6F Rotarex catheter and DCB angioplasty are provided in D-F.

the distal vessel upwards, even if the distal part of the
angiographically defined CTO is patent. Therefore, the
actual length of CTOs may be overestimated [16].

Some angiographic criteria, however, may predict the
success or failure of endovascular management of complex
CTO lesions. Thus, Saab et al. [17] focused on the morphol-
ogy of the proximal and distal cap of CTO lesions, which is
known as the plaque cap morphology (CTOP) classification
system. Four scenarios have been described, depending on
the convex or concave form of the proximal and distal cap
of the CTO lesion and pose implications in terms of proce-
dural success rates. With ascending CTOP types, alterna-
tive recanalization strategies become necessary due to an
increasing risk of extraluminal crossing with inability to
find the way back into the true lumen [18, 19]. Notably,
the presence of flush occlusions and the origin of large cal-
iber collaterals at the proximal cap are also factors, which
may make an antegrade recanalization cumbersome or
even impossible [20]. Furthermore, operators need to eval-
uate the presence of occluded stents within the CTO zone,
since these may also be potential retrograde access sites
[21]. Notably, the puncture of an occluded stent or of an
occluded artery is associated with lower rates of bleeding
complications.

Figure 2 demonstrates a Type II lesion with a concave
proximal cap and convex distal cap (A). Due to this more
complex plaque morphology, the proximal wire remains
subintimal, so that a puncture of the occluded stent at its
distal part becomes necessary. After successful retrograde
wire passage through the occlusion, externalization is facil-
itated using an antegrade guiding catheter (B) and the wire
is reversed and then passed antegrade through the
occlusion using a 0.018" support catheter (C). The final
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angiographic result after lesion preparation using a 6F
Rotarex catheter and drug coated balloon (DCB) angio-
plasty are provided in D-F.

Antegrade wiring and GW escalation
strategies

The antegrade passage is selected as the “first way to go”
by most interventionalists. In this regard, most endovas-
cular operators begin with a workhorse 0.035” or 0.018”
GW for femoropopliteal and 0.018” or 0.014" GW
for BTK lesions, respectively. In most cases, standard
“working horses” GW are used in combination with sup-
port catheters to penetrate the CTO lesion. If such wires fail
to cross, then escalating to dedicated CTO GW with higher
tip load is the common practice. Since limited data exist to
support a preference of specific GWs for specific lesions,
GW selection and the choice of the support-catheter are
mainly based on the operator’s experience [7].

GWs with relative low tip-load and polymer-sleeve can
be successful for an intraluminal passage in non-severely
calcified CTOs. Lower profile 0.018” - or even 0.014" -
GWs may be preferable in very tight and calcified CTO seg-
ments. Nitinol- or hybrid-GWs on the other hand, have
advantages in case of difficulties to drill the tip intraplaque
forward and when the knuckle- or loop-technique becomes
necessary. CTO-GWs can be used to penetrate intralumi-
nally through shorter calcified segments, to penetrate the
proximal or distal cap of the CTO lesion or to penetrate
back into the true lumen distally. The tip-load of the GW
needs to be chosen according to the severity of calcification
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Figure 3. Stent occlusion at the level of the proximal and mid SFA. The working horse GW passes through the occluded stent but remains
subintimal being unable to re-enter into the true lumen (blue arrow in A pointing to the tip of the antegrade GW). After exchanging to a dedicated
0.018 CTO GW with a tapered micro-cone tip, over a support catheter, this GW achieves intraluminal passage and re-entry into the true lumen
(blue arrow in B). The result after endovascular treatment from antegrade is shown in C-D.

and thickness of the cap. Higher tip loads provide a higher
chance for penetration of the proximal cap, but this may
come at the cost of GW extravasation and vessel perfora-
tion. Therefore, an escalation strategy may be justifiable,
starting with lower tip load CTO wires, then proceeding
with higher tip loads or changing from an antegrade to a
retrograde strategy.

Figure 3 demonstrates a stent occlusion at the level of the
proximal and mid SFA in a patient with claudication (RC 3).
The working horse hybrid (steel/nitinol) GW creates a loop
and can successfully pass through the occluded stent but
remains subintimal being unable to re-enter into the true
lumen of the artery (A). After exchanging to a dedicated
0.018 CTO GW with a tapered micro-cone tip, over a sup-
port catheter, the latter achieves intraluminal passage and
re-entry into the true lumen (B). The final result after
debulking with a 6F Rotarex system and DCB angioplasty
can be appreciated in C and D.

The question whether an intraluminal needs to be pre-
ferred over a subintimal GW passage, remains unanswered
so far. Previous registries have shown diverse results in
terms of success, complication rates and vessel patency
[22, 23, 24]. In a recent study, the safety and efficacy of
the subintimal approach were compared to intraluminal
recanalization in patients with femoropopliteal CTO lesions
[25]. IVUS was applied in all cases to verify subintimal versus
intraluminal crossing of the CTO and propensity score
matching analysis was performed to adjust for the
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intergroup differences. Hereby, the 2 recanalization tech-
niques exhibited similar cumulative 1-year incidence of
restenosis, whereas peri-procedural complications occurred
more frequently in the subintimal arm [25]. However, ran-
domized studies, which may address this question are not
present in this area. The subintimal strategy may come with
clear disadvantages if the dissection created proximally is
extended into non-occluded or even healthy segments dis-
tally, which may unnecessarily compromise distal landing
zones for future bypass grafts and exclude potential options
for lesion preparation, such as atherectomy. Future studies
are warranted to compare not only the acute success and
complication rates but also long-term outcomes with subin-
timal versus intra-plaque recanalization strategies. Espe-
cially long and circumferentially calcified femoropopliteal
CTOs may be impossible to pass fully intraluminally, even
with bidirectional approaches. In such long and calcified
complex occlusions, a subintimal recanalization strategy
using the loop technique [26] may be justifiable since it
may be the only chance to recanalize the occluded artery.

In addition, the role of IVUS is emerging in the field of
peripheral vascular interventions. Thus, IVUS provides
more accurate imaging detail compared to angiography,
does not may additional contrast injections necessary,
allows evaluation of the etiology of vessel occlusion and
plaque morphology and differentiation between subintimal
and intraluminal GW passage, which may influence the
subsequent treatment strategies [27, 28].
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Figure 4. Severely calcified occlusion of the SFA (A) in a patient with prior intervention and stent placement. Due to the severe calcification, the
antegrade GW remains in the subintimal space (blue arrow in B, pointing to the tip of the antegrade GW). Puncture of the stent is performed (blue
arrow in C, pointing to the area of the retrograde puncture), allowing successful GW passage and subsequent externalization into a guiding
catheter from antegrade (D). The final angiographic result is demonstrated in E-F.

Retrograde recanalization

After a failed antegrade crossing attempt, the retrograde
approach or the use of a re-entry device from antegrade
are usually considered as the next step. Especially in elderly
and frail patients which represent the majority of the CLTI
population, not being optimal candidates for open repair,
the retrograde recanalization represents a limb and life-
saving strategy [14, 15, 21, 29]. All operators treating com-
plex CTOs need to be familiar with such recanalization
techniques since endovascular failures are related to higher
rates of adverse limb outcomes, such as amputation, death,
and major re-interventions [6].

The distal access site

For femoropopliteal occlusions which do not exceed the
adductor canal, the distal SFA or popliteal artery can be
used as distal access sites [21]. The distal SFA runs under
the sartorius muscle and can usually be punctured using
a7 cm or 9 cm long needle. In some cases, however, a
15 cm needle may be necessary, which can be guided
through a 7cm 18G needle using a telescoping technique,
thus facilitating more stable access through the sartorius
muscle [30]. Prominent bilateral calcifications visible on
fluoroscopy or occluded stents within the SFA may also
serve as retrograde access sites [31]. Puncture of stents of
calcified segments can be guided by fluoroscopy, whereas
ultrasound is useful for the puncture of less calcified seg-
ments [29, 32]. Puncturing the popliteal artery from medi-
ally [33] or from anterolateral through the anterior
muscular compartment also represent alternative options
for occlusions which exceed to the P1 or P2 segment of
the popliteal artery [34].
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Figure 4 demonstrates an occlusion of the SFA (A) in a
patient with CLTI (RC 4) and prior stent placement in the
mid and distal SFA (B). Due to the severe calcification, the
antegrade GW remains in the subintimal space (blue arrow
in B). Puncture of the stent is performed from retrograde
(C), resulting in successful GW passage and subsequent
externalization into a guiding catheter from antegrade (D).
The final angiographic result is depicted in E-G.

With lesions extending to the P3 segment of the popliteal
artery or further distally, however, the distal SFA and the
popliteal artery cannot be used as a retrograde access sites.
In such cases, operators need to consider puncturing smal-
ler diameter crural and pedal arteries for the retrograde
access. In our experience the proximal anterior tibial artery
represents a vessel segment, which can be punctured rela-
tively easily using contrast assisted fluoroscopy. The ante-
rior tibial artery can be accessed nearly at their entire
length, whereas posterior tibial artery and the peroneal
are typically punctured at their distal thirds [21].

Figure 5 demonstrates a patient with CLTI (RC 5) and
occlusion of the distal SFA (blue arrow in A) and popliteal
artery (B) with contrast refill at the level of the mid poste-
rior tibial artery (C). Antegrade wiring with support cathe-
ter and wire escalation techniques lead to an extravasal
route (blue arrow in D), as it can be verified by the route
of the retrograde wire, inserted after puncture of the distal
posterior tibial artery (red arrow in D). The retrograde GW
is then externalized in a guiding catheter inserted from
proximally (E). Contrast agent extravasation can be appre-
ciated in F, at the area of the initial antegrade route. The
final angiographic result after prolonged angioplasty and
DCB treatment is shown in G and H.

Like the puncture of an occluded SFA, the puncture of
occluded BTK arteries is also justifiable [35] since the risk
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Figure 5. Patient with an occlusion of the distal SFA (blue arrow in A) and popliteal artery (B) with angiographic contrast refill at the level of the
mid posterior tibial artery (blue arrow in C). Antegrade wiring lead to a false route (blue arrow in D), as it can be verified by the route followed by the
retrograde wire (red arrow in D), which was inserted after puncture of the posterior tibial artery. Contrast agent extravasation can be appreciated
in E, at the area of the initial false antegrade route. The final angiographic result after prolonged angioplasty and DCB treatment is demonstrated

in G and H.

of bleeding complications is low when puncturing an
occluded vessel segment. Furthermore, a pure retrograde
approach has been proposed in patients, where an ipsilat-
eral antegrade or contralateral cross-over access is chal-
lenging or not possible. This approach was described as
the tibiopedal minimally invasive revascularization (TAMI)
technique and has reasonable safety and technical success
rates [36]. Careful ultrasound examination of pedal arteries
prior to the procedure is necessary in such cases however,
since small diameter or diseased pedal arteries may not be
suitable as retrograde access sites for the TAMI technique.

After distal puncture, the type of retrograde access,
including a sheath-less approach, a 2.9-F micro-puncture
set, or standard 4-6F sheath needs to be chosen. Since lar-
ger diameter sheaths may be associated with higher com-
plication rates, such as hematoma at the distal puncture
site [14], most operators usually prefer to begin with a
sheath-less approach first. If additional support is necessary
to pass thought the CTO from retrograde, the insertion of a
small diameter sheath can be considered. Based on recent
studies, the technical success rate of the retrograde
approach is high, varying between 93% and 96% [14, 29],
whereas complication rates are low (0.6% dissections,
2.1% perforations, 1.3% local hematomas and 0.1% distal
embolization [29]). Importantly, in CLTI patients, failed
retrograde recanalization is associated with adverse limb
outcomes in terms of significantly increased major amputa-
tion rates (8.5% versus 1.5%, p<0.001) [14].

GW selection and escalation strategies
from retrograde

Due to the softer composition and thinner wall of the distal
cap of the CTO, even complex and calcified lesions may be

more easily crossed from retrograde [17, 37]. However,
in some cases GW passage from retrograde may still be
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difficult, especially in CTOs, which have been existing for
longer time. In such cases, after an unsuccessful intralumi-
nal crossing attempt, GW escalation may also be the next
step. In this regard, the use of angled microcatheters,
GWs with higher tip load or a tapered micro-cone tip may
be useful [38]. In case of unsuccessful intraluminal passage
from retrograde, however, subintimal crossing of the GW
from retrograde may be the next step, since a retrograde
subintimal dissection may be corrected via the antegrade
blood flow. In addition, intraluminal crossing can be chal-
lenging or impossible even from retrograde in case of long
persisting and calcified CTOs.

Figure 6 demonstrates such a case of a severely calcified
short occlusion of the SFA in a patient with CLTI (RC 5)
(blue arrows in A), where the antegrade GW remains in
the subintimal space due to severe calcification. After punc-
ture of the proximal anterior tibial artery, support catheter
is inserted without a sheath from retrograde (C). Since a
regular GW cannot pass through the occlusion, a dedicated
tapered micro-cone tip GW results in successful passage of
the calcified occlusion from retrograde (blue arrow point-
ing to the tip of the retrograde wire in D). The angiographic
result after wire externalization and balloon angioplasty is
shown in E-G.

The plantar-loop technique

In BTK arteries, a special form of the retrograde recanaliza-
tion of BTK arteries is the ‘plantar loop’ technique. With
this technique, the GW is navigated through the plantar
arch, coming from the dorsal pedal or across the lateral
plantar artery. Using this technique, both the anterior and
the posterior tibial artery can be recanalized using a single
GW for the subsequent treatment. In case of insufficient
support or trackability of the wire after passage through
the planter loop, a retrograde puncture of the pedal artery
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Figure 6. Severely calcified occlusion of the SFA (blue arrows in A), where the antegrade GW remains in the subintimal space (blue arrow in B).
After puncture of the proximal anterior tibial artery (not shown), a sheath less support catheter is inserted from retrograde (C). However, the
retrograde GW also cannot pass through the occlusion (blue arrow in C). Exchange to a tapered micro-cone tip GW, results in successful passage
of the calcified occlusion from retrograde (blue arrow pointing to the tip of the retrograde wire in D). The angiographic result after wire

externalization and balloon angioplasty is depicted in E-G.

Figure 7. Occlusion of all 3 crural arteries in a patient with patent femoropopliteal venous graft (blue arrow in A). No native crurals or pedal
vessels are present by angiography (B-C). After wiring of the posterior tibial artery, the wire is progressed across the pedal loop into the dorsal
pedal and the anterior tibial artery. Subsequent prolonged angioplasty (D) leads to flow restoration in both the anterior and posterior tibial arteries

(E-F).

guided by the GW, which is already ‘in place’ can be
assessed. This technique has been reported to have high
technical success rates of 85% and low complication rates
and can be limb-saving especially in CLTI patients of
RC5 and 6 [39].

Figure 7 demonstrates occlusion of all crural arteries in a
patient with patent femoropopliteal venous graft (blue
arrow in A), presenting with CLTI (RC 4). No native crurals
or pedal vessels are observed distally by angiography (B-C).
After wiring of the posterior tibial artery, the wire is pro-
gressed across the pedal loop into the dorsal pedal and
the anterior tibial artery. Subsequent plain old balloon
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angioplasty (D) leads to flow restoration in both the ante-
rior and posterior tibial arteries (E-F).

Alternative advanced strategies:
Re-entry devices

Re-entry devices have been developed for re-entering into
the intraluminal space after an unsuccessful subintimal
recanalization attempt from either antegrade or retrograde.
Such devices may help to avoid the extension of dissection
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Figure 8. Patient with flush occlusion of both the SFA and the deep femoral artery (DFA) (A). Antegrade wiring was not successful for wiring of the
SFA and DFA. Retrograde puncture of both arteries did not result in successful GW passage (blue arrow in B). Therefore, a low-profile GoBack™
re-entry catheter was inserted from antegrade, pointing to the retrograde support catheter around the proximal DFA (B-C). After puncture of the
DFA by the needle of the catheter, the antegrade GW is guided intraplaque through the occlusion (C). The result, after reopening of the DFA is

demonstrated in D-E.

planes from proximal to distally or vice versa and may also
help reducing procedural time [40, 41]. However, addi-
tional costs are associated with such devices, which are
not fully reimbursed in all countries. Their success rate is
related to the experience of the operator and may also be
limited by other factors, e.g., inability to advance the device
over an aortic bifurcation with a steep angle via a crossover
maneuver. In previous studies, failure rates up to 36% have
therefore been described [42].

Based on lesion and patient specific characteristics and
on the experience of the operators, re-entry devices may
be selected for the recanalization of complex femoropopli-
teal lesions, especially by operators who are not yet suffi-
ciently trained with retrograde techniques, or in case of
less cooperative patients, where a retrograde puncture
may be challenging.

In very complex cases however, the combination of ret-
rograde access and the use of re-entry devices may be use-
ful to tackle the CTO lesion. Thus, in cases, where the distal
GW managed to pass the distal cap and parts of the CTO
but is not able to penetrate through the proximal, the distal
GW may aid as a target for a re-entry device from ante-
grade. In some cases, a balloon can be inserted from retro-
grade, which can be used as a target for the re-entry device
from antegrade.

Figure 8 shows the images of a CLTI (RC 5) patient with
flush occlusion of both the SFA and the deep femoral artery
(DFA) (A). Antegrade wiring was not possible either in the
SFA or in the DFA. In addition, retrograde puncture of both
arteries also did not result in successful retrograde wire
passage due to strong calcifications (blue arrow point to
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the tip of the retrograde wire after puncture of the DFA
in B). Therefore, a low-profile GoBack catheters (Upstream
Peripheral Technologies, Israel) re-entry catheter was
inserted from antegrade, pointing to the retrograde support
catheter around the proximal DFA (B-C). After direct punc-
ture of the DFA by the needle of the catheter, the antegrade
GW is guided intra-plaque through the occlusion (C). The
result, after reopening of the DFA, with good collateral flow
to the popliteal artery is shown in D-E.

In addition, retrograde insertion of re-entry devices was
shown to be safe and effective for tackling challenging
infrainguinal occlusions [30, 43]. Especially in patients
after endarterectomy of the common femoral artery
(CFA), re-entering into the true lumen through the retro-
grade access can be challenging. In such cases the retro-
grade insertion of a re-entry device, which is targeted
toward the common femoral artery can result in technical
success [44]. Caution is necessary in such complex cases,
however, to avoid compromising the inflow of the DFA.
In the interest of a low-profile approach, re-entry devices
can also be inserted in a sheath-less manner if sufficient
GW support is present.

This is demonstrated in Figure 9, where an occlusion of the
SFA is noticed in a patient after CFA endarterectomy (A).
After successful puncture of an occluded stent in the mid
SFA (B), a low-profile re-entry catheter is progressed from ret-
rograde up to the level of the CFA (C). After rotation of the re-
entry catheter to the direction of the CFA, the artery is punc-
tured, resulting in successful GW passage from retrograde
(D). The result can be appreciated after GW externalization
and endovascular treatment from antegrade (E).
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Figure 9. Occlusion of the SFA in a patient after CFA endarterectomy (A). After puncture of an occluded stent in the mid SFA (B), a low-profile re-
entry catheter is progressed from retrograde up to the level of the CFA (C). After rotation of the re-entry catheter to the direction of the CFA, the
artery is punctured, resulting in successful GW passage (D). The result is demonstrated after GW externalization and endovascular treatment from

antegrade (E).

In some cases, even with re-entry devices, GW passage
may not be successful. In such cases, a balloon can be posi-
tioned as a target for the needle of a re-entry device. This
may facilitate successful wire crossing, as reported previ-
ously in a relatively small number of patients [45]. The
recently launched GoBack device, which is available in
4F and 29F can be introduced via a sheath or in a
sheath-less manner [46]. Due to its lower profile, the
GoBack catheter can be advanced from either ante- or ret-
rograde to puncture into a balloon, positioned at the oppo-
site side. Generally, points of severe calcification may be
challenging if chosen as re-entry points. In summary, re-
entry devices may be used as an alternative or additionally
to retrograde or bidirectional recanalization techniques to
enable GW passage back into the intraluminal space. Such
advanced options can help to further enhance technical
success rates in complex occlusions and may provide solu-
tions for otherwise ‘no-option’ patients.

Management of the distal access
site and of potential complications

After successful retrograde GW passage, the GW is then
externalized through the proximal sheath, resulting
through-and-through access. This access provides high
support for the subsequent endovascular treatment. In
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cases where the distal GW cannot be maneuvered due to
high friction or is unable to enter the proximal sheath, bal-
loon angioplasty via the retrograde GW, either sheath-less
or using a low-profile sheath may be an alternative option.
After balloon dilatation from retrograde, a working horse
GW may be able to be advanced from proximal, aiding sub-
sequent endovascular treatment. However, such maneu-
vers need to be performed with caution since antegrade
wires may still tend to enter subintimal planes from proxi-
mal, even after pre-dilatation of the lesion from distally.

At the end of the endovascular procedure, a balloon is
usually inserted across the distal puncture area to provide
internal hemostasis. Alternatively, hemostasis can be
achieved by external manual compression. In very rare
cases, if hemostasis cannot be achieved at the distal punc-
ture site even after prolonged manual compression or inter-
nal balloon inflation, the application of a covered stent may
represent a bail-out treatment option. However, limited
data are available on the long-term patency of crural ves-
sels after such a covered stent placement.

In case of failed crossing after application of antegrade,
retrograde and advanced techniques, accepting procedural
failure is also important to avoid high radiation and con-
trast agent exposure and patient and vessel specific compli-
cations. Procedural duration >3 hours and contrast volume
more than 3 times the estimated glomerular filtration rate
are indicators for stopping the endovascular procedure,
especially if wire passage is not achieved at this time point.
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Preprocedural imaging for choosing the
optimal access site (Duplex sonography,

CTA or MRA)

Evaluation of the occlusion during angiography based on the CTOP
classification and other criteria (presence of a flush occlusion, collaterals
originating at the point of the occlusion, diameters and quality of distal

run-off vessels)

-

Start with Antegrade Wiring
* GW escalation from antegrade

e

Proceed with Retrograde
* Sheath-less approach first, to minimize distal access

site I ; GW from retrograde

&

retrograde.

&

STOP in no progress is achieved after ~3 hours,
or in case of patient or vessel specific
complications

=

_

Proceed with advanced bidirectional techniques,
including the use of re-entry devices from ante- or /

* Proceed with GW externalisationand
treatment of the occlusion from
antegrade
* Apply external or internal hemostasis

(or both) for management of the
distal access site

Plan Redo Procedure after discussion with the patient
or change to Conservative Therapy or Open Repair

Figure 10. Our CTO crossing algorithm encompasses antegrade, retrograde, bidirectional, and advanced techniques for the endovascular
revascularization of complex CTO lesions in peripheral arteries. Steps and considerations encompass pre-procedural planning, angiographic
evaluation of proximal and distal cap by the CTOP classification system, ante- and retrograde recanalization techniques, including wire escalation

strategies, re-entry devices and management of potential complications.

On the other hand, with such time-consuming proce-
dures, the frequent assessment of the activated clotting
time (ACT) needs to be kept in mind. Typically, 5.000 IU
of unfractionated heparin is administrated at the beginning
of the procedure and the ACT needs to be controlled regu-
larly every 30 minutes. An ACT between 200-250s is tar-
geted during the procedure, to minimize the risk for both
thromboembolic and bleeding complications [47]. Accep-
tance of failure may be much easier to accept in patients
with lifestyle limiting claudication compared to CLTI
patients.

Importance of the standardization
of endovascular procedures
considering the BEST-CLI trial

The first results of the BEST-CLI (Surgery or Endovascular
Therapy for Chronic Limb-Threatening Ischemia) study
were recently published [6]. This trial represents an impor-
tant effort to obtain randomized data, comparing 2 major
revascularization treatment options in patients with CLTI,
i.e., surgical versus endovascular revascularization. In
cohort 1 of this study (1,434 patients with a good quality sin-
gle-segment-saphenous vein), surgery was associated with
lower major surgical reintervention, above-the-ankle
amputation and death rates (42.6% versus 57.4%), whereas
in cohort 2 (396 patients requiring alternative conduits)
outcomes were similar between endovascular revascular-
ization and open repair (42.8% versus 47.7%) [6]. Subjects
were enrolled over 62 months with a median follow-up over
2.7 years.
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The main conclusion of the authors was the favorable
outcomes of patients who had an adequate great saphenous
vein for surgical revascularization in cohort 1 compared to
those who underwent endovascular treatment, while anal-
ysis of the data, especially in terms of quality of life is still
ongoing. However, these data need to be interpreted with
caution. Technical success rates with endovascular treat-
ment were lower than expected from experienced opera-
tors (85% and 80%, in cohorts 1 and 2, respectively),
which deserves further analysis since this high failure rate
substantially triggered subsequent re-interventions and
above-the-ankle amputations, influencing the primary
endpoint of the study. The high rate of endovascular fail-
ures indicates that advanced crossing and recanalization
techniques, as reported previously [14, 21, 29] and
reviewed herein, may not have been used on a regular basis
and in all centers which enrolled patients for the trial. This
stresses the importance of standardization and harmoniza-
tion of endovascular procedures, which is expected to
increase success rates and hereby improve patient and limb
related outcomes.

Conclusions

Our CTO crossing algorithm encompasses antegrade, ret-
rograde, bidirectional, and advanced techniques, including
re-entry devices for the endovascular repair of complex
peripheral CTO lesions. The corresponding steps, which
also include preprocedural planning, angiographic evalua-
tion of the CTO and management of the distal access sites
and of potential complications are summarized in Figure 10
and can be easily implemented in daily clinical practice.
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The implementation of our algorithm as part of clinical rou-
tine will be useful for further increasing the success rates,
avoiding peri-procedural complications, and improving
limb and patient related outcomes. In addition, continuous
education, and collaboration between experts from differ-

ent disciplines is warranted.
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education prior to abdominal aortic

aneurysm repair

A prospective, randomized, controlled pilot study
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Katrin Meisenbacher, and Christian Uhl

Department of Vascular and Endovascular Surgery, University Hospital Heidelberg, Germany

Summary: Background: To investigate the usability of Mixed-Reality (MR) during patient education in patients scheduled for
abdominal aortic aneurysm (AAA) repair. Patients and methods: Consecutive patients scheduled for elective AAA repair were
block-randomized in either the Mixed-Reality group (MR group) or the conventional group (control group). Patients of both
groups were educated about open and endovascular repair of their respective AAA. The MR group was educated using a head-
mounted display (HMD) demonstrating a three-dimensional virtual reconstruction of the respective patient’s vascular
anatomy. The control group was educated using a conventional two-dimensional monitor to display the patient’s vasculature.
Outcomes were informational gain as well as patient satisfaction with the educational process. (DRKS-ID: DRKS00025174).
Results: 50 patients were included with 25 patients in either group. Both groups demonstrated improvements in scores in the
Informational Gain Questionnaire (IGQ) when comparing pre- and post-education scores. (MR group: 6.5 points (+1.8) versus
7.9 points (+1.5); Control group: 6.2 points (+1.8) versus 7.6 points (+1.6); p<0.01) There was no significant difference between
the MR group and the control group either in informational gain (MR group: 1.4+1.8; Control group: 1.4+1.8; p=0.5) nor in
patient satisfaction scores (MR group: mean 18.3 of maximum 21 points (£3.7); Control group: mean 17 of 21 points (+3.6);
p=0.1) Multiple regression revealed no correlation between the use of MR and informational gain or patient satisfaction.
Usability of the system was rated high, and patients’ subjective assessment of MR was positive. Conclusions: The use of MR in
patient education of AAA patients scheduled for elective repair is feasible. While patients reported positively on the use of MR
in education, similar levels of informational gain and patient satisfaction can be achieved with MR and conventional methods.

Keywords: Mixed reality, augmented reality, virtual reality, abdominal aortic aneurysm, patient education, EVAR, open aortic

repair

Introduction

“Mixed Reality” (MR) is an innovative technology that
enables the projection of virtual objects into the physical
environment and the users’ field of view by wearing a
head-mounted display (HMD) [1] (Figure 1). The terms
MR and Augmented Reality (AR) are often used synony-
mously. While in MR and AR the physical environment
remains visually perceptible and is augmented with digital
information, in Virtual Reality (VR) the user is in a com-
pletely simulated environment [2]. MR and AR can be uti-
lized to display three-dimensional virtual objects based on
cross-sectional imaging like computed tomography angiog-
raphy (CTA) (Figure 1). Furthermore, MR allows the user to
interact with the virtual object either via a manual con-
troller, gesture and/or voice control (electronic supplemen-
tary material [ESM] 1). Thereby, a three-dimensional,
interactive model of a patient’s individual anatomy can

Vasa (2023), 52 (3), 160-168
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be created for a variety of applications. Among other areas,
the use of MR in the field of patient education has recently
been suggested [3, 4, 5, 6, 7, 8, 9]. A systematic review by
Urlings et al. concluded with encouraging results regarding
the potential of AR in patient education. It was also con-
cluded however that evidence is limited and that existing
studies often contain heterogenous applications and popu-
lations [10].

The use of MR in patient education prior to elective
abdominal aortic aneurysm (AAA) repair might facilitate
patient involvement in decision making in AAA manage-
ment. A recent meta-analysis of available randomized,
controlled trials has shown that EVAR is, despite its
perioperative benefits, associated with an increased risk
of AAA-related mortality, reintervention, and rupture in
the long-term [11]. Additionally, comorbidity of patients
complicates risk assessment. In this multifaceted context
of management options, current guidelines recommend

© 2023 Hogrefe



J. Hatzl et al., Mixed Reality education in AAA patients

161

https://econtent.hogrefe.com${ contentReq.requestUri} - Tuesday, May 07, 2024 11:41:06 PM - |P Address:18.188.66.13

Figure 1. Observer’s point of view. A virtual three-dimensional object
is displayed in the physical environment. The object is based on a
computer tomography angiography of a patient with an abdominal
aortic aneurysm. The user can observe the object and interact with the
model by wearing a head-mounted display (Magic Leap 1, Plantation,
Florida, USA). A pointer can be used to highlight anatomic structures.
Multiple observers can simultaneously observe and interact with the
same model (Mixed Reality Viewer, Brainlab AG, Munich, Germany).

to also include the patient’s personal preference in decision
making [12, 13].

This should make high quality patient education a prior-
ity. It can empower the patient to make an informed deci-
sion, improve compliance, reduce anxiety and increase
overall quality of healthcare [3, 14, 15, 16, 17]. And even
though patient preference is one of the corner stones of
decision making and highlighted in current guideline rec-
ommendations for AAA management, optimization of
patient education is an underrepresented topic in the
research landscape.

This prospective, randomized controlled pilot study
investigates the feasibility of MR technology during patient
education in patients scheduled for AAA repair. Further-
more, it explores whether MR can increase informational
gain and patient satisfaction during patient education for
open and endovascular repair options when compared to
a control group.

Patients and methods

Study population

All consecutive patients that were scheduled for either
open or endovascular repair for juxtarenal or infrarenal
abdominal aortic aneurysms at the Department of Vascular
and Endovascular Surgery at the University Hospital Hei-
delberg were considered for inclusion. Exclusion criteria
were Age >80, inability to understand German language,
emergency procedures, or presence of a legal guardianship.
Patients were 1:1 block-randomized in either the MR group
or the control group in a parallel design using a randomiza-
tion list with a block length of 4. After screening and the
patients’ consent to participate, patients were allocated to

© 2023 Hogrefe

a group according to the randomization list by a third per-
son. Both groups were educated about open and endovas-
cular AAA repair. Considering the pilot study design,
sample size was set to 50 patients.

Patient education

In the MR group patient education was performed wearing
an HMD (Magic Leap 1, Magic Leap, Florida, USA, Fig-
ure 2), by each the surgeon and the patient. Both were
observing the same virtual, three-dimensional model of a
patient-individual reconstruction of the vascular anatomy
through the HMD (Mixed Reality Viewer, Brainlab AG,
Munich, Germany, Figure 1). For the purposes of this study,
only the surgeon was equipped with the manual controller
and thereby enabled to interact with the model. The sur-
geon could zoom in and out of relevant structures as well
as rotate the model. Additionally, using a pointer function,
specific structures were highlighted for the patient. A video
of operating the software is demonstrated in ESM 1.

In the control group, the pathology was visualized on a
two-dimensional monitor using conventional viewing soft-
ware (GE Centricity PACS RA1000 Workstation, Boston,
Massachusetts, United States). The total duration of the
process was timed. All education procedures were per-
formed by the same surgeon to improve standardization
of the procedure and increase comparability of results.

The surgeon educated all patients about the definition of
an abdominal aortic aneurysm, the indication to repair,
basic anatomical information including the location of the
aneurysm relative to neighbouring organs and aortic
branches, vascular access techniques including median
laparotomy, femoral cut-down and percutaneous access,
common complications following endovascular and open
repair and follow-up protocols. The different methods of
repair including endovascular, open, and as well as the dis-
tinct risks and benefits that are associated with each option
were explained. Simultaneously, the patient-individual
three-dimensional virtual object and important individual
anatomical features such as for example the aneurysm
neck, access vessels and other relevant structures were
highlighted. Next, the steps of open and endovascular
repair were explained. Patient education was performed
in the hospital-setting prior to surgery.

MR workflow

The MR workstation consisted of a personal computer (PC)
running the Elements Viewer software (Brainlab AG,
Munich, Germany) as well as a Magic Leap 1 HMD. Based
on a DICOM dataset of the preoperative computed tomog-
raphy angiography an individual three-dimensional recon-
struction of the patients’ vascular anatomy was produced
for every individual patient in the MR group. This process
took a maximum of 10 minutes per patient.

After wireless imaging transport from the Elements
Viewer to the Mixed Reality Viewer by visually scanning a
QR-code as well as a positional marker, that ensures that

Vasa (2023), 52 (3), 160-168
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Figure 2. Mixed Reality workflow: Production of three-dimensional
virtual objects is performed using the Mixed Reality Viewer (Brainlab
AG, Munich, Germany). A Digital Imaging and Communications in
Medicine (DICOM) dataset is uploaded to the software. The software
automatically produces the virtual object that can be transferred to
the head-mounted display by visually scanning a QR-code. Subse-
quently a positional marker is scanned to ensure the correct
positioning for all simultaneous observers.

the object is on the same location in the room for both
observers, the user can inspect and interact with the object.
Up to four users can observe the same object simultane-
ously. The HMD furthermore allows the complete digital
documentation of the educational process. The detailed
workflow to create a three-dimensional virtual object is pre-
sented in Figure 3. No special training is required to operate
the HMD as well as the Mixed Reality Viewer (Brainlab AG,
Munich, Germany). Further technical specifications are
presented in ESM 2.

Outcomes

Baseline demographics of all patients including age, gen-
der, level of education and comorbidities are reported
descriptively. All participants answered a questionnaire
prior and after patient education about both the endovascu-
lar and open surgical repair options (Informational Gain
Questionnaire (IGQ), 9 single-choice questions, maximum
9 points). Additionally, after patient education, the partici-
pants were asked to complete a questionnaire aimed at

Figure 3. Magic Leap 1 (Plantation, Florida, USA).

Vasa (2023), 52 (3), 160-168

measuring the patients’ satisfaction with the educational
process (Patient Satisfaction Questionnaire (PSQ), 7 ques-
tions, each with a six-point Likert Scale, each question with
—3 to +3 points, maximum 21 points). The MR group addi-
tionally completed a questionnaire specifically about the
experience with using the HMD and its usability (MR
Usability Questionnaire (MRUQ), 6 questions, each with
a Six-Point Likert Scale). Unanswered items on the ques-
tionnaires were counted as false answers. It was ensured
that during the education process, all information that is
necessary to correctly answer the IGQ were explained to
all patients in detail.

The primary outcome measures were informational gain
and patient satisfaction with the patient education process.
Informational gain was defined as the difference in score
prior and following the patient education process in the
IGQ. Patient satisfaction was measured as the total score
achieved on the PSQ. Secondary outcomes were the dura-
tion of the patient education process as well as results of
the MRUQ. English translation of the IGQ, PSQ and MRUQ
are presented in Table I. Detailed questionnaires in English
translation are presented in ESM 3, 4 and 5.

Statistical analysis

The study protocol was registered at the German Clinical
Trials Register (DRKS-ID: DRKS00025174). The study
was performed according to the Declaration of Helsinki
and in accordance with the CONSORT statement [18]. Eth-
ical approval was provided for the study by the local ethics
committee (S-728/2020). Statistical analysis was per-
formed using R [19]. Demographics are presented as
meantstandard deviation as well as absolute and relative
frequencies. Scores on the informational gain question-
naires as well as the patient satisfaction questionnaire are
presented as meantstandard deviation and graphically dis-
played as Box-Whisker-Plots. The Wilcoxon test for two
paired samples was performed to test for differences
between the scores on the informational gain questionnaire
pre- and post-education within the MR and control group,

Viewing
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Table I. Informational Gain Questionnaire (IGQ), Patient satisfaction questionnaire (PSQ) and Mixed Reality Usability Questionnaire (MRUQ)

Informational Gain Questionnaire (IGQ); Single-choice Questions
1. What is an aneurysm? (Maximum 1 point)

@0 N o g~ WwN

1 point)

. Why was | recommended to undergo surgery on my aneurysm? (Maximum 1 point)

. What statement is correct about the postoperative period following open aneurysm repair? (Maximum 1 point)

. Which of the following organs’ location is closest to the operating field? (Maximum 1 point)

. Which of the following surgical access techniques is commonly used for endovascular aneurysm repair? (Maximum 1 point)
. Which of the following statements is generally true for endovascular aneurysm repair? (Maximum 1 point)

. Which of the following complications can occur following endovascular aneurysm repair? (Maximum 1 point)

. Which of the following statements is correct with regards to the follow-up protocol following endovascular aneurysm repair? (Maximum

9. Which of the following statements comparing endovascular with open aneurysm repair is correct? (Maximum 1 point)

Patient Satisfaction Questionnaire (PSQ); Six-point Likert Scale

(Strongly agree, agree, somewhat agree, somewhat disagree, disagree, strongly disagree)

1. | felt time pressure. (Maximum 3 points)

2. The explanations were easy to follow. (Maximum 3 points)

3. Some of my questions remained unanswered. (Maximum 3 points)

4. | felt sufficiently informed. (Maximum 3 points)

5. | would have preferred a more descriptive form of patient education. (Maximum 3 points)

6. | do not feel sufficiently informed about potential complications. (Maximum 3 points)

7. Overall, | was pleased with the patient education process. (Maximum 3 points)

Mixed Reality Usability Questionnaire (MRUQ); Six-point Likert Scale

(Strongly agree, agree, somewhat agree, somewhat disagree, disagree, strongly disagree)

1. The handling of the HMD was impractical.

2. The use of the HMD made me feel uncomfortable (e.g., dizziness, headache, nausea).

3. The HMD helped me to better understand my disease.

4. The HMD helped me to better understand complications that can be associated with the procedure.

5. | feel like the use of the HMD during patient education is unnecessary.

6. In the future | would prefer if patient education in other specialties would also be performed using an HMD.

respectively. The Mann-Whitney-U-test for two unpaired
samples was used to test for statistically significant differ-
ences of informational gain scores as well as patient satis-
faction scores and the duration of patient educations
between the MR and control groups. Multiple regression
analysis was conducted to examine the correlation of the
use of MR-assisted education, age, sex, level of education,
baseline IGQ score, duration of education and ASA class
with informational gain as well as patient satisfaction. For
multiple regression, the categorical variable ASA (ASA 2,
3 and 4) was dummy coded with reference category 2.

Results

Study population

Between June 2021 and July 2022, fifty-five consecutive
patients fulfilled the inclusion criteria. Five patients
declined participation in the study. Fifty patients (91%)
were included with a mean age of 68 years (+7.7) years in
the MR group and 69 years (+8.1) in the control group.
12% of participants were female in either group. The mean
AAA diameter was 5.6 cm (+1.0) and 5.7 cm (+0.6) in the
MR and control group, respectively. Nine patients in the
MR group (36%) and 6 patients in the control group
(24%) had undergone higher education in their respective

© 2023 Hogrefe

biographies. Comorbidities were similar between groups.
Details with regards to the patient population including
comorbidities are presented in Table II.

Informational gain

The MR group scored 6.5 (+1.8) points on the informational
gain questionnaire prior to patient education and 7.9 (1.5)
points following patient education. The control group
scored 6.2 (£1.8) and 7.6 (+1.6), respectively. In the MR
group 22 of 25 patients improved their score (88%) while
in the control group 23 of 25 patients (92%) could improve.
Both groups demonstrated a significant increase in the
achieved score on the IGQ (p<0.01). However, there was
no significant difference in the mean increase between
both groups with a mean difference in score of 1.4 points
(#¥1.8) in each group (p=0.5). Scores on the IGQ prior and
following patient education are presented in Figure 4.
Informational gain is presented in Figure 5. Multiple regres-
sion analysis demonstrated that only the baseline IGQ
score correlated with informational gain. Patients with a
lower baseline score showed a greater informational gain.
The use of MR, age, sex, level of education, duration of
education as well as ASA class showed no correlation with
informational gain in multiple regression analysis. Results
of the multiple regression analysis are demonstrated in
Table III.
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Table Il. Demographics of the MR group and the control group

MR group (N=25)

Control group (N=25)

Mean age (+SD)
Female
BMI

Prop. of patients with higher education

Maximum AAA diameter
OAR
EVAR
ASA
ASA 1
ASA 2
ASA 3
ASA 4
ASA 5
Smoking
Prior history of smoking
Current smoking
Hypertension
CAD
COPD
Diabetes mellitus
Non-insulin-dependent
Insulin-dependent
Neurological deficits
Minor deficit
Major deficit

In-hospital mortality

68 (+7.7)
3 (12%)
27.4 (+3.9)
9 (36%)
5.6 (+1.0)
8 (32%)
17 (68%)

0

9 (36%)
14 (56%)
2 (8%)

0

5 (20%)
9 (36%)
24 (96%)
11 (44%)
3 (12%)

4 (16%)

2 (8%)

1 (4%)
0 (0%)

69 (+8.1)
3 (12%)
28.9 (+7.7)
6 (24%)
5.7 (+0.6)
6 (24%)
19 (76%)

0

6 (24%)
19 (76%)
0

0

8 (32%)
13 (652%)
22 (88%)
12 (48%)
6 (24%)

4 (16%)
2 (8%)

1 (4%)
0
0 (0%)

Notes. BMI: body-mass-index; OAR: open aortic repair; EVAR: endovascular aneurysm repair; SD: standard deviation; ASA: American Society of Anesthe-
siologists (ASA) classification; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease.
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*Wilcoxon test for two paired samples.

Figure 4. Scores on the Informational Gain Questionnaire (IGQ) pre-
and post- patient education in the MR- and control group.
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Figure 5. Informational gain in the MR- and control group according to

the Informational Gain Questionnaire (IGQ).
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Table Ill. Multiple regression analysis of informational gain

Table IV. Multiple regression analysis of patient satisfaction

Coefficient SE p value Coefficient SE p value
Intercept 4.98 2.50 0.05 Intercept 141 6.4 0.03
MR-group 0.01 0.44 0.98 MR-group 0.79 1.1 0.48
Age 0.01 0.03 0.65 Age —0.00 0.07 0.97
Female 0.77 0.67 0.26 Female —0.55 1.71 0.75
Higher education 0.03 0.52 0.96 Higher education 0.56 1.3 0.68
IGQ baseline score —0.61 0.14 <0.05 IGQ baseline score 0.43 0.36 0.24
Duration of patient education —0.02 0.029 0.43 Duration of patient education 0.06 0.07 0.44
ASA class 3 -0.32 0.49 0.51 ASA class 3 -1.15 1.24 0.36
ASA class 4 0.15 1.30 0.91 ASA class 4 2.63 3.30 0.43

Notes. ASA is categorical variable with 3 categories (2, 3 and 4) and was
dummy-coded (reference category 2) for inclusion as predictor. SE: Stan-
dard Error; ASA: American Society of Anesthesiologists (ASA) classification.
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MR group Control group p-value*
Patient satisfaction score (mean + SD) 183+3.7 17+3.6 0.1

*Mann Whitney U test for two unpaired samples.

Figure 6. Patient satisfaction in the MR- and control group according
to the Patient Satisfaction Questionnaire (PSQ).

Patient satisfaction

The mean patient satisfaction score achieved by the MR
group was 18.3 (+3.7) of a maximum of 21 points. The con-
trol group scored 17 (£3.6) points, respectively. There was
no statistically significant difference in the scores achieved
in the patient satisfaction questionnaire (p=0.1). Patient
satisfactions scores are presented in Figure 6. Multiple
regression analysis showed that patient satisfaction did
not correlate with the use of MR, age, sex, duration, level
of education as well as ASA class. Results of multiple
regression are displayed in Table IV.

Duration of patient education

There were no significant differences in the duration of the
patient education process with 22.5 (+9.3) min in the MR
group and 21.6 (+5.7) min in the control group (p=0.69).

© 2023 Hogrefe

Notes. ASA is categorical variable with 3 categories (2, 3 and 4) and was
dummy-coded (reference category 2) for inclusion as predictor. SE: Stan-
dard Error; ASA: American Society of Anesthesiologists (ASA) classification.

Subjective assessment of MR usability

In the subjective assessment questionnaire 92% of patients
reported that they agree or strongly agree that the use of
the HMD has helped them to understand the disease.
96% strongly agreed or agreed that it helped to better
understand complications associated with the procedure.
849% strongly agreed or agreed that in the future they would
prefer other specialties to use MR in patient education as
well. No patients reported that they felt that MR in patient
education was unnecessary. 90% of patients strongly dis-
agreed or disagreed that the handling of the HMD felt
impractical. And no patients reported any discomfort with
using the HMD. One patient did not answer questions 1-
5. Detailed results from the subjective assessment of MR
in patient education is presented in Table V.

Discussion

Previous studies have indicated promising results with the
use of MR and AR technologies during patient education [4,
8]. Shared decision making in AAA repair needs to consider
individual patient preference and risk assessment based on
an underlying understanding of the disease. Surgeons are
tasked with informing an often elderly and comorbid
patient population about increasingly complex therapeutic
options [20]. High quality patient education at the preoper-
ative stage has the potential to increase compliance, reduce
anxiety and thereby improve the overall quality of care [3,
14, 15, 16, 17, 21].

A recent scoping review about the state of shared deci-
sion making in the management of AAA concluded that
even though AAA patients generally prefer shared decision
making and despite it being a corner stone in current guide-
line recommendations, it is still underutilized in clinical
practice. It was furthermore suggested that there is a need
for decision support tools and training to facilitate shared
decision making [22, 23, 24, 25, 26].

The present study demonstrated the feasibility of MR
technology in AAA patients for educational purposes. Even
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Table V. Subjective assessment of MR usability (MRUQ)

Strongly agree Agree

Rather agree Rather disagree Disagree Strongly disagree

1. The handling of the HMD was 1/24 0/24 0/24 1/24 10/24 12/24
impractical. 4% 0% 0% 4% 40% 50%

2. The use of the HMD made me feel 0/24 0/24 0/24 0/24 5/24 19/24
uncomfortable (e.g., dizziness, 0% 0% 0% 0% 21% 79%
headache, nausea).

3. The HMD helped me to better 17/24 5/24 1/24 1/24 0/24 0/24
understand my disease. 71% 21% 4% 4% 0% 0%

4. The HMD helped me to better 15/24 8/24 0/24 1/24 0/24 0/24
understand complications that can be 63% 33% 0% 4% 0% 0%
associated with the procedure.

5. | feel like the use of the HMD during 0/24 0/24 0/24 3/24 8/24 13/24
patient education is unnecessary. 0% 0% 0% 13% 33% 54%

6. In the future | would prefer it if patient 17/25 4/25 3/25 1/25 0/25 0/25
education in other specialties would 68% 16% 13% 4% 0% 0%
also be performed using an HMD.

though patients had a mean age of approximately 70 years,  Limitations

they were open to the technology, which is also reflected in
a 91% participation rate in this study of a consecutive
cohort of AAA patients scheduled for elective repair. This
is in line with a previous study reporting on the use of VR
in AAA patient education [27, 28]. Additionally, patients
reported no adverse side effects like dizziness, headache,
nausea, or discomfort and only one patient (4%) reported
that the device was impractical. The usability of MR sys-
tems was generally rated high in the literature as well [9,
29, 30, 31].

Subjectively, patients evaluated MR very positively. Over
90% of patients agreed that MR has helped them to under-
stand their disease and potential complications with the
procedure. 96% said they would prefer patient education
in other specialties to also be performed using MR. This
is in line with results from previous studies exploring AR-,
MR- or VR-technology [4, 9, 21, 28, 30, 32, 33].

However, statistical analysis including multiple regres-
sion revealed no correlation of informational gain or
patient satisfaction with using MR. The only significant cor-
relation that was identified demonstrates that patients with
a lower baseline knowledge naturally benefit more from
patient education, as expected. Interestingly, a high level
of informational gain and patient satisfaction could be
achieved in both groups. This might imply that rather than
the use of MR, the stimulation of patients’ involvement in
the management decision was key, as was specified per
protocol for both groups due to the study design. Similar
observations were made previously in studies investigating
the use of AR in education and teaching [9, 29, 30, 31, 34].

MR might be one way to keep patients engaged in their
treatment. This is not necessarily exclusively true for MR
and might as well apply for other kinds of decisional sup-
port tools. After all, high quality patient education needs
to consider individual concerns and limitations as well.
While patients and surgeons are tasked to reach a shared
decision, it remains the surgeons’ responsibility to adjust
communication style and supporting tools to individual
nneeds [35, 36].

Vasa (2023), 52 (3), 160-168

There are several limitations that need to be addressed.
First it must be stated that these are single center results
with a patient education intervention using one specific
MR software application performed by a single surgeon
and that results might not be generalizable. Future modifi-
cations of the application, such as labeling of anatomic
structures and demonstration of educational images or
video sequences in the MR environment might improve
the performance of the application. Furthermore, this study
only included patients with juxta- and infrarenal AAAs
to increase comparability between groups. Thereby, it
remains unknown if with increasing complexity of the pro-
cedures the potential benefit of MR visualization could be
revealed. Second, while the questions to assess informa-
tional gain and patient satisfaction in this study were care-
fully selected, there were no validated instruments
available to measure informational gain during patient edu-
cation for AAA repair. In the future, patient preference,
shared decision making, and health literacy will become
increasingly important and standardized and validated
tools to measure the quality of different methodological
approaches are needed. Furthermore, at the time of patient
education in the hospital setting, patients were already pre-
informed to varying degree from the out-patient setting.
Different levels of prior knowledge could have introduced
bias. Moreover, it was difficult to anticipate an adequate
level of difficulty for the selected questions. Both limita-
tions have led to relatively high baseline scores which left
little room for improvement in either group. Third, the
sample size of this pilot study was limited. While only one
surgeon performed patient education interventions for
both groups and informant bias was controlled, individual
concerns and questions of patients leading to a deviation
from the standard educational intervention could have
resulted in information bias. Additionally, we did not
include anxiety as well as mental status in our protocol,
which could be confounding variables. For these reasons,
the presented results must be interpreted as exploratory
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pilot study results. Despite the limitations, this is the largest
series investigating MR education in a homogenous cohort
of consecutive AAA patients with a respective control group
and in a randomized setting.

Conclusions

The use of MR in patient education of AAA patients sched-
uled for elective repair is feasible. While patients reported
very positively on MR-assisted education, similar levels of
informational gain and patient satisfaction can be achieved
with conventional methods.

Electronic supplementary material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doi.org/
10.1024/0301-1526,/a001062

ESM 1. Use of the mixed reality viewer application
(Video)

ESM 2. Technical specifications of the Magic Leap One
Head-mounted Display (Table)

ESM 3. Informational Gain Questionnaire (IGQ)

ESM 4. Mixed Reality Usability Questionnaire (MRUQ)
ESM 5. Patient Satisfaction Questionnaire (PSQ)
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Summary: Background: To report technical success as well as perioperative outcomes of patients who underwent
endovascular aortic repair (EVAR) of penetrating abdominal aortic ulcers <35 mm in diameter (PAU). Patients and methods:
The abdominal aortic aneurysm (AAA) quality registry of the German institute for vascular research (DIGG) was used to identify
patients with standard EVAR for infrarenal PAU <35 mm between 1/1/2019 and 12/31/2021. Infectious, traumatic,
inflammatory PAUs, PAUs associated with connective tissue disease, PAUs following aortic dissection as well as true
aneurysms were excluded. Demographics, cardiovascular comorbidity, technical success as well as perioperative morbidity
and mortality were determined. Results: Amongst 11 537 patients who underwent EVAR during the study period, 405 with
PAU <35 mm were eligible from 95 participating hospitals across Germany (22% women, 20.5% octogenarians). The median
aortic diameter was 30 mm (Interquartile range 27-33). Cardiovascular comorbidities were frequent with coronary artery
disease (34.8%), chronic heart failure (30.9%), history of myocardial infarction (19.8%), hypertension (76.8%), diabetes
(21.7%), smoking (20.8%), history of stroke (9.4%), symptomatic lower extremity peripheral arterial disease (20%), chronic
kidney disease (10.4%) and chronic obstructive pulmonary disease (9.6%). Most patients were asymptomatic (89.9%). Among
the symptomatic patients, 13 presented with distal embolization (3.2%) and 3 with contained ruptures (0.7%). Technical
success of endovascular repair was 98.3%. Both, percutaneous (37.1%) or femoral cut-down access approaches (58.5%) were
registered. Endoleaks of any type were present with type 1 (0.5%), type 2 (6.4%) and type 3 (0.3%) endoleaks. Overall mortality
was 0.5%. Perioperative complications occurred in 12 patients (3.0%). Conclusions: According to this registry data,
endovascular repair of PAU is technically feasible with acceptable perioperative outcomes, but further studies investigating
mid- and long-term data are needed before invasive treatment of PAU disease in an elderly and comorbid patient population
should be recommended.

Keywords: Aorta, PAU, aneurysm, atherosclerosis, EVAR, endovascular

Introduction

Penetrating aortic ulcer (PAU) is defined as an ulceration
that penetrates the internal elastic lamina and allows
hematoma formation within the media of the aortic wall
[1]. With wide-spread use of computed tomography angiog-
raphy asymptomatic PAU has become a relevant incidental
finding from opportunistic screening. The European Soci-
ety for Vascular Surgery (ESVS) 2019 Guidelines on the
Management of Abdominal Aorto-iliac Artery Aneurysms

© 2023 Hogrefe

recommended serial imaging in uncomplicated cases and
invasive repair in patients with complicated PAU. Factors
which usually indicate complicated lesions comprise
extra-aortic hematoma, embolization symptoms, recurrent
pain, a PAU that initially measures >20 mm in width
or >10 mm in depth or progression of total aortic diameter
[2]. However, the decision to repair asymptomatic patients
may be challenging. A recently published study by DeCarlo
et al. examining small PAUs with a mean aortic diameter
of 31.4 mm (95% confidence interval, CI, 30.1-32.7)
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concluded that asymptomatic PAU was associated with a
benign natural course with a cumulative incidence of
PAU-related complications of 6.5% at 10 years after diag-
nosis [3]. This raises the question of outcomes of endovas-
cular repair in these patients to facilitate risk assessment.
Evidence on both, technical and clinical outcomes of
endovascular treatment of patients with abdominal PAU
remains limited to small retrospective observational series
with mainly short-term follow-up [4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20].

This study aimed to determine perioperative outcomes
of patients who underwent endovascular repair of small
PAU (<35 mm). We used German-wide data of the abdom-
inal aortic aneurysm (AAA) quality assurance registry of the
German Institute for Vascular Research (DIGG).

Patients and methods

The AAA quality assurance registry of the German Institute
for Vascular Research (DIGG) consecutively collects data
from more than 120 centers (2022) and was used for this
study. All patients who underwent endovascular or open
repair for AAA, PAU and abdominal aortic dissection are
eligible for the registry. Data is manually entered into a
web-based case-report-form. Participation is voluntary for
all centers.

In this registry-based retrospective observational study,
all patients treated with endovascular aortic repair (EVAR)
for infrarenal PAU with a maximum diameter <35 mm
between 1/1/2019 and 12/31/2021 were included. Infec-
tious, traumatic, inflammatory PAUSs, PAUSs associated with
connective tissue disease and PAUs secondary to aortic dis-
section as well as true aneurysms were excluded. Patients
with juxtarenal, pararenal or suprarenal PAUs as well as
patients who underwent fenestrated, branched or chimney
EVAR were also excluded.

Abdominal PAU is defined as a focal, localized outpouch-
ing of contrast material in the presence of atherosclerosis
with a variable extent of intramural hematoma [4, 5, 6, 7,
8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20].

Ethical approval was provided by the Institutional
Review Board of the University Hospital Heidelberg (S-
806/2020). The study was conducted according to
STROBE guidelines [21].

Outcomes

Baseline demographics, cardiovascular comorbidity, maxi-
mum aortic diameter (in mm, outer-to-outer diameter),
basic procedural data with technical success, and perioper-
ative clinical outcomes are reported. Technical success was
defined as successful delivery and deployment of the
device without unintentional coverage of renal or internal
iliac arteries and without type 1 or type 3 endoleak at
completion [22].
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AAA quality registry
(EVAR, 1/1/2019 to 12/31/2021):

N=11537

PAU <35mm:

N=423

Not infrarenal: 4

Not atherosclerotic: 14

Included:
N=405

Figure 1. Patient population.

Statistical analysis

Results are presented descriptively with median and
interquartile range (IQR) as well as mean and standard
deviation (SD). Proportions were reported with %. Missing
data was handled by case wise exclusion. Statistical analy-
sis was performed using the statistic software R [23].

Results

Patient population

Between 1/1/2019 and 12/31/2021, 405 patients (3.5%)
treated at 95 participating hospitals (median 4.3 patients
per hospital) fulfilled the inclusion criteria. Patient popula-
tion is displayed in Figure 1.

Comorbidity and cardiovascular risk
factors

Eighty-nine (22.0%) patients were female. Eighty-three
(20.5%) patients were > 80 years of age. The median max-
imum aortic diameter was 30 mm (IQR: 27-33, mean: 29.2,
SD: 5.3), minimum: 10, maximum: 35). Median Body-Mass-
Index was 25.6 (IQR 23.4-28.7, mean: 26.2, SD: 4.3).

A total of 141 patients (34.8%) had coronary artery dis-
ease. 125 (30.9%) had chronic heart failure. Three hundred
and eleven (76.8%) had hypertension, 88 (21.7%) had dia-
betes, 82 (20.2%) were smokers and 80 (19.8%) patients
had a history of myocardial infarction. Thirty-eight
(9.4%) patients had a history of stroke and 81 (20.0%)
patients had a history of symptomatic lower extremity
peripheral arterial disease. Chronic kidney disease was pre-
sent in 42 (10.4%) patients with 7 (1.7%) patients having an
estimated glomerular filtration rate <30 ml/min/1.73 m?.
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Table I. Demographics

Table Il. Comorbidities

Absolute Relative
frequency (N) frequency (%)

Demographics (N=404)

Age>80 years (octogenarians) 83 20.5%
Female 89 22.0%
ASA class (N=401)
ASA 1 4 0.1%
ASA 2 104 25.9%
ASA 3 269 67.1%
ASA 4 19 4.7%
ASA 5 1 0.02%

Notes. ASA class: American Society of Anesthesiologists classification.

Thirty-nine (9.6%) patients had chronic obstructive pul-
monary disease.

A total of 269 (66.4%) patients were classified as having
severe systemic disease (American Society for Anesthesiol-
ogy, ASA class 3) and 19 (4.7%) had a constant threat to life
(ASA class 4). Comorbidities are presented in Tables I
and IL

Clinical presentation

Most patients (364, 89.9%) were treated for asymptomatic
PAU. The remaining 41 (11.1%) patients were treated for
symptomatic PAU. Of these, the symptoms comprised dis-
tal embolization in 13 (3.2%) cases as well as 3 (0.7%) con-
tained ruptures. The remaining 25 patients’ symptoms were
neither embolization nor rupture, but not specified in
detail.

Baseline demographics andcomorbidities, are summa-
rized in Tables I and IL

Technical success, endoleaks,
postoperative hospital length of stay

One hundred and forty-nine (36.4%) patients were treated
via a bilateral percutaneous and 253 (58.5%) via a bilateral
cut-down vascular access or unilateral cut-down and con-
tralateral percutaneous access (4.5%). Forty-five (11.1%)
patients required either femoral reconstruction or iliac
angioplasty with or without stent implantation. Endoleaks
of any type were present with type 1 (0.6%), type 2
(6.5%) and type 3 (0.2%) endoleaks. The status with
regards to unintentional coverage of renal and/or internal
iliac arteries was reported for only 361 patients. Among
these, there were two (0.5%) unintentional stentgraft-asso-
ciated renal artery occlusions. Additionally, there was one
(0.2%) open surgical conversion, resulting in a technical
success rate according to the above-mentioned definition
of 355/361 (98.3%). Postoperative complications occurred
in 12 (3.0%) patients. The median postoperative length of
hospital stay was 5 days (IQR: 4-6) and 14 (3.5%) patients
required treatment on the intensive care unit (ICU)
>1 day. Seven (1.7%) patients required blood transfusion.

© 2023 Hogrefe

Comorbidities Absolute Relative
(N=405) frequency (N) frequency (%)
Coronary artery disease 141 34.8%
Chronic heart failure 125 30.9%
History of myocardial 80 19.8%
infarction

Symptomatic lower 81 20.0%

extremity peripheral
arterial disease

History of stroke 38 9.4%
Chronic kidney disease 42 10.4%
eGFR <30 ml/min/1.73 m? 7 1.7%
(N=404)

Chronic obstructive 39 9.6%
pulmonary disease

Malignancy 29 7.2%
Diabetes 88 21.7%
Hypertension 311 76.8%
Dyslipoproteinemia 90 22.2%
Smoking 82 20.2%

Notes. eGFR: estimated glomerular filtration rate.

Table lll. Procedural details and endoleaks

Absolute Relative
frequency (N) frequency (%)

Technical success 355 98.3%
(N=361)
Open conversion (N=405) 1 0.3%

Unintentional coverage of
aortic branches (N=361)

One or both renal 2 0.6%
arteries

One or both internal 0 0%
iliac arteries

Intentional coverage of
aortic branches (N=361)

One renal artery 1 0.3%
One or both internal 5 1.4%
iliac arteries
Endoleaks (N=405)
Type 1a endoleak 2 0.5%
Type 1b endoleak 0 0%
Type 2 endoleak 26 6.4%
Type 3 endoleak 1 0.3%
Vascular access (N=405)
Percutaneous 149 37.1%
Cut-down 235 58.5%
Both 18 4.5%
Adjunctive procedures (N=405)
Iliac balloon 31 7.7%
angioplasty/stent
Femoral reconstruction 14 3.5%
Iliac-branched device 18 4.4%

Two patients (0.5%) with an asymptomatic PAU died dur-
ing the hospital stay. The detailed sequelae that led to
death could not be extracted. Procedural details, endo-
leaks, and complications are presented in Tables IIT and IV.
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Table IV. Mortality and systemic complications

Asymptomatic Symptomatic Total
(N=364) (N=41) (N=405)
N % N % N %

Overall mortality 2 0.5% 0 0% 2 0.5%
Systemic complications (N=405)

Postoperative urinary tract infection 4 1.1% 0 0.0% 4 1.0%

Postoperative pneumonia 3 0.8% 0 0.0% 3 0.7%

Postoperative myocardial infarction 2% 0.5% 1 2.4% 3* 0.7%

Postoperative heart failure 0 0.0% 0 0.0% 0 0.0%

Postoperative stroke 1 0.3% 0 0.0% 1 0.2%

Postoperative kidney failure 1* 0.3% 0 0.0% 2% 0.5%

Total 11 3.0% 1 2.4% 12 3.0%

Notes. *One postoperative myocardial infarction and one kidney failure occurred in the same patient.

Discussion

The present study determined acceptable perioperative
morbidity and mortality of endovascular repair of small
PAU over a 3-year period from a German-wide national
quality improvement registry. Evidence on the manage-
ment of patients with abdominal PAU is limited to case ser-
ies and small observational studies with generally short
periods of follow-up [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 24]. Data on the natural history of this entity
in the abdominal aorta is also limited, thereby hampering
decision making in clinical practice. A recent single-center
study has demonstrated a rather benign natural history in
97 patients with small abdominal PAUs with a mean diam-
eter of 31.4 mm and a low PAU-related complication rate at
10 years after diagnosis [3].

In the present registry cohort, only 10% of patients were
symptomatic and only 3 (0.7%) patients presented with
contained ruptures at the time of treatment, which is lower
than in previous studies reporting 25-100% for symptoms
and 0-32% for ruptures [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19].

This might indicate a more liberal indication to repair in
the German healthcare system for small PAU over the
study period when compared to previous studies and is in
line with the suggestion of a rather benign natural history
of small PAU disease [3]. When compared to true abdomi-
nal aortic aneurysm disease undergoing repair (AAA), the
previously published data from the German institute for
vascular research from 2019 reported a proportion of
9.7% ruptured AAA compared to a rupture rate of 0.7%
for small PAU in the present study [25].

High technical success rates with endovascular repair for
abdominal PAU have been continuously reported in the lit-
erature [4, 5, 6,7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
24]. Accordingly, the rates of type 1 and 3 endoleaks were
low, as was the incidence of type 2 endoleak which is
indicative of the focal nature of abdominal PAU disease
with involvement of potentially less infrarenal aortic
branches when compared to abdominal aortic aneurysm
disease.

Vasa (2023), 52 (3), 169-174

While in most patients endovascular repair was techni-
cally successful, as expected, the minimally invasive treat-
ment of PAU was still associated with considerable
mortality and morbidity. Interestingly, about two thirds of
patients were treated via a femoral cut-down access which
is associated with prolonged hospitalization. Additionally,
about 10% of patients required adjunctive procedures such
as femoral artery reconstruction or iliac angioplasty with or
without stent implantation, which demonstrates the
atherosclerotic burden of these patients. Overall, morbidity
and mortality were within an acceptable range for endovas-
cular repair and similar like in previous reports [4, 5, 6,7, 8,
9,10,11,12,13,14, 15,16, 17, 18, 19]. However, all potential
technical and clinical complications must be weighed in
against the risk that is associated with the natural history
of the disease [3]. Furthermore, data on mid- and long-term
outcomes with the potential of late complications such as
limb occlusion are lacking. Considering the benign natural
history of small abdominal PAUs and the comorbidity of
the cohort in this study as well as the unknown overall
long-term prognosis of these elderly patients, invasive
treatment early after diagnosis should not be recom-
mended. Instead, until further evidence is available, imag-
ing surveillance 3 months after initial diagnosis and
reevaluation of repair appears to be a reasonable manage-
ment strategy as was previously suggested [3]. Additionally,
further observational studies with long-term follow-up are
required to gain an understanding of the natural course
of this pathology and to enable more accurate assessment
of its associated risks.

Limitations

There are several limitations of the present study that need
to be considered. First, this is a retrospective analysis of
registry data which naturally limits data quality, also due
to missing data. While data of 95 participating hospitals
could be included, the degree of detail is limited. Important
data like aortic morphology especially width and depth of
the PAU, devices used, including configuration, as well as
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more detailed data on comorbidity, clinical presentation,
and complications are lacking. Furthermore, there were
no unified definitions used for comorbidities. Eight
(2.0%) patients were reported to have a maximum aortic
diameter <15 mm. This might be erroneous data or patients
that were treated for penetrating ulcer of the common iliac
artery. It illustrates one of the major limitations of the
study, that there was no original imaging available for
review. This can also be an indicator for the application
of different diagnostic criteria applied by the different vas-
cular surgeons involved in the treatment of PAU patients
which could have introduced bias and implicates a need
for a unified and precise nomenclature and core-laboratory
assessment of PAU studies. Second, it needs to be acknowl-
edged that not all patients treated during that period have
been entered into the registry, which results in the potential
of selection bias. The detailed rationale for repair in the
participating hospitals remains unknown after all. There-
fore, results might not be generalizable. Furthermore, there
was no data on follow up as well as no sufficient data on
reinterventions available for analysis. Moreover, this study
only included standard EVAR. More recently, balloon-
expandable stent grafts have been used in infrarenal PAU
disease with promising initial results. The optimal endovas-
cular management strategy has yet to be determined.

Despite these limitations, this is to our knowledge the
largest series reporting on perioperative outcomes of
endovascular repair of small PAU. This study provides an
estimate of the associated morbidity and mortality of
endovascular repair based on nation-wide data. It was fur-
thermore shown that despite its rarity asymptomatic PAU
disease is of relevance for clinical practice and requires fur-
ther research with mid-term and long-term follow-up data
to allow more definite clinical practice guidelines.

Conclusions

Based on this registry data, endovascular repair was
associated with high technical success and acceptable
perioperative morbidity and mortality in patients with
small PAU. However, a higher level of evidence, a better
understanding of the natural history of abdominal PAU
disease and associated rupture risks are needed before
invasive treatment in asymptomatic patients should be
recommended.
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Summary: Background: The total endovascular repair of the aortic arch is becoming more and more an acceptable alternative
to the open repair in selected patients. The aim of the present study is to perform a meta-analysis of the available data on the
outcomes of the various endovascular techniques used to treat the pathologies in this challenging anatomical area. Patients
and methods: An extensive electronic search in PubMed/MEDLINE, Science Direct Databases, and the Cochrane Library was
conducted. All papers published up to January 2022 on the endovascular techniques in the aortic arch (chimney-thoracic
endovascular aortic repair (ChTEVAR), fenestrated/branched grafts as custom made devices (CMD) and surgeon modified
TEVAR (SM TEVAR) providing information about at least one of the essential outcomes defined in the inclusion criteria.
Results: Out of the 5078 studies found through the search in the databases and registers, 26 studies with a total number of
patients of 2327 with 3497 target vessels were included in the analysis. The studies reported a high technical success rate
with an estimated proportion of 95.8% (95% ClI, 93-97.6%). Moreover, the pooled estimation of the early type la/lll endoleak
was 8.1% (95% Cl, 5.4-12.1%). The pooled mortality was 4.6% (95 Cl, 3.2-6.6%) with a significant heterogeneity and the
stroke had an estimated proportion (major and minor combined) of 4.8% (95% ClI, 3.5-6.6%). A meta-regression analysis
showed no significant variation between the groups in mortality (P=.324) showed however a significant difference between the
therapeutic methods regarding stroke P<.001 (lower rate in ChTEVAR and SM vs. CMD). Conclusions: The present meta-
analysis could demonstrate good short- and long-term outcomes of the multiple total endovascular repair methods used in

the aortic arch.

Keywords: Aortic dissection, thoracic aorta, thoracic endovascular aortic repair, aneurysm, stroke

Introduction

As an alternative to the open repair, especially in patients
who are assessed to be unfit for surgery the endovascular
repair opened the door for treating aortic arch pathologies
with encouraging results [1, 2].

The implementation of the endovascular procedures in
this anatomical challenging zone paved the road for the
development of several endovascular techniques like chim-
ney (or parallel stents, snorkel, periscopes...) thoracic
endovascular aortic repair (ChTEVAR), fenestrated/
branched stent-grafts as custom made devices (CMD), sur-
geon modified TEVAR (SM TEVAR or back-table physi-
cian-modified grafts) and in situ fenestration.

However, the relatively small sample size of the pub-
lished studies on the beforementioned procedures and
the limited available outcome analysis of these procedures
done in landing zone O and 1 beyond the left subclavia
artery drove us to perform a dedicated review and meta-
analysis of the available data. Moreover, we performed a
regression analysis (meta-regression) to comparing the out-
comes of these different endovascular methods.

© 2023 Hogrefe

Since the in situ-fenestration procedure has been
extensively discussed in two recent reviews [3, 4], we
decided not to include the studies describing this
method in our review. However, we will discuss the in-situ
fenestration in the light of the results of these review
articles.

Methods

Search strategy (review protocol)

This review of the current data on the endovascular repair
procedures of aortic arch (including chimney/snorkel tech-
nique, fenestrated and branched custom-made devices and
surgeon modified devices) diseases was performed accord-
ing to “The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews” [5].

We conducted an extensive search in PubMed/MED-
LINE, Science Direct Databases, and the Cochrane Library.
The search included all papers published up to January
2022 in any language. Medical Subject Headings terms

Vasa (2023), 52 (3), 175-185
https://doi.org/10.1024/0301-1526/a001061



176

W. Ahmad et al., Meta-analysis endovascular aortic arch

https://econtent.hogrefe.com${ contentReq.requestUri} - Tuesday, May 07, 2024 11:41:06 PM - |P Address:18.188.66.13

used included “aortic arch,” “chimney stent grafts”,
“chimney graft”, “chimney”, “periscope”, “snorkel”, “fen-
estrated”, branched”, “custom made”, “surgeon modi-
fied”, “physician modified”, “thoracic”, “arch”, “thoracic
aorta”, “endovascular repair”, “TEVAR.” We looked also
in the reference list of the retrieved studies for relevant arti-
cles. The review is registered in the International prospec-
tive register of systematic reviews (PROSPERO) under the

ID: CRD42022367109.

Eligibility and inclusion criteria

A study was considered eligible according to the following

inclusion criteria:

(1) Describing an endovascular repair of the arch using
chimney, fenestrated/branched (custom-made
devices) or surgeon modified stent graft with or
without adjunct extra-anatomic debranching.

(2) Reporting of a case series of >10 patients in whom
the brachiocephalic artery and/or the left common
carotid artery was/were target vessels for the
endovascular repair.

(3) Providing information about at least one of the essen-
tial outcomes: early and late type I/III endoleak, 30-
day mortality rate, early and late patency, incidence
of perioperative stroke, re-intervention and retro-
grade aortic dissection.

Exclusion criteria

(1) Case reports or case series with <10 patients.

(2) Technical notes or case series without describing
relevant outcomes.

(3) Experimental works (in-vitro or ex-vivo).

Study selection

Articles were selected at the title and abstract level, and the
selected papers were critically evaluated for eligibility
before inclusion. Articles were excluded if they did not
describe the type of the used technique and at least one
of the basic outcomes or if the data were not original. Only
the most recent report from each center was analyzed in
case of duplicate publications on the same population of
patients (Figure 1).

Data extraction

Two reviewers have independently extracted the following
data from each study: Number of patients, number of target
vessels, landing zones urgency of treatment, type of aortic
lesion treated, type of stent grafts or stents used, technical
success (defined as successful deployment of the main
stent graft as well as the bridging stents/chimney grafts
with complete exclusion of the aortic arch disease and
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without any type I or III endoleak on completion angiogra-
phy), median length of follow-up, early and late patency,
early and late type I /III endoleak, mortality rates, compli-
cations (retrograde A dissection), development of perioper-
ative stroke and spinal cord ischemia.

Early patency and early endoleaks were defined as those
identified during the first 30 postoperative days.

Outcomes

Primary outcomes were technical success, 30-day mortal-
ity, type I/III endoleak, stroke and spinal cord ischemia.

The secondary outcomes were the mortality, reinterven-
tion and patency during the follow-up.

Statistical analysis

Continuous variables were reported as median with quar-
tiles (25% and 75%) or meantstandard deviation. The
pooled proportions of event rates of the significant out-
comes were calculated using the Freeman-Tukey transfor-
mation (arcsine square root transformation) to calculate
the weighted summary proportion under the random-
effects model (DerSimonian and Laird) [6]. Forest plot
graphs were used to illustrate the weighted outcomes as
well as the pooled estimation with the 95% confidence
interval (CI).

We used the Cochran Q and I” tests to assess the hetero-
geneity. Cochrane Q was calculated, and P<.05 was used to
indicate the presence of heterogeneity. An I? value of 0%
indicates no observed heterogeneity, and larger values
show increasing heterogeneity (I* between 30% and 60%
indicates a moderate heterogeneity, >60% indicates sub-
stantial heterogeneity, and >75% indicates considerable
heterogeneity).

Because of the design of this meta-analysis including
single arm studies only, we assessed the bias of the
eligible studies using the Egger regression analysis [7]
(we considered P value <.05 significant with one-sided
Egger test).

Additionally, we performed a meta-regression analysis
(random-effect meta-regression) to compare the outcomes
of the different studies while adjusting for the effect of the
used therapy method. We considered a P<.05 as significant
for the meta-regression.

The statistical analysis was performed using the Com-
prehensive Meta-Analysis Package V3 (Biostat, Englewood,
NJ) statistical software.

Results

“Studies” characteristics

We have identified 5078 studies through the search in the
databases and registers. After screening and assessment of

© 2023 Hogrefe
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Figure 1. Flow-chart of the search method.

the records, only 45 reports were identified as “eligible” for
the analysis. Eventually, 26 studies [8, 9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34] with a total number of patients of 2327 with
3497 target vessels were included in the analysis (Figure 1).
The number of patients varied between the studies regard-
ing the operative method: 916 (39%) had ChTEVAR,
559 (24%) had CMD (fenestrated or branched) and
852 (37%) had SM-TEVAR.

The patients included in the analyzed studies were
treated due to aortic dissection in 50% of cases, 37%
aneurysms, 7% penetrating aortic ulcers, 2% intra mural
hematoma, 2% pseudo-aneurysms and 2% due to endoleak
Ia or traumatic aortic injury. Significantly more patients
with aneurysm were treated with CMD and more dissec-
tions were managed with ChTEVAR or SM TEVAR (both
P<.001).

The details of the included studies and the outcomes are
summarized in Tables I and II.

The proximal landing zone was O in 12%, 84%, 21% and I
in 23%, 12%, 15% and Il in 65%, 4% and 64% in the ChTE-
VAR, CMD and SM TEVAR groups respectively.

© 2023 Hogrefe

The results of the meta-analysis demonstrated as an esti-
mated pooled proportion stratified according to the used
procedure as well as the heterogeneity and bias are shown
in Table III.

Operative outcomes with meta-analysis

The studies reported a relatively high technical success rate
between 84% and 100%. An exception was this reported by
Dueppers et al. [13] with 37%. The overall estimated
proportion of technical success for all procedures together
reached 95.8% (95% CI: 93-97.6%) (Figure 2). Both the
bias (P>.001) and heterogeneity between studies
(Q. P<.001; I°=80.8%) were significant.

Moreover, the pooled estimation of the early type Ia/III
endoleak was 8.1% (95% CI: 5.4-12.1%) but with a signifi-
cant publication bias and heterogeneity (Q. P<.0001;
1°=82% and P=.032, respectively) (Figure 3).

Regarding 30-day mortality, the overall estimated
proportion was 4.6% (95% CI: 3.2-6.6%) with a significant
heterogeneity (Q. P<.001; I°=58%) but not the bias
(P=.084). However, the mortality as reported in the

Vasa (2023), 52 (3), 175-185
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Table I. Details of the included studies

Study Year Patients Technique Nr. of TV LZ 0 Lz 1 LZ 2 Lz 3
Tenorio et al. [28] 2021 39 BTEVAR 117 39 0 0 0
Verscheure et al. [31] 2021 70 BTEVAR 147 70 0 0 0
Kudo et al. [18] 2020 28 BTEVAR 52 28 0 0 0
Tsilimparis et al. [29] 2019 54 BTEVAR 108 54 0 0 0
Clough et al. [12] 2018 30 BTEVAR N/A 30 0 0 0
Lu et al. [24] 2015 51 BTEVAR 90 33 0 18 0
Haulon et al. [15] 2014 38 BTEVAR 76 38 0 0 0
Dueppers et al. [13] 2021 33 ChTEVAR 48 4 5 24 0
Ahmad et al. [8] 2020 54 ChTEVAR 91 39 13 2 0
Shu et al. [27] 2020 126 ChTEVAR 158 9 32 85 0
Zhang et al. [33] 2020 364 ChTEVAR 518 21 112 231 N/A
Huang et al. [16] 2019 226 ChTEVAR 230 22 13 191 0
Bosiers et al. [9] 2016 95 ChTEVAR 102 13 24 63 N/A
O’Callaghan et al. [25] 2014 18 ChTEVAR 18 1 16 1 0
Li et al. [22] 2021 16 F/BTEVAR 39 16 0 0 0
Fernandez-Alonso et al. [14] 2020 14 FTEVAR 15 6 8 0 0
Sato et al. [26] 2020 37 FTEVAR N/A 31 5 0 0
(1 pat. (1 pat.
missing) missing)
Tsilimparis et al. [30] 2020 44 FTEVAR 73 12 27 5 0
Yuri et al. [32] 2017 54 FTEVAR N/A 51 3 0 0
Iwakoshi et al. [17] 2015 32 FTEVAR 71 30 2 0 0
Kurimoto et al. [20, 24] 2015 37 FTEVAR 74 37 0 0 0
O’Callaghan et al. [25] 2014 15 FTEVAR 15 1 13 1 0
Li et al. [21] 2021 513 SM FTEVAR 626 54 77 382 N/A
Chassin-Trubert [11] 2021 50 SM FTEVAR 100 49 1 0 0
Li et al. [23] 2021 37 SM FTEVAR 104 37 0 0 0
Shu et al. [27] 2020 102 SM FTEVAR 113 1 7 93 1
Zhang et al. [33] 2020 110 SM FTEVAR 165 10 35 65 N/A
Canaud et al. [10] 2019 17 SM FTEVAR 34 17 0 0
Kuo et al. [19] 2019 13 SM FTEVAR 38 13 0 0
Zhu et al. [34] 2018 10 SM FTEVAR 22 5 0 0

Notes. Nr. of TV: number of target vessels; LZ: landing zone; ChTEVAR: chimney-thoracic endovascular aortic repair; FTEVAR: fenestrated TEVAR; BTEVAR:
branched-TEVAR; SM-TEVAR: surgeon-modified TEVAR.

analyzed studies varied between 0% and 18.5% (Electronic
supplementary material [ESM] 1).

Another important outcome here is the periprocedural
stroke. We found an estimated proportion of the stroke
(major and minor combined) of 4.8% (95% CI: 3.5-
6.6%). Similar to “mortality” the bias was not significant
(P=.358) and the heterogeneity was (Q. P .001; [*’=50%)
(ESM 2). The spinal cord ischemia (SCI) has an estimated
rate of 2% (95% CI: 1.4-2.8%) without significant hetero-
geneity (Q. P=.67; ’=0%) or bias (P=.126).

Furthermore, the in the meta-analysis included studies
reported a 0.9% event rate of retrograde type A aortic dis-
section (rAAD) as a complication resulting in a pooled esti-
mation of 1.9% (95% CI: 1.3-2.7%) without a significant
heterogeneity (Q. P=.831; 1’=0%) or publication bias
(P=.279) (ESM 3).

The re-interventions were required in 237 patients
(10.2%) yielding a pooled estimated rate of 11.4%
(95% CI: 7.8-16.4%) with a significant heterogeneity
(Q. P<.001; I’=85%) and bias (P=.031) (ESM 4).
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Interestingly a high rate of patency was reported during
follow-up (all the studies but one [26] provided informa-
tion) with an estimated event rate of 97.6% (95% CI:
95.8-98.7%). However, publication bias (P<.001) and
heterogeneity (Q. P<.001; ’=67%) were both significant.

Meta-regression

A meta-regression analysis using the endovascular
methods as moderators and the CMD as a reference group
showed no significant variation between the groups in
mortality (P=.324) or the rAAD (P=.219), showed however
a significant difference between the therapeutic methods
regarding stroke P<.001 (lower rate in ChTEVAR and SM
vs. CMD). Similarly, the SCI was significantly more fre-
quent in the CMD group compared to SM TEVAR group
(P=.007) and showed a tendency to have a higher rate
compared to ChTEVAR (P=.06).

Regarding endoleak, the SM and CMD groups have
significantly lower endoleak rate than ChTEVAR group

© 2023 Hogrefe
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Table Ill. The results of the meta-analysis and the assessment of heterogeneity (Cochrane-Q and I tests) and the bias (Egger’s test) in the studies according to different outcomes
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|2

Q-test (P)

SM-TEVAR Egger (P)

|2

Q-test (P)

Egger (P)

CMD

|2

Q-test (P)

Egger (P)

ChTEVAR

Outcome*

47%

.066
.837
741
.805
.682

.381
.068
.361
212
<.001

96.9% (93.5-98.6%)

17%
66%

.259
<.001

0%
0%
0%
0%

2.8% (1.9-4.3%)
2.7% (1.8-4.1%)
2.7% (1.8-4.1%)

0%
9%
0%

.595
.351
971

0.9% (0.4—2%)
1.5% (0.8-2.6%)

8.4% (3.5-18.7%)
97.2% (89.5-99.3%)

L

94.5% (91.4-96.5%)

<.001 90.7%

184
.27

93.9% (81-98%)
17.5% (9.5-29.8%)

Technical success

8.5% (4.8-14.5%)

90%
84.9%
58.6%

<.001

PostOP endoleak I/1lI
30-day mortality

Stroke

6% (4.2-8.7%)

<.001

.108
493
.304
.067
161

.002

5.4% (2.2-12.7%)
3.4% (1.7-6.4%)
1.6% (0.07-3.3%)

8.4% (6-11.5%)
3.1% (1.8-5.1%)

2.5% (1.4-4.5%)

.024
2

23%
42%

51

Spinal cord ischemia

.263

.95
<.001

.001
<.001

A1

.001

1.5% (0.6-3.8%)
11.5% (5.5-22.5%)
97.9% (92.8-99.4%)

Retro. A dissection

<.001 82%

.23
.066

78%

13.4% (81-21.4%)

88%

Re-intervention

85%

.001

0%

.95

<.001

97.6% (95.5-98.7%)

73%

.001

Primary patency

Notes. *The outcomes reported as an estimated pooled proportion with 95% Cl (confidence interval).

(P<.001 and P=.04, respectively). Moreover, the SM group
had less endoleak than the CMD (P=.007). Furthermore,
all three methods showed no significant difference in re-
intervention rate during follow-up (P=.621).

Discussion

The present meta-analysis offers a summary with a detailed
analysis of the up to date published data regarding the
endovascular procedures the most used in the aortic arch
focusing on the feasibility, safety and the operative
outcomes.

In this analysis, we included only studies with at least
10 patients in whom two or more supra aortic vessels were
endovascularly vascularized. The reason for this decision
was the complexity and the frequent periprocedural
complications of endovascular repair in zones 1 and O com-
pared to more distal, proximal landing zones.

We found a high technical success estimated rate >94%
throughout all the three procedural types (Table III). How-
ever, a significant heterogeneity in ChTEVAR group and
publication bias in the CMD group were detected.

Despite the wide variation of the reported 30-day
mortality in the analyzed studies between 0% and 18.5%,
the estimated proportion was low with 4.6% (95% CI: 3.2-
6.6%) particularly when compared to this reported by
Liakopoulos et al. in their experience with frozen elephant
truck (FET) in treating aortic arch diseases (11.1% for non-
acute A dissections) [35] and to the mortality rate (8.8%)
described in a large review of FET with over 3000 patients [36].

Other important outcomes, the periprocedural stroke
and the SCI were estimated to be 4.8% (95% CI: 3.5-
6.6%) and 2% (95% CI: 1.4-2.8%) respectively, in all proce-
dures combined. These rates are clearly lower than the
prevalence of stroke and SCI varying between 8.8-15.2%
and 5.6-8.8% reported in most FET series [35, 37, 38].
However, a meta-analysis of arch hybrid repair and open
repair from 2013 showed a lower prevalence of stroke with
7.6% and 6.2%, respectively [39].

Although the SM TEVAR and CHTEVAR showed in the
meta-regression better stroke rate than the CMD, we
should mention that the proximal landing zones O and I
were clearly more frequent in the CMD compared to the
ChTEVAR (35%) and SM TEVAR (36%) groups (ESM 5),
and this in turn can explain the higher calculated stroke
rate in the CMD group [40].

Although the stroke rates in all groups were lower than
that reported in the standard TEVAR [41], the cerebrovas-
cular accidents still a major challenge of the aortic arch
endovascular repair due to the risk of atherosclerotic and
gaseous embolization. Thus, some authors recommend
the temporary clamping of the carotid arteries during
manipulation/deployment of the stent graft and to flush
the devices with CO, before saline to reduce the air trapped
in the graft [29, 42].

Interestingly, the SCI was also higher in the CMD group
with an incidence of >5% reported in three series;
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Technical success

Study name Comparison  Statistics for each study

Event Lower Upper

rate limit limit Z-Value p-Value
Clough et al.[12] BTEVAR 0,900 0,732 0,967 3,610 0,000
Haulon et al.[15] BTEVAR 0,840 0,688 0,926 3,747 0,000
Kudo et al.[18] BTEVAR 0,983 0,777 0,999 2,834 0,005
Lu et al.[24] BTEVAR 0,990 0,864 0,999 3,261 0,001
Tenorio et al.[28] BTEVAR 0,988 0,829 0,999 3,070 0,002
Tsilimparis et al.[29] BTEVAR 0,980 0,879 0,997 4,004 0,000
Verscheure et al.[31] BTEVAR 0,943 0,858 0,978 5,443 0,000
Ahmad et al.[8] ChTEVAR 0,980 0,879 0,997 4,004 0,000
Bosiers et al.[9] ChTEVAR 0,895 0,816 0,943 6,403 0,000
Callaghan et a.[ 25] ChTEVAR 0,974 0690 0,998 2519 0,012
Dueppers et al.[13] ChTEVAR 0,375 0,229 0,548 -1421 0,155
Huang et al.[16] ChTEVAR 0,840 0,786 0,882 9,139 0,000
Shu et al.[ 27] ChTEVAR 0,996 0,940 1,000 3,905 0,000
Zhang et al.[ 33] ChTEVAR 0,999 0978 1,000 4658 0,000
Lietal.[22] F/BTEVAR 0,971 0,664 0,998 2436 0,015
Callaghan et al.[25] FTEVAR 0,933 0,648 0,991 2550 0,011
Fernandez-Alonso etal[14fTEVAR 0967 0,634 0,998 2341 0,019
Iwakoshi et al.[17] FTEVAR 0,910 0,751 0,971 3,746 0,000
Kurimoto et al.[20, 24] FTEVAR 0,987 0,822 0,999 3,033 0,002
Sato et al.[26] FTEVAR 0,973 0,832 0,996 3,534 0,000
Tsilimparis et al.[30] FTEVAR 0,950 0,830 0,987 4,257 0,000
Yuri et al.[32] FTEVAR 0,991 0,871 0,999 3,302 0,001
Lietal[21] SMFEVAR 0,986 0,971 0,993 11,322 0,000
Canaud et al.[10] SM FTEVAR0,972 0,678 0,998 2479 0,013
Chassin-Trubert[11] SM FTEVARO0,940 0,830 0,981 4,621 0,000
Kuo et al.[19] SMFTEVAR0,964 0,616 0,998 2289 0,022
Li etal.[23] SM FTEVAR0,919 0,777 0,974 4,031 0,000
Shu et al.[27] SM FTEVARO0,990 0,934 0,999 4,618 0,000
Zhang et al.[33] SM FTEVAR0,995 0,932 1,000 3,808 0,000
Zhu et al.[34] SM FTEVAR0,900 0,533 0,986 2,084 0,037

0,902 0,882 0,919 20,873 0,000

Event rate and 95% CI

N 1|.|1||l|\\ = Lt

-1,00 -0,50 0,00 0,50 1,00

Meta analysis

Figure 2. Forest plot of the overall estimated proportion of technical success.

Endoleak I/l

Study name Comparison Statistics for each study
Event Lower Upper
rate limit limit Z-Value p-Value
Clough et al.[12] BTEVAR 0,133 0,051 0,306 -3,485 0,000
Haulon et al.[15] BTEVAR 0,158 0,073 0,310 -3,763 0,000

Kudo et al.[18] BTEVAR 0,017 0,001 0,223 -2,834 0,005
Lu etal.[24] BTEVAR 0,010 0,001 0,136 -3,261 0,001
Tenorio et al.[28] BTEVAR 0,077 0,025 0,213 -4,135 0,000
Tsilimparis et al.[29] BTEVAR 0,019 0,003 0,120 -3,933 0,000

Verscheure et al.[31]
Ahmad et al.[8]
Bosiers et al.[9]
Callaghan et a.[ 25]
Dueppers et al.[13]
Huang et al.[16]

BTEVAR 0,014
ChTEVAR 0,148
ChTEVAR 0,105
ChTEVAR 0,056
ChTEVAR 0,788
ChTEVAR 0,164

0,002
0,076
0,058
0,008
0,617
0,121

0,094 -4,204 0,000
0,269 -4,566 0,000
0,185 -6,401 0,000
0,307 -2,753 0,006
0,895 3,082 0,002
0,218 -9,072 0,000

Shu etal[27] ChTEVAR 0,111 0,067 0,179 -7,336 0,000
Zhang etal[ 33] ChTEVAR 0,107 0,079 0,143-12,512 0,000
Li etal.[22] F/BTEVAR 0,029 0,002 0,336 -2,436 0,015

Callaghan et al.[25] FTEVAR 0,031
Fernandez-Alonso etal.[14TEVAR 0,033
Iwakoshi et al.[17] FTEVAR 0,094
Kurimoto et al.[20, 24] FTEVAR 0,324
Sato et al.[26] FTEVAR 0,270
Tsilimparis et al.[30] FTEVAR 0,159
Yuri et al [32] FTEVAR 0,019
Lietal[21] SM FEVAR 0,033
Canaud et al.[10] SM FTEVARO0,028
Chassin-Trubert[11] SM FTEVARO0,020

0,002
0,002
0,031
0,194
0,152
0,078
0,003
0,021
0,002
0,003

0,350 -2,390 0,017
0,366 -2,341 0,019
0,254 -3,741 0,000
0,489 -2,090 0,037
0,433 -2,683 0,007
0,298 -4,040 0,000
0,120 -3,933 0,000
0,053-13,676 0,000
0,322 -2,479 0,013
0,129 -3,853 0,000

Kuo et al.[19] SM FTEVARO0,036 0,002 0,384 -2,289 0,022
Li et al.[23] SM FTEVARO0,013 0,001 0,178 -3,033 0,002
Shu et al.[27] SM FTEVAR0,010 0,001 0,066 -4,592 0,000
Zhang et al.[33] SM FTEVARO0,009 0,001 0,062 -4,670 0,000

Zhu et al.[34] SM FTEVARO0,045

081

0,003
0,054

0448 -2103 0,035
0,121-10,693 0,000

Event rate and 95% CI

* *++TITT"' T g

-1,00 -0,50 0,00 0,50 1,00

Meta analysis

Figure 3. Forest plot of the overall estimated proportion of perioperative endoleak type I/1ll.

Tsilimparis et al. [29] reported a 5.6% rate with one case of
permanent and two of temporary paraplegia without
providing more information about the length of aortic cov-
ering, the use of spinal drainage or subclavian reconstruc-
tion. Kurimoto et al. [20] reported SCI in 3 patients
(5.4%), in whom the distal end of the stent graft was at
the level of Th 10, 8 and 6, one with a covered, not

Vasa (2023), 52 (3), 175-185

reconstructed left subclavian artery and two with occluded
iliac arteries. An even higher rate (6.7% - only one patient)
was mentioned by O’Callaghan et al. [25]. This patient
developed lower limb weakness after removal of the spinal
drainage and recovered after reinserting it. In the same
study, the authors reported a 5.6% SCI between the 18
patients who received ChTEVAR. The covered subclavia
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artery in the patient who developed the ischemia was not
reconstructed due to the urgency of case and without
improvement after the delayed revascularization.

From the systematic analysis of Prendes et al. [4] only
one study [43] met the inclusion criteria we used for this
meta-analysis. In this study, 148 patients with 183 arch ves-
sels were treated with in-situ laser fenestration of a thoracic
stent-graft (using 980-nm laser system calibrated to deliver
pulses at 18 W of energy in 3 seconds) due to aortic arch
pathologies with 97.3% technical success.

The reported 30-day mortality was 2.9% with a stroke
rate of 5% similar to the estimated pool proportion of our
study groups.

There were seven endoleaks (4.7%: one type Ib, three
type IIIC, and three type II), three retrograde dissections
(2.0%), and five strokes (3.4%). No branch stent graft
occlusion or spinal ischemia was reported.

To provide a comparative overview of the 3 methods we
analyzed we performed a meta-regression analysis. This
analysis showed a significant higher rate of endoleak Type
I/II than SM TEVAR and CMD despite the significant
heterogeneity of the ChTEVAR studies (Q. P<.001;
°=90%). The reported endoleak in the ChTEVAR series
ranged between 5.6% [25] and 16.4% [16] except for the
very high 78.8% endoleak rate reported by Dueppers
et al. [13]. However, in this study (included 33 patients)
no standardized method was used; chimneys, periscopes,
sandwich and debranching with different target vessels,
proximal neck lengths and diverse lengths of bridging
stents. To reduce the incidence of gutter endoleaks in
ChTEVAR a sealing zone distal to the last chimney graft
of more than 10 mm was suggested [44].

The re-intervention was frequently needed in 11.4%
(pooled) of patients but not significantly varied between
the different methods used: ChTEVAR 11.5%, CMD
13.4% and SM TEVAR 8.4%.

Reasons for re-intervention were new endoleaks, stent
graft migration, stent induced new entry (SINE), bridging
stents occlusion, aneurysmal degeneration and new false
lumen formation.

Although the re-intervention seemed to be relatively fre-
quent, the reported patency during follow up was remark-
ably high; ~98% as a pool estimation in ChTEVAR and
CMD groups (with a significant publication bias) and 97%
in the SM TEVAR group.

The most feared complication in the aortic arch is the
rAAD. Fortunately, the incidence of this catastrophic com-
plication still low with a pooled estimation of 2%. However,
higher incidences (5.6-6.7%) were reported in several
works [8, 17, 22, 25]. To reduce the incidence of the rAAD
in TEVAR procedures; avoidance of post-ballooning,
abstain from the use of stent grafts with proximal bare
springs and from the excessive oversizing of the aortic stent
grafts especially in patients with type B aortic dissection
were suggested [45, 46].

Finally, although the CMDs (as fenestrated or branched)
are going to be more and more implemented in the

© 2023 Hogrefe

treatment of arch pathologies, the long time required for
their production limits their use in the urgent situation.
Therefore, the SM TEVAR and ChTEVAR still find their
place in the endovascular armamentarium with acceptable
outcomes, may be until an off-the-shelf fenestrated/
branched device is available.

Limitations

An important limitation is the absence of data directly com-
paring the different endovascular methods in the aortic
arch in term of a case-control study due to the nature of
the patients and the pathologies treated using the endovas-
cular method as an alternative to open repair.

Similarly, direct comparison between endovascular and
open repair does not exist. Being applied mostly in older
patients suffering from severe comorbidities and frailty,
long-term results of endovascular repair of the aortic arch
are lacking and against this background, favorable out-
comes of open repair seem somehow unsurprising.

Moreover, the significant heterogeneity and bias seen in
many outcomes of the reviewed study reduces the robust-
ness of the reported outcomes.

Conclusions

The present meta-analysis could demonstrate acceptable
short- and long-term outcomes of the multiple total
endovascular repair methods (ChTEVAR, SM TEVAR and
CMD) used in the aortic arch. Despite the higher stroke
rate seen in the CMD groups, this method was used mainly
in zone O and 1 compared to the other methods. The ChTE-
VAR had significantly more perioperative endoleaks.

However, the study is limited by the heterogeneity and
publication bias and the absence of studies directly com-
paring the different methods with each other.

Electronic supplementary material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doi.org/
10.1024/0301-1526/a001061

ESM 1. Forest plot of the overall estimated proportion of
mortality. (Figure)

ESM 2. Forest plot of the overall estimated proportion of
stroke. (Figure)

ESM 3. Forest plot of the overall estimated proportion of
retrograde type A aortic dissection. (Figure)

ESM 4. Forest plot of the overall estimated proportion of
reintervention. (Figure)

ESM 5. A diagram showing the landing zones according
to the endovascular method. (Figure)
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Summary: Background: Cardiovascular risk factors (CVRF) are associated with major cause of death and disability in Sub-
Saharan Africa, especially in women. The contribution of obstetrical, psychological, and socio-economic factors in CVRF are
not yet well described in Africa. We aimed to compare the prevalence of CVRF between men and women, and to determine the
factors associated to these sex-related differences. Patients and methods: A cross-sectional study was conducted on the
2019 data of the TAHES cohort in a geographically defined general population in Benin. A standardized questionnaire adapted
from the World Health Organization (WHO) STEPS instrument was used to collect data. Univariate and multivariate analysis
has been performed to determine CVRF differences in both sexes. Women-specific logistic regressions have been performed
on CVRF previously identified as positively associated to female sex, to assess their association with socio-economic,
psychological, and obstetrical factors. Results: We included 1583 patients, with a median age of 39 years [range: 32-53
years]. Prevalence of diabetes (1.2% vs. 3.4%, p=0.0042), abnormal kidney function (15.5% vs. 8.4%, p=0.0002), obesity
(12.5% vs. 4.1%, p<0.0001), tobacco-smoking (3.4% vs. 14.1%, p<0.0001) and reduced physical activity (69.9% vs. 50.7%,
p<0.0001) differed significantly between women and men, respectively. In multivariate analysis, female sex was independently
and significantly associated with obesity, anxiety, depression and reduced physical activity. Number of pregnancies was
associated with a reduced physical activity. Hypertension was associated with gestational hypertension. Conclusions: Obesity
and reduced physical activity are significantly and independently more frequent in Beninese women than the male
counterparts. Hypertension prevalence in Benin is alarming in both sexes. Targeted prevention strategies against obesity,
gestational hypertension and sedentary lifestyle are advocated in African women.

Keywords: Africa, women, cardiovascular, risk factors, sedentary behavior, epidemiology, gestational hypertension

Introduction

An epidemiological transition is ongoing in SubSaharan
Africa (SSA), from communicable to non-communicable
diseases [1]. Currently, the risk of death secondary to
non-communicable diseases is the highest in African coun-
tries for both sexes [2]. Non-communicable diseases are
rising quickly, and will be the first cause of death in Africa
in 2030 [3]. Among them, cardiovascular diseases have a
heavy burden [3]. Cardiovascular diseases are influ-
enced by numerous cardiovascular risk factors (CVRF),
such as age, obesity, hypertension, dyslipidemia, diabetes,

Vasa (2023), 52 (3), 186-192
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abnormal kidney function [4, 5] as well as psychosocial
factors [4, 6].

Women in SSA have the highest death rate due to hyper-
tension in the world [7]. They also have the highest impact
of obesity on DALY [7]. Despite all those data, very few
studies have been performed to determine cardiovascular
risk factors prevalence and their associated factors in this
population. Moreover, the link between cardiovascular
issues and obstetrical status in this area remains unclear,
while the birth rate is high and pregnancy could lead to car-
diovascular diseases [8]. Countries in SSA are mostly cate-
gorized as low-income countries with poor access to drugs.
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Prevention should play an important role in their public
health politics to limit the social and economic impact of
cardiovascular diseases.

Our primary objective was to describe CVRF prevalence
in an SSA community and to compare them between men
and women. Our secondary objective was to determine
clinical and socio-economic factors associated with CVRF,
and their specificities according to sex.

Patients and methods

The TAHES cohort

TAHES is an epidemiological survey started in 2015 and
conducted in a rural community of Benin (Tanvé), focused
on cardiovascular diseases. The protocol and its feasibility
were reported. All patients were recruited by a door-to-door
approach, whatever was their health condition. They were
invited to undergo a medical examination the day after
their inclusion at the local health center. A standardized
questionnaire adapted from the World Health Organization
(WHO) STEPS instrument was used to collect data [9]. In
addition to the standard questionnaire, information on
previous pregnancies and creatinine measurement were
collected. All data were anonymized. This study was con-
ducted in accordance with General Data Protection Regula-
tion (GDPR) laws and Helsinki’s human rights declaration
and subject consent required. Our study protocol was
declared to the local ethic comity (visa N° 0411/CLERB-
UP/P/SP/R/SA).

Study population

A cross-sectional study on the 2019 data of the TAHES
cohort was performed. In 2019, obstetrical and renal data
have been recorded for the first time. All consecutive
patient >25 years were included. Younger citizens were
not included, considering the very low prevalence of car-
diovascular disease below 25 years. Exclusion criterion
were a history of severe mental deficiency, a current preg-
nancy, and living in Tanvé area for less than 6 months.

Socio-economic and demographic data

Socio-economic data were marital status, education level,
professional category, frequency of fruits and vegetables
intakes, frequency of salt consumption, alcohol intake dur-
ing the last 30 days, current smoking, and weekly-physical
activity. All data were declared by subjects. Demographic
data were sex and age.

Clinical data

Clinical data were obstetrical history, anthropometric data,
psychological status, blood pressure on both arms, dia-
betes, and abnormal kidney function.

© 2023 Hogrefe

Obstetrical history

Obstetrical data consisted in the number of pregnancies,
age at the first and the last pregnancy and gestational
hypertension. Missing data have not been replaced. Late
pregnancy was defined as a first and/or a last pregnancy
at 35 years old or older.

Anthropometric data

Anthropometric data consisted in weight, height, and
Body mass index (BMI). BMI value was determined as:
BMI=weight (kg)/height (m)>.

Psychological status

Psychological status was determined by 9-items Goldberg
scale for anxiety and depression. At least 5 symptoms in
anxious dimension were necessary to consider the person
as anxious. At least 2 symptoms in depressive dimension
were necessary to consider the person as depressed.

High blood pressure

ESC recommendations were used to define high blood
pressure. Three measures were realized on each arm. The
two last measures were averaged for each arm. The highest
mean was considered as the person’s blood pressure value.
Hypertension was defined as a history of hypertension
requiring medical treatment or a systolic blood pressure
>140 mmHg/a diastolic blood pressure >90 mmHg dur-
ing physical examination.

Diabetes

Diabetes was defined as a current intake of antidiabetic
drugs or a fasting glycemia equal or above 1.26 g/I. Only
one fasting glycemia measurement was performed during
data collection.

Abnormal kidney function

Abnormal kidney function was defined as an estimated
glomerular filtration rate (eGFR) <60 ml/min/1.73 m?
CKD-Epi formula was used, adjusted on sex, ethnicity
and creatinemia value. Creatinemia values from subjects
with technical issue were missing and not replaced (n=238).

Statistical analysis

Variable’s distribution was defined as not normal by
Shapiro-Wilk test. Continuous variables were reported
using median (interquartile range) and categorical vari-
ables using n (percentage). Qualitative variables were com-
pared using Pearson’s y> or Fisher exact test, while
Mann-Whitney test was used to compare quantitative
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variables according to sex. Odds-ratio (OR) with their 95%
confidence interval ([95%CI]) and their p-value were
determined for each variable according to sex. A p-value
<0.25 at univariate analysis was required for inclusion in
multivariate analysis.

Backward stepwise logistic regressions were performed
on CVRF and socio-economic variables in general popula-
tion, to confirm their significant and independent associa-
tion with female sex. A second logistic regression was
performed focusing on CVRF in female population, to
include women-specific factors, such as obstetrical data.
OR with 95%CI and p-value were determined (p-value
threshold <0.05).

All statistical analyses were performed on JMP Pro (ver-
sion 16.0.0, SAS INSTITUTE JMP, Brie Comte Robert,
France), and JASP (version 0.14.0.1, Amsterdam Univer-
sity, Amsterdam, the Netherlands).

Results

General population analysis

Overall, 1583 subjects (973 women, 61.5%) were included.
Population characteristics are displayed in Tables I and IL
Diabetes, alcohol consumption and smoking were signifi-
cantly more prevalent in male population. Women were
significantly more frequently obese (12.5%), anxious
(11.7%), depressed (22.4%), with abnormal kidney function
(15.5%), no education (74.7%) and a limited physical activ-
ity (<3 days a week) (69.9%). Age, history of hypertension,
salt consumption and fruits/vegetables intake were similar
in both sexes. Means of transports in the general population
are car (5%), motocycle (61.3%) and bike (22.2%). Men
used significantly more bikes and motocycle than women
(p<0.001), while no significant difference was found
regarding car (p=0.544).

Multivariate analysis results are displayed in Table IIL
Female sex was significantly and independently associated
with obesity (p<0.001) and reduced physical activity
(p<0.001), while association to abnormal kidney function
had borderline results (p=0.057). Significant association
was also found with socio-economic variables, such as anx-
iety (p<0.001) and having no education (p<0.001).

Cardiovascular risk factors in women

In the female population, median number of pregnancies
was 6 [4, 5, 6, 7, 8] and median age at first pregnancy
was 20 [17, 18, 19, 20, 21, 22]. We found that 33.3% of
women have been concerned by a late pregnancy, and
10.4% by gestational hypertension. In a specific analysis
limited to women, we added obstetrical data along with
CVREF. Obesity was significantly and independently associ-
ated with age (OR 0.972 [0.958-0.985], p<0.001) and
hypertension (OR 2.956 [2.042-4.279], p<0.001). Limited
physical activity was significantly and independently
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associated with increased number of pregnancies, monthly
amount of alcohol consumption, limited vegetables intake
and being a farmer or an independent occupation (Figure 1).
Hypertension was significantly and independently associ-
ated with age, obesity and gestational hypertension (Fig-
ure 2). Regarding LEAD in women population, no specific
associated factor has been found.

Discussion

To the best of our knowledge, our study is the first to com-
pare the CVRF in the two sexes in a SSA community. Our
study shows differences between men and women regard-
ing cardiovascular risk factors prevalence. Compared to
male, female participants had significantly and higher rates
of obesity, abnormal kidney function and limited physical
activity. Hypertension prevalence was similarly high in
both sexes.

Hypertension and obesity prevalence are higher in our
population than the 13-14% and 9-27% reported by litera-
ture [10, 11, 12]. On the other hand, chronic kidney disease
and smoking prevalences are consistent with the 15.8-17%
and the 0.4-71% respectively reported [11, 13]. Kerekou
et al. noticed a higher limited physical activity prevalence
than ours, from 51.8% for men to 62.2% for women [14].
There is an important discrepancy regarding diabetes
prevalence, ranging from 0% to 16% elsewhere in SSA
[15]. However, our data regarding diabetes are consistent
with Price et al. results, who found a 2-3% prevalence in
a >30 years old population [10]. Thus, LEAD prevalence
is higher than CHD prevalence, which is consistent with
previous studies on European and North-American popula-
tions [16].

By comparison with European countries, our general
population is less concerned by diabetes (2% vs. 11%)
[17], obesity (9% vs. 23%) [18] and limited physical activity
(10.8% vs. 30%) [19]. However, hypertension prevalence is
similar (32% vs. 30-45%) [20]. We can also highlight the
low prevalence of smoking in our population, while the
worldwide one is established at 22.3% by the World Health
Organization [21]. Smoking is still not well considered in
SSA countries, which could explain this result.

We found that women had significantly and indepen-
dently higher rates of obesity and limited physical activity.
Obesity was more frequent in younger women and those
with hypertension. Regarding the high prevalence of seden-
tary lifestyle and its association to female sex, specific edu-
cational strategies must be implemented to promote
physical activity among women, and especially in those
with no pregnancies and/or obesity. Public health politics
in SSA countries should adjust to the rise of obesity and lim-
ited physical activity [22].

Hypertension prevalence was not different according to
sex. However, the prevalence was similar to the worldwide
one, while previously projected prevalence in Africa was
17.4% in 2025 [12]. This high prevalence is alarming,
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Table I. Population characteristics according to sex

General population Women Men

Variable (n=1583) (n=973, 61.5%) (n=610, 38.5%) p-value
Age, median [IQR] 39 [32-53] 39 [32-53] 40 [33-52] 0.2068
Marital status, n (%) <0.0001
Married/ in a relationship 1321 (83.5%) 764 (78.5%) 557 (91.3%)
Widower/divorced 219 (13.8%) 199 (20.4%) 20 (3.3%)
Single 43 (2.7%) 10 (1%) 33 (6.4%)
Education level, n (%) <0.0001
No education 1003 (63.4%) 727 (74.7%) 276 (45.2%)
Occupation, n (%) <0.0001
Independant 1092 (70%) 738 (75.8%) 354 (58%)
Farmer 257 (16.2%) 109 (11.2%) 148 (24.3%)
Employee 94 (5.9%) 5 (4.6%) 49 (8%)
Inactive 140 (8.8%) 1(8.3%) 59 (9.7%)
Fruits consumption, n (%)
<3 days/week 665 (42%) 413 (42.5%) 252 (41.3%) 0.6562
Vegetables consumption, n (%)
<3 days/week 171 (10.8%) 96 (9.9%) 5 (12.3%) 0.1298
Salt use in supply, n (%)
During cooking 0.5041
Never/sometimes 8 (0.5%) 4 (0.4%) 4 (0.7%)
Often/always 1575 (99.5%) 969 (99.6%) 606 (99.3%)
During lunch 0.6952
Never/sometimes 1323 (83.6%) 816 (83.9%) 507 (83.1%)
Often/always 260 (16.4%) 157 (16.1%) 103 (16.9%)
Psychological status
Anxious, n (%) 153 (9.7%) 114 (11.7%) 39 (6.4%) 0.0005
Depressed, n (%) 319 (20.1%) 218 (22.4%) 101 (16.6%) 0.0048
Alcohol consumption, n (%) 764 (48.3%) 353 (36.3%) 411 (67.4%) <0.0001
Table Il. Cardiovascular risk factors and cardiovascular disease according to sex
General population Women Men
Variable (n=1583) (n=973, 61.5%) (n=610, 38.5%) p-value
Blood pressure <0.0001
Systolic blood pressure values, median [IQR] 122 [98-145] 117 [108-134] 123 [114-135] 0.0689

81 [64-97]
509 (32%)

80 [73-89]
317 (32.6%)

81 [74-89] 0.6471
192 (31.5%)

Diastolic blood pressure values, median [IQR]
Hypertension, n (%)

Kidney function

eGFR, median [IQR] 85 [49-121] 83 [68-103] 87 [72-107] 0.0025
Abnormal kidney function, n (%) 174 (13%) 133 (15.5%) 41 (8.4%) 0.0002
Smoking, n (%) 119 (7.5%) 33 (3.4%) 86 (14.1%) <0.0001
BMI
BMI, median [IQR] 22.4 [16.5-28.3] 22.7 [20.1-26.3] 22.1 [19.6-25.1] <0.0001
Obesity, n (%) 147 (9%) 122 (12.5%) 25 (4.1%) <0.0001
Diabetes, n (%) 32 (2%) 12 (1.2%) 20 (3.4%) 0.0042
Reduced physical activity, n (%) 171 (10.8%) 96 (9.9%) 75 (12.3%) 0.1298
Cardiovascular disease, n (%) 14 (0.9%) 8 (0.8%) 6 (1%) 0.7386
Stroke 6 (0.4%) 2 (0.2%) 4 (0.6%) 0.1795
LEAD 7 (0.4%) 5 (0.5%) 2 (0.3%) 0.5904
Coronary heart disease 1 (0.06%) 1(0.1%) 0 0.9862
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Table Ill. Cardiovascular risk factors and socio-economic characteristics associated to female sex

Univariate analysis

Multivariate analysis

Variable OR [CI95%] p-value OR [CI95%] p-value
Marital status, n (%)
Married/ in a Relationship 4.526 [2.212-9.261] <0.001 2.892 [1.225-6.868] 0.015
Widower/divorced 32.835 [14.123-76.341] <0.001 29.629 [10.814-81.180] <0.001
Single - -
Education level
No education 3.576 [2.884-4.435] <0.001 3.884 [2.974-5.073] <0.001
Occupation
Independant 1.519 [1.061-2.173] 0.022 2.086 [1.265-3.439] 0.004
Farmer 0.536 [0.354-0.814] 0.003 0.514 [0.293-0.900] 0.020
Employee 0.669 [0.395-1.132] 0.134
Inactive - -
Psychological status
Anxious 1.943 [1.331-2.838] <0.001 2.168 [1.343-3.469] 0.017
Depressed 1.455 [1.121-1.890] 0.005 1.340 [0.940-1.912] 0.106
Alcohol consumption 0.276 [0.223-0.341] <0.001 0.261 [0.203-0.337] <0.001
Hypertension 1.052 [0.847-1.307] 0.647
Abnormal kidney function 2.006 [1.386-2.902] <0.001 1.564 [0.987-2.480] 0.057
Smoking 0.214 [0.141-0.324] <0.001 0.128 [0.071-0.232] <0.001
Obesity 3.353 [2.163-5.222] <0.001 6.293 [3.413-11.604] <0.001
Diabetes 0.363 [0.176-0.748] 0.006 0.255 [0.096-0.676] 0.006
Reduced physical activity 2.261[1.833-2.788] <0.001 1.830 [1.8371-2.44] <0.001

Number of previous pregnancies

-

Alcohol consumption  —+—

Qccupation : independant ——

Qccupation: farmer

Qccupation: employe =———-

Fruits consumption : > 3 days / week

Vegetables consumption: < 3 days / week
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Factors associated to limited physical activity in women

—_—
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Figure 1. Associated factors to limited physical activity (<3 days/week) in women.
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Gestational hypertension
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Figure 2. Associated factors to hypertension in women.

considering hypertension as the sixth risk factor in term of
attributable global burden disease in western SSA countries
[23]. Regarding the high salt-consumption in this area,
specific preventive actions are mandatory. In addition to
hypertension high prevalence, we can notice that fruit
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and vegetables intakes are quite low. Some studies tend
to show an inverse association between risk of hyperten-
sion and fruits and vegetables consumption [24]. This
result is consistent with the current recommendation of
both American Heart Association and European Society
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of Cardiology regarding a high-intake of vegetables and
fruits in hypertension treatment [25, 26].

We decided to perform a women-only multivariate anal-
ysis on hypertension. We showed that it was linked to ges-
tational hypertension, which prevalence is higher in our
population than previously reported in European and
Northern-American studies [27, 28, 29]. A bias may be
induced by the fact that the questionnaire does not distin-
guish hypertension occurring during pregnancy from
chronic hypertension; however, this high prevalence should
advocate for a targeted action.

Limitations

Our study was based on a general population and reported
original data. However, limitation needs to be acknowl-
edged. First, our population lived in a rural area, limiting
extrapolation of the present results to urban areas.

Collected data did not include several variables, such as
HIV status, dyslipidemia, familial cardiovascular disease
history. Some obstetrical data (history of pre-eclampsia,
birth weight of infant, gestational diabetes, prematurity)
were also lacking. Although numerous declarative data
have been included and are submitted to recall bias, this
effect has been limited by using WHO STEP protocol and
systematic answers control during inclusion. Finally, study
design allowed us to show association between variables,
not to define risk factors.

Conclusions

In sub-Saharan Africa, the prevalence of obesity and lim-
ited physical activity is high and significantly higher than
male counterparts. In addition, the number of pregnancies
in Beninese women seem to be associated with CVRF like
limited physical activity, while gestational hypertension is
associated with hypertension. Longitudinal analysis should
be performed to confirm those associations. In the mean-
time, high prevalence of hypertension, limited physical
activity and obesity in a young-age female population
should lead to targeted public-health actions, focusing on
healthy diet and physical activity.
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Summary: Background: The latest guidelines propose a TcpO2 value of 30 mmHg to help to confirm the diagnosis of chronic
limb threatening ischemia. However, placement of electrodes is not standardised. The relevance of an “angiosome-centred”
approach for TcpO2 electrode positioning has never been evaluated. We therefore retrospectively analysed our TcpO2 results
to study the impact of electrode placement on the different angiosomes of the foot. Patients and methods: Patients consulting
the vascular medicine department laboratory for suspicion of CLTI using TcpO2 electrodes placement on the different
angiosome arteries of the foot (first inter metatarsal space, lateral edge of the foot and plantar side of the foot) were included.
As the mean intra-individual variation is reported to be 8 mmHg, a variation of mean TcpO2 for the 3 locations <8 mmHg was
considered to be not clinically significant. Results: Thirty-four patients (34 ischemic legs) were analysed. The mean TcpO2 was
higher at the lateral edge of the foot (556 mmHg) and plantar side of the foot (65 mmHg) than at the first intermetatarsal space
(48 mmHg). There was no clinically significant variation of mean TcpO2 according to anterior/posterior tibial artery patency
and fibular artery patency. This was present when stratifying on the number of patent arteries. Conclusions: The present study
suggests that multi-electrode TcpO2 is not useful to assess tissue oxygenation in the different angiosomes of the foot to guide
surgical decision; first intermetatarsal electrode alone would be preferred. TcpO2 seems rather to evaluate overall tissue
oxygenation of the foot. Electrode location on the plantar side of the foot may overestimate results and lead to

misinterpretation.

Keywords: Chronic limb threatening ischemia, TcpO2, angiosome, peripheral arterial disease

Introduction

Atherosclerotic disease is the primary cause of lower
extremity arterial disease (LEAD) [1]. LEAD affects more
than 200 million people worldwide and is a common cause
of vascular morbidity [2]. Chronic limb-threatening ischae-
mia (CLTI) is the terminal stage of LEAD; CLTI is charac-
terised by intractable foot pain at rest, wounds, tissue ulcers
and/or necrosis, present for at least 2 weeks. Patients with
CLTI represent approximately 2-3% of all LEAD [3].
Transcutaneous oximetry (TcpO2) measures oxygen dif-
fusion at the skin surface using electrodes, and the latest
guidelines propose a TcpO2 value of 30 mmHg to help to
confirm the diagnosis of CLTI or predict wound healing
[4, 5]. However, in a systematic review Leenstra et al.
reported that placement of electrodes was not standardised

© 2023 Hogrefe

as in a fifth of studies (n=7, 19%) were simply “adjacent” to
an ischaemic lesion, and, although in two-thirds of studies
(n=24, 67%) electrodes were on specific anatomical loca-
tions (dorsum of the foot for the majority) [6], placement
was not based on the angiosome principle first described
in 1987 [7]. This concept is based on anatomical studies,
and delineates the human body into three-dimensional tis-
sue blocks irrigated by specific arteriovenous sources. In
the foot 5 angiosomes have been described, arising from
the posterior tibial artery (n=3; including those that arise
from the lateral and medial plantar arteries), the anterior
tibial artery (n=1), and the peroneal artery (n=1; Figure 1).
Applied to the lower limb, it may help the surgeon to decide
a specific strategy for revascularisation [8].

The relevance of an “angiosome-centred” approach for
TcpO2 electrode positioning has never been evaluated.
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Posteriortibial artery

Anterior tibial artery

Lateral plantar

Fibularartery
Medial plantar

Figure 1. Foot Angiosome model; Electrode placement. A: First
intermétatarsal space; B: Lateral edge of the foot; C: Plantar face.

We therefore retrospectively analysed our TcpO2 results to
study the impact of electrode placement on the different
angiosomes of the foot.

Patients and methods

Data source

Medical records of all patients assessed for suspicion of
CLTI by TcpO2 measurement in the Vascular Medicine
Department Laboratory of the Edouard Herriot hospital,
Lyon, France (part of the university hospitals of Lyon, Hos-
pices Civils de Lyon) from November 2020 to March 2021
were retrospectively identified. The protocol was approved
by the Institutional Review Board of the Hospices Civils de
Lyon (number 21_5418).

Patient selection criteria

Patients were included if they consulted in the clinic for
suspicion of CLTI using TcpO2 electrodes placement on
the different angiosomes of the foot. We considered three
locations. One electrode was on the first intermetatarsal
space covering the anterior tibial artery angiosome. A sec-
ond electrode was on the lateral edge of the foot for the
fibular artery angiosome. A third electrode was on the plan-
tar side of the foot, on the true plantar surface, covering the
posterior tibial artery angiosome (Figure 1).

Patients were excluded if under 18 years of age, if the fol-
low-up was outside of the Hospices Civils de Lyon or if no
data about arterial patency was available (when patients
were referred to our hospital only for TcpO2 testing); those
with ilio-femoro-popliteal obstructive disease were not
excluded.

Study variables

Data collected were patient baseline characteristics includ-
ing aetiology of CLTI, cardiovascular risk factors, cardio-
vascular comorbidities, cardiovascular medications, and
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location of the wound, as was the TcpO2 value for each
location was collected. We also collected patency of fibular,
posterior, and anterior tibial arteries. Arteries were consid-
ered patent in case of permeability irrespective of the
degree of stenosis. Patency was documented according to
available imaging, considering preferentially the results of
arteriography first, then those of computed tomography,
and finally Doppler-ultrasonography. During follow-up,
the collected outcomes were osteitis, revascularization,
amputation and death.

Measurements

Ankle pressure and toe systolic pressure were measured
according to standard operating protocols. TcpO2 mea-
surements were performed using TCM 400 Monitor
(Radiometer®, Neuilly-Plaisance, France) set to default
temperature at 43 degrees Celsius. Patients were in the
supine position and asked to not speak during measure-
ment. TcpO2 values were collected after 20 minutes of
recording and after stabilisation. A value was considered
of good quality if the measurement showed an initial fall.
Patients were asked, as far as possible, not to smoke or
drink coffee/tea in the two hours before measurement to
avoid vasoconstriction. A TcpO2 >95 mmHg was consid-
ered as an outlier value.

Data analysis

The primary endpoint was the mean TcpO2 value accord-
ing to artery patency in each angiosome. The secondary
endpoint was the mean TcpO2 value according to the num-
ber of patent arteries. Descriptive variables are reported as
meanststandard deviation (SD). Because the mean intra-
individual variation is reported to be 8 mmHg, we consid-
ered that a variation of mean TcpO2 for the 3 locations
<8 mmHg was not clinically significant [9].

Results

Thirty-four patients (34 ischemic legs) were analysed. The
majority of patients were male, the mean age was 72.7
years, and the mean body mass index was 27.5 kg/m?. Dia-
betes mellitus was the most frequent cardiovascular risk
factor (73.5%; Table I). Wound location was: toes for
19 (55.9%) patients, heel for 7 (20.6%) patients, trans-
metatarsal amputation scar for 2 (5.9%) patients, leg for
5 (14.7%) patients, and foot without detail for 2 patients.
Nine (26.5%) patients presented with osteitis.

Ankle systolic pressure was measured in 10 (29.4%)
patients; the mean+SD ankle systolic pressures were 103
+32 mmHg in the anterior tibial artery and 7552 mmHg
in the posterior tibial artery, corresponding to a mean+SD
ankle brachial index of 0.76+0.19 and 0.66%0.20,
respectively. The systolic toe pressure was measured in
8 (23.5%) patients; the meantSD systolic toe pressure

© 2023 Hogrefe
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Table 1. Clinical characteristics of the patients

Table Il. Infragenicular arteries patency

Total population, n=34

Total legs, n=34

Sex, male, n (%) 24 (70.6)
Mean age, years (SD) 72.7£15.7
Mean body weight, kg (SD) 76.3£15.5
Mean height, cm (SD) 16711
Mean body mass index, kg/m? (SD) 27.5+5.8
Previous cardiovascular history, n (%)
Former or current smoker 17 (50.0)
Diabetes mellitus 25 (73.5)
Hypertension 23 (67.6)
Hypercholesterolemia 12 (35.3)
Severe renal impairment or transplant 11 (32.4)
Stroke/TIA 10 (29.4)
Coronaropathy 18 (52.9)
Atrial fibrillation 16 (47.1)
Ongoing treatment, n (%)
Antiplalet agent 26 (76.5)
Anticoagulants 14 (41.2)
Statin 26 (76.5)
ACE inhibitors/ARB, n (%) 19 (55.9)

Notes. SD: standard deviation; ACE: angiotensin converting enzyme; ARB:
angiotension receptor blockers.

was 63+18 mmHg corresponding to a mean+SD toe bra-
chial index of 0.41+0.12.

Infragenicular arteries patency characteristics are
described in Table II. Artery patency was documented by
arteriography in 12 (35.3%) legs, by computed tomography
in 9 (26.5%) legs, and by Doppler ultrasonography in

Table Ill. TcpO2 value according to artery patency

Documentation, n (%)

Arteriography 12 (35.3)
Computed tomography 9 (26.5)
Doppler-ultrasonography 13 (38.2)
Patency, n (%)
Legs without patent artery 7 (20.6)
Legs with 1 patent artery 9 (26.5)
Legs with 2 patent arteries 10 (29.4)
Legs with 3 patent arteries 8 (23.5)
Posterior tibial artery patency 17 (50.0)
Anterior tibial artery patency 16 (47.1)
Fibular artery patency 20 (58.8)

13 (38.2%) legs. Seven (20.6%) legs had no patent artery
and 8 (23.5%) had three patent arteries. The proportion
of legs with posterior tibial artery patency was 50.0%
(n=17), with anterior tibial artery patency was 47.1%
(n=16), and with anterior tibial artery was 58.8% (n=20;
Table II).

TcpO2 measurements

Considering measurement at the first intermetatarsal
space, one (2.9%) measurement was inconclusive /impossi-
ble. A total of 6 (17.6%) measurements at the lateral edge of
the foot, and 8 (23.5%) measurements at the plantar side of
the foot were either inconclusive or impossible (Table III).

Total legs, n=34

First intermetatarsal space
Inconclusive, n (%)
Mean TcpO2 for all legs, mmHg+SD
Mean TcpO2 for legs with patent anterior tibial artery, mmHg+SD
Mean TcpO2 for legs with occluded anterior tibial artery, mmHg+SD
Mean TcpO2 for legs with 0-1 patent artery, mmHg+SD
Mean TcpO2 for legs with 2-3 patent arteries, mmHg+SD
Lateral edge
Inconclusive, n (%)
Mean TcpO2 for all legs, mmHg+SD
Mean TcpO2 for legs with patent fibular artery, mmHg+SD
Mean TcpO2 for legs with occluded fibular artery, mmHg+SD
Mean TcpO2 for legs with 01 patent artery, mmHg+SD
Mean TcpO2 for legs with 2-3 patent arteries, mmHg+SD
Plantar side of the foot
Inconclusive/impossible, n (%)
Mean TcpO2 for all legs, mmHg+SD
Mean TcpO2 for legs with patent posterior tibial artery, mmHg+SD
Mean TcpO2 for legs with occluded posterior tibial artery, mmHg+SD
Mean TcpO2 for legs with 01 patent artery, mmHg+SD
Mean TcpO2 for legs with 2-3 patent arteries, mmHg+SD

6 (17.6)
556+16
57+12
53+12
4911
60+13

Notes. SD: standard deviation.

© 2023 Hogrefe
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Table IV. Intermetarsal fist space TcpO2 value in the legs according to
surgical decision

Total legs, n=34

Revascularised legs, n (%) 15 (44.1)
Yes: mean TcpO2, mmHg+SD 39+22
No: mean TcpO2, mmHg+SD 56415

Amputated legs, n (%) 11 (32.4)
Yes: mean TcpO2, mmHg+SD 39+21
No: mean TcpO2, mmHg+SD 52+19

Hyperbaric oxygen therapy, n (%) 5 (14.7)
Yes: mean TcpO2, mmHg+SD 55+19
No: mean TcpO2, mmHg+SD 45+21

Notes. SD: standard deviation.

We observed a steady decrease in some legs for plantar side
of the foot measurement instead of an initial fall. Six
patients (17.6%) were unable to position themselves so as
the electrode plantar side of the foot could be placed
and 2 electrodes were unstick (5.9%); the mean+SD age
of these patients was 84.5+7.1 years. There were also
3 patients with an outlier plantar side TcpO2 value; the
mean+SD age of these patients was 77.7£14.2 years while
this was 70.4+17.0 years for other patients.

The mean TcpO2 was higher at the lateral edge of the
foot (55 mmHg) and plantar side of the foot (65 mmHg)
than at the first intermetatarsal space (48 mmHg). There
was no clinically significant variation of mean TcpO2
according to anterior and posterior tibial artery patency
and fibular artery patency; this was present when stratify-
ing on the number of patent arteries (Table III).

Surgical decision

A revascularization was decided for 15 (44.1%) legs; the
mean first intermetatarsal space TcpO2 in revascularised
legs was 39 mmHg. An amputation was decided for
11 (32.4%) legs, 3 of which had osteitis; the mean first inter-
metatarsal space TcpO2 in amputated legs was 39 mmHg.
Five (14.7%) patients had hyperbaric oxygen therapy
(Table 1V).

Discussion

To date, there is no consensus on TcpO2 electrode place-
ment to diagnose suspected CLTI, and the angiosome is
an interesting concept based on three dimensional division
of the foot to guide surgeons’ choice of revascularization in
case of ulcers (8). In this retrospective study, we analysed
the value of placing electrodes on each angiosome artery
of the foot and the results suggest that placing one elec-
trode in each of the 3 foot angiosome arteries is not supe-
rior to a single electrode in the usual first intermetatarsal
space.

Electrode placement on the plantar side of the foot is
very uncommon [10]. Patients have to position themselves
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in a particular way to install both the contact liquid and the
electrode without any air bubble and to obtain good imper-
meability of the measuring site. This is difficult to obtain in
elderly patients with painful extremities, as illustrated by
the age of those for whom this impossible, but also the even
greater age of those with outlier values. It is also of note
that, recently, Udovichenko et al. measured TcpO2 level
after electrode placement on the plantar side of the foot,
and, as herein, observed a steady decrease instead of the
formation of a plateau; the authors also found that the
mean TcpO2 value in the medial plantar region was signif-
icantly higher than on the back of the foot [11]. A measure-
ment error cannot be ruled out, in particular as the most
frequently patent artery was the fibular artery and not the
posterior tibial artery. In addition, on the plantar side of
the foot, we found a mean value of 65 mmHg, which is high
considering that normal TcpO2 is around 60 mmHg, while
almost half of them had 2 or 3 infragenicular arteries
occluded. Taken together, this suggests that measurement
on the site may lead to overestimation of TcpO2 value and
to inappropriate therapeutic decision.

As the mean intra-individual variation of TcpO2 is
reported to be 8 mmHg [9], a variation of the mean TcpO2
below 8 mmHg cannot be considered as clinically signifi-
cant. In the present study there was no clinically significant
variation of TcpO2 according anterior tibial artery or fibu-
lar artery patency. This was, however, observed according
to the number of infragenicular patent arteries. TcpO2
value is therefore probably a better reflection of overall tis-
sue oxygenation of the foot than that of a specific
angiosome.

Limitations

The present study has some limitations. Firstly, this is a ret-
rospective analysis of a small cohort of 34 patients. Only a
third of patients had the gold standard imaging by angiog-
raphy; Doppler ultrasonography may lack performance to
document patency of infrapopliteal arteries. Nevertheless,
to the best of our knowledge, it is the first publication of
a consecutive series of patients using the angiosome con-
cept. The patients frequently suffered from diabetes, how-
ever, it is reported that the TcpO2 measurements were
similar in patients with and without diabetes [12]. Further-
more, while there are 5 angiosomes that emerge from the
three infragenicular arteries, we used only 3 electrodes.
We considered that placing an electrode on the plantar side
of the foot was a good compromise to study the 3 different
angiosome perfused by posterior tibial artery. Another
point is that the mean TcpO2 value found herein is very
high for a population of patients with suspected CLTL
However, they were unselected consecutive patients
referred to our unity reflecting daily practice. Finally, it
was not possible to investigate the potential contribution
of ankle pressure and toe blood pressure for the diagnosis
of CLTI as many measurements were missing due to
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wound on the legs or toes, amputated toes, or uninter-
pretable due to mediacalcosis [13]. A prospective cohort
is necessary to confirm these results using arteriography
as the gold standard imaging technique and including only
patients with infrapopliteal occlusive disease.

Conclusions

The preliminary results of the present study suggest that
multi-electrode TcpO2 is not useful to assess tissue oxy-
genation in the different angiosomes of the foot to guide
surgical decision; first intermetatarsal electrode alone
would be prefered. TcpO2 seems rather to evaluate overall
tissue oxygenation of the foot. Electrode location on the
plantar side of the foot may overestimate results and lead
to misinterpretation.
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Summary: Background: Interstitial lung diseases (ILD) are a heterogenous group of diseases, which have pulmonary fibrosis,
restrictive lung disease, and decreased diffusion capacity as a common final path. Premature death frequently results not
from ILD itself but from comorbidities. Peripheral artery disease (PAD) is a common comorbid disease in different chronic lung
diseases. The focus of the present study is to clarify the prevalence of PAD in ILD. Patients and methods: A total of 97 patients
with ILD and 30 controls were included in the study. Patients with ILD were subdivided into two groups according to the
progression of pulmonary fibrosis: progressive fibrosing and non-progressive fibrosing ILD (PF-ILD and nPF-ILD, respectively).
All participants underwent standard angiological and pneumological diagnostic procedures including six-minute walking test,
measurement of ankle-brachial-index, and colour-coded duplex sonography. Results: We observed no relevant differences in
the baseline characteristics except age. Both, PF-ILD and nPF-ILD patients, presented with a highly increased incidence of
atherosclerotic lesions compared to the control group (p<0.001). PAD was present in all patients with PF-ILD and in 73% of
patients with nPF-ILD. These results were confirmed by age-adjusted regression analyses. Conclusions: The present results
indicate that ILD is an independent risk factor for atherosclerosis. Patients with PF-ILD are more severely affected than nPF-
ILD patients with age as a confounding variable. Atherogenesis in ILD may be mediated by increased cardiovascular risk,
systemic inflammation and chronic hypoxemia.

Keywords: Interstitial lung disease, idiopathic pulmonary fibrosis, peripheral artery disease, atherosclerosis, IL-6, hypoxia,

hypoxia-inducible factor

Introduction

Interstitial lung diseases (ILD) are a highly heterogenous
group of diseases encompassing more than 200 different
entities [1]. Due to this variety, information on prevalence
and incidence of ILD is still vague. The prevalence is
estimated to be between 6.3 and 97.9 per 100,000 persons
in Europe [2, 3]. Most common entities of ILD are
idiopathic pulmonary fibrosis (IPF), stage IV sarcoidosis,
and ILD that is associated with connective tissue diseases
(CTD-ILD) such as systemic sclerosis or rheumatoid
arthritis. Although the diseases that lead to ILD are mostly
rare and have their own individual classification and
course, they share a common final path leading to pul-
monary fibrosis. This is accompanied by restrictive lung
disease and decreased diffusion capacity as well as reduced
quality of life and premature death [4]. However,
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frequently not ILD itself but its comorbidities increase
the mortality rate [5].

Comorbidities in ILD and IPF, in particular, have been
the subject of several research articles, reviews, and
register analyses during the last decade [6]. In particular,
coronary artery disease (CAD) and myocardial infarction
have proven to be independently associated with ILD [7].
Accordingly, patients with IPF suffer from an increased risk
of developing myocardial infarction and ischaemic heart
disease. Peripheral arterial disease (PAD) is another entity
of atherosclerosis and, surprisingly, is estimated to have a
much lower prevalence, between 3.6 and 20.0%, amongst
patients with ILD [6, 8, 9]. However, most of the underly-
ing studies are limited either by their retrospective design
or, in case of register analyses, their dependence on inter-
national classification of the diseases (ICD) -codes. This
is crucial, as the ICD-codes for CAD or PAD depend on
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clinical scores such as Fontaine’s classification describing
walking distance until the occurrence of intermittent
claudication. These clinical signs, however, may be absent
or masked in patients with ILD, because they often are
limited by persistent and severe dyspnoea.

In other lung diseases such as asthma, chronic obstruc-
tive pulmonary disease (COPD), obstructive sleep apnoea
(OSA) and advanced stages of sarcoidosis, an increased risk
of comorbid atherosclerosis or preatherosclerotic changes
have been observed. Here, it is likely that this increased risk
is caused by systemic inflammation and/or intermittent
hypoxia [10, 11].

Therefore, prevalence of cardiovascular diseases and
particularly PAD in ILD has likely been underestimated.
Subsequently, the main intention of this study was to
prospectively investigate the prevalence of atherosclerosis
in patients with ILD. Furthermore, this study aimed to
evaluate whether or not progressive-fibrosing ILD is a risk
factor for PAD.

Patients and methods

This prospective observational study was conducted
according to the principles of the Declaration of Helsinki
for Human Research and has been approved by the local
ethics committee of the University Hospital in Bonn
(application number: 006/19). Written informed consent
of all participants was obtained prior to examination.

Patients and controls

From January 2019 to December 2020, a total of 104 con-
secutive patients diagnosed with ILD were enrolled in the
study. Seven patients were excluded because they declined
(or were unable) to undergo angiological examinations.
Based on the results of lung-function testing, the patients
were divided into two groups: progressive-fibrosing ILD
(PF-ILD, n=49) and non-progressive fibrosing ILD (nPF-
ILD, n=48). PF-ILD was defined according to the
INBUILD-criteria [12]: a relative decline in forced vital
capacity (FVC) of >10% of the predicted value, a relative
decline in FVC of 5% to less than 10% of the predicted
value accompanied by worsening of respiratory symptoms
or progression of pulmonary fibrosis as assessed via high-
resolution computed tomography (HR-CT) accompanied
by worsening of respiratory symptoms over the course of
two years [4, 12]. Patients with ILD who did not match
PF-ILD criteria were assigned to the nPF-ILD group. Thirty
patients without known pulmonary or vascular disease
were recruited as controls.

Pneumological assessment

All patients and controls underwent bodyplethysmography
(Bodyplethysmograph JAEGER), to test the diffusion
capacity in single breath mode (Alveo-Diffusionstest
Jaeger) and a six-minute walk test with blood gas analysis
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before and after. All parameters were assessed as a stan-
dard value and percentage of the predicted value. The
latter were calculated by on-board software using reference
values provided by the Global Lung Initiative [13]. The
corresponding abbreviations are labelled with “%”. The
following parameters were derived from body plethysmog-
raphy for further analysis: total lung capacity (TLC, TLC%),
forced vital capacity (FVC, FVC%), forced expiratory
volume (FEV1, FEV1%), Tiffeneau index (FEV1/FVC),
carbon monoxide (CO) diffusion capacity (DLCO%) and
CO diffusion coefficient (KCO%). A Six-minute walk test
(6MWT) was performed and the following parameters
were assessed: distance, oxygen and carbon monoxide
partial pressure (pO,, pCO,) before and after walking,
and Borg-dyspnoea score to determine subjective feeling
of dyspnoea [14].

Blood testing

Blood tests were performed including blood count, triglyc-
erides, total cholesterol, high density lipoprotein (HDL),
low density lipoprotein (LDL), lipoprotein a, C-reactive
protein (CRP), interleukin-6 (IL-6) and HBA;c. These
parameters have been proven to accelerate atherogenesis
and arterial stiffness [15].

Angiological assessment

Standard angiological diagnostics

All patients and controls underwent standard angiological
diagnostic procedures. This included measurement of
ankle-brachial-index (ABI) using a Vasolab 320 (ELCAT)
and colour-coded duplex sonography (CCDS) performed
with a PHILIPS EPIQ 7 ultrasonic platform equipped with
a L12-3 linear array scanner. CCDS was applied on lower-
limb arteries and cervical arteries. The presence of any
atherosclerotic plaque was documented in B-mode and
CCDS and resulted in the diagnosis of PAD. Plaque of
the cervical arteries was defined by the meeting of two
out of three criteria: 1) intima-media thickness >1.5 mmy;
2) protrusion into the lumen; 3) abnormal wall texture
[16]. Plaque of the lower extremity arteries was defined
as abnormal protrusion into the lumen and/or abnormal
wall texture. Depending on the affected vascular territory,
presence of PAD was subdivided into PAD of lower-limb
(peripheral) arteries (pPAD) and PAD of cervical arteries
(cPAD). Clinically, participants were subclassified via the
Fontaine classification of PAD [17] (Electronic supplemen-
tary material [ESM] 1). The onset of claudication was
assessed during 6MWT.

Statistical analysis

All variables are described as the mean valuetstandard
deviation or as numbers with percentages, as appropriate.
Differences between the baseline characteristics of the
groups were calculated via Pearson’s Chi-Square and
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Table I. Baseline characteristics

PF-ILD (n=49) nPF-ILD (n=48) p Control (n=30) p
Gender (female) [n (%)] 17 (34.7) 21 (43.8) n.s. 17 (56.7) n.s.
Age [years] 68.90+10.85 59.04+14.28 <0.001 60.60+11.49 <0.001
Packyears [years] 17.08+20.76 10.95+19.23 n.s. 13.70£24.55 n.s.
Hypertension [n (%)] 22 (44.9) 20 (41.7) n.s. 12 (40.0) n.s.
Hypercholesterolemia [n (%)] 21 (43.8) 19 (38.8) n.s. 6 (20.0) n.s.
Diabetes [n (%)] 13 (26.5) 10 (20.8) n.s. 2(6.7) n.s.
COPD [n (%)] 7 (14.3) 1(2.1) <0.05 0 (0) <0.05
Asthma [n (%)] 6 (12.2) 8 (16.7) n.s. 1(3.3) n.s.
Time since diagnosis [months] 26.5+53.3 70.2+60.2 <0.001
ILD subgroups <0.001 <0.001
IPF [n (%)] 25 (51.0) 0(0) / 0 (0) /
Stage-IV Sacoidosis [n (%)] 2 (4.7) 15 (31.3) / 0(0) /
Rheumatic disease [n (%)] 9 (18.4) 14 (29.2) / 0 (0) /
Inhalative toxins [n (%)] 2 (4.1) 2 (4.2) / 0(0) /
CPFE [n (%)] 2 (4.1) 4 (8.3) / 0 (0) /
HSA [n (%)] 1(2.0) 1(2.1) / 0 (0) /
COP [n (%)] 2 (4.1) 2 (4.2) / 0(0) /
Other [n (%)] 6(12.2) 10 (20.8) / 0 (0) /

Notes. #PF-ILD vs. nPF-ILD; Poverall intergroup difference. PF-ILD: progressive-fibrosing interstitial lung disease; nPF-ILD: non-progressive-fibrosing
interstitial lung disease; ILD: interstitial lung disease; IPF: interstitial pulmonary fibrosis; CPFE: combined pulmonary fibrosis and emphysema; HAS:
hypersensitivity alveolitis; COP: cryptogenic organizing pneumonia; BMI: body mass index; COPD: chronic obstructive pulmonary disease.

Cramer’s V test for categorical variables and analysis of
variance (ANOVA) for continuous variables.

Additionally, the PF-ILD, nPF-ILD and control groups
were compared with regard to PAD and its subclasses,
pPAD and cPAD, and Fontaine’s classification. Binary
outcome variables (PAD, pPAD, cPAD) were analysed via
logistic regression models. For the Fontaine classification,
ordinal regression analysis was performed. Since only six
patients were classified on Fontaine stages IIb and III, clas-
sification was simplified to Fontaine stages O, I, and >II for
regression analysis. The latter thereby encompassed
Fontaine stages IIa, IIb, IIT and IV. Results are presented
as odds ratios (OR) with confidence intervals (CI) for logis-
tic and ordinal regression models. Regression models were
adjusted for age, since age differed significantly between
the three groups and is an independent predictor of
atherosclerosis.

As four outcome variables were examined p-values
<0.01 were considered significant (according to Bonferroni
correction for multiple testing).

Statistical analyses were conducted using IBM® SPSS®
Statistics (version 26) and R (version 4.0.3).

Results

Baseline characteristics, medication, and
blood testing

Baseline characteristics

Baseline characteristics are presented in Table I. With a

mean age of 68.9+10.9 years, patients with PF-ILD were
significantly older compared to controls (60.6+11.5 years;
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p<0.001) and nPF-ILD patients (59.0+14.3 years;
p<0.001). Significantly more patients with PF-ILD
(14.3%) also suffered from chronic obstructive pulmonary
disease (COPD) in comparison to nPF-ILD patients (2.1%;
p<0.05) and controls (0%; p<0.05). No further significant
differences were found between the groups, including rele-
vant risk factors for atherogenesis, such as number of pack-
years, body mass index (BMI), arterial hypertension,
hypercholesterolemia, or diabetes.

Medication

Information about the medications taken by the study par-
ticipants is presented in ESM 2. Administration of oral anti-
coagulants, encompassing vitamin-K-antagonists and new
oral anticoagulants was significantly more frequent in
patients with PF-ILD compared to control (p<0.01) and
nPF-ILD (p<0.05) patients. Statins (p<0.001), diuretics
(p<0.01), long-acting-beta-agonists (LABA, p<0.01) and
oral corticosteroids (p<0.001) were found to be more fre-
quent in patients with ILD compared to controls; yet there
was no significant difference between PF-ILD and nPF-ILD
patients. Notably, two controls reported the intake of
LAMA and/or LABA. Of those, one patient was diagnosed
with mild allergic asthma, the other reported unspecific
dyspnoea, without any signs of COPD or asthma. Both took
their medication as needed.

Blood testing

Blood tests revealed largely normal cell counts apart from
leucocytes, which were elevated in patients with PF-ILD
(9.36£3.13 G/1) and nPF-ILD (8.42+2.80 G/I) compared
to the control group (5.36+0.35 G/I; p<0.001). As for risk
factors of atherosclerosis, total cholesterol was lower in
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Table Il. Angiological examination

PF-ILD (n=49) nPF-ILD (n=48) p? Control (n=30) p°

Mean ABI 1.06+0.21 1.10+0.20 n.s. 1.13+0.89 n.s.
ABIK0.90 [n (%)] 15 (30.6%) 2 (256.0%) n.s. 2 (6.7%) <0.05
ABI>1.40 [n (%)] 5 (10.2%) 7 (14.6%) n.s. 1 (3.3%) n.s.
Prevalence of PAD [n (%)] 9 (100%) 5 (72.9%) <0.001 10 (33.3%) <0.001

Prevalence of cPAD [n (%)] 46 (93.9%) 2 (66.7%) <0.001 8 (26.7%) <0.001

Prevalence of cPAD with stenosis® [n (%)] 7 (14.3%) 2 (4.2%) n.s. 1 (3.3%) n.s.

Prevalence of pPAD [n (%)] 47 (95.9%) 34 (70.8%) <0.001 7 (23.3%) <0.001
Fontaine classification <0.01 <0.001

Stage 0 [n (%)] 2 (4.1%) 14 (29.2%) 23 (76.7%)

Stage | [n (%)] 37 (756.5%) 26 (54.2%) 6 (20.0%)

Stage lla [n (%)] 6 (12.2%) 6 (12.5%) 1 (3.3%)

Stage IIb [n (%)] 3(6.1%) 2 (4.2%) 0 (0%)

Stage Il [n (%)] 1(2%) 0 (0%) 0 (0%)

Stage IV [n (%)] 0 (0%) 0 (0%) 0 (0%)

Notes. PF-ILD vs. nPF-ILD; Poverall intergroup difference; ©>50% according to the NASCET definition. PF-ILD: progressive-fibrosing interstitial lung disease;
nPF-ILD: non-progressive-fibrosing interstitial lung disease; ABI: ankle-brachial index; PAD: peripheral arterial disease; cPAD: cerebrovascular peripheral

arterial disease; pPAD: peripheral arterial disease of lower limb arteries.

patients with PF-ILD (180.47+39.76 mg/dl) in contrast to
nPF-ILD (203.37#47.90 mg/dl; p<0.05) and controls
(203.10+31.39 mg/dl; p<0.05), and HbA;. was higher in
both patients with PF-ILD (5.97£0.88%) and nPF-
ILD (5.81+0.94%) compared to controls (5.36+0.35%;
p<0.05). However, all mean HbA values were within refer-
ence range (<6%). No significant differences occurred for
HDL and LDL. The level of inflammation, as shown by
CRP and IL-6 levels, was upregulated in ILD patients. CRP
was significantly higher in patients with PF-ILD (11.07
$13.79 mg/l) compared with nPF-ILD (6.16+9.44 mg/];
p<0.05) and controls (2.58+3.59 mg/]; p<0.01). Differences
in IL-6 were even more distinct. Here too, patients with PF-
ILD presented with the highest values (8.61£7.23 pg/ml) in
contrast to nPF-ILD (4.52+3.77 pg/ml: p<0.001) and con-
trols (2.53+1.54 pg/ml; p<0.001) patients. The complete
results of the blood tests are available in ESM 3.

Lung-function testing, CO-diffusion
analysis and six minute walk test

The results of these tests are illustrated in ESM 4. Patients
with ILD, especially PF-ILD patients, presented with signifi-
cantly reduced lung volumes as well as reduced CO-diftusion
capacity and coefficient. O, support was necessary in 12
patients with PF-ILD and two patients with nPF-ILD
(p<0.001). PF-ILD was accompanied by a significantly
reduced maximum distance during the 6MWT (275+178 m)
compared to control (506+97 m; p<0.001) and nPF-ILD
patients (434194 m; p<0.001).

Prevalence of PAD, pPAD, cPAD and
vascular strain analysis

Standard angiological diagnostics
Frequencies of cPAD (80.4% vs. 26.7%, p<0.001), pPAD
(83.5% vs. 23.3%, p<0.001) and PAD in general (86.6%

© 2023 Hogrefe

vs. 33.3%, p<0.001) were significantly higher in patients
with ILD compared to controls. After subdivision of the
entire ILD collective into PF-ILD and nPF-ILD patients,
the following results were obtained:

Table II shows the prevalence of PAD, pPAD, cPAP and
their distribution over Fontaine stages without adjust-
ment for age. PAD in general was present in all patients
with PF-ILD (100%) and 73% of patients with nPF-ILD
(p<0.001). cPAD and pPAD were significantly more
frequent in PF-ILD compared to nPF-ILD (both with
p<0.001) and controls (both with p<0.001) (Figure 1).

By performing an adjustment for age via regression anal-
ysis, the three groups showed significant differences in the
prevalence of pPAD (p<0.001) with the odds of developing
pPAD increasing by a factor of 71.22 (12.55-404.11) in
PF-ILD compared to controls and by a factor of 14.86
(4.17-53.00) in nPF-ILD compared to controls. The preva-
lence of cPAD was also significantly different between the
groups with p<0.001 and an OR of 38.69 (8.33-179.81) when
comparing PF-ILD patients with the control group and an
OR of 10.32 (3.02-35.27) between nPF-ILD patients and
the control group. Subsequently, these results were mirrored
by the simplified Fontaine classification (as described in
chapter 2.5.). As for PAD in general, an adjusted regression
analysis could not be performed since all PF-ILD patients
were affected. Despite a numerical higher prevalence of
PAD, pPAD, and cPAD as well as mean Fontaine classes
in PF-ILD, the patients showed no significant difference
between PF-ILD and nPF-ILD after adjusting for age. The
adjusted regression analyses for pPAD, cPAD and simplified
Fontaine classification are presented in Tables III, IV and V.

Discussion

In the general population, the prevalence of PAD is esti-
mated to be 3-10% of people. With over 70 years of age,

Vasa (2023), 52 (3), 198-205



202

M. J. Stumpf et al., Prevalence of PAD in ILD

https://econtent.hogrefe.com${ contentReq.requestUri} - Tuesday, May 07, 2024 11:41:06 PM - |P Address:18.188.66.13

M without cPAD
50 EWith cPAD

40

30

20

Control nPF-ILD PF-ILD

M Without pPAD
50 MW With pPAD

30,

Control nPF-ILD PF-ILD

M Without PAD
50, WWith pPAD and/or cPAD
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Figure 1. Frequencies of cPAD (A), pPAD (B), and PAD in general (C).
PAD: peripheral artery disease; cPAD: PAD of cervical arteries; pPAD:
PAD of lower limb arteries; nPF-ILD: non-progressive fibrosing inter-
stitial lung disease; PF-ILD: progressive fibrosing interstitial lung
disease.

the prevalence is increasing to 15-20% [18, 19]. The preva-
lence of PAD in patients with ILD has been considered to
be between 3.6 and 20.0% [6, 8, 9] up to now and, there-
fore, within the expected frequency of PAD in the general
population. These current results indicate, however, that
this estimate may need to be revised. Our study revealed
a remarkably high atherosclerotic burden in patients with
ILD, especially in patients with PF-ILD. Amongst these,
every participant presented with atherosclerotic lesions in
either carotid or lower-limb arteries. Although age was
found to be a confounding factor that was able to explain
the more severe affection of PF-ILD compared to nPF-
ILD patients, these results are striking and put ILD close
to other pulmonary diseases with high rates of comorbid
atherosclerosis, such as COPD [11] or obstructive sleep
apnoea [10]. According to present data, ILD is an indepen-
dent risk factor for the presence of atherosclerotic lesions
documented via CCDS. It is to discuss that most patients
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Table Ill. Age-adjusted logistic regression model: pPAD

OR (Cl) p

Overall intergroup difference <0.001
PF-ILD vs. Control 71.22 (12.565-404.11)

nPF-ILD vs. Control 14.86 (4.17-53.00)

PF-ILD vs. nPF-ILD 4.79 (0.93-24.60)

Age 1.09 (1.05-1.15) <0.001

Notes. pPAD: peripheral arterial disease of lower limb arteries; PF-ILD:
progressive-fibrosing interstitial lung disease; nPF-ILD: non-progressive-
fibrosing interstitial lung disease; OR: odds ratio; Cl: confidence interval.

with ILD presented with asymptomatic, subclinical PAD.
However, subclinical PAD has also proven to elevate the
cardiovascular risk substantially [20]. Moreover, most
patients with ILD, PF-ILD in particular, are suffering from
severe dyspnoea which primarily limits their walking
distance (cf. ESM 3). During 6MWT exertional dyspnoea
limited the walking especially of those patients depending
on oxygen support. Therefore, the number of symptomatic
patients may be underestimated.

Atherosclerosis is a multifactorial disease that is initiated
by LDL accumulation in the arterial wall and sustained and
mediated by various drivers, such as smoking habits, dia-
betes, hypertension, sex, age and systemic inflammation
[21, 22]. Eventually, atherosclerosis arises from a mismatch
between pro- and contra-atherogenic factors. To interpret
the findings of this study, the present results need to be
put in the context of atherogenesis and its main drivers:
classic cardiovascular risk factors on the one hand and
systemic inflammation on the other.

Cardiovascular risk factors in ILD have already been
described in detail: According to Schwarzkopf et al.
(2018), ILD is accompanied by a relevant burden of cardio-
vascular risk factors, such as arterial hypertension with
and without complications (66.2%), chronic pulmonary
diseases (55.9%) and diabetes, with and without complica-
tions (31.2%) [5]. Raghu et al. (2015) reported a prevalence
of diabetes in patients with IPF between 10% and 32.7%.
The prevalence of arterial hypertension ranged from 14%
to 71%, and the frequency of hypercholesterolemia varied
from 6% to 53% [6]. Both meta-analyses reported higher
numbers for males and for advanced age. These data were
mirrored in present sample by all groups without significant
intergroup difference, except for age, representing a high-
risk collective of developing atherosclerosis. Amongst
high-risk patients increased prevalence of PAD, up to
40%, can be expected [23]. This expectation was met by
the control group in our sample; however, it still is greatly
below the prevalence rate of PAD in ILD patients from this
study. Therefore, the cardiovascular risk profile alone of
patients with ILD does not provide a sufficient explanation
for their high atherosclerotic burden.

In this study, patients with ILD presented with signifi-
cantly elevated levels of CRP and IL-6, both signs of
systemic inflammation. The concentration of IL-6 was also
significantly higher in patients with PF-ILD compared to
nPF-ILD as well as control patients. This study has not been
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Table IV. Age-adjusted logistic regression model: cPAD

OR (CI) p

Overall intergroup difference <0.001
PF-ILD vs. Control 38.69 (8.33-179.81)

nPF-ILD vs. Control 10.32 (3.02-35.27)

PF-ILD vs. nPF-ILD 3.75 (0.90-15.60)

Age 1.10 (1.06-1.16) <0.001

Notes. cPAD: cerebrovascular peripheral arterial disease; PF-ILD: pro-
gressive-fibrosing interstitial lung disease; nPF-ILD: non-progressive-
fibrosing interstitial lung disease; OR: odds ratio; Cl: confidence interval.

Table V. Age-adjusted ordinal regression model: Fontaine
classification*

OR (CI) p

Overall intergroup difference <0.001
PF-ILD vs. Control 21.70 (6.79-69.38)
nPF-ILD vs. Control 12.64 (4.14-38.62)
PF-ILD vs. nPF-ILD 1.73 (0.70-4.21)

(

Age 1.06 (1.03-1.10) <0.001

Notes. *Simplified classification as described in chapter “Statistical
analysis”. PF-ILD: progressive-fibrosing interstitial lung disease; nPF-ILD:
non-progressive-fibrosing interstitial lung disease; OR: odds ratio; Cl:
confidence interval.

designed to explain atherogenesis in ILD. However, an
analogy to other pulmonary diseases with high atheroscle-
rotic burden can be discussed. Here, an association with
atherosclerosis due to activated inflammatory pathways is
well-known and has been the subject of several investiga-
tions. For example, COPD is accompanied by an elevated
cardiovascular risk [24]. This is mediated not only by smok-
ing, which is a common risk factor for both diseases, but
systemic inflammation. Although the pathology is still not
completely understood, current knowledge suggests that
cigarette smoke induces an upregulation of IL-6 and
tumour necrosis factor alpha (TNFa), resulting in self-
sustaining systemic inflammation and a proatherogenic
environment [25, 26]. Patients with OSA seem to be even
more severely affected [10]. Here too, the pathogenesis
remains under study. Most likely, nightly intermittent
hypoxemia (IH) and reoxygenation induce several
proatherogenic pathways: Locally, increasing levels of
reactive oxygen species (ROS) promote oxidative stress
and endothelial dysfunction. Systemically, intermittent
hypoxemia leads to higher levels of IL-6 and, consecu-
tively, TNFa, CRP, hypoxia-inducible-factor (HIF) 1, and
activation of nuclear factor kappaB pathway (NF-«B) [26,
27, 28]. Therefore, systemic inflammation seems to play a
pivotal role in comorbid atherogenesis in pulmonary
diseases.

In summary, the pathogenesis of atherosclerosis in ILD
is still not fully understood. Most likely, the combination
of a high cardiovascular risk profile and systemic inflam-
matory processes, similar to those in patients with OSA or
COPD, may be responsible for atherogenesis in ILD.

© 2023 Hogrefe

PAD still is associated with a high five-year mortality of
up to 25% and is considered to be a more severe manifes-
tation of atherosclerosis compared to CAD alone. This
increased risk is attributed to higher levels of systemic
inflammation and higher burden of cardiovascular risk
factors [29]. In this context, the common presence of
PAD in patients with ILD, surely is one explanation for
the high mortality rate of ILD patients and an indicator of
systemic inflammation induced by pulmonary fibrosis.

Limitations

This study is mostly limited by its sample size. Distribution
of ILD-causing diseases, especially IPF, differed signifi-
cantly throughout ILD groups, therefore the results with
regard to PF-ILD possibly are biased by IPF patients.
Although there were no significant differences with regard
to the baseline characteristics (except for age), distribution
of packyears, prevalence of diabetes and/or prevalence of
COPD may have influenced the present results, as they
all are connected to atherogenesis. This study was further
limited by the methods, as CCDS was used to verify the
presence of atherosclerotic lesions, whereas data on preva-
lence of PAD in the general population mostly relies on
ABI. The number of symptomatic patients may have been
underestimated due to reduced walking speed due to exer-
tional dyspnoea.

Larger studies or register analyses, including angiologi-
cal surveillance, are needed to confirm the present results.

Conclusions

This study provides the first evidence that ILD is an inde-
pendent risk factor for PAD. PAD seems to be generally
present in ILD patients and is associated with increased
five-year mortality. Therefore, the high mortality rate of
ILD patients may also be attributed to PAD. Patients should
be screened for PAD when diagnosed with ILD, and PF-
ILD in particular. Secondary prevention, lipid-lowering
therapy, and regular re-examinations should be recom-
mended in this context.

Electronic supplementary material

The electronic supplementary material (ESM) is available
with the online version of the article at https://doi.org/
10.1024/0301-1526/a001068

ESM 1. Classification of PAD according to Fontaine stages
and Rutherford grades and categories (Table)

ESM 2. Medication (Table)

ESM 3. Results of blood testing (Table)

ESM 4. Lung functioning and six-minute-walking- exercise
(Table)
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Letter to the editor

by

A potentially dangerous
complication of ovarian vein
embolization for pelvic congestion
syndrome treatment

Gabor Forgo'®, Stefano Barco', Valdrin Kuci', Matthias Walting?, and Nils Kucher'

" Department of Angiology, University Hospital Zurich, Switzerland
% Department of Surgery, Lucerne Cantonal Hospital, Switzerland

Introduction

Chronic pelvic pain (CPP) is characterized by continuous or
intermittent lower abdominal or pelvic pain lasting more
than 6 months. It is a common health problem among
women leading to a significant economic burden world-
wide [1]. The prevalence of CPP ranges between 6% and
24%, with pelvic venous disorders (PeVD) being one of
the most frequent causes [2].

Pelvic vein insufficiency in women can originate from
the left (or more rarely right) ovarian and internal iliac
veins. In this report we describe a case of PeVD caused
by a suspected flow reversal (reflux) in the left ovarian vein,
previously described as pelvic congestion syndrome (PCS).

PCS is typically diagnosed in women with a history of
pregnancy experiencing typical symptoms, such as CPP
worsened by prolonged standing and/or menstruation
and sexual intercourse [3].

If PCS is suspected, it can easily and safely be treated
with minimally invasive methods, which improve symp-
toms in most patients [4, 5].

We report a potentially dangerous and so far not
described complication of endovascular PCS treatment.

Clinical presentation

A 40-year old female patient was referred to our depart-
ment with a suspected PCS. Chief complaints were CPP,
vulvar varicosity and dyspareunia. The patient had
2 children.

The medical history otherwise included a laparoscopic
hysterectomy with salpingectomy on both sides and
ovarectomy on the right due to endometriosis and cystic
deformities 3 years before.

The initially performed MR-phlebography showed a
dilated ovarian vein on the left with a maximum diameter
of 8 mm (Figure 1) and pelvic varicosities. Based on these

Vasa (2023), 52 (3), 206-207
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findings and the typical symptoms for PCS, the patient
was offered a diagnostic phlebography. The phlebography
showed a dilated ovarian vein (Figure 2) with reflux on
the left with sufficient collateral circulation. Subsequently,
an embolization with polidocanol (aethoxysklerol 3%) and
coiling was carried out. After the intervention, the patient
experienced some abdominal discomfort but was dis-
charged with Ibuprofen as needed. Due to the increasing
pain in the lower abdomen and vomiting after discharge,
the patient visited the emergency department 2 days later.
The laboratory findings showed raised inflammatory mark-
ers. Consequently, a CT-scan showed an enlarged ovary on
the left (Figure 3). Due to persisting abdominal symptoms
and increasing inflammatory markers the indication for a
laparoscopy was given. Intraoperatively a massive enlarged
and hemorrhagic left ovary was seen (Figure 4) and an
emergency ovarectomy was performed. The diagnosis of
a hemorrhagic ovarian necrosis was made.

After the emergency ovarectomy on the left side the
acute symptoms of the patient resolved completely but
CPP and dyspareunia are persistent.

Discussion

The standard treatment of PCS is typically endovascular,
according to clinical practice guidelines. Generally, ovarian
vein reflux is visualized during phlebography and treated
simultaneously with embolization using a combination of
coils and foam sclerotherapy, or, alternatively, an occlusion
device.

Most commonly reported complications are coil migra-
tion, allergic reaction to contrast dye, transient abdominal
pain, and vein perforation [4]. Ovarian necrosis is a previ-
ously unreported complication of such a procedure.

The most likely cause of this complication is due the out-
flow obstruction after the embolization. In this patient with
prior hysterectomy as well as bilateral salpingectomy and
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Figure 1. A dilated left ovarian vein (arrowhead) on MR-phlebography, Figure 4. Enlarged and hemorrhagic left ovary during emergency
observed in loco typico anterior to the psoas muscle. laparoscopy.

In conclusion, in suspected PCS, with the ovarian vein
being the only outflow vein the flow reversal must be
assessed carefully before embolization.
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