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Introduction

The clinical manifestation of carotid artery stenosis (CAS) may be ischemic stroke or transient
ischemic attack (TIA), while atherosclerotic renal artery stenosis (RAS) can lead to the
development of renovascular hypertension, renal failure, myocardial remodeling, as well as the

development of chronic heart failure and recurrent episodes of pulmonary oedema.

Patients treated with transcatheter valve implantation (TAVI) due to severe aortic valve stenosis
(AS) are, at most, patients who have risk factors for the development of degenerative AS and
risk factors for atherosclerosis. Currently, there are no recommendations regarding the
diagnosis of CAS or RAS - as part of the diagnostic procedure before TAVI procedures.
Algorithms regarding the diagnosis of CAS are transferred from the recommendations
regarding cardiac surgery. Knowledge regarding the prevalence of CAS and RAS remains
limited in patients with AS referred for TAVI treatment as well as clinical implications resulting
from the presence of these lesions. Assessment of the relationship between stenosis in
individual vascular beds and specific complications and prognosis of patients after TAVI may
contribute to the development of recommendations including imaging diagnostics for RAS or

CAS before TAVI.
Aims

The main objective of the study was to assess the prevalence of CAS and RAS in the group of
patients with AS treated with TAVI, and to establish the demographic and clinical
characteristics of patients treated with TAVI with concomitant stenoses of the carotid or renal
arteries. The study also aimed to determine the influence of the severity of atherosclerotic
changes in the carotid and renal arteries on the outcome of the TAVI procedure and the
frequency of events in the periprocedural period. Particular interest were focused on the
assessment of the frequency of acute neurological and renal events after TAVI as damage to
target organs for the carotid and renal arteries. The main aim consisted of the following specific

objectives:

1. assessment of the incidence of CAS in patients treated with TAVI,

2. assessment of the incidence of RAS in patients treated with TAVI,

3. demographic and clinical characteristics of patients with CAS treated with TAVI,
4

demographic and clinical characteristics of patients with RAS treated with TAVI,



5. assessment of the relationship between CAS and periprocedural neurological events and
periprocedural values of markers of neuron damage (S100 protein, neurospecific
enolase),

6. assessment of the relationship between CAS and periprocedural test results examining
cognitive functions (clock test, MMSE),

7. assessment of the relationship between RAS and periprocedural acute kidney injury
(AKI) and periprocedural values of markers of nephron damage (lipocalin NGAL in

urine and plasma),
Material

The study was carried out at the National Institute of Cardiology in Warsaw and was conducted
in two stages. In the first stage, the analysis was carried out retrospectively including a group
of 219 consecutive patients with AS who underwent TAVI in 2015-2017. As part of this stage
of the study, the prevalence of CAS or RAS was assessed among patients treated with TAVI,
and subgroups of patients with CAS or RAS were characterized. The relationship between the
incidence of CAS or RAS and the occurrence of periprocedural TAVI complications was

analysed.

In the second stage of the study, a prospective study was conducted on 50 patients with AS who
were qualified for TAVI via femoral artery access in the years 2018-2021. In the second stage
of the study, the prevalence of CAS or RAS was assessed among patients qualified for TAVI
via femoral artery access and subgroups of patients diagnosed with CAS or RAS were
characterized. The relationship between the diagnosed CAS and the occurrence of
periprocedural TAVI complications, periprocedural values of markers of neuron damage, and
the results of the assessment of cognitive impairment were assessed. The relationship between
the diagnosis of RAS and the occurrence of periprocedural TAVI complications was also
assessed, with particular emphasis on AKI and periprocedural values of markers of kidney

damage.
Methods

In the first stage, contrast-enhanced computed tomography (CT) examinations were used to
assess the renal arteries for the presence of stenoses. Stenosis was assessed as significant/severe
if there was a narrowing of the arterial lumen by at least 70%. Artery lumen stenoses between

40% to 70% were classified as borderline/moderate, while less severe atherosclerotic changes



were classified as mural lesions. In the second stage of the study, an additional Doppler

ultrasound examination was performed to diagnose renal artery stenoses.

As part of the CAS diagnosis, ultrasound of the carotid arteries with Doppler flow assessment
was performed in both stages of the study. Using the recommendations for carotid artery
ultrasound with Doppler flow assessment, the degree of stenosis was quantitatively determined
and patients were divided into significant/severe CAS (at least 70%), borderline/moderate CAS
(degree of stenosis of at least 50% and less than 70%) or with lesions narrowing the lumen to a

non-significant degree by less than 50% and mural lesions.

Among the patients in the first stage of the study, laboratory test results and medical records
available as part of the retrospective analysis were used. On this basis, the occurrence of events
in the perioperative period was assessed, including acute kidney injury (based on criteria

corresponding to VARC 3) and clinically apparent neurological events (stroke or TIA).

In patients in stage II of the study, additional testing was performed as in stage I, and the
assessment of events in the perioperative period (including AKI, stroke, TIA) was based on
criteria corresponding to VARC 2 and VARC 3. In addition, serial blood collections and urine
tests were performed in the perioperative period to determine the level of biomarkers of brain
damage (concentration of S100 protein and specific enolase) and kidney injury (concentration
of lipocalin 2 in plasma and urine). The Mini Mental State Examination (MMSE) was used to
screen for symptoms of cognitive impairment and the risk of dementia. Diagnostics using the
Clock Drawing Test (CDT) was used to assess visuospatial and construction skills, as well as

executive functions.
Results

In the group of 219 patients treated with TAVI, the diagnosis of at least moderate CAS was
made on the basis of ultrasound in 41% of patients, while significant CAS was detected in 8.7%.
In the group of patients with at least moderate CAS, compared to patients with only mild or
mural lesions, classic atherosclerosis risk factors such as hypertension and dyslipidaecmia were
significantly more frequent. Among these patients, atherosclerotic lesions were significantly

more frequent in other vascular beds: coronary, renal and lower limbs.

At least moderate RAS in CT angiography was found in 51.1% of patients and severe stenoses
in 23.3%. Patients with at least moderate RAS were older, more often had frequent

hypertension, chronic kidney disease and CAS compared to patients without RAS or with only



mild lesions in the renal arteries. Among patients with significant RAS on CT, lower BMI
values were observed, more frequent co-occurrence of atherosclerosis of coronary arteries and
lower limb arteries as well as more frequent occurrence of kidney disease compared to patients

without significant RAS.

TAVI procedures in patients with CAS were more often performed using a transapical
approach, and less often using a transfemoral approach, compared to patients without
significant stenoses. Similarly in patients with significant RAS, TAVI procedures were more
often performed using a transapical approach, and less often using a transfemoral approach,

compared to patients without significant stenoses.

The presence of significant CAS was associated with a higher incidence of major vascular
complications after TAVI according to the VARC-2 criteria and newly diagnosed atrial
fibrillation. However, it was not associated with a more frequent occurrence of clinically overt
neurological events. Among patients without CAS, there was a greater acute decrease in
haemoglobin perioperatively. There were no significant differences in the dynamics of changes

in NSE and S100 protein concentrations depending on the detected CAS.

Lower MMSE scores and hence, symptoms suggestive of dementia-like disorders, occurred
more often in patients with more severe carotid artery stenosis in comparison to patients with
less severe carotid atherosclerosis. There was no deterioration in the MMSE score after TAVI

compared to the results obtained by patients before the procedure.

In the first stage of the study the presence of significant RAS was associated with a higher
incidence of periprocedural AKI grades 2, 3, and 4 according to the VARC 3 criteria. In patients
with bilateral RAS, AKI occurred in 40% of patients after TAVI compared with 14.7% in the
group of patients without bilateral stenosis. Significant RAS was also associated with a higher
frequency of blood product use during TAVI treatment. There was a trend towards prolonged
hospitalization and a higher incidence of death in the group of patients with significant RAS

compared to patients without significant stenoses.

Among patients in the second stage of the study, the presence of a greater degree of renal artery
stenosis was associated with a more frequent occurrence of AKI after TAVI (nonsignificant).
Using the criteria of renal damage according to VARC-2, it occurred in 66.7% of patients with
significant RAS, 25% of patients with moderate RAS and 18.5% of patients with at most mild
atherosclerotic lesions in the renal arteries. There were no statistically significant differences

between NGAL concentrations in urine or plasma between patients with and without RAS.



Conclusions

1. Among patients treated with TAVI, atherosclerotic lesions narrowing the carotid artery
lumen to at least a moderate extent (>50%) were found in 41.1% of people Significant CAS

(=70%) was observed in 8.7% of patients and bilateral severe stenoses in 2.3%.

2. Among patients treated with TAVI, atherosclerotic lesions narrowing the renal artery lumen
to at least a moderate extent (>40%) were found in 51.1% of people. Significant RAS (>70%)

was observed in 23.3% of patients and bilateral severe stenoses in 6.8%.

3. Patients treated with TAVI who had at least moderate CAS were characterized by a higher
incidence of hypertension and dyslipidaemia and were more likely to have atherosclerotic

lesions in the coronary, renal and lower limb arteries compared to patients without CAS.

4, Patients treated with TAVI who had at least moderate RAS were older, had a higher incidence
of hypertension and chronic kidney disease, and were more likely to have atherosclerotic lesions

in the coronary arteries and lower limbs compared to patients without RAS.

5. At least moderate or significant CAS was not associated with a more frequent occurrence of
clinically overt symptoms of CNS ischemia and a greater increase in biochemical markers of

neurological damage in the periprocedural period after TAVI.

6. Patients with CAS were more likely to show symptoms of dementia or impairment of
visuospatial, constructional and executive functions compared to patients without stenoses. The
TAVI procedure did not cause cognitive impairment and progression of dementia symptoms

among patients with carotid artery stenosis.

7. In the group of patients treated with TAVI with significant RAS acute kidney injury was
observed more frequently. At least moderate or significant RAS was not associated with a

greater increase in biochemical markers of kidney injury in the postoperative period after TAVI.

8. Patients with CAS and patients with RAS were more often treated with TAV1 using surgical

approaches.

9. In the group of patients treated with TAVI with significant CAS, major vascular
complications, the need for pacemaker implantation, and a new diagnosis of atrial fibrillation

after TAVI were more frequently observed compared to patients without CAS.

10. In the group of patients treated with TAVI with significant RAS, the need for periprocedural

blood transfusion was more frequently observed compared to patients without significant RAS.



There was a tendency towards prolonged hospitalization and a higher incidence of death in the

group of patients with significant RAS.



