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RESEARCH ARTICLE                                            

Evaluation of cerebrovascular events via retinal angiography during 
transcatheter aortic valve implantation
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aResearch Unit of Internal Medicine, Medical Research Center Oulu, University of Oulu and Oulu University Hospital, Oulu, Finland; 
bTurku University Hospital, Turku, Finland; cResearch Unit of Clinical Medicine, Medical Research Center Oulu, University of Oulu and Oulu 
University Hospital, Oulu, Finland 

ABSTRACT 
Objectives: Patients receiving transcatheter aortic valve implantation (TAVI) are elderly with multiple 
comorbidities and at increased risk of perioperative cerebrovascular events. Retinal vasculature repre
sents a surrogate of central nervous system circulation and is noninvasively achievable by retinal imag
ing. The aim of this study was to evaluate the applicability of retinal angiography of microvascular 
complications and association to cerebral ischemic events during TAVI.
Design: One hundred patients (male 54%, age: median 82 years, range 64–95 years) undergoing TAVI 
were recruited for this study. Imaging of retinal vasculature was evaluated with a handheld fundus 
camera before, during and 1 month after. Cerebrovascular events were determined as a part of con
temporary clinical evaluation with cerebral CT and CTA imaging when symptoms occurred.
Results: Altogether 66/100 patients (66%) were included in the analysis. In-hospital ischemic event 
(transient ischemic attack, cerebral infarction) was observed in 1/66 patient (1.5%). Retinal vascular 
abnormalities occurred in 8/66 patients (12.1%); 4/66 patients (6.1%) were detected with a cholesterol 
plaque in the retinal artery, 2/66 (3%) a capillary leakage, 1/66 (1.5%) and optic disk hemorrhage and 
1/66 (1.5%) a macular bleeding. No significant association between retinal vasculature abnormalities 
and cerebrovascular events was detected mainly due to the low event rate.
Conclusions: Perioperative evaluation of cerebrovascular ischemia with noninvasive imaging of retinal 
vasculature is possible in most patients undergoing TAVI. More data is needed to evaluate the associ
ation of cerebrovascular events and retinal microvascular abnormalities during the procedure.
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Introduction

Transcatheter aortic valve implantation (TAVI) has become 
the treatment of choice to treat symptomatic patients with 
severe aortic stenosis (AS) especially among patients with 
increased surgical risk [1,2]. The recent European guidelines 
recommend the use of TAVI in patients older than 75 years 
characterized by intermediate or high surgical risk or unsuit
able for surgical aortic valve replacement (SAVR) [2]. 
Periprocedural stroke is a rare but serious complication of 
TAVI and it is associated with high mortality and morbidity 
rates [3]. However, the pathophysiology of cerebrovascular 
events remains largely unknown. During the procedure, large 
and semi-rigid delivery catheters are advanced in the aortic 
arch and are manipulated in the usually heavily calcified aor
tic valve [4,5]. It has been reported that many patients under
going TAVI have cerebral infarction in post-procedural 
diffusion-weighted magnetic resonance imaging [6,7].

Retinal vasculature presents a surrogate of the circulation of 
the central nervous system and is noninvasively achievable by 
retinal imaging [8]. It has been shown that greater retinal 

arteriolar tortuosity is associated with higher systolic blood 
pressure and higher mean arterial pressure and in addition 
narrower arterioles were associated with higher systolic blood 
pressure, mean arterial pressure, and arterial stiffness index [9]. 
Long-term risk of mortality, ischemic stroke in both sexes and 
coronary heart disease in female has been associated with 
wider retinal venules and narrower retinal arterioles [10].

The aim of this study was to evaluate the applicability of 
retinal angiography of microvascular complications and its 
association to cerebral ischemic events during TAVI.

Materials and methods

One hundred symptomatic patients with severe AS under
going TAVI in Oulu University Hospital between February 
2020 and March 2021 were recruited for this study. Written 
informed consent to participate in the study and for the 
processing of personal data was obtained from each partici
pant prior to the study. The study was approved by the eth
ical committee of the Northern Ostrobothnian Hospital 
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District (approval number 23/2017) and follows the guide
lines of The Declaration of Helsinki.

Imaging of retinal vasculature was evaluated with an 
Optomed Smartscope FA handheld fundus camera in all 
patients before and during the procedure. Additionally, 
long-term changes in retinal vasculature were imaged after 
1 month in most of the patients. Patients received tropica
mide eye drops 30 min preoperatively for pupil dilatation 

and both eyes were imaged. Both digital black and white 
and color fundus images were taken. The right retinal image 
was selected in most of the cases but the fundus image of 
the left eye was selected when the quality of the image was 
better. In addition, fluorescent angiography (FAG) was per
formed; sodium fluorescein 2.5 ml was admitted intraven
ously and the transit phase fundus images were taken from 
the selected eye every 10–20 s up to 1 min, and then the 
control image of the opposite eye was taken. After 5 min 
from the sodium fluorescein i.v. bolus the late FAG image 
was taken. At the end of the TAVI procedure, black and 
white and color images were taken from the previously 
selected eye, and also FAG was conducted. In one month of 
control, only digital fundus images were taken except a cou
ple of cases when FAG imaging was also conducted.

The retinal images were evaluated blinded by an ophthal
mologist to detect potential abnormalities in the retinal vas
culature. The outcome of the study was cerebrovascular 
events and they were determined as a part of contemporary 
clinical evaluation with cerebral CT and CTA imaging when 
symptoms occurred.

Results

We successfully examined 79/100 patients (79%) before, 67/ 
100 (67%) during and 63/100 (63%) one month after the 
TAVI. Altogether 66/100 patients (66%) were included in the 
analysis. 34/100 patients were excluded because of undiagnostic 
retinal images (lack of cooperation, lack of imaging experience, 
poor quality of the fundus images) or lack of control images 
(no images because of patient’s poor condition during proced
ure, patient withdrawal of consent, no control visit in the study 
center, undiagnostic previous images, malfunction of the cam
era). If the images before or during the procedure were 
undiagnostic, the patients were directly excluded.

Median age of the patients was 82 years (range 64–95 years) 
and 54% of the patients were male. In-hospital ischemic event 
(transient ischemic attack, cerebral infarction) was observed in 
3/100 patients (3%). In the analysis group, 1/66 patient (1.5%) 

Table 1. Baseline characteristics.

Characteristic
Study Group  

(n¼ 100)

Median age (range)—yr 82 (64–95)
Male sex—n (%) 54 (54)
Body-mass index (mean value) 27.8
Current smoker—n (%) 2 (2)
Hypertension—n (%) 66 (66)
Diabetes mellitus—n (%) 43 (43)

Type 1 1 (1)
Type 2 42 (42)

Previous cardiovascular disease—n (%) 68 (68)
CABG 20 (20)

Atrial fibrillation—n (%) 47 (47)
Paroxysmal 16 (16)
Chronic 31 (31)

Peripheral arterial disease—n (%) 13 (13)
Hypercholesterolemia—n (%) 51 (51)
Previous stroke—n (%) 11 (11)

transient ischemic attack 3 (3)
amaruosis fugax 1 (1)
cerebral infarctation 7 (7)

Left ventricular ejection fraction
mean value 55
value of �40%—n (%) 15 (15)

Reduced eGFR (<60ml/min/1,73 m2) —n (%) 38 (38)
Previous antiplatelet therapy—n (%) 53 (53)

Aspirin 50 (50)
Clopidogrel 4 (4)
Ticagrelor 1 (1)
aspirinþ dipyridamole 1 (1)
DAPT 3 (3)

Previous anticoagulation—n (%) 48 (48)
NOAC 29 (29)
Warfarin 19 (19)

Previous antiplatelet therapyþ anticoagulation—n (%) 3 (3)
No previous antiplatelet therapy or anticoagulation—n (%) 2 (2)

CABG: coronary artery bypass graft surgery; eGFR: estimated glomerular filtra
tion rate (Pt-GFReEPI); DAPT: dual antiplatelet therapy; NOAC: non-vitamin K 
antagonist oral anticoagulant.

Table 2. Baseline characteristics.

Patients with retinal Other patients
Characteristic abnormalities (n¼ 8) (n¼ 58)

Previous cardiovascular disease—n (%) 3 (37.5) 42 (72.4)
Atrial fibrillation—n (%) 4 (50) 34 (58.6)
Diabetes mellitus—n (%) 3 (37.5) 24 (41.4)
Hypertension—n (%) 5 (62.5) 40 (69)
Peripheral arterial disease—n (%) 0 (0) 8 (13.8)
Hypercholesterolemia—n (%) 5 (62.5) 31 (53.4)
Previous stroke—n (%) 1 (12.5) 10 (17.2)
Current smoker—n (%) 0 (0) 2 (3.4)
Previous antiplatelet therapy—n (%) 4 (50) 25 (43.1)

DAPT 0 (0) 1 (1.7)
Previous anticoagulation—n (%) 4 (50) 33 (56.9)

NOAC 2 (0.25) 19 (32.8)
Warfarin 2 (0.25) 14 (24.1)

Previous antiplatelet therapyþ anticoagulation—n (%) 0 (0) 2 (3.4)
No previous antiplatelet therapy or anticoagulation—n (%) 0 (0) 2 (3.4)

DAPT: dual antiplatelet therapy; NOAC: non-vitamin K antagonist oral anticoagulant.
66 patients included in the analysis. Statistical analysis was not performed due to the low number of subjects with retinal 
abnormalities.
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had a symptomatic stroke and multiple cerebral infarctions 
detected in CT scan. [Table 1 near here]

Retinal vascular abnormalities occurred in 8/66 patients 
(12.1%); 4/66 patients (6.1%) were detected with a choles
terol plaque in the retinal artery, 2/66 (3%) a capillary leak
age, 1/66 (1.5%) and optic disk hemorrhage and 1/66 (1.5%) 

a macular bleeding (Figure 1). Most of the retinal vascular 
abnormalities (7/8, 87.5%) were detected during the TAVI 
procedure, but one of the patients was diagnosed with ret
inal abnormality in one month control. Most of the patients 
with retinal vascular abnormalities (6/8, 75%) received self- 
expanding bioprosthesis. [Table 2 near here]

Figure 1. Ocular findings in retinal fluorescein angiography and fundus images before and after transcatheter aortic valve replacement. Notes: Ophthalmic changes 
were not detected in preoperative images (A, C, E, G). Postoperative retinal abnormalities included an optic disc hemorrhage (B), cholesterol plaque in the central 
retinal artery (D), retinal macroaneurysm with vitreous bleeding (F), and a leakage of microaneurysms in macular vasculature (H).
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Because of the low event rate statistical analysis had not 
been meaningful. No significant association between retinal 
vasculature abnormalities and cerebrovascular events was 
detected due to the low event rate.

Discussion

In this study, we evaluated the retinal vasculature abnormal
ities potentially associated with cerebral ischemic events by 
visualizing retinal vasculature during TAVI. We also eval
uated the applicability of retinal angiography imaging of 
microvascular complications during TAVI. Retinal vascula
ture abnormalities occurred in 8/66 patients (12.1%). Most of 
them (4/66 patients, 6.1%) were detected with a cholesterol 
plaque in the retinal artery potentially originated from the 
valve itself or calcified aorta. A capillary leakage was seen in 
2/66 patients (3%), an optic disk hemorrhage in 1/66 patient 
(1.5%) and a macular bleeding in 1/66 patients (1.5%). 
Bleeding can be caused by ischemia, mechanical damage of 
retinal artery or thrombotic, cholesterol or air emboli.

Previously noninvasive evaluations of cerebrovascular 
microembolisms have been determined from retinal images 
during cardiac surgery. It was shown that in patients under
going coronary artery bypass graft surgery retinal microembo
lization detected by fluorescein angiography was decreased 
when using minimized cardiopulmonary bypass (MCPB) 
compared to conventional extracorporeal circulation that sug
gests a decreased load of emboli to the brain after MCPB 
[11]. In addition, retinal embolic events have been studied 
earlier by running a full ophthalmic examination to TAVI 
patients perioperatively. A study of 20 TAVI patients who 
underwent full ophthalmic examination to assess retinal 
embolic events prior to TAVI and at 48 h and 1 month 
resulted in an overall incidence of retinal embolic events of 
15–20% without any significant visual problems or retinal 
damage [12]. In another study, retinal abnormalities were 
evaluated with optical coherence tomography angiography 
(OCTA) after TAVI showing that capillary dropout lesions 
could often be found in patients after TAVI [13]. Noninvasive 
retinal evaluation has been used in TAVI patients and there is 
some reference that retinal abnormalities occur after the pro
cedure. This study is the first study to evaluate the retinal vas
culature changes during the TAVI procedure. This method 
might be a feasible assessment tool in future studies of cere
bral embolic protection devices in TAVI procedures.

In studies with cerebral embolic protection device 
(Sentinel VR ) it has been found that in almost all cases some 
debris can be captured [14]. This has been proved to result 
in a diminished number of small asymptomatic cerebral 
lesions detectable in MRI after the procedure [15]. However, 
in a large randomized trial there was no significant differ
ence in the total stroke number [16]. The inability of the 
device to reduce stroke numbers can be due to numerous 
factors. As seen in the current study, embolic debris is not 
the only driver of changes in the target vasculature, but also 
capillary leakage and bleeding were seen.

The study population was small and the event rate was 
low, thus, there was no significant association with retinal 

abnormalities and cerebrovascular events. This was an obser
vational study assessing the feasibility of periprocedural ret
inal imaging and was not designed necessarily to determine 
outcome association. We used CT imaging only when neuro
logical symptoms occurred because the aim of the study was 
not to show cerebral imaging differences related to retinal 
imaging. In addition, among TAVI patients clinical signs of 
stroke would be more meaningful outcomes than imaging 
results due to the comorbidities and age of the patients. The 
quality of many retinal images was not optimal but we 
observed a beneficial learning curve in the procedure result
ing in better quality at the end of the enrollment.

Neuropsychological tests to assess procedure-related 
neurological abnormalities have been performed previously 
in CABG related studies [17]. We opted to use clinical end
points such as stroke due to the age and comorbidities of 
the patients. After all TAVI patients might have neuro
psychological abnormalities unrelated to the vascular com
plications related to the procedure mostly due to the 
previously mentioned reasons.

Our study adds understanding of the possible mecha
nisms of vasculature damage during the TAVI procedure. 
This study shows that it is possible to evaluate the peri
operative cerebrovascular ischemia by visualizing central 
nervous vasculature with mildly sedated patients undergoing 
TAVI when the neurological symptoms normally are clinic
ally difficult to evaluate.

Conclusion

Perioperative evaluation of cerebrovascular ischemia with 
noninvasive imaging of retinal vasculature is possible in 
most patients undergoing TAVI. More data is needed to 
evaluate the association of cerebrovascular events and retinal 
microvascular abnormalities during the procedure.
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