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Background  
Transcatheter aortic valve implantation (TAVI) has become the standard for treating 
severe symptomatic aortic stenosis in those with prohibitive surgical risk. Cognitive 
complications, including delirium and cognitive decline are common following TAVI, yet 
an understanding of pre-procedural factors associated with these outcomes is lacking. 
This prospective observational study set out to identify geriatric pre-procedural factors 
associated with post-procedural delirium and cognitive decline in patients undergoing 
TAVI. 

Methods  
Cognitive outcomes of TAVI patients aged ≥60 years (N=32) were measured over one-year 
post-TAVI. Pre-procedural measures included frailty, gait, visual symptoms, voice pitch, 
dysphagia, blink rate, mood, and sleep. Primary outcomes were post-procedural delirium 
and cognitive decline. 

Results  
Delirium was present in 25% of patients over two days following TAVI and 26% 
experienced cognitive decline in the year post-TAVI. Daily physical activity was a 
protective factor against cognitive decline, and worse baseline visual memory was 
associated with delirium. While non-significant and with very large confidence intervals, 
moderate to large effect sizes were found for associations between slowed gait speed, 
pre-existing atrial fibrillation, and dysphagia for delirium, and slower gait speed, higher 
blink rate, pre-existing atrial fibrillation for cognitive decline. 

Conclusion  
Though underpowered, measures of considerable effect size were identified (although 
non-significant and with large variability). In larger studies, these novel geriatric factors 
could further be explored for predicting cognitive complications following TAVI. 
Improvement of risk prediction for cognitive decline and delirium following TAVI could 
assist with early identification of those at risk, informing clinical decision-making and 
allowing for targeted intervention to reduce post-procedural incidence of these 
complications. 

INTRODUCTION 

Transcatheter aortic valve implantation (TAVI) has become 
the standard for treating severe symptomatic aortic steno-
sis in those with prohibitive surgical risk.1 TAVI is also 
increasingly recommended for lower-risk patient popula-
tions.2,3 TAVI benefits include procedural success rates ex-
ceeding 95% and lower mortality than the surgical alterna-
tive.4 Delirium, an acute disorder of arousal and attention, 
is experienced by 23% of patients in the days post-TAVI,5 

and approximately 7-14% experience cognitive decline in 
the following year.6 

No cognitive decline or delirium risk prediction tools ex-
ist specifically for TAVI patients. General surgical and car-
diothoracic risk models typically underperform in TAVI pa-
tients with specific high-risk characteristics (e.g., advanced 
age and multiple comorbidities).7–9 Risk prediction in 
frailer populations includes many general (e.g., mobility, 
frailty) and novel (e.g., voice, vision, and dysphagia) fac-
tors, yet these have not been applied to delirium and cogni-
tive decline following TAVI. 
This exploratory, effect-finding study investigated asso-

ciations between a wide range of novel pre-procedural fac-
tors and post-TAVI delirium and cognitive decline across 12 
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months post-TAVI as a first step to developing applicable 
risk prediction models. We investigated measures spanning 
geriatric and frailty research and included gait, visual 
symptoms, voice, dysphagia, mood, and sleep. 

METHODS 
STUDY POPULATION AND PROTOCOL 

The study population was derived from TAVI patients en-
rolled in a clinical trial (ACTRN12618001114235) with pre-
published protocol.10 In brief, consecutive patients ≥60 
years undergoing elective TAVI at the Royal Adelaide Hos-
pital between May 2018 and May 2021 were eligible, includ-
ing individuals with a diagnosed neurodegenerative condi-
tion (e.g. dementia). Eligible patients had normal hearing 
(with or without aid) and lived within one hour of the CBD. 
Exclusion criteria included current or recent (past year) al-
cohol or substance dependence, a diagnosed learning dis-
ability, or insufficient English language. Procedures were 
performed under local anaesthetic with sedation (typically 
propofol or dexmedetomidine). A minority received a gen-
eral anaesthetic. Patients were usually mobilised 8 hours 
later and discharged after one night in hospital. COVID-19 
restrictions from 2020 onwards severely impacted recruit-
ment, with elective procedures cancelled from the public 
hospital system multiple times and moved to private hospi-
tals (where we did not have regulatory approval). As such, 
we could not meet our recruitment target of 60 partici-
pants.10 

We approached eligible participants at their pre-proce-
dural consultation (typically 1-4 weeks pre-TAVI). Consent-
ing participants completed baseline (pre-TAVI) and follow-
up assessments on days 1 and 2, 3-, 6-, and 12-months 
post-TAVI. Trained research staff conducted assessments in 
participant homes or in hospital. Relevant medical history, 
risk scores and procedural factors were collected from hos-
pital records. If participants could not be contacted for fol-
low-up, we approached their next of kin. 
The study was approved by the human ethics committees 

of the Central Adelaide Local Health Network (R20170916) 
and the University of South Australia (200830), and all par-
ticipants provided written informed consent to participate. 
Participants were each reimbursed AUD$80 for the study. 

MEASURES 

The assessments we collected at which time points are 
given in Table 1 with details in our published protocol.10 

PRIMARY OUTCOMES 

Participants were assessed for delirium on the two days fol-
lowing their TAVI procedure by research staff trained by ex-
pert geriatricians (AB and DD). We used the Confusion As-
sessment Method (CAM)12 to ascertain delirium presence 
or absence, with the Memorial Delirium Assessment Scale 
(MDAS)13 informing CAM scoring and as a severity mea-
sure. We assigned a motor subtype using a checklist.21 

We used the Addenbrooke’s Cognitive Examination III 
(ACE-III)11 to measure global cognition (Table 1). We clas-
sified cognitive decline at each follow-up timepoint as a de-
cline (from baseline) of ≥3 points in ACE-III score. This cut-
off was relaxed from that planned in the protocol paper (≥4) 
to ensure we captured all with cognitive decline and rep-
resented 1SD for healthy older adults.22 To reduce multi-
ple comparisons, we defined cognitive decline (3-, 6- and 
12-months) based on the following: (1) if only one cognitive 
follow-up was available, scores ≥3 points lower than base-
line defined decline; (2) if two cognitive follow-ups, one 
≥3 points lower and not ≥3 points lower than baseline, 
no overall decline was recorded (notably, this did not oc-
cur), (3) if three cognitive follow-ups, we took the majority 
change. 

SECONDARY OUTCOMES 

Due to greatly reduced sample size and power, continuous 
cognitive change over time was not investigated as an out-
come. Other secondary outcomes (quality of life, activities 
of daily living) will be reported in subsequent papers. 

STATISTICAL ANALYSIS 

De-identified data from this trial are available by open ac-
cess through the UniSA Research Data Access Portal 
(https://doi.org/10.25954/f1kj-w151). All data analyses 
were conducted using R. An F-test for numeric variables 
and a Chi-square test of independence for categorical vari-
ables was used to compare baseline characteristics between 
study completers and non-completers (those who withdrew 
their participation or died). 
Outliers (z-score <-3 or >3) on baseline measures were 

removed from analyses (see Table S4 notes). We entered 
each factor into separate models for each primary outcome 
(delirium and cognitive decline), using logistic regression 
(odds ratos) for continuous baseline factors and Fisher’s 
exact tests (Cramer’s V) for categorical baseline factors. 
Fisher’s exact tests were not planned in the protocol but 
were required due to the small number of participants in di-
chotomous groupings. 
As an exploratory, effect-finding study, we did not cor-

rect for multiple comparisons. We focused on effect sizes 
rather than statistical significance to identify factors with 
potential predictive utility for future studies. 

RESULTS 
BASELINE DATA 

During the recruitment period (May 2018 to May 2021), re-
cruitment was on hold for a total of 15 months due to with-
drawal of the Chief Investigator (7 months) and COVID-19 
restrictions (8 months). A total of 32 participants (20 men, 
mean age 82.7 years (SD 5.8)) were enrolled (Table 2). We 
identified mild cognitive impairment (ACE-III<8923) in 69% 
of the sample at baseline. Reasons for missing baseline data 
are provided in Table S1. 
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Table 1. Details of assessments and timepoints measured throughout the study.          

Assessment Details Baseline Day 1 
and 2 

3-month 6-month 12-month 

Primary outcomes 

Global cognition Addenbrooke’s Cognitive Examination III (ACE-III)11 

Possible scores range from 0 to 100, with higher scores reflecting better cognition. 

Parallel versions of the ACE-III facilitated longitudinal assessment. High sensitivity and specificity are 
reported for the two suggested cut-offs, of 88 for mild cognitive impairment (sensitivity = 1.0, specificity = 
0.96) and 82 for dementia (sensitivity = 0.93, specificity = 1.0).11 The ACE-III also demonstrates good 
internal reliability (α = 0.88). 

X X X X 

Delirium On the ward and when discharged home, Confusion Assessment Method (CAM)12 was used to ascertain 
delirium presence or absence, with the Memorial Delirium Assessment Scale (MDAS)13 interview 
informing CAM scoring and as a measure of severity. In the intensive care unit, CAM-ICU was used to 
assess delirium, with CAM-ICU-714 used to ascertain severity. 

Altered level of consciousness was assessed using the Observational Scale of Level of Arousal or the 
Richmond Agitation and Sedation Scale in the ICU. 

CAM and CAM-ICU comprise four main features of delirium: (1) acute onset and fluctuating course; (2) 
inattention; (3) disorganised thinking; and (4) altered level of consciousness. We define a positive 
diagnosis of delirium as the presence of features 1 and 2 and either 3 or 4 on the CAM or CAM-ICU on 
days 1 or 2 post-TAVI. 

X 

Baseline factors 

Population 
characteristics 

Age, sex, body mass index, education, Comorbidities (pre-existing) from medical history (renal disease, 
previous stroke/TIA, atrial fibrillation, coronary artery disease, hypertension, peripheral vascular disease), 
risk scores (EuroSCORE II and Society of Thoracic Surgery score). 

X 

Depression Geriatric Depression Scale15 

Possible scores ranging from 0 to 15 (higher scores indicating a greater likelihood of depression). 

X 

Neuropsychiatric 
symptoms 

Neuropsychiatric Inventory Questionnaire16 

Indicates presence or absence of 12 neuropsychiatric symptoms (as reported by a family member or 
spouse). 

X 

Insomnia Early, middle, and late insomnia items of the Hamilton Rating Scale for Depression17 

Total scores range between 0-6, with higher scores indicating more severe insomnia symptoms. 

X 

Gait Single- and dual-task gait speed (metres/second), dual-task gait cost and step length (metres). 

Each task completed with participants walking 6 metres at comfortable walking speed. 

X 
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Assessment Details Baseline Day 1 
and 2 

3-month 6-month 12-month 

Diplopia Eye cover test (developed in discussion with a neuro-ophthalmologist). 

Diplopia defined as double vision or blurry vision (by self-report) in addition to any eye movements (in 
right or left eye) during the eye cover task. 

X 

Blink rate Blinks per second. 

Based on the conversation task by Fitzpatrick et al.18 

X 

Voice pitch Average voice pitch (Hz) from sustained phonation /a/ 

Males and females assessed separately due to expected sex variations in pitch. 

X 

Dysphagia Visual analogue scale from the Sydney Swallowing Questionnaire19 

Dichotomised as presence (>0) or absence (=0) of swallowing problems. 

X 

Frailty Clinician-administered Edmonton Frail Scale20 

Comprises 10 domains (scores from 0 to 17, with higher scores representing more frailty) 

X 

Social 
engagement 

How often participants see a family member or friend. Dichotomised as daily or less than daily (e.g., 
weekly, monthly, never). 

X 

Physical activity How often participants take part in physical activity. Dichotomised as daily or less than daily (e.g., weekly, 
monthly, never). 

X 

Apolipoprotein 
E4 (APOE-e4) 

Presence or absence of the APOE-e4 allele determined by saliva sample. 

Genotyping of the two single nucleotide polymorphisms (rs439358 and rs7412) determined APOE 
genotype and were categorised as APOE-e4 carriers or noncarriers. 

X 

Cognitive 
domains 

Cambridge Neuropsychological Test Automated Battery (CANTAB) 

Reaction Time (RTI) and Pattern Recognition Memory (PRM) were used, with RTI as a measure of 
attention and PRM as a measure of visual memory. 

Each test provides multiple outcome measures and so a composite score for each test, calculated as an 
average of relevant outcomes (detailed in Table S8), was used. 

X X X X 

Procedure 
details 

TAVI procedure details (procedure time, access type) were obtained from hospital records. X 

Note: ACE-III = Addenbrooke’s Cognitive Examination III; APOE = Apolipoprotein E; CAM = Confusion Assessment Method; CAM-ICU = Confusion Assessment Method – Intensive Care Unit; CANTAB = Cambridge Neuropsychological Test Automated Battery; EuroSCORE = 
European System for Cardiac Operative Risk Evaluation; MDAS = Memorial Delirium Assessment Scale; PRM = Pattern Recognition Memory; RTI = Reaction Time; TAVI = transcatheter aortic valve implantation; TIA = transient ischemic attack. 
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FOLLOW-UP DATA 

Post-TAVI follow-ups were completed by 28, 27, 25, and 
23 participants at delirium assessment, 3-, 6-, and 
12-month timepoints, respectively. Two participants died, 
and one could not be contacted. Participants also withdrew 
due to lack of interest (N=5) or feeling unable to continue 
following a stroke (N=1) (Figure 1). Non-completers had 
higher baseline Society of Thoracic Surgery scores, lower 
BMI, and fewer neuropsychiatric symptoms (Table S2). 

FACTORS ASSOCIATED WITH DELIRIUM 

Delirium was present in seven participants (25% of those 
assessed) (Table S3). Of these, three were hypoactive, three 
were hypoactive, and one had mixed delirium. The average 
maximum MDAS score in delirium patients was 7.4 (SD 1.5, 
range 5-9). 
Worse baseline visual memory (Table 1) was significantly 

associated with delirium (OR=0.89, 95%CI 0.77 to 0.99). We 
found non-significant but notable associations with slower 
dual-task gait speed (large effect, OR=0.08, 95%CI 0.00 to 
3.88), and a small effect for lower blink rate (OR=0.54, 
95%CI 0.04 to 5.65) (Figure 2 and Table S4). Importantly, 
there was large variability around these estimates. Large 
but non-significant associations were found for atrial fib-
rillation and non-transfemoral access (both Cramer’s V=0.5). 
Dysphagia showed a medium effect (Cramer’s V=0.4), and 
weak associations were found for no renal disease, no hyper-
tension, peripheral vascular disease, coronary artery disease, 
APOE-e4 allele, male gender, and more daily physical activity 
(Cramer’s V=0.1 to 0.3) (Figure 3, Table S5). 

FACTORS ASSOCIATED WITH COGNITIVE DECLINE 

We observed cognitive decline in seven participants (26% 
of 27 assessed, Table S6, S7). Logistic regressions did not 
show any significant predictors (Figure 2 and Table S4). 
We found non-significant associations with a large effect 
for slower single-task gait speed (OR=0.08, 95%CI 0.00 to 
11.82), medium effects for higher blink rate (OR=2.52, 
95%CI 0.19 to 35.42) and slower dual-task gait speed 
(OR=0.25, 95%CI 0.00 to 10.78), and small effects for lower 
voice pitch average (women only) (OR=0.68, 95%CI 0.27 to 
0.95). Once again noting large variability around estimates 
indicates less confidence in these results. 
Fisher’s exact tests of dichotomous predictors showed 

that undertaking physical activity less than daily (e.g., 
weekly) was significantly related to cognitive decline 
(strong association, Cramer’s V=0.5). Non-significant asso-
ciations were found for no atrial fibrillation (medium as-
sociation, Cramer’s V=0.4) and small associations for non- 
transfemoral access, dysphagia, no peripheral vascular dis-
ease, less daily social activity, non-APOE-e4 allele, no renal 
disease, no previous stroke, and coronary artery disease 
(Cramer’s V=0.1 to 0.3) (Figure 3 and Table S5). 
Of those with delirium, only four were assessed for cog-

nitive decline, which was positive in one case. The other 
three had withdrawn (N=1 had a stroke and did not wish to 
continue, N=2 withdrew for other reasons). 

DISCUSSION 

In this prospective cohort study, 25% of TAVI patients ex-
perienced delirium and 26% cognitive decline in the year 
following TAVI. We identified several possible effects (al-
though non-significant and with wide confidence intervals) 
for incident delirium and cognitive decline post-TAVI. Gait, 
dysphagia, pre-existing atrial fibrillation, and visual mem-
ory could be further investigated for delirium prediction, and 
physical inactivity, gait, blink rate, and atrial fibrillation for 
cognitive decline. 
TAVI patients who partook in less than daily physical ac-

tivity (pre-TAVI) were more likely to develop cognitive de-
cline following TAVI. The recent Lancet commission iden-
tified physical inactivity as a risk factor for demenia.24 

Exercise interventions can enhance cognitive function, but 
TAVI patients may be limited in their capacity to increase 
physical activity due to frailty and comorbidities.25 Even if 
intervention is not feasible in all cases, physical inactivity 
is an important risk marker which is simple to address 
within pre-operative risk assessment. 
Poor baseline visual memory was significantly associated 

with post-TAVI delirium. It is unclear why the small associ-
ation between poor baseline visual memory and post-TAVI 
delirium did not extend to global cognition or attention 
scores, as the overall relationship between baseline cogni-
tion and incident delirium is well-established.26–30 

While not statistically significant and with wide confi-
dence intervals, gait and dysphagia had consistent and sub-
stantial (mostly medium-large) effects for both delirium 
and cognitive decline. Previous research has implicated 
slower gait as a risk factor for dementia,31 with slowing 
gait shown to precede declines in cognitive function and di-
agnosis of mild cognitive impairment by a decade.32 Gait 
speed has also been implicated in TAVI, as a predictor of 
mortality and other clinical outcomes.33–35 Dysphagia has 
been overlooked in the context of TAVI, except for post-
procedurally, with an incidence rate of 3%.36 Dysphagia is 
associated with the development of malnutrition, dehydra-
tion, and aspiration pneumonia,37 all of which can pre-
cipitate delirium.38–40 If replicated and extended in larger 
studies, dysphagia could be useful in preoperative risk pre-
diction modelling for TAVI as it can be measured quickly us-
ing a single visual analogue scale. 
The potential benefit of improving risk prediction in the 

context of TAVI would come from early intervention, detec-
tion, and diagnosis of these clinical factors. It could enable 
proactive decision-making by the patient and care part-
ners or substitute decision-makers. Effective identification 
of those at risk is vital for delirium, considering that up 
to 30-40% is preventable.27,41 Furthermore, the factors we 
identified require minimal time, equipment, and training if 
found useful. 
There are some important limitations to highlight. Most 

notably, COVID-19 restrictions impacted recruitment and 
sample size. Consequently, we had greatly reduced power 
and could not conduct all planned analyses10 or evaluate 
factors using multivariate modelling. We also had high at-
trition rates (31% by 12-month follow-up) and hence re-
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Table 2. Baseline characteristics of participants (N=32).      

Variable N Mean/% SD 

Age (years) 32 82.48 5.79 

Sex 32 

Male 20 62% 

Female 12 38% 

BMI 29 28.17 5.75 

Education (years) 32 10.8 3.68 

Social engagement 32 

Daily 17 53% 

Less than daily 15 47% 

Physical activity 32 

Daily 24 75% 

Less than daily 8 25% 

Cognition (ACE-III score) 32 81.22 10.9 

Cognitive impairment (ACE-III < 89) 32 

No 10 31% 

Yes 22 69% 

Dementia (ACE-III < 83) 32 

No 13 41% 

Yes 19 59% 

PRM composite score (%) 31 76.08 8.74 

RTI composite score (ms) 31 423.58 60.25 

Depression (GDS score) 32 2.56 1.7 

Neuropsychiatric symptoms (N) 26 2.92 2.51 

Insomnia symptoms 32 2.22 1.66 

Single-task gait speed (m/s) 30 0.87 0.28 

Dual-task gait speed (m/s) 30 0.79 0.25 

Dual-task gait cost (%) 30 9.39 12.73 

Diplopia 25 

No 25 100% 

Yes 0 0% 

Blink rate (blinks/sec) 32 0.73 0.45 

Average pitch (male) 20 147.35 50.17 

Average pitch (female) 12 195.24 33.21 

Dysphagia 32 

No 20 62% 

Yes 12 38% 

Edmonton Frail Scale (score) 32 5.28 2.59 

APOE-e4 carrier 31 

No 22 71% 

Yes 9 29% 

Renal disease 30 

No 19 63% 

Yes 7 23% 

Unknown 4 13% 

Previous stroke/TIA 30 

No 26 87% 

Yes 4 13% 
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Variable N Mean/% SD 

Unknown 0 0% 

Pre-existing atrial fibrillation 30 

No 15 50% 

Yes 6 20% 

Unknown 9 30% 

Coronary artery disease 30 

No 14 47% 

Yes 13 43% 

Unknown 3 10% 

Hypertension 30 

No 4 13% 

Yes 23 77% 

Unknown 3 10% 

Peripheral vascular disease 30 

No 21 70% 

Yes 4 13% 

Unknown 5 17% 

EuroSCORE II 18 4.45 2.91 

Society of Thoracic Surgery 24 4.87 3.94 

Access type 20 

Subclavian 2 10% 

Transfemoral 18 90% 

Procedure time (min) 7 50.29 10.95 

Delirium 28 

No 21 75% 

Yes 7 25% 

Note: ACE-III = Addenbrooke’s Cognitive Examination III; APOE = Apolipoprotein E; BMI = body mass index; EuroSCORE = European System for Cardiac Operative Risk Evaluation; 
GDS = Geriatric Depression Scale; PRM = Pattern Recognition Memory; RTI = Reaction Time; TIA = transient ischemic attack. 

duced ability to measure cognitive decline at later time 
points (6- and 12-months post-TAVI). Without a compari-
son group, we could not account for cognitive decline re-
lated to factors other than TAVI (e.g., age-related decline). 
We also acknowledge the limits of our relaxed criteria for 
cognitive decline (decline of ≥ 3 points on ACE-III). While 
ensuring all with decline are captured, our risk of Type 1 er-
ror increased. Based on our (albeit relaxed) criteria, we also 
saw 30% cognitive improvement in our sample. Improve-
ments in cognition following TAVI should be considered 
in future research. Due to logistical difficulties in access-
ing participants, we could not confirm they were delirium-
free immediately before their procedure. Delirium was also 
only assessed once daily, potentially limiting our ability to 
capture delirium presence. Including participants from only 
one public hospital site makes our sample biased towards 
patients within the public healthcare system, which may 
represent a higher-risk group. 
While underpowered, our study provides some indica-

tion of novel geriatric and age-related factors that may pre-
dict delirium and cognitive decline following TAVI. TAVI 
patients are a unique, high-risk population who need spe-
cific risk assessment. Within this homogeneous population, 
negligible associations were found with typical risk factors 

for delirium and cognitive decline, such as increased age 
and depression. More importantly for TAVI patients, gait, 
dysphagia, pre-existing atrial fibrillation, and visual mem-
ory should be further investigated for delirium prediction 
and physical inactivity, gait, and blink rate for cognitive de-
cline. With further research, incorporating these quick and 
simple measures could improve risk prediction for cognitive 
decline and delirium following TAVI and enhance targeted 
intervention. 
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Figure 1. Participant flow diagram.    
COVID-19 = Coronavirus Disease 2019; TAVI = transcatheter aortic valve implantation. 
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Figure 2. Odds ratios for logistic regressions with delirium or cognitive decline as the outcome.              
OR > 1 indicates that higher scores on the predictor factor relate to presence of the outcome, OR < 1 indicates that lower scores on the predictor factor relate to presence of the out-
come. Light, medium, and dark blue indicate small, medium, and large effect sizes, respectively. Error bars represent 95%CI. ACE-III = Addenbrooke’s Cognitive Examination III; BMI 
= body mass index; EuroSCORE = European System for Cardiac Operative Risk Evaluation; NPI = Neuropsychiatric Inventory; OR = odds ratio; PRM = Pattern Recognition Memory; 
RTI = Reaction Time; STS = Society of Thoracic Surgery. 
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Figure 3. Cramer’s V for association of dichotomous predictors with delirium and cognitive decline from Fisher’s               
exact tests.   
Delirium = purple; Overall cognitive decline = black. Light, medium, and dark blue indicate small, medium, and large effect sizes, respectively. AF = pre-existing atrial fibrillation; 
APOE = Apolipoprotein E; CAD = coronary artery disease; PVD = peripheral vascular disease 
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