
Open access 

  1Dautzenberg L, et al. Open Heart 2021;8:e001766. doi:10.1136/openhrt-2021-001766

 ► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (http:// dx. doi. org/ 10. 
1136/ openhrt- 2021- 001766).

To cite: Dautzenberg L, 
Pals JEM, Lefeber GJ, et al. 
Predictors of clinical outcome 
following transcatheter aortic 
valve implantation: a prospective 
cohort study. Open Heart 
2021;8:e001766. doi:10.1136/
openhrt-2021-001766

Received 9 August 2021
Accepted 3 September 2021

1Department of Geriatric 
Medicine, University Medical 
Centre Utrecht, Utrecht, The 
Netherlands
2Department of Cardiology, 
University Medical Centre 
Utrecht, Utrecht, The 
Netherlands
3Department of Public Health 
and Primary Care, Leiden 
University Medical Center, 
Leiden, The Netherlands

Correspondence to
Drs Lauren Dautzenberg;  l. 
dautzenberg@ umcutrecht. nl

Predictors of clinical outcome following 
transcatheter aortic valve implantation: 
a prospective cohort study

Lauren Dautzenberg,1 Judith E M Pals    ,1 Geert J Lefeber,1 Pieter R Stella,2 
Masieh Abawi,2,3 Marielle Emmelot- Vonk,1 Huiberdina L Koek1

Interventional cardiology

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective In recent years, transcatheter aortic valve 
implantation (TAVI) has become the treatment of choice for 
patients with symptomatic aortic valve stenosis considered 
to be at increased or high surgical risk. The aim of this 
study was to identify predictors of postoperative adverse 
events in older adults undergoing TAVI.
Methods A prospective observational cohort study of 
patients who were referred to a geriatric outpatient clinic 
for a geriatric assessment prior to TAVI was conducted. 
The outcomes were mortality and hospital readmission 
within 3 months of TAVI and the occurrence of major 
postoperative complications during hospitalisation 
according to the Clavien- Dindo classification. These three 
outcomes were also combined to a composite outcome. 
Univariate and multivariate logistic regression analyses 
were performed to identify predictors of the outcomes and 
composite outcome of adverse events.
Results This cohort included 490 patients who underwent 
TAVI (mean age 80.7±6.2 years, 47.3% male). Within 3 
months of TAVI, 19 (3.9%) patients died and 46 (9.4%) 
patients experienced a hospital readmission. A total of 
177 (36.1%) patients experienced one or more major 
complications according to the Clavien- Dindo classification 
during hospitalisation and 193 patients (39.4%) 
experienced the composite outcome of adverse events. In 
multivariate analyses, cognitive impairment was identified 
as an independent predictor of major postoperative 
complications (OR 2.16; 95% CI 1.14 to 4.19) and the 
composite outcome of adverse events (OR 2.40; 95% 
CI 1.21 to 4.79). No association was found between the 
other variables and the separate outcomes and composite 
outcome.
Conclusion Cognitive impairment is associated with 
postoperative adverse events in older patients undergoing 
TAVI. Therefore, it is important to screen for cognitive 
impairment prior to TAVI and it is recommended to include 
this in current TAVI guidelines.

INTRODUCTION
Stenosis of the aortic valve is one of the 
most common cardiovascular diseases in 
the Western population.1 2 It is associated 
with ageing and affects one in eight individ-
uals aged 75 years and above.1–3 In recent 
years, transcatheter aortic valve implantation 

(TAVI) has become the treatment of choice 
for patients with symptomatic aortic valve 
stenosis, considered to be at increased or high 
surgical risk.1–3 Common surgical risk scores, 
such as the European System for Cardiac 
Operative Risk Evaluation (EuroSCORE) 
and Society of Thoracic Surgeons score, are 

Key messages

What is already known about this subject?
 ► Stenosis of the aortic valve is one of the most com-
mon cardiovascular diseases in the Western popula-
tion and associated with ageing.

 ► Common surgical risk scores to predict the risk of 
adverse events, such as the European System for 
Cardiac Operative Risk Evaluation and Society of 
Thoracic Surgeons score, do not include relevant 
risk factors that are specifically prevalent in the 
geriatric population.

 ► Previous studies on predictors of adverse outcomes 
in older patients undergoing transcatheter aortic 
valve implantation (TAVI) mainly focus on the occur-
rence of long- term mortality.

 ► There is a paucity of information about predictors 
of both (short- term) mortality and morbidity in these 
patients.

What does this study add?
 ► In this prospective cohort study on adverse out-
comes in older patients, all patients underwent a 
Comprehensive Geriatric Assessment prior to TAVI 
and were given advice for appropriate treatment to 
prevent/reduce postoperative adverse outcomes. 
Cognitive impairment was found to be associated 
with postoperative morbidity and mortality. No as-
sociation was found between other variables, like 
frailty, and the occurrence of adverse events.

How might this impact on clinical practice?
 ► Screening for cognitive impairment with a screen-
ing tool like the Mini- Mental State Examination or 
Montreal Cognitive Assessment could help identify 
patients who are at increased risk of adverse events 
following TAVI. Therefore, it is recommended to in-
clude screening for cognitive impairment in current 
TAVI guidelines.
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widely used to guide treatment options based on the 
predicted risk of poor outcomes.3 These models were 
created and validated in a standard surgical risk popula-
tion.3 4 Therefore, these models do not include relevant 
risk factors that are specifically prevalent in the geriatric 
population.1–3 In recent years, the evidence has grown 
that frailty can help identify patients who are at increased 
risk of mortality after a TAVI procedure.3 4 Therefore, 
the European Society of Cardiology guidelines for the 
management of valvular heart disease and the guidelines 
of the American College of Cardiology (ACC) recom-
mend to use frailty scores to determine a patients’ suit-
ability for TAVI.1 2 Previous studies aimed to identify 
preoperative factors predictive of postoperative adverse 
outcomes in older patients undergoing TAVI.3 4 Several 
predictors of 1- year mortality in older patients have been 
found, including the presence of frailty, a reduced gait 
speed and dependence in activities of daily living (ADL). 
With regard to predictors of short- term outcomes (eg, 
30- day mortality), there have been conflicting results, in 
particular with respect to frailty.5–7

The majority of recently created prediction models in 
older patients focused on the occurrence of long- term 
mortality.8–10 Since the occurrence of postoperative 
complications results in substantial burden for patients 
and healthcare systems, it is necessary to focus both on 
postoperative mortality and morbidity and the overall 
occurrence of these negative outcomes.11 12

In this study, we aimed to identify predictors of post-
operative adverse events, including mortality, hospital 
readmissions, major postoperative complications and the 
composite of these outcomes in older patients under-
going TAVI.

METHODS
Study design and population
This prospective, single- centre cohort study was 
conducted at the University Medical Centre Utrecht, 
a tertiary hospital in the Netherlands. All consecutive 
patients who visited the geriatric outpatient clinic for a 
geriatric assessment prior to TAVI between January 2014 
and June 2020 were included. Patients were excluded if 
(a) they were referred for a preoperative geriatric assess-
ment prior to another operation than TAVI, (b) the TAVI 
operation was cancelled or (c) the 3- month follow- up 
appointment was planned after 30 June 2020. Data were 
collected from patients’ electronic medical records 
during the outpatient clinic visit prior to TAVI, during 
the TAVI admission and 3 months post-TAVI.

TAVI-procedure
A multidisciplinary heart team consisting of at least one 
interventional cardiologist and one cardiac surgeon 
evaluated the patients’ suitability for a TAVI- procedure 
according to current guidelines. A preoperative complete 
cardiac assessment was performed. The preferred 
access site was the transfemoral artery. Procedures were 

performed under local or general anaesthesia. After the 
TAVI procedure, patients had to take 6 hours bed rest.

Preoperative geriatric assessment
The preoperative geriatric assessment was performed 
by a geriatric nurse practitioner under supervision of 
a geriatrician and involved a Comprehensive Geriatric 
Assessment (CGA) in which the following domains were 
assessed: somatic, psychological, social and functional. 
An anamnesis was performed and data were collected on 
medical history, medication use (in particular the pres-
ence of (hyper)polypharmacy), smoking status, alcohol 
use, living situation, dependence in (instrumental) activ-
ities of daily living ((i)ADL), nutritional status, the pres-
ence of a fall in the previous 6 months and the presence of 
a delirium in the past. With regard to the medical history, 
the Charlson Comorbidity Index (CCI) score was calcu-
lated.13 An adjusted CCI score without scoring points for 
age- category was used. A cut- off value of ≥3 was defined 
as multimorbidity. Polypharmacy was defined as the use 
of five or more medications, excluding food supplements 
without prescription, medication only taken when neces-
sary, dermal creams and eye drops. Hyperpolypharmacy 
was defined as the use of 10 or more medications. With 
regard to alcohol use and smoking status, patients scored 
positive if they were current users, regardless of the 
amount. Patients lived dependent when they lived in a 
skilled nursing or assisted nursing facility. Patients lived 
independent when they lived in their own house, with or 
without homecare. To assess dependence in (i)ADL the 
KATZ-15 questionnaire was conducted.14 Dependence 
in (i)ADL was defined as a KATZ-15 score ≥2. The nutri-
tional status was assessed using the Malnutrition Universal 
Screening Tool (MUST).15 Malnutrition was suspected 
when the MUST score was ≥1. In addition, the American 
Society of Anaesthesiologists score, determined by an 
anaesthesiologist, was obtained from the patients’ elec-
tronic medical records.16

Furthermore, a psychical examination was performed, 
which consisted of measurement of vital signs, gait speed 
and handgrip strength and a neurological—and func-
tional examination. A decreased gait speed was defined 
as a gait speed of ≤0.80 m/s and a decreased handgrip 
strength was defined as ≤20 kg for women and ≤30 kg 
for men.17 In addition, a Mini- Mental State Examination 
(MMSE) or Montreal Cognitive Assessment (<5% of the 
cases, MoCA) was conducted to assess cognitive func-
tion.18 19 An MMSE score ≤24 or MoCA score <26 was 
indicative for cognitive impairment. To assess the possible 
presence of a depression, the Geriatric Depression Scale 
(GDS) questionnaire was conducted. A GDS-15 score ≥6 
was suggestive of a depression.20

Frailty was assessed according to the Groningen Frailty 
Indicator (GFI).21 This is an internationally applied, vali-
dated frailty instrument which offers a multidomain view 
on the degree of frailty. The GFI questionnaire consists 
of 15 questions, covering all domains of the CGA. Frailty 
was present in case of a GFI score of ≥4. Due to varying 
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standard instruments to determine frailty in recent 
years, the GFI score was not reported in all patients by 
the geriatric nurse practitioner. In these cases, the GFI 
score was determined by the authors based on informa-
tion collected during the preoperative geriatric assess-
ment. A few questions of the GFI could not be filled in 
retrospectively. Therefore, the answers to these questions 
were rated as missing and the total GFI score was calcu-
lated, excluding these questions. Based on the results of 
the CGA, advice was provided on perioperative delirium 
prevention including both non- pharmacological inter-
ventions and pharmacological interventions if indi-
cated. Furthermore, advice was provided concerning 
fall- prevention, medication management, mobility, opti-
mising nutritional status and reducing alcohol use and 
smoking. In some cases, it was recommended to cancel 
or postpone the TAVI procedure, for example, in case of 
multimorbidity or severe functional or cognitive impair-
ment. Nonetheless, the cardiologist made the ultimate 
decision.

Postoperative geriatric involvement
One day after the TAVI procedure, a geriatric nurse 
practitioner visited the patient on the cardiac ward to 
assist in the prevention or treatment of complications 
prevalent in the geriatric population (eg, falls, delirium, 
stroke). Nurses from the cardiac ward observed the 
patients during the hospital stay and in case a postop-
erative delirium was suspected, the Delirium Observa-
tion Screening Scale (DOSS) was assessed three times a 
day. The DOSS is an early recognition tool for delirium, 
based on observations by nurses. A score of three and 
higher indicates a delirium.22 A postoperative delirium 
was confirmed by the geriatric consulting team, based on 
criteria of the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition.23 A postoperative delirium was 
treated by non- pharmacological interventions and if indi-
cated, by pharmacological treatment like haloperidol.

Follow-up
Three months after the TAVI procedure there was a 
follow- up appointment with a geriatric nurse practitioner, 
mostly by phone. Patients were asked about their general 
well- being and physical complaints compared with the 
situation before the procedure. Data were collected on 
the occurrence of postoperative complications. Patients 
were also followed by their cardiologist 6 and 12 months 
after TAVI.

Outcomes
The outcomes were mortality and hospital readmissions 
within 3 months of TAVI and major postoperative compli-
cations during hospitalisation according to the Clavien- 
Dindo classification (online supplemental table 1).24 25 
The Clavien- Dindo classification was already successfully 
implemented as outcome classification method in other 
surgical specialties (eg, non- cardiac thoracic surgery, 
colorectal surgery and urological surgery)26–30 and a 

recent study proved that this classification adequately 
measures the quantity and severity of postoperative 
complications in adult cardiac surgery.31 The Clavien- 
Dindo classification consists of five categories, each cate-
gory represents the type of therapy which was required to 
correct the complication. The need for pharmacological 
treatment is reflected in category I and II. Category III–
IV range from a complication requiring a surgical, endo-
scopic or radiological intervention to a life- threatening 
complication requiring intensive care (unit) manage-
ment. For example, an arrhythmia requiring the place-
ment of a pacemaker is a Clavien- Dindo grade III compli-
cation. Category V reflects the death of a patient.24 25 
A composite outcome was created in which the three 
outcomes were combined. A Clavien- Dindo grade of II 
and higher was considered a major postoperative compli-
cation. When a patient suffered from two or more compli-
cations in different grade categories, the highest grade 
was used in the analysis.

Statistical analysis
The prevalence of dichotomised baseline variables is 
presented as numbers and corresponding percentages. 
Continuous baseline variables are expressed as mean and 
SD. In case there were more than 10% missing values for 
a variable (which holds for the GDS), the Little’s MCAR 
test was performed to determine whether missing values 
were completely at random or not. Since the results of 
the Little’s MCAR test showed no significance (p>0.05), 
multiple imputation methods were not indicated. Univar-
iate logistic regression analyses were performed to identify 
potential predictors of the outcomes and the composite 
outcome. Before entering continuous variables into the 
univariate logistic regression analysis, we first performed 
the Box- Tidwell procedure to assess whether the contin-
uous variables were linearly related to the logit of the 
dependent variable.

All variables with p value ≤0.10 in univariate analyses 
were entered into a stepwise multivariate analysis. ORs 
with a 95% CI were calculated. Analyses were performed 
using IBM Statistical Package for the Social Sciences, V.25 
(SPSS).

RESULTS
Patient inclusion and baseline characteristics
A total of 555 patients visited the geriatric outpatient 
clinic for a preoperative geriatric assessment between 
January 2014 and June 2020. 65 patients were excluded 
from this study. Reasons for exclusion were referral to 
the geriatric outpatient clinic because of a preoperative 
assessment for an intervention other than TAVI (n=31), 
no 3- month follow- up data available because the follow- up 
appointment was scheduled after 30 June 2020 (n=20), 
insufficient information collected during preoperative 
assessment (n=10) and cancellation of the TAVI proce-
dure (n=4). Operations were mostly cancelled due to 
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severe comorbidities. Finally, 490 patients were included 
in the study.

The baseline characteristics of the study population 
are outlined in table 1. Mean age was 80.7±6.2 years. 
Five per cent were between the age of 50 and 70 and 

28% 85 years or older. Two hundred and thirty- two 
patients (47.3%) were male. A total of 170 patients 
(34.7%) were frail. The mean logistic EuroSCORE was 
14.8%.

Mortality and hospital readmissions within 3 months of TAVI
Occurrence of outcome measures is displayed in table 2. 
Twelve patients (2.4%) died during hospital admission 
and 19 patients (3.9%) died within 3 months of TAVI. 
In total, there were 46 readmissions (9.4%), of which 22 
(48%) were cardiac, 23 (50%) non- cardiac and for one 
readmission (2%) the reason could not be traced in the 
patient file. Cardiac reasons for readmission were often 
arrhythmias requiring pacemaker implantation or acute 
decompensated heart failure. Non- cardiac reasons were 
among others infections (requiring intravenous anti-
biotics) or cerebrovascular events. Due to the limited 
number of outcome events within 3 months of TAVI, 
logistic regression analyses to identify independent 
predictors were not feasible.

Occurrence of major postoperative complications during 
hospitalisation
A total of 177 (36.1%) patients experienced one or 
more major postoperative complications (Clavien- 
Dindo grade≥II) during hospital admission. Results of 
the univariate and multivariate analyses are displayed in 
table 3. Univariate analysis showed that cognitive impair-
ment (OR 2.30; 95% CI 1.30 to 4.07), dependence in (i)
ADL (OR 1.57; 95% CI 1.08 to 2.30) and a decreased gait 
speed (OR 1.64; 95% CI 1.04 to 2.60) were significantly 
associated with a higher risk of a major postoperative 
complication during hospitalisation. Multivariate anal-
ysis showed that cognitive impairment was independently 
associated with a higher risk of a major postoperative 
complication during hospital admission (OR 2.16; 95% 
CI 1.14 to 4.19).

Table 1 Baseline characteristics

N %

All patients 490

Demographics

Age Years (mean±SD) 80.7±6.2

  Age ≥80 years 319 65.1

Sex Male 232 47.3

Smoking Current smoker 31 6.3

  Ex- smoker 198 40.4

Alcohol use Current alcohol user 241 49.2

Frailty

GFI* ≥4 170 34.7

Somatic status

ASA class† ≥3 456 93.1

CCI‡‡ ≥3§ 258 52.7

Medication use Number (mean±SD) 8.4±4.5

  Polypharmacy (≥5 
medications)

408 83.3

  Hyperpolypharmacy (≥10 
medications)

163 33.3

Cognitive and 
psychological status

MMSE¶¶ (Mean±SD) 27.5±2.5

  MMSE ≤24 47 9.6

MoCA¶¶ (Mean±SD) 26±3.4

  MoCA <26 8 1.6

Impaired cognition MMSE ≤24 or MoCA <26 55 11.2

GDS* ≥6 17 3.5

Delirium In past 48 9.8

Social status

Living situation Dependent 22 4.5

Functional status

Dependence in ADL** KATZ6 ≥1 114 23.3

Dependence in iADL†† KATZ9 ≥1 287 60.5

Dependence in (i)ADL* KATZ15 ≥2 225 45.9

(At risk of) malnutrition** MUST ≥1 75 15.3

Gait speed <0.8 m/s 98 20

Handgrip strength ≤20 kg female/≤30 kg male 246 50.2

Falls ≥1 in previous 6 months 93 19.1

*Score range from 0 to 15.
†Score range from 1 to 5.
‡Score range from 0 to 24.
§Points for age category not included.
¶Score range from 0 to 30.
**Score range from 0 to 6.
††Score range from 0 to 9.
ASA, American Society of Anaesthesiologists; CCI, Charlson Comorbidity 
Index; GDS, Geriatric Depression Scale; GFI, Groningen Frailty Indicator; 
(i)ADL, (instrumental) activities of daily living; MMSE, mini- mental state 
examination; MoCA, Montreal Cognitive Assessment; MUST, Malnutrition 
Universal Screening Tool.

Table 2 Occurrence of outcome measures

N %

Mortality within 3 months of TAVI 19 3.9

Hospital readmission within 3 months of TAVI 46 9.4

Complications according to Clavien- Dindo during admission 177 36.1

  Clavien- Dindo grade I 144 29.4

  Clavien- Dindo grade II 69 14.1

  Clavien- Dindo grade IIIa 66 13.5

  Clavien- Dindo grade IIIb 15 3.1

  Clavien- Dindo grade IVa 14 2.9

  Clavien- Dindo grade IVb 2 0.4

  Clavien- Dindo grade V 12 2.4

Composite outcome* 193 39.4

*Including mortality and hospital readmission within 3 months of TAVI and the 
occurrence of major postoperative complications (Clavien- Dindo grade≥II) 
during hospitalisation.
TAVI, transcatheter aortic valve implantation.
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Composite outcome of adverse events
A total of 193 (39.4%) patients experienced the composite 
outcome consisting of mortality or hospital readmission 
within 3 months of TAVI and occurrence of major postop-
erative complications (Clavien- Dindo grade≥II) during 
hospitalisation. Results from the univariate and multi-
variate analyses of the composite outcome are presented 
in table 4. Cognitive impairment was statistically signifi-
cant associated with an increased risk of the composite 
outcome in both univariate (OR 2.56; 95% CI 1.41 to 
4.65) and multivariate analysis (OR 2.40; 95% CI 1.21 to 
4.79). Univariate analysis showed that current alcohol use 
was associated with a lower risk (OR 0.62; 95% CI 0.43 to 
0.90) and living dependently (OR 2.49; 95% CI 1.01 to 
6.13), dependence in (i)ADL (OR 1.74; 95% CI 1.20 to 
2.54) and a decreased gait speed (OR 1.62; 95% CI 1.02 
to 2.56) with a higher risk of the composite outcome. In 
the multivariate analysis, these factors were not identified 
as independent predictors of the composite outcome.

DISCUSSION
The aim of this study was to identify predictors of post-
operative adverse outcomes in older patients undergoing 
TAVI. Cognitive impairment was identified as an inde-
pendent predictor of major postoperative complications 
during hospitalisation and the composite outcome of 
major complications, hospital readmissions and mortality. 
No association was found between the other variables and 
the composite and separate outcomes.

The finding of cognitive impairment as an independent 
predictor of worse outcomes in older patients is in line with 
previous studies conducted in patients undergoing TAVI. 
Yanagisawa et al evaluated if the presence of preoperative 
cognitive impairment was associated with postoperative 
adverse outcomes, in particular 1- year cumulative mortality.32 
They included TAVI patients aged 70 or higher, whose cogni-
tive performance was assessed using the MMSE. They found 
that patients with cognitive impairment had more in- hospital 
adverse outcomes (major bleeding, vascular complications, 

Table 3 Variables associated with major postoperative complications* during hospitalisation

Demographics
Univariate
OR (95% CI) P value

Multivariate
OR (95% CI) P value

Age 1.00 (0.97 to 1.03) 0.91

Sex (male) 1.37 (0.94 to 1.98) 0.10 0.91 (0.59 to 1.40) 0.66

Current smoker 1.12 (0.53 to 2.37) 0.76

Alcohol user 0.62 (0.42 to 0.89) 0.01 0.78 (0.50 to 1.21) 0.26

Frailty

  GFI ≥4§ 1.43 (0.96 to 2.13) 0.08 0.73 (0.42 to 1.24) 0.24

Somatic status

  ASA class ≥3¶ 0.91 (0.44 to 1.86) 0.79

  CCI ≥3†** 1.37 (0.94 to 1.98) 0.10 1.22 (0.80 to 1.87) 0.35

  Polypharmacy 1.11 (0.67 to 1.83) 0.68

  Hyperpolypharmacy 1.27 (0.86 to 1.88) 0.22

Cognitive and psychological status

  MMSE ≤24 or MoCA <26†† 2.30 (1.30 to 4.07) <0.01 2.16 (1.14 to 4.19) 0.02

  GDS ≥6§ 0.57 (0.18 to 1.77) 0.33

  Delirium in past 1.06 (0.57 to 1.96) 0.85

Social status

  Living dependent 2.20 (0.93 to 5.21) 0.07 1.59 (0.60 to 4.23) 0.35

Functional status

  Katz15 ≥2§ 1.57 (1.08 to 2.30) 0.02 1.20 (0.73 to 1.97) 0.47

  MUST ≥1‡‡ 1.06 (0.64 to 1.77) 0.81

  Gait speed <0.8 m/s 1.64 (1.04 to 2.60) 0.03 1.47 (0.85 to 2.55) 0.17

  Handgrip strength ≤20 kg/≤30 kg‡ 1.00 (0.68 to 1.47) >0.99

  Falls in previous 6 months 1.37 (0.86 to 2.17) 0.18

*Clavien- Dindo grade≥II.
†Points for age category not included.
‡≤20 kg female /≤30 kg male.
§Score range from 0 to 15.
¶Score range from 1 to 5.
**Score range from 0 to 24.
††Score range from 0 to 30.
‡‡Score range from 0 to 6.
ASA, American Society of Anaesthesiologists; CCI, Charlson Comorbidity Index; GDS, Geriatric Depression Scale; GFI, Groningen Frailty Indicator; MMSE, mini- 
mental state examination; MoCA, Montreal Cognitive Assessment; MUST, Malnutrition Universal Screening Tool.
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acute kidney injury, prolonged hospital stay) and that cogni-
tive impairment was an independent predictor of 1- year all- 
cause mortality.32

Khan et al included TAVI patients who were screened 
on the presence of geriatric risk factors.33 They found 
that the presence of cognitive deficits (according to the 
Mini- Cog test) was associated with the occurrence of a 
postoperative delirium and 30- day mortality.33

A possible explanation for this finding could be that 
patients with cognitive impairment are more prone to 
develop a postoperative delirium and that this is reflected 
in our outcome ‘major postoperative complications 
during hospitalisation according to the Clavien- Dindo 
classification’ and the composite outcome. However, 

only a minority (11.3%) of all patients with a Clavien- 
Dindo grade II complication experienced a delirium for 
which pharmacological treatment was necessary. Another 
explanation, as stated by Yanagisawa et al, could be that 
a part of the patients with cognitive deficits are known 
to suffer from vascular cognitive impairment caused by 
systemic vascular risk factors.32 The presence of these 
vascular risk factors might explain the increased risk 
of postoperative morbidity in patients with cognitive 
impairment. In contrast to previous studies conducted in 
TAVI patients,3 4 we did not find an association between 
other variables, like frailty, and postoperative adverse 
outcomes. A possible explanation for this finding could 
be that all TAVI patients included in our study had a 

Table 4 Variables associated with the composite outcome consisting of mortality or hospital readmission within 3 months of 
transcatheter aortic valve implantation and occurrence of major postoperative complications (Clavien- Dindo grade≥II) during 
hospitalisation

Composite outcome: postoperative adverse 
events

Univariate
OR (95% CI) P value

Multivariate
OR (95% CI) P value

Demographics

Age 1.01 (0.98 to 1.04) 0.51

Sex (male) 0.87 (0.60 to 1.25) 0.45

Current smoker 1.13 (0.54 to 2.38) 0.75

Alcohol user 0.62 (0.43 to 0.90) 0.01 0.77 (0.50 to 1.19) 0.23

Frailty

  GFI≥4** 1.47 (0.99 to 2.19) 0.06 0.67 (0.39 to 1.15) 0.14

Somatic status

  ASA class ≥3* 1.11 (0.54 to 2.27) 0.78

  CCI ≥3†‡ 1.38 (0.96 to 2.00) 0.09 1.23 (0.81 to 1.86) 0.34

  Polypharmacy 1.18 (0.72 to 1.95) 0.52

  Hyperpolypharmacy 1.27 (0.86 to 1.87) 0.23

Cognitive and psychological status

  MMSE ≤24 or MoCA <26§ 2.56 (1.41 to 4.65) <0.01 2.40 (1.21 to 4.79) 0.01

  GDS ≥6** 0.46 (0.15 to 1.45) 0.19

  Delirium in past 1.20 (0.66 to 2.21) 0.55

Social status

   Living dependent 2.49 (1.01 to 6.13) 0.05 1.85 (0.66 to 5.19) 0.24

Functional status

  Katz15 ≥2** 1.74 (1.20 to 2.54) <0.01 1.42 (0.87 to 2.31) 0.16

  MUST ≥1¶ 1.03 (0.62 to 1.71) 0.90

  Gait speed <0.8 m/s 1.62 (1.02 to 2.56) 0.04 1.32 (0.76 to 2.28) 0.32

  Handgrip strength ≤20 kg/≤30 kg†† 1.11 (0.76 to 1.63) 0.58

  Falls in previous 6 months 1.39 (0.88 to 2.19) 0.16

*Score range from 1 to 5.
†Points for age category not included.
‡Score from range 0 to 24.
§Score range from 0 to 30.
¶Score range from 0 to 6.
**Score range from 0 to 15.
††20 kg female/≤30 kg male.
ASA, American Society of Anaesthesiologists; CCI, Charlson Comorbidity Index; GDS, Geriatric Depression Scale; GFI, Groningen Frailty 
Indicator; MMSE, mini- mental state examination; MoCA, Montreal Cognitive Assessment; MUST, Malnutrition Universal Screening Tool.  on M
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preoperative CGA. Based on the results of the CGA, an 
extensive advice was given with regard to identified risk 
factors. Therefore, our study population differs from the 
study population in previous studies, since all patients in 
our study had a preoperative intervention consisting of 
a CGA and the subsequent advice for appropriate treat-
ment to prevent/reduce postoperative adverse outcomes.

This study has several strengths. The study design was 
prospective and a relatively large number of patients 
was included. Whereas previous studies mostly focused 
on separate outcomes, in particular mortality, this study 
also assessed a composite outcome, including mortality 
and hospital readmission within 3 months of TAVI and 
the occurrence of major postoperative complications 
during hospitalisation, assessing both postoperative 
mortality and morbidity. Therefore, an advantage of this 
composite outcome is that it reflects the overall course 
following TAVI. Furthermore, we included a wide variety 
of potential preoperative predictive factors, covering all 
the different domains of the CGA. In this study, frailty was 
assessed by a validated frailty instrument that includes 
all domains of the CGA and therefore it offers a broad 
assessment of frailty in comparison to other frailty instru-
ments that cover less domains of the CGA.21

This study has some limitations. Due to the limited 
number of events for mortality and hospital readmission 
within 3 months of TAVI, planned logistic regression analyses 
were not feasible. Furthermore, during the study period, the 
local guidelines regarding frailty instruments were changing. 
Therefore, for a number of patients, the GFI score was not 
reported by the geriatric nurse practitioner and had to be 
calculated by the authors. However, some questions of the 
GFI are subjective and could not be filled in retrospectively. 
The answers for these questions were rated as missing, and 
the total GFI score was calculated, excluding these ques-
tions. This might have resulted in an underestimation of the 
number of frail patients. However, the frailty prevalence in 
this study corresponded to the prevalence range (29%–63%) 
of frailty in patients undergoing TAVI that was found in a 
recent meta- analysis.34 Finally, during the 3- month follow- up 
appointment with the geriatric nurse practitioner, patients 
were often not explicitly asked if they had been readmitted 
to a hospital within 3 months of TAVI. This may lead to an 
underestimation of the number of participants with a read-
mission if a patient was admitted to a hospital other than the 
University Medical Centre Utrecht.

Clinical implications
The results of this study have some important clinical impli-
cations. We found cognitive impairment to be independently 
associated with a higher risk of postoperative adverse events. 
Screening for cognitive impairment with a screening tool like 
the MMSE or MoCA could help identify patients who are at 
increased risk of unfavourable outcomes and will provide 
additional information on the potential risks of TAVI, which 
improves shared- decision making. Therefore, we advise to 
include screening for cognitive impairment in the current 
local and international guidelines.1 The 2017 ACC expert 

consensus on a decision pathway for TAVI in the manage-
ment of adults with aortic stenosis, is innovative by advising 
to assess cognition by means of the MMSE, however, cogni-
tive function is not yet included in their four proposed risk 
categories.2 In addition, if a patient is suspected of cognitive 
decline or impairment after screening for cognitive impair-
ment, he or she could be monitored more closely during 
admission and afterwards, especially by a geriatric team in 
order to detect and anticipate on problems in an early stage.

CONCLUSION
This study identified cognitive impairment as an independent 
predictor of postoperative adverse events in older patients 
undergoing TAVI. Therefore, it is important to screen for 
cognitive impairment prior to TAVI, as this can identify 
patients who are at increased risk to develop a postoperative 
adverse event. It is recommended to include screening for 
cognitive impairment in current TAVI guidelines.
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