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RESUME :
Introduction :
Le remplacement de valve aortique par voie percutanée (Transcatheter Aortic Valve
Replacement = TAVR) est une procédure de plus en plus effectuée chez des patients âgés
fragiles jusque-là inéligibles pour un remplacement chirurgical (Surgical Aortic Valve
Replacement = SAVR). Les objectifs de cette étude sont de déterminer l’incidence d’état
confusionnel après un remplacement de valve aortique, les facteurs prédictifs de cet état
confusionnel et l’impact de ce dernier sur les performances cognitives à trois mois de
l’intervention.
Méthode :
Cette étude prospective a inclus les patients (N=93) de ≥70 ans ayant un remplacement de
valve aortique, percutané (TAVR, N=66) ou chirurgical (SAVR, N=27), dans un centre médical
universitaire. L’état confusionnel était évalué au moyen de la Confusion Assessment Method
(CAM) aux jours postopératoires 1,2,3 et 7. Les données socio-démographiques,
fonctionnelles, y compris les activités instrumentales de la vie quotidienne (Instrumental
activities of daily living=IADL), et les scores de risques chirurgicaux, notamment celui des
chirurgiens thoraciques (Society of Thoracic Surgeons risk score=STS score) ont été récoltés à
l’inclusion. L’évaluation cognitive du patient (avec le « Mini-Mental Status »=MMSE) a été
faite à l’inclusion et au contrôle à 3 mois postopératoire.
Résultats :
Un état confusionnel est survenu chez 21 patients (23%), pour la plupart (20/21 patients, 95%)
dans les 3 premiers jours après l’intervention. L’incidence de l’état confusionnel était
inférieure chez les TAVR (13/66=20%) que chez les SAVR (8/27=30%), mais non significatif du
point de vue statistique (p=.298). Les patients avec un état confusionnel avaient des
performances cognitives de base plus basses (médiane MMSE score 27.03.0 vs 28.03.0,
p=.029), des performances dans les IADL plus basses (7.0 vs 8.0, p=.038) et un score de risque
STS plus élevé (4.72.7 vs 2.92.3, p=.020). En analyses multivariées, les patients avec des
scores STS intermédiaires (score>3 to ≤8) et élevés (score>8) avaient un risque plus élevé,
respectivement de 4.3 (95%CI 1.2-15.1, p=.025) et de 16.5 (95%CI 2.0-138.2, p=.010), de
développer un état confusionnel par rapport aux patient avec un score STS bas (score≤3). Au
suivi à 3 mois (N=77), les patients ayant développé un état confusionnel postopératoire
avaient toujours un score de MMSE plus bas (27.08.0 vs 28.02.0, p=.007), mais cette
différence n’était pas significative après ajustement pour le MMSE au baseline (β-coefficient
1.11, 95%CI [-3.03-0.80], p=.248).
Conclusions :
Un état confusionnel est survenu chez environ 1 patient âgé sur 5 après un remplacement de
valve aortique, principalement dans les 3 premiers jours suivant l’intervention. En plus des
performances cognitives, le score de risque STS peut permettre d’identifier les patient à risque
d’état confusionnel afin qu’ils bénéficient de mesures de prévention ciblées.
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Abstract
Background: Transcatheter aortic valve replacement is increasingly performed in frail older patients who were
previously ineligible for a standard surgical procedure. The objectives of this study are to determine delirium
incidence, predictors, and relationship with cognitive performance at 3-month follow-up in older patients
undergoing aortic valve replacement (AVR).
Methods: Patients (N = 93) aged 70 years and older, undergoing transcatheter (TAVR, N = 66) or surgical (SAVR, N =
27) aortic valve replacement in an academic medical center were enrolled in this prospective cohort study. Delirium
was assessed using the Confusion Assessment Method (CAM) on postoperative days 1, 2, 3, and 7. Data on patients’
socio-demographics, functional status (including instrumental activities of daily living (IADL), and surgical risk scores
(including Society of Thoracic Surgeons (STS) risk score), were collected at baseline. Cognitive status was assessed
with the Mini-Mental Status Exam (MMSE) and the Clock Drawing Test (CDT) at baseline and 3 months after AVR.
Results: Delirium occurred in 21 (23%) patients, within the first three postoperative days in 95% (20/21) of the
cases. Delirium incidence was lower in TAVR (13/66 = 20%) than SAVR (8/27 = 30%) patients, but this difference was
not statistically significant (p = .298). Patients with delirium had lower baseline cognitive performance (median
MMSE score 27.0 ± 3.0 vs 28.0 ± 3.0, p = .029), lower performance in IADL (7.0 vs 8.0, p = .038), and higher STS risk
scores (4.7 ± 2.7 vs 2.9 ± 2.3, p = .020). In multivariate analyses, patients with intermediate (score > 3 to ≤8) and high
(score > 8) STS risk scores had 4.3 (95%CI 1.2–15.1, p = .025) and 16.5 (95%CI 2.0–138.2, p = .010), respectively, higher
odds of incident delirium compared to patients with low (score ≤ 3) STS risk scores. At 3-month follow-up (N = 77),
patients with delirium still had lower MMSE score (27.0 ± 8.0 vs 28.0 ± 2.0, p = .007) but this difference did not
remain significant once adjusting for baseline MMSE (β-coefficient 1.11, 95%CI [− 3.03–0.80], p = .248).
Conclusions: Delirium occurred in about one in five older patients undergoing AVR, almost essentially within the
first three postoperative days. Beside cognitive performance, STS risk score could enhance the identification of highrisk older patients to better target preventative interventions.
Keywords: Aortic stenosis, Delirium, Transcatheter aortic valve replacement, Surgical aortic valve replacement,
Society of thoracic surgeons risk score

* Correspondence: marc.humbert@chuv.ch
1
Service of Geriatric Medicine and Geriatric Rehabilitation, Department of
Medicine, University of Lausanne Medical Center (CHUV), Lausanne,
Switzerland
Full list of author information is available at the end of the article
© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Humbert et al. BMC Geriatrics

(2021) 21:153

Background
High-risk older patients who were formerly ineligible for
surgical aortic-valve replacement (SAVR) can now be
treated with transcatheter aortic valve replacement
(TAVR), with better survival than conservative treatment
up to 5 years after the procedure [1–4]. TAVR also
proved non-inferior to SAVR in terms of survival [5–7]
so that TAVR indication progressively broadened to patients with intermediate [8, 9] and even low surgical risk
[10–13]. Aortic valve replacement is thus increasingly
performed for severe stenosis and future increase up to
17′000 and 9′000 new TAVR candidates each year are
expected in the European countries and the USA, respectively [14].
Delirium is a however a frequent complication among
frail older patients undergoing cardiac surgery in general
and in valve replacement in particular [15–18]. Indeed,
several studies investigated the incidence of, risk factors
for, and outcomes associated with postoperative delirium
after aortic valve replacement. Results showed wide variations in incidence rates that ranged from as low as 0%
up to 44.6% in a systematic review of TAVR [19] and up
to 50.7 and 66% in studies of SAVR [18, 20]. These variations likely result from differences in study design
(retrospective vs prospective), as well as methods and
timing of delirium assessment (single vs repeated
assessments).
Results from studies that investigated risk factors of
delirium showed that baseline cognitive performance
was consistently a major predictor [21–24]. In contrast,
results for other characteristics such as age or surgical
risk scores are far more heterogeneous [19]. For instance, whereas some studies found a significant association between Euroscore results and delirium risk after
cardiac surgery, others did not [22, 25–27]. Indeed, determining whether surgical risk scores could also predict
a patient’s risk of delirium, regardless of cognitive performance, could be very helpful in practice.
Data on cognitive outcome associated with delirium in
patients undergoing aortic valve replacement are also
less clear. A recent meta-analysis that focused on cognitive outcomes after TAVR showed no overall significant
changes in cognition up to 34 months after the procedure [28]. In contrast, a meta-analysis on cognitive outcome after SAVR found an increased likelihood of
cognitive decline after the procedure [29]. Other results
from individual studies also appear conflicting, ranging
from improved cognition in the immediate perioperative
period after TAVR [28, 30], especially among patients
with lower preoperative cognition [31–33], to transient
perioperative worsening [34] or preservation of overall
cognitive performances [35]. Overall, only few studies
specifically looked at the potential role of delirium incidence on cognitive outcome and showed conflicting
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results. Eide et al. found that delirium had no impact on
cognitive function at 1-month and 6-month follow-up
[20], whereas Schoenenberg et al. observed that most
subjects whose cognitive performance deteriorated at 6month after TAVR experienced a delirium [31]. Clarifying the potential role of post-operative delirium in mediating cognitive outcome appears especially important to
better target preventative interventions to high-risk older
patients.
To get further insight on these issues, the present
study aimed: 1) to determine the incidence of delirium
in patients undergoing aortic valve replacement; 2) to
identify predisposing factors for delirium; 3) to compare
length of stay in patients with and without delirium; and
4) to investigate the association between delirium and
cognitive performance at 3-month follow-up. The hypothesis was that patients with postoperative delirium
will be more likely to decline in their cognitive performance from baseline to 3-month follow-up assessments.

Methods
This is a prospective monocentric study in the University of Lausanne Medical Center (CHUV), a tertiary hospital in Lausanne, Switzerland. The study was conducted
in the clinical and intermediate care units of the Service
of Cardiology. At the time of the study no formal measures for delirium prevention were implemented but
geriatric consult service for delirium management was
available. The study was approved by the State Human
Research Ethics Committee (Protocol 319/12). Participants were informed of the study goals and gave written
consent.
Patient selection

Eligible patients were those aged 70 years or older diagnosed with severe aortic valve stenosis (defined as an
aortic valve area < 1 cm2 or < 0,6 cm2/m2) who underwent TAVR or SAVR between March 2014 and December 2017.
Patients were excluded if medically unstable, requiring
an emergency intervention, suffering from concomitant
severe aortic insufficiency and/or mitral valve disease requiring specific intervention. In addition, those with
prior cardiac surgery (e.g coronary bypass, aortic valve
replacement), endocarditis or constrictive pericarditis
were also excluded.
Data collection

For each patient, socio-demographic data (age, sex, living situation: living at home without formal help vs living at home with formal help vs living in a nursing
home) were collected at baseline (Additional file 1). In
addition, data on functional (Katz’s basic Activities of
Daily Living – ADLs - [36] and Lawton’s instrumental
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ADLs [37]), cognitive (Mini Mental State Examination
[38] and Rouleau’s Clock Drawing test [39]), and
affective (miniGDS [40]) status as well as mobility performance (Tinetti’s Performance Oriented Mobility Assessment [41] and walking speed [42] were collected at
baseline and at the 3-month follow up visit. Data on
length of stay was collected from the hospital administrative database.
For every patient, alongside echocardiographic and
coronary angiography data, the Society of Thoracic Surgery (STS) risk score [43] and Euroscore II [44] were
systematically calculated. These scores gather information about a patient’s socio-demographic, biological, and
cardio-vascular as well as other diseases status to predict
her/his risk to develop postoperative complications.
Assessment of delirium

A trained research nurse assessed the patient before the
intervention and each morning thereafter on postoperative days 1, 2, 3, and 7 for delirium using a validated
French version [45] of the Confusion Assessment
Method [46]. Each participant was attributed to one single research nurse who performed all the assessments
in-person. Interactions with the nursing staff in charge
of the patient and her/his relatives was not routinely
performed but could occur in case of doubt about a recent change in cognition. Attention was assessed using
simple commands and the month of the year backward.
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baseline for logistical reasons leaving a total of 101 included patients (Fig. 1). In addition, 8 patients could not
be assessed for postoperative delirium secondary to ICU
admission with intubation (N = 4), early transfer to another hospital (N = 1), death (N = 2), and logistical problem (N = 1), leaving a final sample of 93 patients.
Compared to the 93 remaining patients, those 8 patients
had similar median age (82.0 [IQR 4.0] vs 82.1 [10.3]
years, p = .725), baseline median MMSE (28.0 [3.0] vs
28.0 [3.0], p = .829) and IADLs (8.0 [0.5] vs 8.0 [2.0],
p = .151) scores. They were more frequently men (75%
vs 55%, p = .460), had higher STS risk score (4.4 [4.5] vs
3.4 [2.7], p = .174), and were less often treated with
TAVR (38% vs 71%, p = .105), but none of these differences achieved statistical significance.
Baseline characteristics of included patients are presented in Table 1. Participants’ median age was 82.1
years, 45% were women, essentially living at home
(99%), and only a quarter (24%) received formal in-home
help. Overall, 66 (71%) of the patients underwent a
TAVR and 27 (29%) underwent SAVR.
Incidence of postoperative delirium

Postoperative delirium occurred in 21 (23%) of the 93
patients. Most (18/21, 86%) developed delirium already
on the first postoperative day, and all but one (20/21,
95%) within the first 3-day period after the procedure.
Factors associated with postoperative delirium

Statistical analysis

Simple descriptive statistics (percentage, median, interquartile range [IQR]) were used to determine delirium
incidence. Predisposing factors for delirium were identified from bivariate comparisons in patients with and
without delirium, using the Wilcoxon rank-sum test variables and Fisher exact test for continuous and categorical variables, respectively. Then, a multivariate
regression analysis was performed with the occurrence
of delirium as a dichotomous outcome and the type of
AVR as well as baseline characteristics associated with
delirium in bivariate analysis as candidate variables for
adjustment.
Length of stay in patients with and without delirium
were compared using Wilcoxon rank-sum test.
Finally, bivariate and multivariate analyses were performed to predict cognitive performance at 3-month
follow-up, adjusting for baseline cognition, and the presence of delirium.
All analyses were performed using STATA program
(version 14.2).

Results
From the original eligible population (N = 321), 121 refused to participate and 99 could not be assessed at

Comparisons of baseline characteristics in patients with
and without delirium are presented in Table 1. In bivariate analysis, patients with delirium had significantly
lower cognitive performance (MMSE score [IQR] 27.0
[3.0] vs 28.0 [3.0], p = .029), lower performance in Instrumental ADLs (7.0 [3.0] vs 8.0 [1.5], p = .038), and
higher STS risk score (4.7 [2.7] vs 2.9 [2.3], p = .020)
than patients without delirium. Indeed, the proportion of
patients who developed postoperative delirium steadily increased across levels of baseline STS risk score, from 11%
in the lowest risk group (STS risk score ≤ 3), to 30% in the
intermediate risk group (STS risk score > 3 to ≤8), and to
44% in the highest risk group (STS risk score > 8). Patients
with TAVR had lower incidence of delirium (13/66 = 20%)
than those with SAVR (8/27 = 30%), but this difference
did not reach statistical significance (p = .298).
In multivariate analysis (Additional file 1 Table B), a
higher cognitive performance at baseline remained associated with significantly decreased odds of developing
delirium (AdjOR 0.8, 95%CI 0.7–0.9, p = .001).
Similarly, an independent association between STS risk
score and delirium remained significant as patients with
intermediate (score > 3 to ≤8) and high (score > 8) STS
risk scores had 4.3 (95%CI 1.2–15.1, p = .025) and 16.5
(95%CI 2.0–138.2, p = .010), respectively, higher odds of
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Fig. 1 Study flow chart of patients’ enrolment and follow-up

incident delirium compared to patients with low (score ≤
3) STS risk score (Fig. 2). Finally, TAVR was associated
with 80% (AdjOR 0.2, 95% CI 0.1–0.8, p = .020) lower
odds of delirium than SAVR. In contrast, baseline performance in instrumental ADLs did not remain associated
with delirium once adjusting for the other covariates. The
final multivariate model correctly classified 80.7% of the
patients with an area under the ROC curve of 0.80.
Length of stay

Overall length of hospital stay was 11.2 (SD 6.9) days.
Although patients with delirium had longer stays than
patients without delirium (14.5 days; SD 11.4, IQR 7 vs
10.3 days; SD 4.6, IQR 7), this difference did not achieve
statistical significance (p = .128 from Wilcoxon ranksum test).
Cognitive outcome at 3-month follow-up

Sixteen (17%) of the 93 patients initially enrolled did
not complete the 3-month follow-up assessment

because they were unable to travel to the examination site (N = 10), had been institutionalized (N =
2), refused (N = 1), or were lost (N = 3). Compared
to those who did complete the 3-month follow-up,
these patients were older (83.6 [12.9] vs 81.8 [9.9]
years, p = .433), had lower baseline MMSE (27.5
[3.0] vs 28.0 [3.0], p = .257) and instrumental ADLs
(6.5[3.0] vs 8.0 [2.0], p = .074) scores, and higher
STS risk score (4.4 [4.9] vs 3.2 [2.4], p = .079). They
also did more frequently experience a delirium (38%
vs 20%, p = .117), but, due to the limited sample
size, none of these differences achieved statistical
significance.
Among patients who completed the 3-month
follow-up (Table 2), those who experienced delirium
had lower MMSE at follow-up (27.0 [8.0] vs 28 [2.0],
p = .007). However, this association did not remain
once adjusting for baseline MMSE performance (β coefficient -1.11, 95% CI [− 3.03–0.80], p = .248) (Additional file 1 Table C).
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Table 1 Characteristics of the overall population at baseline and comparisons in subjects with and without post-operative delirium
Characteristics

Total
population
N = 93
(100%)

Post-operative delirium
Yes
N = 21 (22.6%)

No
N = 72 (77.4%)

82.1 / 10.3

83.1 / 7.6

81.8 / 10.1

pvalue‡‡

SOCIO-DEMOGRAPHIC
Age (years)
Median / IQR

.038

Male sex (%)

51 (54.8)

13 (61.9)

38 (52.8)

.460

Living at home n(%)

91 (98.9)

21 (100.0)

70 (98.6)

1.000

Receiving formal inhome help n(%)

22 (23.9)

8 (38.1)

14 (19.7)

.083

MMSE score *
Median / IQR

28.0 / 3.0

27.0 / 3.0

28.0 / 3.0

.029

Clock Drawing Test †
Median / IQR

10.0 / 2.0

9.0 / 2.0

10.0 / 2.0

.445

23 (24.7)

4 (19.1)

19 (26.4)

.577

Basic ADLs §
Median / IQR

6.0 / 0.0

6.0 / 0.0

6.0 / 0.0

.544

Instrumental ADLs ‖
Median / IQR

8.0 / 2.0

7.0 / 3.0

8.0 / 1.5

.038

Performance Oriented Mobility Assessment ¶
Median / IQR

28.0 / 5.0

27.0 / 5.0

28.0 / 4.0

.279

0.68 / 0.56

0.65 / 0.56

0.70 / 0.56

.443

GERIATRIC ASSESSMENT

Depressive symptoms ‡ n(%)

Gait speed #
Median / IQR (m/s)
SURGICAL RISK SCORES
STS risk score **
Median/IQR
• High risk (score > 8), n(%)
• Intermediate risk (score > 3 and ≤ 8),n(%)
• Low risk (score ≤ 3), n(%)

3.4/2.7

4.7/2.7

2.9/2.3

.020

9 (9.7)
40 (43.0)
44 (47.3)

4 (19.1)
12 (57.1)
5 (23.8)

5 (6.9)
28 (38.9)
39 (54.2)

.023

4.2 / 3.9
3 (3.2)

4.2 / 5.7
2 (9.5)

4.2 / 3.8
1 (1.4)

.308
.127

Euroscore 2 ††
Median/ IQR
High risk (score ≥ 15), n(%)

(*) MMSE Mini Mental Status Examination [38]; scores range from 0 to 30, with higher score indicating better cognitive performance
(†) CDT: Clock Drawing Test [39]; scores range from 0 to 10 with higer score indicating higher cognitive performance
(‡) mini Geriatric Depression Scale [40]; scores range from 0 to 4 with significant depressive symptoms if score ≥ 1/4
(§) Basic ADLs: Basic Activities of Daily Living [36]: bathing, dressing, using the toilet, transferring between bed and chair, maintaining continence, and feeding;
scores range from 0 to 6, with higher scores indicating higher function
(‖) Instrumental ADLs: Instrumental Activities of Daily Living [37]: using the phone, grocery shopping, cooking, housekeeping, doing the laundry, using
transportation, taking medications, and handling finances; scores range from 0 to 8, with higher scores indicating higher function
(¶) Performance Oriented Mobility Assessment [41]: scores range from 0 to 28 with higher scores indicating better balance
(#) Gait speed: measured at usual pace over 6 m
(**) STS risk score = Society of Thoracic Surgeons risk score in cardiac surgery [43]:
“Low risk” if score ≤ 3; “Intermediate risk” if score > 3 and ≤ 8; “High risk” if score > 8
(††) Euroscore II = risk score in cardiac surgery [44]: indicates postoperative mortality rate
(‡‡) P-values from Wilcoxon rank-sum and Fischer exact test for continuous and categorical variables, respectively

Discussion
The present study shows that more than one out of five
(23%) patients who underwent an AVR developed delirium in the postoperative period, a figure within the midrange reported in previous studies [21–24, 47–49]. Overall, these results highlight the need to propose preventative interventions such as hydration, mobilization,
reorientation, or prevention of constipation to at-risk
patients.

In this regard, a contribution of the current study is to
show that the STS risk score was a strong predictor of
delirium, independent of a patient’s cognitive status and
type of AVR. Indeed, the risk of delirium increased exponentially across level of STS risk, increasing 4- and
16-fold in patients with intermediate and high risk, respectively, compared to those with low STS risk score.
Thus, even though this score was not intended to identify patients at risk for delirium, it gathers extended
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Fig. 2 Incidence rate of delirium according to Surgical Thoracic Society score (STS risk score)

Table 2 Comparisons of cognitive and functional performance (in basic and instrumental activities of daily living ADLs) at 3-month
in patients with and without post-operative delirium
Characteristics at 3-month follow-up

Total population
(N = 77)

Post-operative delirium
at baseline

p-value

Yes
(N = 15)

No
(N = 62)

28.0 / 3.0
17.0
(13.0, 30.0)

27.0 / 8.0
16.0
(13.0, 29.0)

28.0 / 2.0
9.0
(21.0, 30.0)

.007

10.0 / 1.0
10.0 (0.0, 10.0)

9.0 / 3.0
5.0 (5.0, 10.0)

10.0 / 1.0
10.0 (0.0, 10.0)

.136

6.0 / 0.0
3.0 (3.0, 6.0)

6.0 / 0.0
3.0 (3.0, 6.0)

6.0 / 0.0
2.0 (4.0, 6.0)

.678

7.0 / 2.0
7.0 (1.0, 8.0)

7.0 / 2.0
7.0 (1.0, 8.0)

8.0 / 2.0
6.0 (2.0, 8.0)

.147

MMSE a
Median / IQR
Range
(min, max)
Clock Drawing Test b
Median / IQR
Range (min, max)
Basic ADLs c
Median / IQR
Range (min, max)
Instrumental ADLs d
Median / IQR
Range
(min, max)

(a) MMSE Mini Mental Status Examination [38]; scores range from 0 to 30, with higher score indicating better cognitive performance
(b) Clock Drawing Test [39]; scores range from 0 to 10 with higer score indicating higher cognitive performance
(c) Basic ADLs: Basic Activities of Daily Living [36]: bathing, dressing, using the toilet, transferring between bed and chair, maintaining continence, and feeding.
Scores range from 0 to 6, with higher scores indicating higher function
(d) Instrumental ADLs: Instrumental Activities of Daily Living [37]: using the phone, grocery shopping, cooking, housekeeping, doing the laundry, using
transportation, taking medications, and handling finances. Scores range from 0 to 8, with higher scores indicating higher function
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information about a patient health (hypertension, diabetes, chronic lung disease, renal failure) that likely also
reflects his or her potential vulnerability to develop postoperative complications, including delirium. These results extends those of previous studies that showed a
significant association between frailty and postoperative
delirium in TAVI [22, 50] as well as other types of surgery [51–53]. Thus, STS risk score could certainly be
considered as a proxy measure of frailty in older patients
who are candidate for AVR. Future studies in larger
population should provide more precise estimates of the
“dose-response” relationship between STS risk score and
delirium risk. Predicting the probability of delirium
would nicely complete the list of adverse events currently provided when calculating the STS risk score
(http://riskcalc.sts.org/stswebriskcalc/calculate, accessed
June 26th, 2020).
Another interesting contribution of the present study
is to show that, among older patients selected for AVR,
delirium incidence was significantly lower in those selected to undergo TAVR rather than SAVR once adjusting for baseline cognition and STS risk score. This
finding is even more striking when considering that all
TAVR patients, at the time of the study, underwent general anesthesia, a possible additional risk factor for delirium [50, 54].
Results also strengthen previous evidence in showing
that, among patients’ baseline characteristics, cognitive
performance was a strong independent predictor of
postoperative delirium. In contrast, performance in Instrumental ADL did not remain an independent predictor of delirium once adjusting for patients’ cognitive
performance at baseline and the type of AVR.
The present study did not observe a significant association between delirium occurrence and cognitive performance at 3-month follow-up. Likely this observation
results from the combined effect of a selective attrition
of the frailest patients who more frequently had experienced a delirium, and the limited statistical power resulting from this attrition.
This study has several limitations such as its limited
sample size and the attrition at follow-up that limited
its ability to identify significant association. Another
limitation is the exclusion of patients with more complex valve disease and medical instability. Thus,
generalization of results to this type of patients
should be very cautious. Finally, the methodology to
assess delirium could also be criticized as it was
based on the CAM and not a complete DSM-V-based
evaluation. In addition, it was performed only once
daily and was limited to postoperative days 1,2,3 and
7. This study has also several strengths, including the
use of a large set of validated tools performed by a
single assessor.
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Conclusions
About one in five senior patients who underwent AVR
developed delirium after the procedure. Current results
also extend previous information about patients most
likely to develop delirium in showing that, besides cognitive status, the STS risk score could help to stratify delirium risk among these patients. Finally, even though
results at follow-up were inconclusive, directions of the
observed changes strongly suggest that patients who experienced delirium after AVR should be further assessed
at distance to monitor their cognitive evolution.
Abbreviations
AdjOR: Adjusted odds ratio; ADL: Activities of daily living; AVR: Aortic valve
replacement; CAM: Confusion assessment method; CDT: Clock drawing test;
IADL: Instrumental activities of daily living; IQR: Interquartile range;
miniGDS: Mini geriatric depression scale; MMSE: Mini-mental status exam;
OR: Odds ratio; ROC: Receiver operating characteristic; SAVR: Surgical aortic
valve replacement; STS: Society of thoracic surgeons; TAVR: Transcatheter
aortic valve replacement

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12877-021-02100-5.
Additional file 1.

Acknowledgments
The authors would like to thank Sandrine Salzmann and Agnese Vella for
their invaluable contribution to data collection and data management.
Authors’ contributions
Study concept and design: MH, CB, PM. Analysis and interpretation of data:
MH, CB, OM, HK, PM. Drafting of the manuscript: MH, CB. Critical revision of
the manuscript for important intellectual content: MH, CB, OM, HK, PM. All
authors have read and approved the manuscript.
Funding
The study was partly supported by Edwards Lifesciences. The funder had no
role in the design and conduct of the study; data collection, management,
analysis, and interpretation of data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for publication.
Availability of data and materials
Data supporting the results of the current study are available from the
corresponding author upon request.

Declarations
Ethics approval and consent to participate
The study was approved by the State Human Research Ethics Committee
(Protocol 319/12). Participants were informed of the study goals and gave
written consent. If patients were unable to provide formal written consent,
their legal guardian or representative provided the consent on their behalf.
Consent for publication
Not applicable.
Competing interests
PM received a research grant from Edwards Lifesciences.
OM received grants from Astra Zeneca and Edwards Lifesciences and serves
as consultant for Abbott.
The other authors do not declare any competing interest.

Humbert et al. BMC Geriatrics

(2021) 21:153

Author details
1
Service of Geriatric Medicine and Geriatric Rehabilitation, Department of
Medicine, University of Lausanne Medical Center (CHUV), Lausanne,
Switzerland. 2Service of Cardiology, Department of Cardio-Vascular Medicine
and Surgery, University of Lausanne Medical Center (CHUV), Lausanne,
Switzerland.

Page 8 of 9

18.

19.

Received: 23 July 2020 Accepted: 22 February 2021
20.
References
1. Leon MB, Smith CR, Mack M, Miller DC, Moses JW, Svensson LG, et al.
Transcatheter aortic-valve implantation for aortic stenosis in patients who
cannot undergo surgery. N Engl J Med. 2010;363(17):1597–607.
2. Holmes DR Jr, Brennan JM, Rumsfeld JS, Dai D, O'Brien SM, Vemulapalli S,
et al. Clinical outcomes at 1 year following transcatheter aortic valve
replacement. JAMA. 2015;313(10):1019–28.
3. Makkar RR, Fontana GP, Jilaihawi H, Kapadia S, Pichard AD, Douglas PS, et al.
Transcatheter aortic-valve replacement for inoperable severe aortic stenosis.
N Engl J Med. 2012;366(18):1696–704.
4. Kapadia SR, Leon MB, Makkar RR, Tuzcu EM, Svensson LG, Kodali S, et al. 5year outcomes of transcatheter aortic valve replacement compared with
standard treatment for patients with inoperable aortic stenosis (PARTNER 1):
a randomised controlled trial. Lancet. 2015;385(9986):2485–91.
5. Kodali SK, Williams MR, Smith CR, Svensson LG, Webb JG, Makkar RR, et al.
Two-year outcomes after transcatheter or surgical aortic-valve replacement.
N Engl J Med. 2012;366(18):1686–95.
6. Deeb GM, Reardon MJ, Chetcuti S, Patel HJ, Grossman PM, Yakubov SJ, et al.
3-year outcomes in high-risk patients who underwent surgical or
Transcatheter aortic valve replacement. J Am Coll Cardiol. 2016;67(22):2565–
74.
7. Mack MJ, Leon MB, Smith CR, Miller DC, Moses JW, Tuzcu EM, et al. 5-year
outcomes of transcatheter aortic valve replacement or surgical aortic valve
replacement for high surgical risk patients with aortic stenosis (PARTNER 1):
a randomised controlled trial. Lancet. 2015;385(9986):2477–84.
8. Leon MB, Smith CR, Mack MJ, Makkar RR, Svensson LG, Kodali SK, et al.
Transcatheter or surgical aortic-valve replacement in intermediate-risk
patients. N Engl J Med. 2016;374(17):1609–20.
9. Reardon MJ, Van Mieghem NM, Popma JJ, Kleiman NS, Sondergaard L,
Mumtaz M, et al. Surgical or Transcatheter aortic-valve replacement in
intermediate-risk patients. N Engl J Med. 2017;376(14):1321–31.
10. Sondergaard L, Steinbruchel DA, Ihlemann N, Nissen H, Kjeldsen BJ,
Petursson P, et al. Two-year outcomes in patients with severe aortic valve
stenosis randomized to transcatheter versus surgical aortic valve
replacement: the all-comers nordic aortic valve intervention randomized
clinical trial. Circ Cardiovasc Interv. 2016;9(6):e003665. https://doi.org/10.11
61/CIRCINTERVENTIONS.115.003665.
11. Barbash IM, Finkelstein A, Barsheshet A, Segev A, Steinvil A, Assali A, et al.
Outcomes of patients at estimated low, intermediate, and high risk
undergoing Transcatheter aortic valve implantation for aortic stenosis. Am J
Cardiol. 2015;116(12):1916–22.
12. Popma JJ, Deeb GM, Yakubov SJ, Mumtaz M, Gada H, O'Hair D, et al.
Transcatheter aortic-valve replacement with a self-expanding valve in lowrisk patients. N Engl J Med. 2019;380(18):1706–15.
13. Mack MJ, Leon MB, Thourani VH, Makkar R, Kodali SK, Russo M, et al.
Transcatheter aortic-valve replacement with a balloon-expandable valve in
low-risk patients. N Engl J Med. 2019;380(18):1695–705.
14. Osnabrugge RL, Mylotte D, Head SJ, Van Mieghem NM, Nkomo VT, LeReun
CM, et al. Aortic stenosis in the elderly: disease prevalence and number of
candidates for transcatheter aortic valve replacement: a meta-analysis and
modeling study. J Am Coll Cardiol. 2013;62(11):1002–12.
15. Brown CH, Probert J, Healy R, Parish M, Nomura Y, Yamaguchi A, et al.
Cognitive decline after delirium in patients undergoing cardiac surgery.
Anesthesiology. 2018;129(3):406–16.
16. Crocker E, Beggs T, Hassan A, Denault A, Lamarche Y, Bagshaw S, et al.
Long-term effects of postoperative delirium in patients undergoing cardiac
operation: a systematic review. Ann Thorac Surg. 2016;102(4):1391–9.
17. Hudetz JA, Iqbal Z, Gandhi SD, Patterson KM, Byrne AJ, Pagel PS.
Postoperative delirium and short-term cognitive dysfunction occur more
frequently in patients undergoing valve surgery with or without coronary
artery bypass graft surgery compared with coronary artery bypass graft

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

surgery alone: results of a pilot study. J Cardiothorac Vasc Anesth. 2011;
25(5):811–6.
Shi SM, Sung M, Afilalo J, Lipsitz LA, Kim CA, Popma JJ, et al. Delirium
incidence and functional outcomes after Transcatheter and surgical aortic
valve replacement. J Am Geriatr Soc. 2019;67(7):1393–401.
Abawi M, Pagnesi M, Agostoni P, Chiarito M, van Jaarsveld RC, van Dongen
CS, et al. Postoperative delirium in individuals undergoing Transcatheter
aortic valve replacement: a systematic review and meta-analysis. J Am
Geriatr Soc. 2018;66(12):2417–24.
Eide LS, Ranhoff AH, Fridlund B, Haaverstad R, Hufthammer KO, Kuiper KK,
et al. Delirium as a predictor of physical and cognitive function in
individuals aged 80 and older after Transcatheter aortic valve implantation
or surgical aortic valve replacement. J Am Geriatr Soc. 2016;64(6):1178–86.
Abawi M, Nijhoff F, Agostoni P, Emmelot-Vonk MH, de Vries R, Doevendans
PA, et al. Incidence, predictive factors, and effect of delirium after
Transcatheter aortic valve replacement. JACC Cardiovasc Interv. 2016;9(2):160–8.
Assmann P, Kievit P, van der Wulp K, Verkroost M, Noyez L, Bor H, et al.
Frailty is associated with delirium and mortality after transcatheter aortic
valve implantation. Open Heart. 2016;3(2):e000478.
Maniar HS, Lindman BR, Escallier K, Avidan M, Novak E, Melby SJ, et al.
Delirium after surgical and transcatheter aortic valve replacement is
associated with increased mortality. J Thorac Cardiovasc Surg. 2016;151(3):
815–23 e2.
Eide LS, Ranhoff AH, Fridlund B, Haaverstad R, Hufthammer KO, Kuiper KK,
et al. Comparison of frequency, risk factors, and time course of
postoperative delirium in octogenarians after transcatheter aortic valve
implantation versus surgical aortic valve replacement. Am J Cardiol. 2015;
115(6):802–9.
Jarvela K, Porkkala H, Karlsson S, Martikainen T, Selander T, Bendel S.
Postoperative delirium in cardiac surgery patients. J Cardiothorac Vasc
Anesth. 2018;32(4):1597–602.
Koster S, Hensens AG, Schuurmans MJ, van der Palen J. Prediction of
delirium after cardiac surgery and the use of a risk checklist. Eur J
Cardiovasc Nurs. 2013;12(3):284–92.
Ten Broeke M, Koster S, Konings T, Hensens AG, van der Palen J. Can we
predict a delirium after cardiac surgery? A validation study of a delirium risk
checklist. Eur J Cardiovasc Nurs. 2018;17(3):255–61.
Khan MM, Herrmann N, Gallagher D, Gandell D, Fremes SE, Wijeysundera
HC, et al. Cognitive outcomes after Transcatheter aortic valve implantation:
a Metaanalysis. J Am Geriatr Soc. 2018;66(2):254–62.
Oldham MA, Vachon J, Yuh D, Lee HB. Cognitive outcomes after heart valve
surgery: a systematic review and meta-analysis. J Am Geriatr Soc. 2018;
66(12):2327–34.
Orvin K, Dvir D, Weiss A, Assali A, Vaknin-Assa H, Shapira Y, et al.
Comprehensive prospective cognitive and physical function assessment in
elderly patients undergoing transcatheter aortic valve implantation.
Cardiology. 2014;127(4):227–35.
Schoenenberger AW, Zuber C, Moser A, Zwahlen M, Wenaweser P,
Windecker S, et al. Evolution of cognitive function after transcatheter aortic
valve implantation. Circ Cardiovasc Interv. 2016;9(10):e003590. https://doi.
org/10.1161/CIRCINTERVENTIONS.116.003590.
Auffret V, Campelo-Parada F, Regueiro A, Del Trigo M, Chiche O, Chamandi
C, et al. Serial changes in cognitive function following Transcatheter aortic
valve replacement. J Am Coll Cardiol. 2016;68(20):2129–41.
Abawi M, de Vries R, Stella PR, Agostoni P, Boelens DHM, van Jaarsveld RC,
et al. Evaluation of cognitive function following Transcatheter aortic valve
replacement. Heart Lung Circ. 2018;27(12):1454–61.
Knipp SC, Kahlert P, Jokisch D, Schlamann M, Wendt D, Weimar C, et al. Cognitive
function after transapical aortic valve implantation: a single-Centre study with 3month follow-up. Interact Cardiovasc Thorac Surg. 2013;16(2):116–22.
Ghanem A, Kocurek J, Sinning JM, Wagner M, Becker BV, Vogel M, et al.
Cognitive trajectory after transcatheter aortic valve implantation. Circ
Cardiovasc Interv. 2013;6(6):615–24.
Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in
the aged. The index of Adl: a standardized measure of biological and
psychosocial function. JAMA. 1963;185:914–9.
Lawton MP, Brody EM. Assessment of older people: self-maintaining and
instrumental activities of daily living. Gerontologist. 1969;9(3):179–86.
Folstein MF, Folstein SE, McHugh PR. "mini-mental state". A practical
method for grading the cognitive state of patients for the clinician.
J Psychiatr Res. 1975;12(3):189–98.

Humbert et al. BMC Geriatrics

(2021) 21:153

39. Rouleau I, Salmon DP, Butters N. Longitudinal analysis of clock drawing in
Alzheimer's disease patients. Brain Cogn. 1996;31(1):17–34.
40. Clement JP, Nassif RF, Leger JM, Marchan F. Development and contribution
to the validation of a brief French version of the Yesavage geriatric
depression scale. Encephale. 1997;23(2):91–9.
41. Tinetti ME. Performance-oriented assessment of mobility problems in elderly
patients. J Am Geriatr Soc. 1986;34(2):119–26.
42. Afilalo J, Eisenberg MJ, Morin JF, Bergman H, Monette J, Noiseux N, et al.
Gait speed as an incremental predictor of mortality and major morbidity in
elderly patients undergoing cardiac surgery. J Am Coll Cardiol. 2010;56(20):
1668–76.
43. O'Brien SM, Shahian DM, Filardo G, Ferraris VA, Haan CK, Rich JB, et al. The
Society of Thoracic Surgeons 2008 cardiac surgery risk models: part 2-isolated valve surgery. Ann Thorac Surg. 2009;88(1 Suppl):S23–42.
44. Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, et al.
EuroSCORE II. Eur J Cardiothorac Surg. 2012;41(4):734–44 discussion 44-5.
45. Laplante J, Cole M, McCusker J, Singh S, Ouimet MA. Confusion Assessment
Method. Validation of a French-language version. Perspect Infirm. 2005;3(1):
12–4 6–8, 20–2.
46. Inouye SK, van Dyck CH, Alessi CA, Balkin S, Siegal AP, Horwitz RI. Clarifying
confusion: the confusion assessment method. A new method for detection
of delirium. Ann Intern Med. 1990;113(12):941–8.
47. Bestehorn K, Bestehorn M, Fleck E. Influence of different approaches of
aortic valve replacement on the incidence of post-operative delirium in
intermediate risk patients - a matched pair analysis. Curr Med Res Opin.
2015;31(12):2157–63.
48. Huded CP, Huded JM, Sweis RN, Ricciardi MJ, Malaisrie SC, Davidson CJ,
et al. The impact of delirium on healthcare utilization and survival after
transcatheter aortic valve replacement. Catheter Cardiovasc Interv. 2017;
89(7):1286–91.
49. Eide LS, Ranhoff AH, Fridlund B, Haaverstad R, Hufthammer KO, Kuiper KK,
et al. Readmissions and mortality in delirious versus non-delirious
octogenarian patients after aortic valve therapy: a prospective cohort study.
BMJ Open. 2016;6(10):e012683.
50. Goudzwaard JA, de Ronde-Tillmans M, de Jager TAJ, Lenzen MJ, Nuis RJ,
van Mieghem NM, et al. Incidence, determinants and consequences of
delirium in older patients after transcatheter aortic valve implantation. Age
Ageing. 2020;49(3):389–94.
51. Leung JM, Tsai TL, Sands LP. Brief report: preoperative frailty in older
surgical patients is associated with early postoperative delirium. Anesth
Analg. 2011;112(5):1199–201.
52. Pol RA, van Leeuwen BL, Visser L, Izaks GJ, van den Dungen JJ, Tielliu IF,
et al. Standardised frailty indicator as predictor for postoperative delirium
after vascular surgery: a prospective cohort study. Eur J Vasc Endovasc Surg.
2011;42(6):824–30.
53. Brown CH, Max L, LaFlam A, Kirk L, Gross A, Arora R, et al. The association
between preoperative frailty and postoperative delirium after cardiac
surgery. Anesth Analg. 2016;123(2):430–5.
54. Husser O, Fujita B, Hengstenberg C, Frerker C, Beckmann A, Mollmann H,
et al. Conscious sedation versus general anesthesia in Transcatheter aortic
valve replacement: the German aortic valve registry. JACC Cardiovasc Interv.
2018;11(6):567–78.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

