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Purpose: Postoperative delirium (POD) after transcatheter aortic valve implantation (TAVI) is frequent in older adults and associated 
with multiple negative outcomes including a higher mortality. We aimed to investigate whether a comprehensive geriatric assessment 
(CGA) prior to TAVI reduces the odds of POD and results in a positive change in self-care ability, intended to lay a foundation for 
future geriatric comanagement.
Patients and methods: We used a retrospective, single-center study with a quasi-experimental design enrolling patients aged 70 
years and older undergoing CGA before elective TAVI, and a nonrandomized comparison group without preoperative CGA. Data on 
POD occurrence during the first 5 days after TAVI (primary outcome) and change in self-care ability index (SPI) between admission 
and discharge (secondary outcome) were collected from electronic health records and CGA data (exposure) by clinical assessment. To 
explore associations between (1) CGA and POD, and (2) CGA and SPI, multivariate logistic regression and linear regression models 
were applied adjusting for age, sex, BMI, and number of medications.
Results: Among 435 patients (mean age 81.0 ± 5.6 years, 43.6% women, median [IQR] SPI at baseline 40 [39, 40] points), POD 
incidence was 14.3% in the CGA group vs 18.8% in the non-CGA group (P 0.219). Undergoing CGA before TAVI was not associated 
with the odds for POD (OR: 1.15; 95%CI: 0.65–2.04) or improved SPI (P 0.073).
Conclusion: We observed no association of CGA prior to TAVI with POD incidence or postoperative self-care, highlighting the need 
for additional studies investigating the effect of POD preventive measures in older TAVI patients integrated into a comprehensive 
geriatric comanagement program.
Keywords: POPS, frail older adults, perioperative care, aortic stenosis, TAVI, delirium

Introduction
Aortic stenosis (AS) is among the top three cardiovascular diseases in older adults from highly developed countries with 
a prevalence of 12.4%.1,2 Transcatheter aortic valve implantation (TAVI) is the current standard of care in older adult 
patients not eligible for surgical valve replacement (SAVR) as it is considered superior to medical treatment with regard 
to survival and quality of life.3–6
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Although being a minimally invasive procedure, TAVI comprises a non-negligible risk for important adverse events 
including postoperative delirium (POD).7 As a multifactorial syndrome of brain dysfunction, delirium is characterized by 
an acute onset and often fluctuating course of symptoms such as inattention, impaired reasoning and altered level of 
consciousness.8 A systematic review and meta-analysis found a pooled estimated mean POD rate of 8.1% after TAVI in 
32,389 individuals from 31 studies, with incidence ranging from 0% to 45%.7 Variation in reported incidence rates can be 
attributed to a large heterogeneity in diagnostic tools, the presence of procedural risk factors as general anesthesia or 
nontransfemoral access site and patient-related risk factors of the investigated population (eg age and frailty parameters 
including impaired mobility and low self-care abilities).7,9–12

Given that POD is strongly associated with several downstream complications and high mortality after TAVI,9,13 it 
appears important to reduce the occurrence of POD in older patients in acute care. However, traditional risk predictors in 
cardiac surgery like the STS-Score or EuroSCORE 2 do not take into account geriatric risk determinants assessing 
functional impairments.14 In addition, older age, cognitive impairment, previous episodes of delirium and physical frailty 
have been identified as common risk factors for POD after TAVI.9,10,12 Consequently, the 2017 European Society of 
Cardiology guideline for valvular heart disease included a recommendation for routine frailty screening in all older adults 
evaluated for aortic repair15 which is also included in the current 2021 guideline.16

Addressing the specific needs of older adults undergoing surgery, the American Geriatrics Society and the Association 
of Anaesthetists have published evidence based consensus guidelines for optimal perioperative care of older surgical 
patients.17 The innovative method of “Proactive care of Older Patients undergoing Surgery” (POPS) offers an approach to 
identify functional limitations and individual care needs of older adults by a preoperatively performed comprehensive 
geriatric assessment (CGA) in order to address otherwise under-diagnosed high-risk conditions including functional 
impairment and delirium by providing information for individualized and multidisciplinary care and potentially preventive 
measures.18–21 Subsequently, a POPS program for TAVI patients was developed and implemented at our center in 2017.

Despite this rising awareness for the need of a holistic management of geriatric patients in acute care, to our 
knowledge, there are no studies to date reporting on the potential effect of CGA on POD occurrence in older patients 
with AS referred for TAVI. Therefore, the primary aim of this quasi-experimental study was to compare the odds of 
incident POD in TAVI patients who did or did not undergo a CGA on the day prior to the procedure. In addition, we 
aimed to explore whether preoperative CGA leads to a positive change in self-care ability during hospitalization. Further, 
we aimed to identify potential risk factors for POD in this particular patient group, including age, sex and polypharmacy.

Materials and Methods
We report on a single-center retrospective quasi-experimental cohort study conducted at the University Hospital Zurich 
(USZ), Switzerland between 2017 and 2021. We included patients 70 years and older electively referred for TAVI at the 
Clinic for Cardiac Surgery with available data from routinely collected clinical information. Our study has a quasi- 
experimental design including an intervention group with patients undergoing CGA before TAVI (CGA group), and 
a comparison group consisting of patients without preoperative CGA (non-CGA group). We hypothesized that POD 
incidence was lower in patients undergoing CGA before TAVI compared to patients who do not. As no well-established 
global outcome parameter to measure the effect of CGA on clinical outcomes exist, we investigated the change in 
activities of daily living (ADL) by a self-care ability index (German: Selbstpflege-Index: SPI) between admission and 
discharge in both groups as a secondary aim, hypothesizing, that undergoing CGA may result in improved ADL after 
TAVI compared to the non-CGA group.

Patient Selection and Data Collection
Eligible patients were 70 years and older, diagnosed with aortic stenosis and referred for TAVI after discussion in the 
local interdisciplinary heart team. Conscious sedation was the anesthesiological method of choice in our investigated 
sample. Patients in the CGA group were enrolled into the Zurich Peri-operative care Project for Senior patients in cardiac 
surgery (POPS-Heart) TAVI 70+ program (ie undergoing a CGA on the day before TAVI), which reflects a CGA and is 
considered standard of care for this group at our institution. Planning CGA on the day prior to the procedure appeared 
most practical as a first step of implementation, as TAVI patients were referred from a wide geographical region without 
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access to local geriatric centers. Thus, we expected low feasibility for any additional ambulatory visits at a greater time 
interval prior to the planned procedure. For logistical reasons (ie absence of the assessor, lost patient registration, lack of 
time resources and others), not all patients could be enrolled onto the program. Given that the selection of patients who 
received CGA was independent of medical reasons, the TAVI patients who did not receive CGA serve as a comparison 
group. Except for the absence of a CGA, medical team members, location of the patient or perioperative procedures did 
not differ in between both groups. At the same time, patients receiving TAVI as an emergency procedure or by 
nontransfemoral access or who died during hospital stay were excluded. In addition, patients who underwent CGA 
during a previous hospital stay were excluded. Individual patient demographics were collected at baseline from the 
hospitals’ electronic health records system.

Outcomes
Our primary outcome was the incidence of POD within the first five days following TAVI, when POD mostly occurs.13 

At our hospital, delirium is routinely assessed in all in-patients by trained nursing staff at 8-h intervals (once per shift) by 
a standardized screening tool based on Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV) criteria. At 
intensive care units (ICU), the Intensive Care Delirium Screening Checklist (ICDSC) is used, and at regular wards the 
Delirium Observation Screening Scale (DOS) is used. The ICDSC had a pooled sensitivity of 83% (95%CI: 74–90) and 
specificity of 87% (95%CI: 78–93) in prior studies22 and was used for TAVI patients who were initially treated in the 
ICU or intermediate care (step-down) unit. Since the assessment of older patients in the ICU is particularly complex and 
the reliability of the ICDSC is considered to be lower than for other delirium assessment tools, a positive screening result 
in the ICDSC was followed by a second diagnostic tool, mostly the DOS. The DOS is a validated tool for the diagnosis 
of delirium with expanding use in various clinical settings showing a pooled sensitivity and specificity of 90% and 92% 
(95%CI: 76–97 and 88–94), respectively, and has the advantage of being easily integrated in routine nursing care.23 For 
our study, presence of POD was defined as a score of ≥3 points in the Delirium Observation Screening Scale (DOS) or ≥4 
points in the Intensive Care Delirium Screening Checklist (ICDSC).

Our secondary outcome was to investigate a potential change in independence on ADL, recorded daily from admission 
to discharge by nursing staff using a standardized self-care index (SPI).24 The SPI has been previously used to describe 
functional status in medical inpatients upon admission and at discharge in order to investigate hospital-acquired functional 
decline and short-term mortality.24 The SPI constitutes the standard-of-care instrument for evaluation of ADL in all USZ 
inpatients and is routinely obtained once daily. The SPI score is composed of 10 categories (activity/mobility, personal 
hygiene upper body and lower body, dressing/undressing upper body and lower body, eating, drinking, urinary excretion, 
stool excretion, and ability to acquire knowledge), each of which is evaluated with 1 to 4 points, resulting in a minimal score 
of 10 points (full dependence) and a maximal score of 40 points indicating complete self-care independence. SPI 
information was collected by data extraction request from electronic health records for all included patients.

Exposure
Receiving CGA upon admission by a board-certified staff geriatrician from the USZ Department of Aging Medicine was studied 
as the exposure. Results and corresponding recommendations were documented on a standardized POPS-CGA paper form report 
that was later scanned and included in the patients’ electronic health records for review and consideration by the competent heart 
surgeons and the respective nursing care team. Provided recommendations included eg advice about the support of early 
mobilization and physical therapy, nonpharmacological delirium prevention strategies and nutrition optimisation. However, 
recommendations were not discussed verbally between teams or discussed in an interdisciplinary team meeting.

The POPS-CGA covers physical function and mobility, basic ADL and instrumental ADL, cognitive screening, risk 
assessment of post-interventional delirium, eye and ear function, nutritional screening, frailty screening, depression 
screening, polypharmacy screening, assessment of comorbidity burden and assessment of quality of life by validated 
screening tools. Assessments indicating noticeable findings, limitations or impairments, were addressed by specific 
recommendations for the treating heart surgeons. For example, early physical therapy was recommended for limited 
mobility, optimizing nutrition for risk of or prevalent malnutrition, potentially inadequate medications are identified, and 
specific follow-up is mentioned for evidence of depressive or cognitive impairment.
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Statistical Analysis
Baseline demographics were compared between the intervention and comparison group to evaluate the baseline equiva-
lence, using the chi-squared test for categorical data and the independent samples t-test or Wilcoxon rank sum test for 
continuous data depending on the normality of distribution. In addition, we performed exploratory analyses investigating 
the association between baseline characteristics of the study population with the incidence of POD after TAVI. To explore 
the association between CGA and POD, we used multivariable logistic regression adjusted for age, sex, BMI and number of 
medications. To investigate the association between change in SPI and CGA, a linear regression model was fitted with 
change in SPI score as outcome, and adjusted for potential confounders (age, sex, BMI and number of medications). All 
statistical analyses were performed using SAS v 9.4 (SAS Institute, Inc., Cary, NC, United States). The analyses were two- 
sided and the type I error rate was set at 5%. The results were presented as an odds ratio and 95% confidence interval.

Ethics Approval and Consent to Participate
This study was approved by ethics committee of the Canton of Zurich, Switzerland that is part of the Swiss Association 
of Research Ethics Committees (Swissethics). It is registered under the Business Administration System for Ethics 
Committees (BASEC) number 2021–00903. The study was conducted in accordance with the 1964 Declaration of 
Helsinki. All participants signed the General Informed Consent of the University Hospital Zurich that allows the further 
use of health-related personal data and biological material for research purposes.

Results
A total of 637 patients met the baseline requirements and were screened for inclusion. The study flow is depicted in Figure 1. 
After applying exclusion criteria, the final study sample consisted of 435 patients, with 254 (58.4%) in the intervention group 
(CGA group) and 181 (41.6%) in the comparison group (non-CGA group). Overall, mean age was 81 (±5.6) years with 221 
(53.6%) patients aged 80 and older, 179 (43.6%) were women and mean BMI was 27.4 (±4.8) kg/m2. Median length of stay in 
the hospital was 7 days (IQR 5, 8) in the CGA group and 7 days (IQR 6, 9) in the non-CGA group. Both investigated groups 
indicated a comparably high rate of polypharmacy (n=145 [65.0%] vs n=119 [65.8%]) with a median count of six medications 
(IQR 4, 7 vs 4, 9). In regard to cognitive function and frailty status in the CGA-group, mean Mini-mental State Examination 
(MMSE) total score was 26.4 (SD: 3.0) points while 21 (9.3%) were frail, 104 (46.0%) pre-frail, and 101 (44.7%) robust 
according to the Fried frailty phenotype. Baseline patient characteristics are summarized in Table 1.

Patients with and without POD (Table 2) did not differ statistically significant in terms of age (82.2 ± 5.3 vs 
80.8 ± 5.6, P 0.078), proportion of women (35.8% vs 45.1%, P 0.163) and BMI (27.4 ± 5.6 vs 27.4 ± 4.8, 
P 0.730). POD occurred in 67 (16.3%) individuals, with a nonsignificant 4.5% lower incidence of POD in the 
CGA group (14.3% vs 18.8%, P 0.219). Performing CGA before TAVI was not associated with lower odds for 

Non-CGA group 
(n=294)

CGA-group
(n=343)

Recruited 
pa!ents
n=637

Remaining
CGA group

(n=254)

Remaining 
non-CGA group

(n=181)

Excluded pa!ents (n=89)

• No consent (n=74)
• Death during 

hospitaliza!on (n=2)
• No TAVI (n=9)
• Non-transfemoral access 

(n=2) 
• Already performed

CGA (n=2)

Excluded pa!ents (n=113)

• No consent (n=80)
• Emergency (n=12)
• Death during 

hospitaliza!on (n=5)
• No TAVI (n=5)
• Non-transfemoral access 

(n=7) 
• Already performed CGA

(n=4)
Study popula!on

n=435

Figure 1 Study Flow Diagram. 
Abbreviations: CGA, comprehensive geriatric assessment; TAVI, transcatheter aortic valve implantation.
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POD in comparison with the non-CGA group (OR: 1.15; 95%CI: 0.65–2.04). Patients with POD took a higher 
number of medications compared to patients without POD (median 7.0 [IQR 5.0, 10.0]) vs 6.0 [4.0, 8.0], 
P 0.003). Compared to male patients, women had 51% lower odds of developing POD (OR: 0.49; 95%CI: 
0.26–0.89), and taking one additional medication was associated with 13% increased odds of POD (OR: 1.13; 
95%CI: 1.04–1.23). Further, older age was associated with a borderline significant 5% increased odds for POD 
(OR: 1.05; 95%CI: 1.00–1.11).

In regard to self-care abilities, median SPI at admission as well as at discharge extended to the maximal score 
of 40 points (IQR 39, 40) for both groups upon admission (P 0.536) vs 40 points (IQR 37, 40) for both groups at 
discharge (P 0.483). Median of change in SPI between admission and discharge was 0 points (IQR −2, 0) for 
both CGA vs non-CGA group (P 0.073). Of note, results from the linear regression model (R2 = 0.54) showed 
that higher SPI at admission (β coefficient 0.21, P <0.001), older age (β −0.11, P 0.004) and a higher number of 
medications (β −0.28, P <0.001) were associated with decrease in SPI at discharge (Table 3).

Table 1 Patients’ Characteristics

Overall  
(n=435)

CGA group  
(n=254)

Non-CGA group  
(n=181)

P-value

Age (years), mean (SD) 81.0 (5.6) 81.4 (5.6) 80.5 (5.6) 0.127

Age categories, n (%) 0.138

<80 years 163 (42.5) 79 (38.9) 84 (46.4)
≥80 years 221 (57.6) 124 (61.1) 97 (53.6)

Sex, n (%) 0.117

Female 179 (43.6) 108 (47.0) 71 (39.2)
Male 232 (56.4) 122 (53.0) 110 (60.8)

BMI (kg/m2), mean (SD) 27.4 (4.9) 27.2 (5.2) 27.5 (4.3) 0.233
No. of medication, median (IQR) 6.0 (4.0, 8.0) 6.0 (4.0, 7.0) 6.0 (4.0, 9.0) 0.055

Polypharmacy, n (%) 0.879

Not present (<5 meds) 140 (34.7) 78 (35.0) 62 (34.3)
Present (≥5 meds) 264 (65.4) 145 (65.0) 119 (65.8)

POD Incidence, n (%) 67 (16.3) 33 (14.3) 34 (18.8) 0.219

Self-care abilities (SPI) score, at admission (IQR) 40 (39, 40) 40 (39, 40) 40 (39, 40) 0.536
Self-care abilities (SPI) score, at discharge (IQR) 40 (37, 40) 40 (37, 40) 40 (37, 40) 0.483

Abbreviations: CGA, comprehensive geriatric assessment; SD, standard deviation; BMI, body mass index; No., number; IQR, interquartile range; 
POD, postoperative delirium; SPI, self-care Index. P-value calculated from chi-squared test for categorical data and the t-test or Wilcoxon rank sum test 
for continuous data depending on the normality of distribution.

Table 2 Factors Associated with Postoperative Delirium 
(POD)

Odds Ratio (95%CI) P-value

Non-CGA vs CGA group 1.15 (0.65–2.04) 0.629
Age 1.05 (1.00–1.11) 0.050

Sex (female vs male) 0.49 (0.26–0.89) 0.019

BMI 0.98 (0.92–1.05) 0.546
No. of medications 1.13 (1.04–1.23) 0.006

Abbreviations: CGA, comprehensive geriatric assessment; BMI, body mass 
index; No., number. Association between POD and CGA was assessed by 
multivariate logistic regression model adjusted for age, sex, BMI, number of 
medications.
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Discussion
In this quasi-experimental study among 435 patients age 70 years and older undergoing elective TAVI for aortic stenosis, 
performing CGA on the day prior to TAVI was not associated with lower odds for developing POD during the first 5 days 
after the procedure, while patients in the CGA-group demonstrated a nonsignificant 4.5% lower incidence in POD 
compared to the non-CGA group. In regard to self-care abilities assessed by SPI, no difference was observed between 
admission and discharge in both investigated groups.

Overall, our observed POD incidence of 16.3% falls within the range to prior reports on POD after TAVI (0–45%) 
with a pooled estimate rate of 8.1% and a marginally higher incidence when using CAM-defined delirium (13.5%).7 At 
the same time, our results appear somewhat lower compared to earlier results for older Swiss TAVI recipients (20% 
POD).25 As all included patients were electively referred to TAVI in a multidisciplinary decision-making process, this 
may have led to the exclusion of patients with advanced geriatric syndromes, including risk factors for POD. However, 
the incidences of POD in the selected patient group would be rather underestimated as the patients at an even higher risk 
for adverse outcomes did not meet the indication for TAVI.

In TAVI patients, procedural and periprocedural complications such as the occurrence of new cerebral ischemic 
lesions26 as well as patient-related risk factors including impaired mobility, cognitive impairment, present frailty and 
malnutrition10,12,18 have been identified as important predictors for POD. Therefore, our primary hypothesis was based 
on the intention to detect those patient-related POD risk factors by CGA and provide derived recommendations to the 
treating heart surgeons.

While multidomain interventions such as physical exercise, cognitive training and optimizing nutrition have been 
previously described as effective with regard to the reduction of adverse postoperative outcomes including delirium in 
older adults referred for surgery,27,28 our study did not include interdisciplinary management after TAVI beyond the 
implementation of a CGA. At the same time, only a few interventions (eg systematic neurocognitive assessment, 
encouraging mobility and self-care and pain management) have shown a positive effect on delirium incidence after 
TAVI in individual studies.7 As CGA in our study was performed directly on the day of admission before TAVI, the time 
frame to implement clinical interventions might have been too short. This may be especially true for physical training and 
cognitive support, even though early mobilization within 4–6 h after the intervention has been associated with a decrease 
in delirium incidence in recent studies.29 Besides, approximately half of the predisposing and precipitating factors of 
delirium are regarded as being nonmodifiable,10,13 impeding the establishment of effective perioperative interventions 
even if those risk factors were identified by the CGA. Despite those limitations and to the best of our knowledge, this is 
the first study comparing the occurrence of POD and investigating a potential change in self-care abilities during 
hospitalization in older TAVI patients with or without prior CGA and written recommendations.

When investigating the effect of CGA-based recommendations on ADL abilities (measured by SPI), we assumed that 
perioperative prevention measures such as intensified mobilization as recommended by CGA would improve self-care 
abilities and, therefore, our intervention group might demonstrate less ADL deterioration. However, baseline ADL 
independence in our sample was unexpectedly high for a geriatric population with a majority of patients scoring the 

Table 3 Factors Associated with Change in Self-care Abilities (SPI)

β Coefficient SE t Statistic P-value

CGA group 0.21 0.44 0.47 0.639
SPI score at admission −0.81 0.04 −19.00 <0.001

Age (per year) −0.11 0.04 −2.87 0.004

Sex (female vs male) 0.17 0.44 0.38 0.704
BMI (per unit) −0.04 0.05 −0.93 0.355

No. of medications −0.28 0.07 −3.95 <0.001

Abbreviations: CGA, comprehensive geriatric assessment; SPI, self-care Index; BMI, body mass 
index; No., number; SE, standard error. Association between SPI and CGA assessed by linear 
regression model adjusted for age, sex, BMI, number of medications.
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maximum SPI score of 40 points (ie reflecting full independence in ADL), and no improvement could be detected during 
hospitalization. This might be attributable to the elective setting with cautious indication in this patient group.

Further, we investigated the association of patient characteristics with the incidence of POD as they may be identified 
as possible risk factors for delirium during the preoperative assessment. Among those, a higher number of medications 
was significantly associated with POD. This finding is supported by other studies that have established polypharmacy as 
an independent risk factor for postoperative delirium, eg in hip fracture patients30 and general surgery.31 Subsequently, 
a systematic preoperative medication review as part of a CGA evaluation may be effective in the prevention of delirium 
by reducing the number of medications, drug interactions and the use of delirium promoting medications.32 In addition, 
patients developing delirium after TAVI were predominantly men and of older age. However, both male sex and age have 
not been proven as independent risk factors for POD. These results are in line with findings from a systematic review 
about risk factors for delirium after TAVI.33

Our study has several strengths. To our knowledge, this is the first study investigating the association of 
a preoperatively performed CGA and POD incidence in a real-world sample of Swiss older adults undergoing TAVI, 
also incorporating an instrument to measure ADL independence as an outcome parameter (ie the SPI index) for the 
potential effect of the intervention. Screening for POD was routinely performed in all TAVI patients by means of reliable 
diagnostic tools. Therefore, incidence of POD should be less biased compared to selective screening in patients with poor 
condition or retrospectively diagnosed delirium using documented behavioural alterations.

Our study also has its limitations, including a lack of randomization and sample size calculation while using only data 
from a single center with a limited sample size and implementation of the CGA on the day prior to the procedure. Also, 
there may be differences in the delirium risk profile between the groups that we did not consider and that were not 
included in the statistical analyses. For instance, we excluded all patients with nontransfemoral access site (ie carotid, 
subclavian or transapical access), but did not screen our cohort for coronary and carotid artery diseases or a high blood 
transfusion rate, all known periprocedural risk factors for POD.7,13,34,35 Neither did we analyze the proportion of cerebral 
embolic protection device (CEPD) usage to limit the occurrence of brain lesions and neurological complications after 
TAVI.26,36 The current analysis also lacks data on the perioperative administration of potentially prodelirogenic drugs 
during surgery, in the recovery room, and postoperatively as well as data on perioperative hemodynamic and cardiologic 
status during surgery and data on postoperative events. Moreover, the recommendations of the CGA were only provided 
in writing reports and not verbally discussed with the surgical team and we did not investigate the implementation rate of 
the advised recommendations. In addition, our measure of choice to assess ADL (SPI) has limited validity to predict 
postoperative functional changes. Further, there may exist differences in patient characteristics that were assessed by the 
CGA for the intervention group only and therefore could not be included in the analysis of baseline equivalence between 
the groups. However, we consider these differences to be minimal because there was, as a fundamental property of the 
quasi-experimental study design, no intentional selection of patients for inclusion in the intervention group.

Conclusion
Even though we were not able to demonstrate a statistically significant reduction of POD by the performance of a pre- 
interventional CGA in older TAVI recipients, we identified a higher number of medications as an important independent 
risk factor for POD in our patient group. Our study may contribute to the optimization of perioperative care in older 
adults undergoing TAVI. Further research in larger populations is warranted in order to confirm and extend our findings. 
This should include structured management plans based on the results of a CGA, as the proactive and timely 
implementation of CGA-driven interventions can optimize the effect of geriatric comanagement on reducing delirium 
incidence.37
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