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Background: Current surgical risk assessment tools fall short of appreciating geriatric risk
factors including cognitive deﬁcits, depressive, and frailty symptoms that may worsen outcomes post-transcatheter aortic valve implantation (TAVI). This study hypothesized that
a screening tool, SMARTIE, would improve detection of these risks pre-TAVI, and thus be
predictive of postoperative delirium (POD) and 30-day mortality post-TAVI.
Design: Prospective observational cohort study, using a historical cohort for comparison.
Participants: A total of 234 patients (age: 82.2±6.7 years, 59.4% male) were included. Half
were screened using SMARTIE.
Methods: The SMARTIE cohort was assessed for cognitive deﬁcits and depressive symptoms using the Mini-Cog test and PHQ-2, respectively. Measures of frailty included activities
of daily living inventory, the Timed Up and Go test and grip strength. For the pre-SMARTIE
cohort, we extracted cognitive deﬁcits, depression and frailty symptoms from clinic charts.
The incidence of POD and 30-day mortality were recorded. Bivariate chi-square analysis or
t-tests were used to report associations between SMARTIE and pre-SMARTIE groups.
Multivariable logistic regression models were employed to identify independent predictors
of POD and 30-day mortality.
Results: More patients were identiﬁed with cognitive deﬁcits (χ2=11.73, p=0.001), depressive symptoms (χ2=8.15, p=0.004), and physical frailty (χ2=5.73, p=0.017) using SMARTIE.
Cognitive deﬁcits were an independent predictor of POD (OR: 8.4, p<0.01) and 30-day
mortality (OR: 4.04, p=0.03).
Conclusion: This study emphasized the value of screening for geriatric risk factors prior to
TAVI by demonstrating that screening increased identiﬁcation of at-risk patients. It also conﬁrmed ﬁndings that cognitive deﬁcits are predictive of POD and mortality following TAVI.
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Transcatheter aortic valve implantation (TAVI) is increasingly preferred for treating
severe aortic stenosis in patients at risk of surgical complications due to advanced
age and associated comorbidities.1,2 It has been shown to reduce mortality and
improve both quality of life and functional status in older patients with aortic
stenosis.3 TAVI is superior to medical therapy and similar to the current standard
of care, surgical valve replacement (SAVR), although it has also been associated
with lower 12-month mortality rates compared to SAVR.1,2,4
TAVI was initially recommended primarily in patients at highest risk, but now
treatment is shifting to intermediate and even low-risk patients.5,6 In the current
clinical practice, surgical risk is evaluated using risk model algorithms developed
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by the European System for Cardiac Operative Risk
Evaluation score (EuroScore) II and Society of Thoracic
Surgeons score.7,8 While those traditional risk scores
account for a number of risk factors including age, gender,
symptomatic disease status, previous cardiac surgery,
recent myocardial infarction, cardiovascular risk factors,
renal dysfunction, mobility and procedure urgency, important risk factors that are prevalent in geriatric populations
such as cognitive impairment, mood disorders, and physical frailty are not included.7,8 A prospective cohort study
has recently highlighted the need for the development of
improved risk prediction models using multidimensional
geriatric assessments in TAVI.9
The majority of older patients hospitalized for acute
cardiac conditions present with at least one major geriatric
syndrome: frailty, cognitive deﬁcits, severe dependence,
and depression, that have been associated with poorer inhospital and post-discharge functional and clinical
outcomes.10 Pre-existing cognitive deﬁcits are an important consideration prior to cardiac intervention as they
have been associated with poor outcomes in TAVI
patients.11 Cognitive deﬁcits and associated comorbidities
have also been shown to have an additive effect on mortality, resulting in poor survival rates.12 Notably, a recent
meta-analysis on cognitive outcomes following surgery for
valvular heart disease found that patients were at risk for
cognitive decline over the six months after surgery.13
Depression is also common in older adults and a major
public health problem because of its related morbidity and
excess mortality.14 Depression has been associated with
cognitive deﬁcits in geriatric out-patients as well as
patients with heart disease.14–17 A recent paper examined
the effect of depression on 30-day mortality in post-TAVI
and SAVR patients and found that depression was signiﬁcantly associated with mortality. Depressed patients were
also more likely to have comorbid frailty and cognitive
deﬁcits than their non-depressed counterparts.17 Physical
functional status is similarly an important determinant of
independent living and long-term outcomes, and several
studies have identiﬁed physical frailty as a predictor of
poor outcomes after TAVI.18–20 A systematic review on
the relationship between preoperative frailty status and
TAVI outcomes also suggests that frailty is associated
with increased mortality in this vulnerable population.21
Despite evidence suggesting the importance of geriatric
risk factors in predicting outcomes following cardiac intervention, current surgical risk assessment falls short of
appreciating true risks among TAVI patients. These factors
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may be particularly important when assessing a geriatric,
multi-morbid population who may present with subtle
cognitive deﬁcits, depressive and frailty symptoms that
may increase the risk of poor TAVI outcomes. This study
aimed to use a brief screening tool to identify TAVI
patients with the speciﬁc geriatric risk factors noted
above and assess the impact of these factors on poor postTAVI outcomes. We proposed that 1) the screen would
improve the detection of the geriatric-speciﬁc risk factors
of cognitive deﬁcits, depressive symptoms, and physical
frailty among TAVI patients and 2) that these geriatric
symptoms ie, cognitive deﬁcits, depressive and frailty
symptoms, would be predictive of postoperative delirium
(POD) and 30-day mortality.

Methods
This was a prospective observational cohort study, using
a historical cohort for comparison. A screening tool
(SMARTIE: Screening for and MAnaging Risk factors in
TAVI: an Interdisciplinary Endeavour) was developed to
identify geriatric symptoms including cognitive deﬁcits,
depressive symptoms, and physical frailty. Englishspeaking patients referred for TAVI were screened using
SMARTIE at Sunnybrook Health Sciences Centre
(Sunnybrook) in Toronto, Ontario, Canada from
September 2015 to August 2017. SMARTIE was administered by the attending physician or nurse during initial
assessment for TAVI at Sunnybrook and took approximately 10 mins to administer. Cognitive deﬁcits were
assessed using the Mini-Cog test, a brief instrument consisting of an un-cued three-item recall test for memory and
a simply scored clock drawing test that has been used to
detect cognitive deﬁcits in older adults.22 Patients who
were able to recall less than three words and who had an
abnormal clock were scored positive for cognitive
deﬁcits.23 Depressive symptoms were assessed using the
Patient Health Questionnaire (PHQ-2), a valid screening
tool for major depression in older people.24 A cut-off score
of three was considered positive for depressive
symptoms.25 Measures of frailty included the activities of
daily living (ADL) inventory, the Timed Up and Go
(TUG) test and measure of grip strength, where those
with deﬁcits in at least one test were scored positive for
frailty.26,27 The ADL inventory measures the activities
needed to live independently and the extent to which
respondents are able to perform these activities on their
own. The TUG test is a mobility assessment that evaluates
patients’ pace, balance, and timing in a walking exercise.
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Lastly, grip strength measures the average force (kg) that
a patient can use in both the dominant and non-dominant
hand.27 However, not all screened patients were eligible
for, or completed TAVI (eg, asymptomatic aortic stenosis
patients, other medical conditions barring intervention)
during the mentioned time period. Therefore, only patients
who had been screened and completed a TAVI procedure
were included in the SMARTIE cohort.
For the pre-SMARTIE historical cohort comparison
group, a retrospective chart review was conducted for
patients who completed TAVI between September 2014
and August 2015, which corresponded to an observation
period immediately before the SMARTIE screen was
implemented. The retrospective chart review was performed at Sunnybrook by three of the authors (MK, EH,
MB). Retrospective data were recorded systematically on
a standardized template to capture all target data points
and reduce the risk of unintended bias in data collection.
Demographic and clinical characteristics including age,
sex, clinical diagnoses, medication use and the number
of referrals to Geriatric Psychiatry were extracted.
Clinical charts were also reviewed for record of subjective
complaints of cognitive deﬁcits, depressive symptoms, and
frailty as indicators of geriatric symptoms prior to TAVI.
Additionally, data for post-procedural outcomes such as
hospital length of stay, discharge from hospital, readmissions, POD, mortality, and vascular complications postTAVI were collected from chart review for all patients in
both study cohorts.

Study outcomes
Our primary objective was to compare detection of geriatric symptoms (primary outcome) including cognitive deficits, depressive symptoms, and physical frailty in patients
prior to receiving TAVI in the SMARTIE and preSMARTIE cohorts. Our secondary objective was to assess
the relationship between these symptoms and occurrences
of POD and 30-day mortality (secondary outcomes).
The proportion of patients with geriatric symptoms of
cognitive deﬁcits, depressive symptoms, and frailty prior
to TAVI were recorded in both the SMARTIE and preSMARTIE groups for comparison. Data on post-TAVI
POD and 30-day mortality were extracted from hospital
charts by three authors (MK, EH, MB) for all patients.
Delirium was assessed using the Intensive Care Delirium
Screening checklist by an attending physician or nurse
practitioner in the Intensive Care Unit. It is a validated
tool to screen for delirium in cardiac surgery patients with
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high sensitivity and speciﬁcity consisting of an 8-item
checklist. One point is allotted for an abnormality in
each item on the list and a total score ≥4 is classiﬁed as
positive for delirium.28 POD was differentiated from other
neurological events early after TAVI. In the case of concern of clinical stroke, a CT or MRI scan would follow as
clinically relevant.

Data analyses
Data analyses were performed using IBM SPSS
Statistics.24 Baseline demographics and clinical characteristics between the SMARTIE and pre-SMARTIE groups
were compared using bivariate chi-square analysis for
categorical data or t-tests for continuous data. Chi-square
analyses were used to compare the proportion of patients
with geriatric symptoms including cognitive deﬁcits,
depressive symptoms, and frailty between the SMARTIE
and pre-SMARTIE groups. In addition, multivariable
logistic regression models were employed to assess the
relationship between geriatric symptoms and outcomes
post-TAVI including POD and 30-day mortality. These
models included both pre-SMARTIE and SMARTIE
patients. Cognitive deﬁcits, depressive, and frailty symptoms were added as independent predictors to multivariable models predicting the likelihood of POD and 30-day
mortality. All models adjusted for age and general anesthesia as they have been previously associated with poor
TAVI outcomes.29,30 Multicollinearity was assessed before
inclusion of all predictors into the model and the variable
that was most strongly related in a colinear set was added
to the model. Risk of outcomes associated with geriatric
symptoms was presented as an odds ratio and 95% conﬁdence interval. The ﬁt of the prediction model was
assessed by computing the Hosmer-Lemeshow goodnessof-ﬁt test where p>0.05 refers to a good ﬁt model. All
analyses were two-tailed, and a p-value <0.05 was
accepted as signiﬁcant.

Results
Patient characteristics
A total of 234 older adults (age: 82.2±6.7 years, 59.4%
male) were included in this study. Geriatric symptoms
were identiﬁed prospectively using SMARTIE in 117
TAVI patients and retrospectively using chart review in
117 TAVI patients before SMARTIE was implemented
(Table 1). The pre-SMARTIE cohort was slightly younger,
more likely to undergo general anesthesia during the TAVI
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Table 1 Baseline characteristics and outcomes in patients before and after the SMARTIE screen was implemented
Pre-SMARTIE (n=117)

SMARTIE (n=117)

χ2 or t

Age, mean±SD
Gender (Male), n(%)

81.2±7.4
68 (58.1)

83.3±5.7
71 (60.7)

−2.45
0.16

0.015*
0.69

Screening outcomes
Cognitive deﬁcits, n(%)

19 (16.2)

42 (35.9)

11.73

0.001*

Depressive symptoms, n(%)
Frailty symptoms, n(%)

5 (4.3)
6 (5.1)

18 (15.4)
17 (14.5)

8.15
5.73

0.004*
0.017*

TAVI characteristics
General anesthesia, n(%)

116 (99.1)

27 (23.1)

142.4

<0.001*

21 (17.9)

12 (10.3)

2.86

0.09

Postoperative delirium, n(%)

16 (13.7)

7 (6.0)

3.91

0.048*

Stroke/transient ischemic attack, n(%)
Procedural complications, n(%)

4 (3.4)
22 (18.8)

7 (6.0)
24 (20.5)

0.86
0.11

0.35
0.74

Hospital length of stay, mean±SD

11.5±23.7

5.4±6.4

2.67

0.008*

30-day mortality, n(%)

9 (7.7)

4 (3.4)

2.04

0.15

TAVI urgency, n(%)

Procedural outcomes

Notes: ǂGeneral anesthesia compared to the use of local anesthesia with conscious sedation. ǂǂUrgent TAVI (including emergency and salvage surgery) compared the preplanned procedure. *p signiﬁcance: p<0.05.
Abbreviation: TAVI, transcatheter aortic valve implantation.

procedure, and had a higher incidence of POD and longer
length of stay in hospital post-TAVI compared to the
SMARTIE cohort (Table 1).

Detection of geriatric symptoms in
SMARTIE vs pre-SMARTIE cohorts
All 117 patients in the SMARTIE cohort were assessed for
cognitive deﬁcits and depressive symptoms, however, nine
patients were not assessed for frailty symptoms. For the
pre-SMARTIE cohort, all 117 patient charts were
reviewed for recorded evidence of cognitive deﬁcits,
depressive symptoms, and frailty, although one patient
chart could not be reviewed for frailty. Among those
screened with SMARTIE, cognitive deﬁcits were the
most common geriatric symptom, followed by depressive
symptoms and frailty symptoms. The proportions of
patients with cognitive deﬁcits (35.9% vs 16.2%;
χ2=11.73, p=0.001), depressive symptoms (15.4% vs
4.3%; χ2=8.15, p=0.004), and physical frailty (14.5% vs
5.1%; χ2=5.73, p=0.017) prior to TAVI were signiﬁcantly
higher in the SMARTIE cohort compared to the preSMARTIE cohort (Table 1). Among the subgroup of
SMARTIE patients with geriatric symptoms who were
referred for a geriatric specialist consultation following
the screen, 59.0% were diagnosed with mild cognitive
impairment or dementia, while 91.3% and 100% were
diagnosed with depression and frailty, respectively.
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Association between geriatric symptoms
and POD in TAVI
In total 23/234 patients (9.8%) experienced delirium postTAVI. In a model adjusted for age and the use of anesthesia, cognitive deﬁcits (OR: 8.4, p<0.01), but not depressive
symptoms or frailty, were an independent predictor of
POD (Table 2). This model showed a good ﬁt χ2=3.34,
p=0.91).

Association between geriatric symptoms
and 30-day mortality in TAVI
The total mortality rate 30 days post-TAVI was 5.6% in this
study. In a model adjusting for age and the use of anesthesia, cognitive deﬁcits (OR: 4.04, p=0.03) predicted 30-day
mortality while depressive and frailty symptoms did not
(Table 3). This model showed a good ﬁt (χ2=3.78, p=0.88).

Discussion
This study incorporated a novel screening tool as part of
the TAVI clinical care pathway to improve peri-procedural
risk management. The screening tool provided additional
health status information of geriatric-speciﬁc risk factors
in TAVI patients including cognitive deﬁcits, depressive
symptoms, and physical frailty. In the past few years, there
has been increased research emphasizing the importance
of multi geriatric assessment (MGA) of TAVI patients
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β

Wald

Df

p*

Odds
ratio

95% CI for Odds ratio

Cognitive deﬁcits

2.13

0.54

15.51

1.00

<0.01*

8.44

2.92–24.38

Depressive symptoms

−1.74

1.25

1.93

1.00

0.17

0.18

0.02–2.05

Frailty symptoms
Age

1.47
0.09

0.76
0.05

3.73
3.45

1.00
1.00

0.05
0.06

4.35
1.09

0.98–19.31
1.00–1.19
3.63–92.89

General anesthesiaǂǂ

2.91

0.83

12.39

1.00

<0.01*

18.37

Constant

−12.61

4.09

9.50

1.00

<0.01

0.00

Notes: ǂǂCompared to local anesthesia under conscious sedation. *p signiﬁcance, p<0.05. Without SMARTIE: The model (χ2(5) =39.2, p<0.001) explained 33.3% (Nagelkerke
R2) of the variance in predicting POD correctly classifying 91.1% of POD cases. The Hosmer & Lemeshow test of the goodness of ﬁt suggested the model was a good ﬁt to
the data (p=0.91).

Table 3 Predictors of 30-day mortality rate
β

Standard error

Wald

Df

p*

Odds
ratio

95% CI for Odds ratio

Cognitive deﬁcits

1.40

0.63

4.91

1.00

0.03*

4.06

1.18–14.04

Depressive symptoms
Frailty symptoms

−18.82
1.35

7,720.98
0.78

0.00
2.96

1.00
1.00

1.00
0.09

0.00
3.84

0.00
0.83–17.76

Age

0.01

0.05

0.09

1.00

0.77

1.01

0.92–1.12

General anesthesiaǂǂ
Constant

1.19
−5.43

0.72
4.14

2.73
1.72

1.00
1.00

0.10
0.19

3.30
0.00

0.80–13.57

Notes: ǂǂ Compared to local anesthesia under conscious sedation. *p signiﬁcance, p<0.05. Without SMARTIE: The model (χ2(5) =13.3, p=0.02), explained 15.9% (Nagelkerke R2) of
the variance in predicting mortality, correctly classifying 94.4% of cases. It was a good ﬁt to the data (p=0.31) on the Hosmer & Lemeshow test of the goodness of ﬁt.

including the use of MGA-based scores and the use of
frailty scales as predictors of mortality and post-procedural
complications.9,31 Comprehensive geriatric assessments in
patients undergoing elective surgery have been shown to
improve survival rates in hospitalized older adults as well
as the identiﬁcation of patients at greater risk for mortality
and adverse in-hospital events.9,31–33 Geriatric assessment
prior to TAVI may be particularly important as preexisting co-morbidities are predictive of poor outcomes
in this population and may help improve the identiﬁcation
of older patients who beneﬁt most from a TAVI.34 This
study explored a MGA of TAVI patients with a holistic
approach emphasizing both physical and neuropsychiatric
risk factors. These data are potentially useful to inform
decision-making for patient selection and for periprocedural management in collaboration with a team of
psychiatrists and geriatricians.
In this study, the use of a screening tool increased
identiﬁcation of those at risk for cognitive deﬁcits, depressive symptoms, and frailty (Table 1). These ﬁndings suggest
that a structured screening tool such as SMARTIE could
assist in the identiﬁcation of geriatric symptoms as these
may be easily missed in older patients being considered for
TAVI unless they are actively screened for. This is
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important as cognitive deﬁcits are critical predictors of
functional decline, lack of mobility, and poor quality of
life in older adults.35,36 While risks associated with more
advanced stages of dementia or Alzheimer’s disease are
more commonly identiﬁed, subtle cognitive deﬁcits or
mild cognitive impairment are under-recognized and may
still increase the risk of poorer post-procedural outcomes.37
Data from the SMARTIE cohort show that while almost
all patients identiﬁed with depressive and frailty symptoms
were subsequently diagnosed with depression and physical
frailty, only 60% of those with cognitive deﬁcits had clinical
diagnoses of mild cognitive impairment or dementia following SMARTIE. This difference likely reﬂects practical limitations as not all of the patients screening positive for
cognitive deﬁcits could be seen in the memory disorders
clinic prior to TAVI. There were several reasons for this,
including the inability to schedule timely assessments before
a planned TAVI as well as patients refusing to undergo
cognitive assessments given their denial of deﬁcits and lack
of appreciation of the value of cognitive assessments. Also,
the sheer burden of assessments prior to TAVI including the
clinical review of cardiac conditions, laboratory visits, and
pre-operative assessments likely dissuaded patients from
seeing a geriatric psychiatrist.
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Study ﬁndings also demonstrated that symptoms of cognitive deﬁcits predicted POD and mortality following TAVI,
suggesting that it may be worthwhile to identify patients
with subtle cognitive deﬁcits prior to TAVI in addition to
those with clinical diagnoses of mild cognitive impairment/
dementia. These ﬁndings resonate with the arguments of
a recent study that stated that although dementia when
treated, is not considered a contraindication to TAVI,
undiagnosed mild cognitive impairment may be associated
with potentially life-threatening complications. Findings in
this study emphasize the need to identify and treat patients
prior to TAVI to improve post-TAVI outcomes.38
Depressive symptoms and frailty were not independent
predictors of POD or 30-day mortality, although these risk
factors as previously documented have been associated with
poor TAVI outcomes including delirium and cerebrovascular events.21,39
The regression models used to predict POD and 30day mortality used both SMARTIE and pre-SMARTIE
patient cohorts pooled together in the analyses with the
assumption that while the degree of true underlying deficits was similar between the groups, SMARTIE
improved detection of them. Age and the use of general
anesthesia were controlled for in the regression models to
account for any differences between the groups, although
other potentially limiting factors such as a number of
baseline comorbidities, surgical risk scores, and TAVI
urgency could not be analyzed due to lack of reliably
available data from the pre-SMARTIE cohort. In addition,
another limitation was that BMI was not collected and
thus could not be adjusted for in the regression, although
we did assess frailty, which has been closely related with
both BMI and adverse outcomes40,41 Total delirium and
mortality rates in this study were low but comparable to
incidences of delirium (12–17%) and 30-day mortality
rates (5–7%) previously reported in the literature for
transfemoral TAVI.11,42,43 This may have been due to
changes in clinical practice in the increased use of local
vs general anesthesia in the SMARTIE group which may
have led to improved TAVI outcomes including lower
delirium rate and shorter hospital length of stay. In line
with this, the pre-SMARTIE cohort underwent general
anesthesia almost exclusively whereas the SMARTIE
cohort employed local anesthesia with conscious sedation
at a signiﬁcantly higher rate. Therefore, we have controlled for the use of general anesthesia in our multivariable analysis as this change in clinical practice likely
contributed to post-TAVI outcomes.
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Another important potential methodological limitation
of the study was the choice of instruments used to screen
for frailty. Frailty symptoms were screened using three
items encompassing the frailty screen: the ADL inventory,
the TUG test for gait speed and hand grip strength test.
Disability, deﬁned as inability to perform speciﬁc ADLs
without help, has been linked with low physical activity
and slowness and was hence a suitable measure for frailty
in this population.44 Poor hand grip strength and gait speed
(measured using the TUG test) have also been demonstrated as predictors of future ADL disability in community-dwelling older people.26,27 However, due to practical
limitations during TAVI consultations, not all patients
could complete all three components of the frailty screen
which may have led to under estimation of frailty in this
study. Patients encountered several barriers to completing
all frailty assessments including low mobility, risk of falls,
and time constraints. While the ADL inventory, TUG test,
and hand grip strength test are validated and reliable frailty
assessments, the use of alternative frailty measures may
address the aforementioned barriers.26,27 For example,
prospectively screening for the upper-extremity function
has been found to be a low-cost, time-efﬁcient method for
predicting hospital re-admission rates.45 Furthermore,
a novel self-report questionnaire for measuring frailty has
shown high agreement with performance-based walking
and grip strength tests.46 Future research may utilize
more feasible frailty measures that can be easily administered to bed-bound patients to address these limitations.
Lastly, evidence for cognitive deﬁcits, depressive symptoms, and frailty as well as post-operative outcomes were
systematically extracted from the chart review by three
authors for the pre-SMARTIE group. While we acknowledge that this is a potential confounder that may have
introduced unintended bias in the data collection process,
we attempted to reduce this risk by utilizing a template to
extract data in a standardized procedure.

Conclusion
This study emphasizes the need to identify geriatric risk
factors that impact post-procedural patient management.
While it may not always be feasible to screen for patients’
subtle deﬁcits by incorporating extensive cognitive and
neuropsychiatric batteries into routine cardiac assessments,
a simple geriatric screen like the Mini-Cog used in this
study may inform patient selection by identifying individuals at risk for cognitive deﬁcits and subsequent poor
outcomes. Moreover, screening for geriatric risk factors
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has the potential to contribute to target clinical care and
improve health outcomes by the establishment of
a multidisciplinary referral system for more comprehensive geriatric assessments and better management and
treatment of risk factors in TAVI.
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