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Summary

Introduction

INTRODUCTION: We sought to identify baseline and
periprocedural variables affecting hospital length of stay
(LoS) in patients undergoing transcatheter aortic valve implantation (TAVI).

Recent years have witnessed a worldwide expansion of
transcatheter aortic valve implantation (TAVI) as an alternative to surgery for aortic valve stenosis. As the indication
for TAVI extends to the intermediate risk population [1, 2],
with the price of available devices remaining high, the cost
of this procedure will become more and more of a concern.
In order to limit costs, the use of hospital resources should
be optimised. Previous studies have reported the positive
results of a simplified approach (true percutaneous access
with procedures performed in a catheterisation laboratory
with fluoroscopic guidance only, under local anaesthesia)
for the TAVI procedure [3, 4], the reduction or elimination of an intensive care unit (ICU) stay for elective cases,
and the safety and feasibility of early discharge [5, 6] (≤72
hours after uncomplicated transfemoral TAVI). The advantages of this streamlining are multiple: not only could it
improve the patient experience and quality of care in an elderly and/or frail population at risk for extended hospitalisation, but in a country such as Switzerland, where the cost
of in-hospital days is high and the postprocedure length of
hospital stay (LoS) remains long (9.7 ± 5.9 days in 2015),
it could also help reduce the costs of this expensive treatment [7, 8]. [9]

METHODS: Data on 304 consecutive patients undergoing
TAVI at a single centre between August 2008 and December 2017 were collected prospectively. All patients underwent a complete clinical, echocardiographic and laboratory evaluation including a comprehensive frailty
assessment at baseline. LoS was defined as the number
of in-hospital days after the TAVI procedure during the index hospitalisation until the time the patient left the hospital for home or a rehabilitation clinic.
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RESULTS: The mean LoS was 10.4 ± 7.1 days (median 8,
interquartile range 5–12) with a significant trend towards
shorter LoS over time (p <0.001). Patients discharged directly home were more likely to have shorter LoS (p =
0.007). All periprocedural complications were significantly associated with prolonged LoS (p <0.05 for all). Multivariate analysis showed an independent association between LoS and emergency admission (beta 3.24 ± 1.56,
p = 0.039), baseline gait speed (beta: 0.39 ± 0.16, p =
0.018), baseline serum C-reactive protein (CRP, beta 0.14
± 0.04, p = 0.001) and subclavian access (beta 8.27 ±
2 .9, p = 0.005). Gait speed and serum CRP remained
significant determinants of LoS even after adjustment for
periprocedural complications and patients’ discharge destination.
CONCLUSION: Baseline gait speed and serum CRP are
significant independent determinants of LoS after TAVI.
Keywords: trancatheter aortic valve replacement, length
of stay, frailty, gait speed, complications
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At our centre, frailty is systematically assessed for all patients prior to TAVI. Over the last few years we noted that
some patients experienced a prolonged hospital stay after
TAVI despite the absence of any expected causes, such as
periprocedural complications. We consequently hypothesised that frailty alone has an impact on LoS. Therefore, we
sought to identify baseline features – including elements
of the frailty assessment – and periprocedural variables affecting LoS to determine the causes of prolonged hospitalisation in patients undergoing TAVI.
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Methods
Study design
This was a single centre prospective cohort study. The
study was approved by the local ethics committee (Commission cantonale d'éthique de la recherche, Genève. Study
number: 10-137) and conforms to the principles outlined
in the Declaration of Helsinki. All patients gave informed
written consent.
From August 2008 to December 2017, 328 consecutive patients with severe symptomatic aortic valve stenosis underwent implantation of a transcatheter heart valve (THV) at
our institution. The study population flow chart showing
patients excluded from the final cohort according to the
predefined study criteria are presented in summary in figure 1.
Patient population
We consecutively included all patients who were admitted
to and treated at our centre for severe symptomatic aortic
stenosis by transfemoral or subclavian TAVI using exclusively a Medtronic self-expanding THV. Each case was
discussed by our local heart team, which includes interventional cardiologists, cardiovascular anaesthetists, cardiac
surgeons, radiologists, echocardiographers, intensivists
and a nurse coordinator. The decision for TAVI was based
on current guidelines [1, 2].
Baseline assessment
All patients underwent a standard pre-TAVI baseline assessment, including medical history, physical examination,
electrocardiogram (ECG), transthoracic echocardiography
(ETT), and laboratory tests, as well as multislice computed
tomography. Risk scores estimating surgical mortality (LoFigure 1: Study population flow chart and patients excluded from
the final cohort according to the predefined study criteria.DA = direct aortic; SAVR = surgical aortic valve replacement; TA = transapical; TAVI = transcatheter aortic valve implantation; THV = transcatheter heart valve

gistic EuroSCORE, Society of Thoracic Surgeons predicted risk of mortality [STS-PROM] score and more recently
the EuroSCORE 2) were calculated for all patients. Additionally, the majority of patients (n = 254) underwent
frailty assessment, encompassing evaluation of:
1. Mobility: whether normal or poor (affecting the patient’s ability to perform daily activities), a history of
recent falls, and the gait speed test [10].
2. Strength: by measuring hand grip strength with a hand
dynamometer (assessed according to the norms set out
by Mathiowetz V. et al. [11]).
3. Nutritional status: assessment of recent unintentional
weight loss, pre-procedure serum albumin level, and
body mass index.
4. Mental capacity: assessed using the mini mental state
evaluation (MMSE) and full psychogeriatric evaluation if the patient scored below 20 points on the
MMSE.
Procedure and postprocedural management
As previously described, since the beginning of our experience, we have adopted a simplified approach [12, 13] as
the default strategy for TAVI procedures. General anaesthesia was used in 18% of our cohort, in the following conditions:
Elective cases requiring surgical access – subclavian approach or femoral cut-down
Patients in a critical preoperative state, intubated in the
ICU
In emergency situations, such as flash pulmonary oedema,
acute agitation or patient discomfort
Outcome
LoS was defined as the number of in-hospital days postTAVI during the index hospitalisation. The day of the procedure was considered as day zero. Discharge was considered as the time the patient left hospital from the index
hospitalisation, either to return to their own home (or that
of a family member) or to go to a rehabilitation facility
or other (sheltered accommodation, nursing home, or other
hospital).
Patients were judged eligible for discharge once all of the
following criteria were met, as assessed by the operator:
TTE, puncture sites and blood results (haemoglobin, C-reactive protein [CRP] and renal function) satisfactory.
Vital signs normal, New York Heart Association (NYHA)
grade ≤2 and no oxygen therapy.
Stable PR and QRS intervals on the ECG.
Mobilisation adequate to return home.
Data collection
All data were collected prospectively and entered into our
local database (from 2009) and the national registry Swiss
TAVI (from 2012), with independent adjudication of all
events. Complications were categorised as defined by the
Valve Academic Research Consortium 2 criteria [15].
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Statistical analysis
Continuous variables are expressed as mean ± standard deviation (SD) unless indicated otherwise. LoS was treated
as a continuous variable (length of stay in days). In the
first part of the analysis, univariate associations between
the dependent variable (LoS) and selected clinical, laboratory and echocardiographic variables were identified by
the use of the Pearson correlation and/or simple linear regression coefficients. In the case of categorical variables,
group comparisons in terms of LoS were made with the use
of the student t-test or after analysis of variance (ANOVA,
in the case of ≥3 levels). The interaction between patients’
destination and living status was evaluated by the use of
Chi-Square. Stepwise multiple linear regression analysis
was performed to assess the independent effect of the potential baseline or periprocedural parameters on the LoS
in days used as a continuous variable. All univariate variables identified by the correlation coefficients and/or group
comparisons were included in the multivariate model. Finally, two models were constructed. In model A, independent variables tested: admission type, history of peripheral
artery disease, gait speed test, serum albumin levels, forced
expiratory volume in 1 second (FEV1), CRP, haemoglobin, mean aortic pressure gradient and type of TAVI access.
Model B: Model A covariates, presence of any complication and patients’ destination at discharge. Significance
was assumed at a level of P < 0.05. The cutoff value to define standard versus prolonged LoS was derived from the
median LoS. All analyses were performed using the SPSS
package version 13.0 (Chicago, Illinois, USA).

Results
Study population
From August 2008 to December 2017, 304 consecutive patients underwent a transfemoral (n = 298, 98%) or subclavian (n = 6, 2%) TAVI procedure at our institution with either a Medtronic Corevalve (n = 153, 50.3%), an Evolut
R (n = 145, 47.3%) or an Evolut PRO THV (n = 6, 2%).
Forty-five (14.8%) patients also underwent a concomitant
procedure. The mean LoS was 10.4 ± 7.1 days (25th –
75th percentile: 5–12 days) with a minimum of 2 days and
a maximum of 39 days (procedure in 2008). The median
length of stay was 8 days; we used this value as the cutoff
to define standard or prolonged LoS.

Table 1: Baseline characteristics of the study population.
Characteristics
Age (years)
Males (%)
BMI (Kg/m2)

Mean ± SD
or %
83 ± 6.5
43
26.1 ± 4.9

Active smokers (%)

5.9

Arterial hypertension (%)

83.6

Diabetes (%)

29.6

Dyslipidaemia (%)

67.8

History of atrial fibrillation (%)

36.2

History of PAD (%)

12.2

History of COPD (%)

19.4

History of stroke/TIA (%)

10.9

History of CAD (%)
FEV1 (L)

55.9
1.6 ± 0.55

Gait speed test (sec)

6.9 ± 2.7

Grip strength (kg)

20.1 ± 8.2

Poor mobility (%)

10.2

Recent falls (%)

30.6

Recent unintentional weight loss (%)

24.3

Emergency admission to hospital (%)

16

Logistic EuroSCORE I (%)

20 ± 14.6

Linear EuroSCORE (pts)

9.9 ± 2.5

Logistic EuroSCORE II (%)

6.7 ± 6.6

STS PROM score (%)

6.4 ± 3.9

MMSE score (pts)

26.8 ± 3.2

Peak aortic valve velocity (m/sec)

4.1 ± 0.7

Mean pressure gradient (mm Hg)

40.8 ± 14.8

Ejection fraction (%)

55 ± 12.7

Aortic valve area (cm2)

0.7 ± 0.2

CRP (mg/l)

8.7 ± 14.1

Haemoglobin (g/l)

118 ± 15.9

Serum albumin (g/l)

37.6 ± 5.6

BMI = body mass index; COPD = chronic obstructive pulmonary disease; CRP = C-reactive protein; FEV1 = forced expiratory volume in 1
second; MMSE = mini mental state evaluation; PAD = peripheral artery
disease; STS PROM = Society of Thoracic Surgeons predicted risk of
mortality; TIA = transient ischaemic attack

Figure 2: Year by year evolution of the length of hospital stay after
TAVI presented in mean values and as percentage of patients discharged 1 week (or later) after the TAVI (late discharge, shaded
columns).ANOVA = analysis of variance; TAVI = transcatheter aortic valve implantation

Figure 2 presents the mean LoS after TAVI by year, from
2008 to 2017. A significant time effect was noted (p for
linear trend <0.001) with a progressive decrease in mean
LoS from 20 ± 13.4 days in 2008 to 9.2 ± 7.3 days in 2017.
Discharge destination
A total of 139 (45.7%) patients were discharged directly
home from hospital and 152 (50%) went to a rehabilitation
facility. The remaining 13 (4.3%) returned to sheltered accommodation or the nursing home where they previously resided, or to the referring hospital. The vast majority
of patients (93.7%) were living in their own home before
the intervention (52.1% alone and 41.6% accompanied by
a family member) and only a small minority were in another type of accommodation such as a nursing home (fig.
3). Patients living at home alone were more frequently referred to a rehabilitation clinic after the procedure (fig. 3
panel B, p <0.001). Referral to a rehabilitation clinic or
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other destination at discharge was also associated with prolonged hospitalisation (fig. 3 panel A, p = 0.007). The
30-day readmission rate was 12.5%. Cardiovascular causes
(heart failure, new pacemaker implantation or atrial fibrillation) accounted for 47.3% of readmissions (fig. 3).
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Baseline frailty and preoperative risk assessment
The baseline characteristics of the study population and the
frailty parameters measured in the initial baseline assessment are presented in table 1.
A significant association was noted between LoS, gait
speed (Pearson r = +0.203, p = 0.004) and serum albumin
levels (Pearson r = −0.195, p = 0.004, table 2). No associations between the preoperative risk assessment scores
and LoS were noted with the exception of the STS PROM
score (Pearson r = +0.129, p = 0.026, table 2).

Comorbidities and baseline clinical presentation
No associations were noted between baseline clinical
symptoms and LoS. As can be expected, emergency admission to hospital was found to be associated with prolonged hospitalisation after TAVI (14.6 ± 11 vs 9.5 ± 5.7
days, p <0.001). Moreover, history of peripheral artery disease (12.7 ± 5.9 vs 10 ± 7.2 days, p = 0.036) and history of
chronic obstructive pulmonary disease (12.1 ± 8.5 vs 9.8 ±
6.7 days, p = 0.03) were found to be associated with longer

hospitalisation. In accordance, baseline FEV1 was strongly
related to LoS (Pearson r = -0.168, p = 0.007, table 2).
Preprocedural echocardiographic and laboratory evaluation
Baseline mean aortic pressure gradient (Pearson r =
+0.167, p = 004), maximum aortic pressure gradient (Pearson r = +0.143, p = 0.014) and maximum aortic velocity
(Pearson r = +0.130, p = 0.024) were associated with LoS.
Moreover, baseline haemoglobin (Pearson r = −0.151, p =
0.009) and baseline CRP (Pearson r = +0.214, p <0.001)
were strongly related to the LoS (table 2).
Periprocedural complications
Subclavian access was associated with a prolonged LoS
(median 13.5, range 7–23 days vs median 8, range 2–54
days, p = 0.026) (table 3). All periprocedural complications and the need for blood transfusion were associated
with prolonged LoS.

Figure 3: Length of hospital stay and patients’ destination after the intervention (panel A). Patient destination according to the baseline living
status after the TAVI (panel B).Los = length of stay; TAVI = transcatheter aortic valve replacement* Other clinic/hospital

Table 2: Univariate correlations and multiple linear regression analysis for hospital length of stay.
Univariate

Pearson r

Beta

SE

p-value

CRP

+0.214

+0.096

0.027

<0.001

Gait speed test

+0.203

+0.46

0.16

0.004

Albumin

−0.195

−0.22

0.08

0.004

FEV1

−0.168

−2.207

0.81

0.007

Haemoglobin

−0.151

−0.067

0.025

0.009

Mean aortic pressure gradient

+0.167

+0.081

0.027

0.004

Multivariate

–

Beta

SE

p-value

Emergency admission

–

3.24

1.56

0.039

Subclavian access

–

8.27

2.9

0.005

CRP

–

0.14*

0.04

0.001

Gait speed test

–

0.39†

0.16

0.018

CRP = C-reactive protein; FEV1 = forced expiratory volume in 1 second; SE = standard error * 0.16 after additional adjustment for periprocedural complications and patients’
discharge destination. † 0.41 after additional adjustment for periprocedural complications and patients’ discharge destination.
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Multiple regression model
In stepwise multiple regression analysis, emergency hospital admission, subclavian access, gait speed and CRP remained significant independent determinants of LoS after
TAVI (table 2). The independent association between gait
speed, CRP levels and LoS remained significant even after
adjustment for the presence of any periprocedural complication and patients’ discharge destination (beta 0.41 ± 0.16
and 0.16 ± 0.04, respectively, p <0.05).

Discussion
Our single centre study evaluated the causes of prolonged
hospitalisation after TAVI, the potential determinants of
LoS from baseline parameters, and the impact of frailty
and periprocedural variables on LoS. The major findings
of our study can be summarised as follows:
1. Patients with a slower baseline gait speed, lower serum
albumin level, higher STS PROM score and those admitted as emergencies or with a history of chronic obstructive pulmonary disease were more likely to experience a prolonged LoS.
2. Higher baseline aortic valve measurements of mean
gradient, maximum gradient and maximum velocity
were associated with a longer LoS.
3. Subclavian access, all periprocedural complications
and blood transfusion were associated with a longer
LoS.
4. Patients who were discharged to a rehabilitation facility or a destination other than home were more likely to
experience a prolonged hospital stay.
5. Independent determinants of prolonged LoS after
TAVI were emergency hospital admission, subclavian
approach, slow gait speed (1 second represented 0.4
days longer in hospital post TAVI), and higher serum
CRP level. This remained significant even after statistical adjustment for periprocedural complications and
patient’s discharge destination.
From the results of our study we can see that the factors
influencing discharge timing are multiple, and in order to
achieve earlier discharge, we need to address each of them.
Since previous studies have already highlighted a link between frailty and mortality after TAVI [16–18] unsurprisingly our results suggest that the more frail a patient is
the more likely they are to experience a prolonged hospitalisation. Slow gait speed at baseline was an independent determinant of LoS in our analysis. As this association
was independent of periprocedural complications and the
patients’ discharge destination, it would seem that frail

patients do not stay hospitalised longer because they experience more complications or because they are more frequently referred to a rehabilitation facility, but because
these patients simply require more time to achieve our discharge criteria.
Similarly, it seems that patients with a higher serum CRP
level at baseline are more likely to remain hospitalised
longer after TAVI, but that these patients do not experience
a higher periprocedural complication rate. These results reflect those that have already been observed in surgical patients, where higher CRP levels have been associated with
long-term mortality and extended hospital length of stay
after coronary bypass surgery [19]. However, we cannot
exclude the possibility that these patients have a pre-existing, subclinical infection, which could be responsible for
a longer postintervention recuperation time and normalisation of blood analysis to achieve our discharge criteria.
In Switzerland, for TAVI performed between 2011 and
2015, the mean LoS was 10.1 ± 6.0 days (Swiss TAVI registry [9]), which is comparable to earlier European registries, such as the Italian CoreValve registry (June 2007 to
December 2012), in which the median LoS for patients was
8 and 7 days for procedures performed under general and
local anaesthesia, respectively [20]. The Pilot European
Sentinel TAVI Registry, which included patients from nine
European countries and Israel who were implanted with
the Sapiens XT and CoreValve between January 2011 and
May 2012, reported a wide variation between countries of
LoS after TAVI, ranging from a mean of 5.8 days in Israel
to 12.6 days in Poland [21]. However, recent North American studies reported greatly reduced LoS. In the Vancouver TAVI clinical pathway study from 2012 to 2014, early
discharge (≤48 hours) was achieved in 38.2% of patients
[22] and in 2019 the 3M TAVR study reported a rate of
80.1% for next day discharge [23]. Nevertheless, in the
SOLVE trial, recently presented at the Transcatheter Cardiovascular Therapeutics (TCT) meeting 2018, the mean
length of stay in this German study randomising the latest
valve generation from Medtronic (Evolut R) and Edwards
Lifesciences (SAPIEN 3) was 9 ± 7 days [24]. This demonstrates that fast-tracking is not routinely practiced in all
centres.
At our centre, a short stay at a rehabilitation facility is
organised for selected patients at discharge (e.g., patients
living alone or without family support, patients who have
complications or those more severely decompensated before the intervention). A negative repercussion of this practice is that patients often remain hospitalised while waiting
for an available place in an appropriate facility. The dis-

Table 3: Periprocedural complications and hospital length of stay.
LoS (days)

p-value

Beta*

SE

Complication (+)
mean ± SD

Complication (−)
mean ± SD

Pacemaker implantation

12.3 ± 8.7

9.8 ± 6.5

0.013

2.46

0.98

Stroke

17.9 ± 8.7

10 ± 6.9

<0.001

7.84

2.14

Acute kidney injury

19.4 ± 13

9.5 ± 5.7

<0.001

9.82

1.37

Bleeding

13.6 ± 10.1

9.7 ± 6.2

<0.001

3.94

1.08

Vascular complication

12.6 ± 8.8

9.9 ± 6.7

0.019

2.69

1.11

Transfusion

14.5 ± 11.3

9.4 ± 5.3

<0.001

5.02

1.14

Any complication

12.4 ± 8.9

8.6 ± 4.6

<0.001

3.7

0.79

SE = standard error * Simple linear regression coefficient.
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charge destination may influence the waiting time; however, as our registry was not specifically designed around this
question, we do not have the detailed information on which
facilities/destinations cause the greatest delay. Although
some patients can benefit from an in-patient rehabilitation
programme, a considerable proportion of patients are admitted to such facilities because of cultural expectations.
Interestingly, in the multicentre European FAST-TAVI, the
most common reason for prolonged hospitalisation (>72
h) was logistic reasons in 34.8% [25]. The other reasons
were conduction disturbances (25.9%), bleeding (16.3%),
mobilisation (14.8%), renal (10.4%), vascular (9.6%) and
other (27.4%) [25]. Therefore an important message is the
necessity to prepare the discharge as soon as possible involving the family and assessing the patient’s home environment to minimise prolonged LoS for logistical reasons.
The potentially detrimental effect of hospitalisation on the
health of elderly and/or frail patients has already been
highlighted in previous studies [26, 27]. Our study showed
that patients who return home directly from hospital are
discharged more rapidly than those who are referred to a
rehabilitation facility.
In line with current literature, patients in our cohort who
experienced periprocedural complications also experienced a prolonged LoS. TAVI complicated by acute kidney
injury was seen to have the longest LoS in our cohort,
followed by stroke and finally blood transfusion. Procedures performed via a subclavian approach also resulted in
longer LoS, probably due to extra in-hospital days required
for wound care of the surgical incision used for access.
Emergency admission was also a factor strongly related to
prolonged LoS. This association is probably due to patients
often arriving at hospital in cardiac failure and therefore
generally sicker prior to the intervention than those who
are admitted electively, therefore requiring a longer hospital stay for medical treatment.
Strengths and limitations
The first strength of this study is that the cohort was homogenous with consecutive patients, no exclusion criteria,
no patients lost to follow-up at 30 days and prospective data collection at baseline and during follow-up. Secondly,
for the whole of the study period, the same TAVI operators
(SN and MR) performed all the TAVI procedures, and
from 2012 the same trained TAVI nurse (AF) performed all
frailty assessments.
The results of the present study need to be interpreted with
the following limitations in mind: this is a single centre observational study, so structures and processes may be different in other settings. As LoS is not only determined by
medical criteria, but also by local resources and the healthcare system, the generalisability of our study may be limited, and centre specific studies should be encouraged. Also,
further studies would need to be performed to verify our
findings and the statistical power of our analysis may be
limited due to the number of factors analysed within a relatively small cohort.

Conclusion
Slow gait speed, emergency hospital admission and a
raised serum CRP at baseline appear to be independent de-
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terminants of LoS after TAVI. A subclavian access seems
to favour longer hospital stay. Discharge directly home after TAVI is strongly associated with a shorter LoS. In order to reduce LoS after TAVI it is essential to target the
specific needs of this patient population. Considering there
is often a time lapse of several weeks between a patient’s
assessment for TAVI and the procedure itself, there exists
a window to improve certain frailty parameters prior to
the intervention, such as patients’ nutritional status. Therefore nutritionists should be involved in patients’ initial assessment. Additionally, specialised TAVI nurses can contribute to increase the rate of patients discharged directly
home avoiding unnecessary delays caused by waiting lists
for places in rehabilitation.
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