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Abstract

Objectives: There is no consensus about the optimal length of hospital stay in patients undergoing elective
transfemoral TAVR under general anesthesia. Our study tried to find predictors of failure of early discharge strategy
in those patients.

Methods and results: We included retrospectively 135 high risk TAVI patients (mean Log. EuroSCORE 30.8 ± 6)
operated under general anaesthesia between June 2017 and January 2018 in central hospital, Bad Berka, Germany.
Focus on the preoperative factors was established in favor to find possible predictors of longer hospital stay in this
group of patients. Uni- and multivariate analysis were performed to identify independent preoperative predictors of
fast-track protocol failure, defined as inability to discharge the patient from the hospital five days after surgery.
Independent predictors of fast-track protocol failure were NYHA IV (OR 4.3; CI 95% 2.3-25, p-Value 0.017), ejection
fraction (EF) ≤ 30% (OR 3.5; CI 95% 2-12.5, p-Value 0.006), right bundle branch block (OR 4.7; CI 95% 1.25-25, p-
Value 0.03) and stroke with residual disability (OR 4.5; CI 95% 1.1-16, p-Value 0.025).

Conclusion: NYHA IV, severely reduced ejection fraction, right bundle branch block and stroke with residual
disability might be considered potential predictors of failure of fast track protocol in patient undergoing TAVI under
general anesthesia.
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Introduction 
We were enthusiastic to do this study because there exists no

consensus on the optimal length of stay in patients undergoing elective
transfemoral TAVR under general anaethesia, and this issue is not
addressed in guideline statements. Fast track protocol has been
previously published, under local anaesthesia successfully reducing the
postoperative stay to 3 days [1-3]. Moreover, successful fast track
protocol in transapical TAVI under general anaesthesia has been
implemented and published as a single centric prospective study [4].

We report here our experience with Fast track TAVI under general
anaesthesia but with 5 postoperative days. Comparatively, some studies
report the mean hospital stay following TAVI to be 11-13 days [5,6],
while other contemporary studies demonstrate hospitalization
duration shorter than three days in approximately 30% of patients
[1-3].

Due to the intensive TAVI diagnostic workup and the complexity of
the prosthesis and procedure, TAVI became an extremely resource
intensive procedure [5,6]. The economical profit should not be the only
concern, but also reducing infection, improving psychological status as
well as optimizing rehabilitation. We aimed in this study to report our
experience with fast-track protocol of patients undergoing

transcatheter aortic valve implantation under general anaesthesia and
to identify preoperative predictors, which may influence the success of
the fast-track protocol.

Methods
We conducted a retrospective study for patients operated between

June 2017 and January 2018. One hundred thirty-five consecutive
high-risk patients (mean age 80.2 years ± 4.1 years, mean Log.
EuroSCORE 30.8 ± 6) underwent TAVI in our institute. This time
frame was chosen after we reached more than 1500 TAVI patients in
our institute which were all done under general anaesthesia in order to
overcome the learning curve associated-complications. The decision
whether the fast track was to be applied or not was met through a
multidisciplinary meeting of the heart team, consisting of 1 cardiac
surgeon, 1 interventional cardiologists and 1 anaesthesiologists. We
assessed all TAVI candidates according to our defined fast track
protocol which was designed based on regular recommendations,
guidelines and previously published papers in this domain which
defines specific exclusion criteria (renal dialysis, pulmonary oedema
and cardiogenic shock) to find out the best option for each patient. We
investigated the results after implementation of this protocol in our
institute with concentrated focus on the clinical variables that may
predict fast-track protocol failure. Patient’s data were collected
retrospectively to record more than 40 different clinical variables
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(Tables 1-3). Uni- and multivariate analysis were performed to identify
independent preoperative predictors of fast-track protocol failure, is

defined as inability to discharge the patient from the hospital five days
after surgery. All patients signed an informed detailed consent.

Variables Total Fast Track Slow Track p- Value

N=135 N=80 N=55

Age (years ± SD) 80.2 ± 4.1 80.50 ± 5.303 79.84 ± 5.962 0.4

Male n (%) 76 (56.2%) 49 (61%) 27 (49%) 0.2

COPD n (%) 32 (23.7%) 16 (20%) 16 (29%) 0.3

iCA Stenosis unilateral n (%) 14 (10.3%) 8 (10%) 6 (10.9%) 1

iCA Stenosis bilateral n (%) 8 (5.9%) 5 (6.3%) 3 (5.4%) 1

iCA intervention n (%) 11 (8.1%) 6 (7.5%) 5 (9.1%) 0.7

Stroke without residual n (%) 14 (10.3%) 7 (8.8%) 7 (12.7%) 0.5

Stroke with residual n (%) 6 (4.4%) 1 (1.3% 5 (9.1%) 0.04

Dementia n (%) 3 (2.2%) 1 (1.8%) 2 (3.6%) 0.5

Redo n (%) 18 (13.3%) 10 (12.5%) 8 (14.5%) 0.7

PTCA n (%) 57 (42.2%) 34 (42.5%) 23 (41.8%) 1

CRF >II n (%) 47 (34.8%) 28 (35%) 19 (34.5%) 1

CCS 4 n (%) 32 (23.7%) 20 (25%) 12 (21.8%) 0.8

NYHA IV n (%) 80 (59.2%) 42 (52.4%) 38 (69.1%) 0.039

Previous myocardial infarction n (%) 37 (27.4%) 23 (28.7%) 14 (25.5%) 0.7

PH n (%) 74 (54.8%) 42 (53.2%) 32 (58.2%) 0.6

Valvuloplasty n (%) 5 (3.7) 2 (2,5%) 3 (5.5%) 0.39

PVD n (%) 18 (13.3) 10 (12.5%) 8 (14.5%) 0.79

DM Insulin n (%) 28 (20.7%) 15 (18.8%) 13 ( 23.6%) 0.5

BMI>30 n (%) 26 (19.2%) 19 (23.8%) 7 (12.7%) 0.12

Mobility n (%) 125 (92.5%) 73 (91%) 52 (94.5%) 0.5

Hb (mmol/l) (preoperative) 8 ± 0.9 8 ± 1.0 8 ± 0.8 1

Corticosteroid therapy n (%) 10 (7.4%) 4 (6%) 6 (10.9%) 0.3

Tumor n (%) 28 (20.7%) 19 (23.8%) 9 (16.4%) 0.3

Log EuroScore (mean ± SD) 30.8 ± 6 30.5 ± 7 31.4 ± 4 0.1

STS (mean ± SD) 10.9 ± 3 10.4 ± 2 11.7 ± 3 0.8

SD: Standard Deviation; N: Number; COPD: Chronic Obstructive Lung Disease; iCA St.: Internal Carotid Artery; PTCA Percutaneous Coronary Angioplasty; CRF:
Chronic Renal Failure; PH: Pulmonary Hypertension; NYHA: New York Heart Association; CCS: Canadian Cardiac Score; PVD: Peripheral Vascular Disease; BMI:
Body Mass Index

Table 1: Comparison between the groups as regard baseline characteristics.

Our cohort group of patients were subjected to an Intensive care
unit stay of 2 days then directly transferred to the normal ward on
telemetry bed; if clinically stable; until the fourth day. Discharge to the
rehabilitation hospitals or home took place on the fifth day. Early
mobilization and physiotherapy began on the 1st postoperative day.
Trans-thoracic echocardiography was done on the second day before

discharge from the ICU to rule out pericardial effusion.
Electrocardiography was done on daily bases until discharge.

Routine TAVI work up was routinely done including
electrocardiography, trans-esophageal echocardiography, coronary
angiography, carotid duplex as well as computed tomography (CT)
aortography until the peripheral arterial tree. The aortic valve annulus
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was sized using three-dimensional (3D) trans-esophageal
echocardiography and CT.

Variables
Total Fast Track Slow Track

p-Value
N=135 N=80 N=55

Pacemaker n (%) 23 (17%) 19 (23%) 4 (7.3%) 0.01

AF n (%) 61 (45.1%) 30 (37.5%) 31 (56.5%) 0.03

LBBB n (%) 19 (14%) 10 (12.5%) 9 (16.4%) 0.6

RBBB n (%) 9 (6.6%) 2 (2.5%) 7 (12.7%) 0.003

EF<30% n (%) 20 (14.8%) 9 (11.4%) 11 (20%) 0.04

MI>II n (%) 27 (20%) 15 (18.8%) 12 (21.8%) 0.6

TI >II n (%) 25 (18.5%) 14 (17.5%) 11 (20%) 0.8

MG AV mmHg ± SD 49.6 ± 16 50.1 ± 14.6 49 ± 20 0.4

AF: Atrial Fibrillation; LBBB: Left Bundle Branch Block, RBBB: Right Bundle Branch Block, MI Mitral Insufficiency; TI: Tricuspid Insufficiency; MG AV: Mean Gradient
Aortic Valve.

Table 2: Comparison between the groups as regard preoperative echocardiographic and electrocardiographic finding.

Variables Total Fast Track Slow Track p-Value

N=135 N=80 N=55

Creatinine (µmol/l) (1. pop.d.) 92.6 ± 44.2 85.6 ± 37 97.9 ± 53 0.1

Pericardial effusion 16 (11.8%) 9 (11.3%) 7 (12.7%) 0.2

Vascular complication 7 (5.1%) 2 (2.5%) 5 (9.1%) 0.09

Sternotomy 3 (2.2%) 0 3 (5.4%) N.A.

AVB ≥ 2° 10 (7.4%) 6 (7.5%) 4 (7.3%) 1

Cereberal insult 5 (3.7%) 0 4 (7.3%) N.A.

Inotropic therapy 60 (44.4%) 31 (39.2%) 29 (52.7%) 0.08

Inotropes > 6 hours 33 (24.4%) 13 (16.3%) 20 (36.4%) 0.04

Ventilatory time post-operative (minutes) 24 ± 120 12 ± 132 36 ± 198 0.3

Confusion 23 (17%) 11 (13.7%) 12 (21.8%) 0.06

Transfusion (within 24 h pop.) 16 (11.8%) 7 (8.9%) 9 (16.4%) 0.2

30-day Mortality 1 (0.7%) 1 (1.2%) 0 N.A.

30-day Hospital readmission 2 (1.4%) 1 (1.2%) 1 (1.8%) 0.2

N: Number; AVB: Atrio Ventricular Block; SD: Standard Deviation.

Table 3: Comparison between the groups as regard clinical end points.

Elective TAVI patients were all admitted on the day before the
procedure, based on our institutional practice. All procedures were
performed under fluoroscopic guidance, in a standard Hybrid room
with surgical backup under general anaesthesia. The transcatheter
heart valves implanted included Edwards SAPIEN, SAPIEN XT and
SAPIEN 3, Symetis ACURATE TA and neo THVs. All arterial sheaths
were removed with closure devices at the end of the procedure. In case
of no evidence of acute intraprocedural conduction abnormalities

(severe bradycardia <45 bpm, second-degree Atrio-ventricular block
or third-degree Atrio-ventricularblock), the temporary pacemaker was
maintained in situ and removed in the intensive care unit only after
electrophysiological consultation to exclude the indication of a
permanent pacemaker. Pacemaker implantation was indicated if there
is persistence of an atrioventricular block (Mobitz II or III) more than
24 hours after TAVI. Patients were eligible for early discharge if the
procedure and the postoperative phase were free of major
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complications. We set the rule of “never insist on continuing on fast
track at the expense of patient’s safety”.

According to the length of hospital stay, cases were classified into
fast track (≤ 5 days) and slow track (>5 days). We defined length of
stay as the days elapsed between the operative day of TAVI until the
date of discharge. We did not include the preoperative period into the
length of stay as our study focused only on patients that were not in an
acute shock phase. We considered patients safety as the first priority
and thus 30 days safety was followed up and recorded. It was defined as
absence of re-admission and mortality up to 30 days. Clinical follow-
up was performed through office visits and telephone contacts.

Statistical analysis
Continuous variables are expressed as means and standard

deviations. Parametric and non-parametric tests were used based on
sample size and normality of distribution. Categorical data are
expressed as percentages. Univariable analysis using Fisher exact and
chi square were used to identify differences between successful and
failed fast track protocol groups. In order to determine the factors
associated with failed fast track protocol, logistic regression model was
generated. All analysis was done using SPSS statistical software (IBM
Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corp).

Results
Our retrospective results show the following: one hundred forty-six

(146) TAVIs were performed during the study period, 11 patients were
excluded from this study (7.5%). One Patient excluded because of
intraoperative mortality and 10 patients had one of the above-
mentioned exclusion criteria. from the remaining 135 patients, 80 were
discharged within five days of the index procedure ('fast track group'
80/135, 59%). 30-day mortality was 0.7%, one patient from fast track
group died in the 28th postoperative day due to unknown cause. 30-
day hospital readmission was 1.4% without significant difference
between the both groups and was due to hypertensive crisis in one
patient in the slow tract group and one patient in the fast tract group
due to non-cardiac cause (femoral fracture). Vascular complications
and postoperative blood transfusion were more prevalent in slow track
group but without significant difference, may be due to small number
of patients (2.5% vs 9.1% p-Value=0.09, 8.9% vs 16.4% p-Value 0.2).
We recorded in this study an overall high percentage of catecholamine
use 44.4% at 0 h postoperative and 24.4% 6 h postoperative with
statistically significant difference in the 6 h variable between the two
groups. Fast-track protocol failure (37%) was due to vascular
complications in 5 patients (9.1%), cerebral insult 4 patients (7.3%),
need of catecholamine therapy postoperative > 6 hours in 17 patients
(30.1%), 3 patients (6%) were sternotomised, 12 patients (21.9%) due
to confusion, 7 patients (12.8%) due to pericardial effusion,
progressively rising creatinine in 4 patients (7.3%) and 3 patients
(5.5%) due to respiratory insufficiency. There was no difference
between the early discharge and late discharge group in terms of 30-
days hospital readmission and mortality (Table 3).

The independent predictors of fast-track protocol failure were
NYHA IV (OR 4.3; CI 95% 2.3-25, p-Value 0.017), ejection fraction
(EF) ≤ 30% (OR 3.5; CI 95% 2-12.5, p-Value 0.006), right bundle
branch block (OR 4.7; CI 95% 1.25-25, p-Value 0.03) and stroke with
residual disability (OR 4.5; CI 95% 1.1-16, p-Value 0.025) (Table 4).

Variables 95.0% CI for B

OR Lower Upper Sig.

Stroke with residual 4.5 1.1 16 0.025

NYHA IV 4.3 2.3 25 0.017

EF<30% 3.5 2 12.5 0.006

RBB 4.7 1.25 25 0.03

NYHA: New York Heart Association; EF: Ejection Fraction; RBBB: Right Bundle
Branch Block.

Table 4: Predictors of fast track failure in multivariate analysis.

Discussion
The application of a fast track protocol in TAVI was not only

targeting the economical aspect; which is limiting the expansion of this
procedure; or minimizing the unnecessary use of medical resources
but also the desire to accelerate patient’s recovery and mobilization.
Economical target could be an objective but has to be only reached
without compromising the patients or procedures safety. In the
PARTNER study, postprocedural length of hospital stay was 7.4 and
12.4 days for transfemoral and transapical TAVI, respectively [7].

We stick to the total postoperative stay of 5 days after general
anaesthesia despite of the presence of many other published studies
which sticks for 3 days as a fast track protocol after local anaesthesia.
We support our point of view by the overcoming the liable phase of
conduction abnormalities postoperatively which was evident in the
first 5 postoperative days [8]. Moreover, the previous trial to
implement a fast track protocol in patient undergoing TAVI under
general anaesthesia; but with a comparable patients’ risk profile with
our study; showed a successful shortening of ICU stay in “fast track
group” but with average hospital stay of 10 days [4]. However, this trial
was in transapical TAVI patients which associated with longer hospital
stay than transfemoral approach [9].

Before we implemented fast track protocol in our institution we had
asked ourselves two questions; whether the mortality and morbidity of
TAVI in the early discharge group could have been reduced by keeping
these patients in hospital for longer period? And what if we achieved a
reasonable outcome; can we expand our inclusion criteria in future?

We found out that application of this fast track protocol in patients
underwent TAVI under general anaesthesia was not associated with
increased mortality or morbidity in comparisons with previous studies,
30-day mortality was 0.7% vs 4.4% in Durand et al [1]. This coincides
with Barbanti and Aldalati in their studies [2,3]. It’s worth noting that
we have an extra intraoperative mortality which we excluded from our
statistics because we it was not related to the implementation of the
fast track protocol.

Our 30-days readmission rate is (1.4%). In addition, there is no
significant difference in the readmission rate in the 2 groups and this
supports the safety of fast track protocol application and the non-
inferiority of fast track under general anaesthesia because our
readmission rate is lower than what’s is published in other series. It’s
worth mentioning that the only readmission in the fast track group
was due to femoral fracture and this could have been excluded from
our statistical groups being a non-cardiac cause and hence could have
lowered our general readmission rate [1,2].
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Our vascular complications rate was 5.1% which is coinciding with
the data published in other series [1-4]. We are proud to keep this rate
in spite of the high prevalence of PVD (peripheral vascular disease) in
our patients (13.3%) and the introduction of a new closure device in
august 2017. The introduction of the new closure device could have
influenced our results negatively due to the expected learning curve
associated-complications. We consider our centre a high volume centre
with a good considerably experienced team and this explains the
relatively low incidence of vascular complications.

Neither vascular complications nor blood transfusion were an
independent predictor of sloping out of our fast track group in our
study. This could be interpreted through the previous paragraph. Blood
transfusion variables have been previously studied after TAVI and
interesting results have been published by Barbanti et al. [10] and
Durand et al. [1]. The former demonstrated that lack of significant
bleeding is a predictor of early discharge and the later demonstrated
that blood transfusion post-TAVI was a negative predictor of
successful fast track.

We recorded in this study an overall high percentage of
catecholamine use 44.4% at 0 h postoperative and 24.4% 6 h
postoperative with statistically significant difference in the 6 h variable
between the two cohort groups. Our general higher consumption rate
of catecholamine could be explained by the negative inotropic effect of
anaesthetic agent, routine use of balloon valvuloplasty and rapid
pacing. In addition, we believe that catecholamine therapy was
necessary to achieve a sufficient perfusion pressure especially in elderly
patients with cerebrovascular insufficiency i.e., it was sometimes not
intended for the sake of cardiac support.

Surprisingly the success rate of fast track protocol was 59% despite
the use of general anaesthesia in such high-risk patients. We still
operate most of the intermediate risk patients conventionally, so we
included in this study a higher portion of higher risk patients (Log
EuroScore 30.8%) in comparison to other studies (16.9% ± 9.6%
Durand et al. and 20.8% Aldalati et al). After Partner II study there is a
general slow approach towards intermediate risk groups and it’s as well
reasonable to assume that the indications for TAVI will expand into
intermediate and even lower risk groups [11]. Consequently, this
protocol may be utilized more frequently in the future.

Concerning the independent predictors of fast-track protocol
failure, we concluded that NYHA IV, ejection fraction (EF) ≤ 30%,
atrial fibrillation, right bundle branch block and stroke with residual
disability were accused. This coincides with Papadopoulos et al., who
identified EF ≤ 30 and others as independent factors of failure [4]. We
oppose each other in mitral regurge, as it was not found to be an
independent factor of failure in our cohort group and we think that
this could be explained by the difference between his approach as
transapical (burden on left ventricle through the apical ventriculotomy
approach) and ours as transfemoral. Arbel et al. [9] in his multicentric
retrospective study showed that low EF, high NYHA and atrial
fibrillation were associated with prolonged hospital stay and this agrees
with our results. We believe this supports our theory of being non-
inferior as all of our patients were operated under general anaesthesia
while his study groups were operated under local and general
anaesthesia. Astonishingly, Right bundle branch block was found to be
one of our predictors while it was not the case in Barbanti et al. and
Durand et al. After revising our preoperative ECG database for
comparative purposes, we should confess that 6 out of the 7 patients in
the slow track group had bifasicular block which could be responsible
for this result.

We are glad to reach this limited mortality, morbidity, readmission
and success rate of 5-days hospital stay despite our study was
implemented under general anaesthesia. Other studies as Duran and
Arbel stated that TAVI under conscious sedation is a predictor of early
discharge rate further [1,9]; nonetheless, we can consider our results as
non-inferior and satisfactory. We limited our practice only to fast track
but under general anaesthesia in spite of being capable of performing it
under local anaesthesia. This is because we needed to go through this
new protocol in our institute gradually without patient’s compromise.
It would be worth to consider in future switching to local anaesthesia
practice.

Study Limitations
Finally, the limitations of our study are: first being a retrospective

observational study, and there may have residual confounders that we
did not account for. Second: we overpassed few clinical parameters in
our study as wound infection and/or dehiscence and familial social
situation. We can consider our study as definite non-conclusive study
but may be hypothesis productive. Moreover, our study was not a
randomized trial and consequently it could be considered a non-
powerful study and cannot conclude an optimal length of stay for
patients undergoing elective transfemoral TAVR. We believe that there
is a necessity of more prospective studies to evaluate the optimal length
of hospital stay postoperatively after TAVI.

Conclusion
NYHA IV, severely reduced ejection fraction, right bundle branch

block and stroke with residual disability might be considered potential
predictors of failure of fast track protocol in patient undergoing TAVI
under general anesthesia.
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