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ABSTRACT

Background: Both general anaesthesia (GA) and local analgesia (LA) with or without seda-

tion are options for periprocedural anaesthetic management of transfemoral  transcatheter 

aortic valve implantation (TAVI). We report the safety and feasibility of TAVI under LA and 

provide our own experience in the largest cohort so far reported.

Methods: A total of 178 consecutive patients planned for transfemoral TAVI were included 

in this study. Patients were treated with the Medtronic CoreValve (n=77) or the Edwards 

SAPIEN (n=101), at operators discretion. Periprocedural anaesthetic management, proce-

dural characteristics and outcomes were assessed.

Results: Of the 178 patients (34% male) 4 (2.2%) needed a conversion to general an-

aesthesia (prosthesis embolism, 2 complicated peripheral vasculature puncture/closures, 

restlessness).  Periprocedural transesophageal echocardiography was not necessary. Pre-

medication included temazepam, lorazepam or midazolam in 76% of patients. In total 

115 patients (66%) received conscious sedation, 34%  received sedative medications. Only 

nine patients developed a delirium during  admission (5%). All-cause 30day-mortality was 

9 (5%). NYHA-class decreased significantly from 3±0.6 to 1±0.9 (p=0.04).  

Conclusion: Transfemoral TAVI performed using exclusively local analgesia and fluoro-

scopic guidance is safe and feasible with a very low rate of conversion. The fragile TAVI-

population may benefit from this anaesthetic management. 



TAVI under local anaesthesia exclusively 59

4

INTRODUCTION

Transcatheter aortic valve implantation (TAVI) has become an established treatment 

for severe aortic valve stenosis in patients with high or prohibitive surgical risk.1,2  With 

development of this technique, a number of approaches became available and are cur-

rently used worldwide. 3-6 The retrograde transfemoral approach is most frequently used. 

Periprocedural anaesthetic management of transfemoral TAVI varies; General anaesthesia 

is the common practice,  while local analgesia with or without sedation is an alternative 

option for transfemoral TAVI.  

In most centers the TAVI program was started using general anaesthesia. After the initial 

experience, a number of centers preferred sedation with local anaesthesia.7-10 

Guidance of periprocedural transesophageal echocardiography (TEE) is the most frequently 

reported advantage of performing the procedure under general anaesthesia. However, 

especially in the fragile patient population undergoing TAVI, this procedure is accompanied 

by an increased risk for hemodynamic instability and other serious complications. Hence, in 

particular during the initial procedures, monitoring and installation of the patient is similar 

to that for a high-risk surgical aortic valve replacement.2,9,11,12  Whether conscious sedation 

is superior to general anaesthesia has not been addressed in randomized controlled trials. 

Currently, no consensus has been reached yet12-14, which of the two is the most preferable 

method. In this report we provide our own experience.

METHODS

Setting

In our institution, a total of 381 transcatheter aortic valve implantations have been 

performed from October 2007 until May 2013 (77 transapical, 44 transaortic and 260 

transfemoral aortic valve implantations). The initial transfemoral TAVI procedures between 

October 2007 and April 2010 were performed under general anaesthesia (n=55). In April 

2010, we performed the first transfemoral procedure under sedation plus local anaes-

thesia, in an effort to minimize invasiveness of TAVI in this fragile patient population. 

Subsequently a short transitional period followed, in which alternating general anaesthesia 

and local analgesia were used, mainly anaesthesiologist dependent. Gradually the majority 

of procedures were performed under local analgesia. From October 2010 local analgesia 

became the standard method during transfemoral TAVI at our center. 

All patients were discussed in our multidisciplinary heart team. TAVI was indicated accord-

ing to international recommendations.15 Patients were treated with either the Medtronic 

CoreValve Revalving System (CRS TM, CoreValve Inc, Irvine, CA) or the Edwards Sapien/

Sapien XT (Edwards Lifesciences Inc, Irvine, CA), at the discretion of the operator. The 
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techniques of transcatheter aortic valve implantation have previously been described in 

detail.2,16  Each patient received preprocedural consultation by both the operator as well as 

the anaesthesiologist, one day prior to the procedure. 

Patients were pretreated with aspirin and postprocedurally with life-long aspirin daily and 

clopidogrel daily for 3 to 6 months, with exception of patients on chronic coumarine deri-

vates. All patients received preprocedural antibiotics (cefamandol 2 grams). Prescription of 

premedication and the utilization of conscious sedation during the procedure were left at 

the discretion of the cardio-anaesthesiologist. 

All procedures were performed by either two interventional cardiologists or an interven-

tional cardiologist and a cardiac surgeon, in the cardiac catheterization laboratory. Bilateral 

femoral access was achieved percutaneously, with the use of long acting local analgesia. 

In 3 patients the femoral access was surgically achieved with the use of local analgesia. 

A total of 40 cc Lidocaine 1% mixed with Bupivacaine 0.5% was injected into the skin, 

subcutis and around the femoral artery for local analgesia of the percutaneous access site. 

Venous access was provided by a 7 Fr sheath through which the pacemaker wires were 

implanted. The arterial pressure was monitored via the 7 Fr femoral sheath in which a 6 

Fr pigtail was positioned for aortography; hence, no extra puncture sites were necessary. 

Appropriate valve positioning was achieved by fluoroscopy and aortography, without TEE.  

Immediate results and complications were assessed based on hemodynamics, angiography 

and transthoracic echocardiography (TTE). A cardiac surgeon was stand-by during the 

procedure. An echocardiologist and TTE were available at all times. A cardiovascular anes-

thesiologist was present to monitor the patient and if necessary to stabilize hemodynamics 

or institute general anaesthesia at any moment, anesthesiologic equipment was available 

as also advocated by most authors.14  A perfusionist was scheduled to be available if 

necessary.  

Data collection and statistical Analysis

In total of 180 consecutive patients underwent transfemoral TAVI between October 2010 

and May 2013 and 178 patients were planned for local analgesia and included in this study 

(Figure 1). Reasons for general anesthesia in the two patients who were not included in 

this study, were: severe obesity with desaturations in supine position and one patients was 

planned as a transaortic procedure but due to a major ruptured retrosternal cyst which 

encountered perioperatively, the procedure was continued transfemorally under general 

anesthesia. 

Patient characteristics, medication, laboratory values and in-hospital outcomes of the index 

procedure were collected at the time of presentation and extracted from the institutional’s 

medical records. Data on premedication was extracted from the anaesthesia reports. Clini-

cal follow-up data were obtained from all patients until hospital discharge or in-hospital 
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death, and included procedural and postprocedural major adverse events and laboratory, 

electrocardiographic and echocardiographic findings. For the clinical end point definitions, 

the criteria of the Valve Academic Research Consortium were used.17,18

Device success was defined as correct position of a single prosthetic heart valve into the 

proper anatomical location including a stable function as assessed by angiography and 

echocardiography. Procedural success was defined as device success in the absence of major 

adverse cardiovascular and cerebral events (MACCEs) during the first 48 hours after device 

implantation. Cardiovascular mortality was defined as death due to a proximate cardiac 

cause. Immediate procedural mortality consists of intra-procedural events that result in im-

mediate or consequent death <72 hours post procedure. Kidney injury was defined accord-

ing to the modified Risk, Injury, Failure, Loss, End-stage (RIFLE) classification.19  MACCE was 

defined as the composite of all-cause death, major stroke, and MI. The VARC-combined 

safety end point refers to the occurrence of either one of the following events up to 30 

days postprocedure: all-cause mortality, major stroke, life-threatening or disabling bleed-

ing, acute kidney injury stage 3, periprocedural MI, and repeat procedure for valve-related 

dysfunction (surgical or interventional therapy).20 Normally distributed continuous variables 

are presented as means and standard deviations.  Non-normally distributed continuous 

variables are presented as medians with inter-quartile ranges. All statistical analyses were 

done using SPSS 13.0 (Chicago, IL). A p-value of ≤0.05 is considered significant.

RESULTS

Patients

Of the 178 included patients, a CoreValve was implanted in 77 patients (44%) and Ed-

wards Sapien/Sapien XT in 101 patients (56%). Patient demographics and preprocedural 

characteristics for the complete cohort of patients are presented in Table 1. 

Procedural characteristics

A total of four procedures were converted from local anaesthesia to general anaesthesia 

(Figure 1 and Table 2); one procedure was converted to cardiac surgery under general an-

aesthesia due to dislocation of the valve in the left ventricle. One procedure was converted 

from local analgesia to general anaesthesia because of severe restlessness of the patient. 

In two patients, the peripheral vasculature (closure by vascular surgeon, prostar and needle 

problem due to severe calficied vasculature) was the reason for conversion.

The mean duration of the TAVI procedure was 97±39 minutes. Device success rate was 

96.7%. In 4 patients, 2 valves were implanted due to an unsatisfying primary implantation 

position.  In 1 patient, no valve was placed because of a severely calcified and tortuous 

peripheral vasculature; a successful transaortic TAVI was performed a week later. The 
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patient converted to surgery was observed on the intensive care unit postprocedurally. The 

other patients converted to general anaesthesia were observed on the recovery room and 

subsequently the cardiac care unit (CCU), or directly to the CCU. All other patients were 

observed directly postprocedurally on the CCU. 

Table 1: Baseline characteristics (n=178)

Patient data

Age, yrs 80.4 ± 7.2

BMI, kg/m2 29 ± 5.9

Male gender 60 (34)

Clinical history

Hypertension 104 (58)

Diabetes 52 (29)

Hypercholesterolemia 47 (26)

Prior myocardial infarction 32 (18)

Prior PCI 58 (33)

Prior CABG 23 (13)

Prior stroke 29 (16)

Peripheral arterial disease 37 (21)

COPD 56 (31)

Renal insufficiency 74 (42)

Liver cirrhosis 2 (1)

Prior neoplasia 39 (22)

Atrial fibrillation 39 (22)

Prior pacemaker 21 (12)

NYHA class ≥ 3 105 (59)

Preprocedural hospitalization 46 (26)

Logistic EuroSCORE 19 ± 12.7

STS score 6.2 ± 5.2

Preprocedural variables

LVEF ≤ 40% 25 (14)

AVA, cm2 0.76 ± 0.24

Indexed EOA, cm2/m2 0.41 ± 0.13

AVPG max, mmHg 70.6 ± 23.6

AVPG mean, mmHg 45 ± 15.4

Annulus diameter, mm 21 ± 1.4

AR grade ≥ 2 30 (17)

MR grade ≥ 3 22 (12)

TR grade ≥ 2 56 (32)

PAP, mmHg 40 ± 17.3

Values are n (%) or mean ± SD. BMI, body mass index; PCI, percutaneous coronary intervention; 
CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; NYHA, New York 
Heart Association; STS, society of thoracic surgeons; LVEF, left ventricular ejection fraction; AVA, aortic 
valve area; AVPG, aortic valve pressure gradient; AR, aortic regurgitation; MR, mitral regurgitation; TR, 
tricuspid regurgitation; PAP, pulmonary artery pressure
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180 patients planned for 
transfemoral aortic valve 

implantation

178 patients planned for 
local analgesia

2 patients planned for 
general anesthesia

4 conversions to general 
anaesthesia

2 due to peripheral vasculature
1 due to restlessness of the patient

1 conversion  to surgery

174 planned for local analgesia

115 conscious sedation
59 no anesthesia during 

procedure

OUTCOME:
- Mean Procedure time 100 min
- Delirium: 6 (5%)
- total admission days 11
- 30 day mortality 6 (5%)

OUTCOME:
- Mean Procedure time 85 min
- Delirium: 3 (5%)
- total admission days 9
- 30 day mortality 2 (3%)

Figure 1: Flowchart of 180 patients planned for transfemoral aortic valve implantation; A total of four 
procedures were converted from local anaesthesia to general anaesthesia.

Table 2: Procedural characteristics  (n=178)

conversion from local to general 4 (3.3)

conversion to surgery 1

puncture or closure of peripheral vasculature 2

restlessness of the patient 1

Post-dilatation 17 (9.4)

Contrast, mL 147 ± 51

Procedure time, min 97 ± 38

Device success 174 (96.7)

Average admission days 10 ± 8

Values are n (%) or mean ± SD.

Anaesthesia reports on premedication were available in 170 of the patients. Premedication 

the night before the procedure and 1 hour prior to the procedure included temazepam, 

lorazepam, and midazolam (Table 3) and was prescribed for 76% of patients. In 25% no 

premedication was administered. There was no association between premedication and 

the development of delirium (p=0.062).  
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Table 3: premedication 1 hour before procedure (n=170)

10 mg temazepam 33 (19)

lorazepam 1mg 40 (24)

midazolam 64 (38)

2.5 mg midazolam 1 (1)

3,75 mg midazolam 58 (34)

7.5 mg midazolam 5 (3)

1000 mg paracetamol 144 (85)

Values are n (%) 

Procedural medications to provide conscious analgo-sedation included Remifentanil, Al-

fentanil, Sufentanil, Propofol, Morfine, and Esketamine. Of the 174 patients receiving local 

analgesia, 115 patients (66%) received conscious sedation with low dosages of opioids 

during the procedure. The remaining 34 % of patients received sedative medications 

during the procedure. A longer mean procedure duration, i.e. catheterization lab time 

with was observed with conscious sedation (100 vs 85 minutes  p=0.008). There were no 

differences in baseline characteristics or outcomes between patients receiving conscious 

sedation or local analgesia. Hemodynamic stability during the procedure was achieved 

with small dosages of catecholamines (Norepinephrine, Phenylephrine, Atropinesulfate, 

Efedrine) in 65 ( 37%) of the 174 patients. 

In the total population the mean aortic valve area increased significantly from 0.79 to 2.2 

cm2 (p<0.001). Mean and maximum aortic valve pressure gradient significantly decreased 

from 70.1 to 18.7 mmHg and 44.0 to 10.7 mmHg respectively, p<0.001 (Table 4). 

Table 4: pre- and postprocedural hemodynamic characteristics

pre-procedure post- procedure p-value

Aortic valve area, cm² 0.79 ± 0.26 2.2 ± 0.72 <0.001

AVPG max, mmHg 70.1 ± 23.9 18.7 ± 8.6 <0.001

AVPG mean, mmHg 44.0 ± 15.3 10.7 ± 5.6 0.001

RR systolic, mmHg 143 ± 32 138 ± 27 0.09

RR diastolic, mmHg 64 ± 14 55 ± 12 <0.001

Values are mean ± SD. AVPG, aortic valve pressure gradient; RR, blood pressure

The 30-day mortality rate was 5%, of which 8 included a cardiovascular cause. The imme-

diate procedural mortality was 2 (1%). At 30 days NYHA functional Class decreased from 

3 ± 0.6 to 1± 0.9 (p=0.04). Mean hospital stay was 9 ± 8 days. During the total hospital 

admission only 9 patients (5%) developed a delirium for which Haldol was prescribed 

(Table 5). 
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DISCUSSION

In this large cohort of 178 patients planned for a transfemoral TAVI under local anaes-

thesia, only four procedures (2%) were converted from local to general anaesthesia. No 

complications occurred for which TEE was necessary. This study demonstrated the safety 

and feasibility of transfemoral TAVI performed under local analgesia. 

The results parallel reports from other cohorts; Covello et al21 reported the safety of TAVI 

under local anaesthesia in 3 patients, Vavuranakis in 30 patients.22  To our knowledge, we 

report the largest TAVI cohort under local analgesia thus far23-27, with the lowest conversion 

to general anaesthesia (2%) compared to recently reported  by Durand et al (3.3%), and 

by Bergmann et al (17%).23,25

Efforts to minimize invasiveness provided that safety is maintained, hasten patient recovery, 

without compromising clinical and procedural outcomes or patient satisfaction were the 

rationale for a simplified transfemoral TAVI using exclusively local analgesia and fluoro-

scopic guidance. Our results with exclusively local analgesia are similar3,28-30 to the short-

term clinical outcomes of cohorts of procedures performed under general anaesthesia.

Table 5: 30-Day clinical outcome (n=178)

All-cause mortality 9 (5.0)

Immediate procedural mortality 2 (1.1)

Cardiovascular mortality 8 (4.4)

MACCE 14 (7.8)

Myocardial infarction 3 (1.7)

Stroke 10 (5.6)

Disabling stroke 6 (3.3)

Non-disabling stroke 4 (2.2)

Bleeding

Life threatening bleeding 4 (2.2)

Major bleeding 30 (16.7)

Vascular access complication 32 (17.8)

Major 11 (6.1)

Minor 21 (11.7)

Acute kidney injury

Stage 1 18 (10)

Stage 2 2 (1,1)

Stage 3 0 (0)

VARC combined safety end-point 15 (8.3)

Postprocedural delirium 9 (5.0)

Values are n (%) or mean ± SD. MACCE, major adverse cardiac and cerebral events; VARC, Valve 
Academic Research Consortium
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Compared to large clinical trials, our the rate of conversions to surgery (1 patient, 0.6%) 

was low.2,3,25,31  The 30-day mortality rate was 5%, the rate of major bleeding 17%, and 

the rate of stroke/TIA was 6%, similar to reports of larger registries and trials of TAVI under 

general anaesthesia.2,16,25,29-35

Minimizing the invasiveness, number of puncture sites, the need for endotracheal intuba-

tion, ventilation and subsequent extubation, potentially reduces the risk for infections. 

A reason for general anaesthesia includes a granted patient compliance with better 

procedural tolerance but even solely maximizing comfort rather than providing analgesia 

has been reported .11,14,23 Hemodynamic stability, essential for patient compliance, was 

achieved using catecholamines in only 37% of our patients. Preprocedural consultation 

by the operator and anaesthesiologist is a major contributor for patient compliance. Only 

1 patient (0.6%) was restless to the extent of converting to general anaesthesia. All other 

patients were sufficiently comfortable during the procedure. 

The decreased sheath sizes of the newer generation prostheses, often allows safe percuta-

neous vascular access. Surgical access may be performed under sufficient local anaesthe-

sia25 with  stable hemodynamics and a reduced need for inotropic or vasopressor support.24 

In presence of an experienced cardio-anaesthesist, no delay is expected in initiating cardiac 

support and the facilitated management of complications.

The main reason for general anaesthesia is the possibility to perform a procedural transo-

esophageal echocardiography (TEE).9,36,37 TEE has however never been proven to increase 

safety and is not considered obligatory; TAVI can be performed safely without TEE.38 More-

over, superior monitoring with direct feedback of the awake patient can be hypothesized, 

with immediate appropriate actions upon complaints indicating possible complications.39 

Since post-implantation prosthesis assessment can be achieved by fluoroscopy and TTE, 

TEE is not often needed.  

Compared to general anaesthesia, a shorter preparation time and procedure duration, 

a shorter hospital stay as well as lower costs have been described with conscious seda-

tion.24,26,40 In our cohort, mean procedural time was 97 minutes compared to a reported 

120 to 167 minutes with general anaesthesia. Mean length of hospital stay was 9 days, 

similar to other reports (5 days- 12.6 days) and shorter than reported with general anaes-

thesia (11.9-15 days).23,24,26 An important advantage of shorter hospitalization and pro-

cedure time is the reduced risk of cognitive dysfunction, especially when patients remain 

conscious during the procedure. Early mobilization may contribute to reduce this risk

Older patients are at high risk of developing postoperative cognitive dysfunction, in par-

ticular after cardiovascular surgery.41  Delirium has been reported to occur in 10% to 60% 

of all surgical patients, with an increasing incidence, up to 90% in elderly. 42 Since delirium 

is an independent predictor of sustained poor cognitive and functional status after hospital 
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admission43 the very low rate of delirium in our study (5%)  of fragile patients is promising 

for the future of TAVI in the aging population.  

In addition to the safety and feasibility, in our experience it is beneficial for the fragile 

patient population of TAVI to avoid general anaesthesia. In this fragile patient population it 

is of major importance to keep the risk of postprocedural disorientation as low as possible. 

LIMITATIONS

Local analgesia and optional conscious sedation is our current standard anaesthetic 

management during a transfemoral TAVI. The association of general anaesthesia with the 

first part of the learning curve, the change in baseline risk scores as well as the number 

of patients, prohibites comparison between local and general anaesthesia. Evaluation of 

anaesthetic management in a randomized controlled trial would be a major contribution to 

the interpretation and conclusion regarding the anaesthetic care during TAVI procedures.

The reported kidney injury was defined according to the modified RIFLE classification19  

instead of the Acute Kidney Injury Network (AKIN) classification as suggested by the most 

recent VARC17, excluding the urine output from the definition. Detailed information on 

urine output of this patient cohort was not gathered systematically at the time of proce-

dure.

CONCLUSION

Transfemoral TAVI performed using exclusively local analgesia and fluoroscopic guidance is 

safe and feasible, as demonstrated by the results of this large single center cohort.

Appropriate valve positioning was achieved by fluoroscopy and aortography, without TEE, 

as was the assessment of immediate results and possible complications, based on hemo-

dynamics, angiography and TTE.

In addition to the safety and feasibility, in our experience it is beneficial for the fragile TAVI 

patient  to avoid general anaesthesia. Thus, the least invasive strategy with the required 

safety standards may benefit the outcome of TAVI in the high-risk elderly patient. This 

report may contribute to reaching further consensus concerning the best anaesthetic 

management for transfemoral TAVI. 
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