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Abstract
Aortic valve replacement (AVR) is the current standard treatment for severe aortic stenosis, nonetheless, many patients 

are not suitable to AVR because of high risk related to advanced age, impaired cardiac function, or comorbidities. Given 

these considerations, transcatheter aortic valve replacement or implantation (TAVR or TAVI) has emerged in the last 

decade as an alternative to surgery and has become the treatment of choice for severe aortic stenosis in patients with 

prohibitive surgical risk. In the context of this kind of hybrid procedure, the anesthesiologist plays a central role because 

the choice of anesthetic technique is strongly related to clinical features of the patients and technical considerations, 

which must be discussed collegially with the surgeons. The choice of anesthesiologic management is different among 

hospitals, but it is generally based on preoperative comorbidities, procedural approach used for TAVR and even hospital 

logistic. Some centers used to perform TAVR under general anesthesia (GA), some else under local anesthesia plus 

sedation (LAS), some of them start their TAVR program under GA, but convert in LAS when the team get enough 

experience. Also, anesthesiologists involved in TAVR procedures must be part of a “heart team”, and should be confident 

with anesthesia for cardiovascular surgery, mechanical circulatory support, and with transesophageal echocardiography. 

The aim of this article is to provide a general overview about anesthetic techniques in TAVR and to evaluate pathways 

for future researches.
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INTRODUCTION
Aortic stenosis is the most common and dangerous cardiac valvular disease, which a reported incidence of 
2%-4% of patients over 65 years[1,2]. Aortic valve replacement (AVR) is the current standard treatment for 
severe aortic stenosis[3], nonetheless, many patients are not suitable to AVR because of high risk related to 
advanced age, impaired cardiac function, relevant comorbidities such as chronic kidney disease or chronic 
obstructive pulmonary disease. In addition, heavily calcified aortas, previous mediastinal radiation, and 
redo valvular surgery expose patients to a prohibitive risk for standard AVR. Given these considerations, 
transcatheter aortic valve replacement or implantation (TAVR or TAVI) has emerged in the last decade 
as an alternative to surgery and has become the treatment of choice for severe aortic stenosis in patients 
with prohibitive surgical risk[4-6]. The goal of this procedure is minimizing surgical trauma by avoiding 
sternotomy, aortotomy, cardiopulmonary bypass (CPB) and by implanting the prosthetic valve on beating 
heart, thereby avoiding cardiac arrest, in order to decrease perioperative risks and improve patient 
outcomes[7]. Depending on patient characteristics, TAVR can be performed using different access sites 
including transfemoral (TF), trans-subclavian/trans-axillary, transaortic, or transapical approaches[8-10]. 
The most commonly used approach to performing TAVR is the TF approach by retrograde deployment 
of the valve passing through the ascending aorta. Most of the centers prefer TF approach because it is less 
invasive and is associated to a reduced percentage of cardiac related complications, therefore it continues to 
be the main approach used on patients without severe vascular disease[11]. Alternative access sites are used 
on patients with severe peripheral vascular disease and short vessel segments with iliac-femoral arteries 
diameters < 7 mm[12,13].

In the context of this kind of hybrid procedure, the anesthesiologist plays a central role because the choice 
of anesthetic technique is strongly related to clinical features of the patients and technical considerations, 
which must be discussed collegially with the operators. The most important consideration for the 
anesthesiologist member of the care team is the type of anesthesia most suited for the patient. The choice 
of anesthesiologic management is different among hospitals, but it is generally based on preoperative 
comorbidities, procedural approach used for TAVR and even hospital logistics[14-18]. Some centers used 
to perform TAVR under general anesthesia (GA), some else under local anesthesia with a mild sedation 
(LAS), some of them start their TAVR program under GA, but convert in LAS when the team get enough 
experience. The aim of the anesthesiologist should be to provide less-invasive anesthesia/analgesia without 
compromising the safety or comfort of the patient. The aim of this article is to provide a general overview 
about anesthetic techniques in TAVR and to evaluate pathways for future researches.

FROM AVR TO TAVR… AND FROM GA TO LAS
Although GA is considered mandatory in case of transapical or transaortic approach, there has recently 
been a significant increase in literature showing the safety and efficacy of local anesthesia with LAS com-
pared with GA when TF approach is performed[19,20]. At the beginning of a TAVR program, most centers 
initially chose to provide GA for this procedure, but as the team developed with enough experience and 
confidence with the procedure, many hospitals started to convert GA in LAS. Actually, the preferred anes-
thetic management is equally split among centers providing GA vs. sedation for TAVR[21].

The induction of GA can be performed with a variety of agents, often with a reduced dosage and a very 
slow administration because of advanced age and decreased cardiac function. Surgical stimulation is 
not much painful, so the procedure does not need elevated dosage of opioids. Inhalational agents may 
have some advantages on myocardial protection[22-26] thanks to a pharmacological preconditioning and 
postconditioning action. Studies performed on patients undergoing coronary artery bypass graft (CABG) 
surgery, showed lower postoperative values of cardiac troponin because of the cardioprotective effect of 
inhalational agents. Short-acting drugs, such as Remifentanil, that are rapidly cleared are preferred to 
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ease extubation at the end of the procedure. Airway control is performed by endotracheal intubation. Any 
supraglottic device is not advised because of the use of transesophageal echocardiography.

The reason why most centers initially perform TAVR under GA is the safety of anesthesiologic management 
and the easier management of procedural complications. TAVR has already been demonstrated to be an 
effective and safe procedure, but it may have important and very dangerous complications leading to true 
catastrophic events that are often life threatening such as coronary artery occlusion, annular rupture, 
prosthesis embolization, major vascular injuries, cardiac tamponade, aortic dissection, and/or ventricular 
perforation[27,28].

Although conversion to GA because of emergency complications is not common, ranging from 2%-5%[29-32], most 
of these events cause serious hemodynamic instability and any delay of ventilation can worsen significantly 
patient outcome.

Similar considerations are needed for major vascular injuries such as vascular dissection, vascular 
perforation, and hematoma often requiring blood transfusions. Even in these circumstances conversion to 
GA may be necessary.

Further advantages of performing TAVR under GA include patient immobility during valve positioning, 
reduction of breathing artifacts, patient tolerability for the length of the procedure, but above all, 
facilitating the use of tranesophageal ecocardiography (TEE). TEE is an useful instrument during the 
procedure to assist optimal valve placement and prompt recognition of complication such as tamponade 
or interference with mitral valve. TEE guides the advancement of guidewires and the delivery system 
and allows to evaluate the effects of the balloon aortic valvuloplasty and the position of the prosthesis at 
deployment, also it allows to perform a post-implant valve assessment to identify residual regurgitation 
or paravalvular leaks. Also, 3D TEE may give additional information about structures, catheters and 
device[33,34].

Whereas many institutions still perform TAVR under GA, many clinicians in recent years have 
proposed local anesthesia with or without mild sedation. Several drugs and compounds have been used 
as monotherapy or in combination for sedating patients during TAVR, including dexmedetomidine, 
remifentanil, midazolam, ketamine and propofol[15,31,35-39].

Local anesthesia combined with conscious sedation provides multiple advantages compared with 
GA [Table 1]. These benefits are especially noticeable in an old age and a high level of frailty patient 
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Table 1. Comparison of general anesthesia (GA) and local anesthesia with a mild sedation (LAS) in TAVR

TAVR: transcatheter aortic valve replacement; TEE: tranesophageal ecocardiography; ICU: intensive care unit; CVC central venous 
catheter 

GA LAS

Advantage Disadvantages Advantages Disadvantages

Safety in starting TAVR 
program

Myocardial depression due to 
anesthetic drugs

Hemodynamic stability Patient discomfort

Safety in predicted difficult 
airway

Weaning from mechanical 
ventilation

Reduced in-hospital stay Not safe in predicted difficult airway

Safety in expected technical 
complications

Increased in-hospital stay and 
ICU stay

Reduced ICU stay Not safe in starting TAVR program

Patient immobility More invasive (catheterization, 
CVC, mechanical ventilation)

Reduced delirium Not safe in expected technical 
complications

Easy use of TEE Less invasive (catheterization, CVC, 
mechanical ventilation)



population. Indeed, anesthetic drugs may have depressant effects on myocardial tissue and vasodilatory 
activity resulting in hemodynamic instability, hypotension and bradycardia which may reduce vital organ 
perfusion pressure, leading to several postoperative complications such as neurological deficits, myocardial 
ischemia or renal disfunction[40,41]. The use of LAS as an anesthetic choice for TAVR permits to avoid 
collateral effects of general anesthetics, minimizing hemodynamic instability.

It is furthermore not surprising that using LAS decreases pulmonary complications such as respiratory 
failure and pneumonia by avoiding mechanical ventilation[28].

Also, has been showed a significant reduction in postprocedural delirium, which has been showed to 
prolong in-hospital stay and impair long-term survival. Delirium after TAVR occurs early in the post-
operative period, with a percentage around 13%. Patients who developed postprocedural delirium more 
frequently underwent non-TF procedures under GA[42].

REGISTRY DATA ANALYSIS
Since LAS has emerged as an alternative to GA, many groups have conducted systematic reviews and met-
analysis in order to determine if the change in anesthetic management has modified the outcome.

In the French Aortic National CoreValve and Edwards 2 (FRANCE 2) registry, data from 2326 patients who 
underwent TF-TAVR were analyzed, comparing patients receiving GA vs. LAS[43]. This analysis highlighted 
similar clinical outcomes for GA and LAS about procedure success, 30-day and 1-year survival rates, 
incidence of complications such as myocardial infarction, stroke, and vascular and bleeding complications. 
The only significant difference in outcomes was that there is a higher incidence of postprocedural aortic 
regurgitation in the LAS group. This result is probably due to the less frequent use of TEE support during 
TAVR under LAS.

However, the new model of Edwards valve minimizes postoperative aortic regurgitation, indeed further 
studies demonstrated that residual postprocedural aortic regurgitation is completely absent or insignificant 
in patients implanted with this third-generation valve under LAS[44,45].

Data from the Italian CoreValve registry also analyzed a cohort of 1316 patients to assess the safety and 
non-inferiority of LAS vs. GA. The authors demonstrated that, in experienced centers which have gone over 
their initial learning period with TAVR, LAS can be performed safely with good clinical outcomes, with no 
significant difference in myocardial infarction, stroke or mortality than GA group[27].

In a recent review the authors screened publications (randomized controlled trials and observational 
studies) published between 1 January 2006 and 26 June 2016 that compared LAS to GA in an adult study 
population undergoing TAVR, to identify the potential favorable effects of LAS compared with GA. They 
analyzed differences between LAS and GA in terms of 30-day mortality, in-hospital mortality and other 
endpoints that address safety and complications rates[46]. The authors showed no significant difference 
in the 30-day mortality rate among the two groups. Similarly, the in-hospital mortality rate did not 
demonstrate any significant difference between the study groups. Instead, the authors revealed a significant 
decrease in both intraprocedural and postprocedural catecholamine need in the LAS group. During TAVR, 
31% of the LAS group received catecholamines, in contrast, the rate was 65.0% in the GA group.

As explained previously, this result in LAS group is probably due to the absence of hemodynamic 
effects of general anesthetics, such as vasodilation and myocardial depression. Regarding catecholamine 
administration, inotropes are more used than vasopressors, since patients suitable for TAVR often have a 
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depressed cardiac function which is the main factor of hemodynamic instability.
Conversion from TAVR to open heart surgery was infrequently occurring in 2.5% of the LAS group and 2.9% 
of the GA group, without any significant difference between the groups.

The main reasons for conversion from LAS to GA were vascular and procedural complications, 
hypotension, respiratory complications and insufficient patient compliance or patient discomfort.

The meta-analysis did not reveal a significant difference between the groups in the rate complications 
such as major and minor vascular complications, major and life-threatening bleeding, acute kidney injury, 
myocardial infarctions and stroke.

Only three studies reported a slightly lower frequency of pneumonia in LAS group, but the difference between 
the two groups did not reach statistical significance. It is possible to speculate that this tendency reflects minor 
risk of ventilator associated pneumonia (VAP), however is not possible to better analyze this aspect because 
too small number of articles reported this outcome. In this review an important difference between the two 
groups was highlighted: the length of hospital stay was significantly shorter in the LAS group (MD - 1.49 days) 
and the length of intensive care unit (ICU) stay was found to be shorter for patients in the LAS group (MD - 
0.47 days). Since the rate of periprocedural complications is similar in both groups, such result is probably 
due to the time needed for the transfer of ventilated patients to the ICU, where extubation can occur with 
some delay after the procedure[28].

As reported by Gauthier et al.[47] ICU admission may be related with a nosocomial infection, with a 
lower risk of infectious complications for patients who received LAS for TAVR, by avoiding bladder 
catheterization, central venous catheter insertion and mechanical ventilation.

Another difference between the two groups was a higher rate of pacemaker (PMK) implantations in the 
patients who underwent LAS for TAVR occurring in 17.5% of patients compared with 12.8% of the GA 
group.

A third-degree atrioventricular block is a frequent periprocedural complication requiring a PMK. This 
result may be due to increased patient movement during valve positioning because of discomfort or poor 
patient compliance. In some case has been also reported an anxiogenic effect due to decreased cerebral 
blood flow during rapid ventricular pacing[37]. Furthermore, the use of GA eases precise valve positioning 
thanks to a short interruption of mechanical ventilation and patient immobility.

DISCUSSION
Analyzing international literature, it appears clear that both anesthesiologic techniques GA and LAS are 
safe and none of them influence negatively the patient outcome.

From many studies a new trend towards minimally invasive anesthesia for TAVR has emerged, especially 
regarding the TF approach which is the most used technique for TAVR. The choice of anesthetic 
management generally depends on the patient’s clinical profile and the procedural technical characteristics, 
but a center’s experience and internal organization also play an important role in the decision-making. 
When a TAVR program starts, many operators might choose to perform the procedure with GA because 
of the uncertainty of a new procedure, initial low volume, operator’s learning curve and the possible 
complications more frequent in centers with low volume of TAVR[48]. As the learning curve of the operators 
reaches a new plateau and the techniques of TAVR evolve, the procedure time becomes shorter and the 
complications decrease; this needs around two years of continuous activity or 50 consecutive cases[48]. 
Others revealed a learning curve with an improvement in complications rate, after the initial 86 cases using 
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the Edwards valve and 40 cases using the CoreValve[49]. Due to this improvement in the procedure time 
and complications rate, the care team should be able to perform safely LAS for patients undergoing TAVR.
Although minimal invasive anesthesiologic management is always more widespread, in some clinical 
situations could be advantageous provide TAVR under GA. This is particularly true in patients unable to 
maintain adequate immobility throughout the procedure. This may include patients with neurological 
impairment and patients with advanced heart failure with pulmonary edema that impede to keep supine 
position for prolonged periods of time. Even if TEE can used also under sedation, the planned use of TEE 
may necessitate GA, because of long time esophageal stimulation. The general opinion is that TEE can help 
during valve deployment and in rapid identification of complications; nevertheless, its routine use may not 
be justified.

A further clinical situation in with providing GA may be safer than LAS is when patient is expected to be 
at high risk for intraprocedural complications because of anatomic conformation.

Prevention of these complications should be based on patient screening and selection by a dedicated “heart 
team”. In such cases, the use of multimodality imaging may play an even more important role, with the 
aim to evaluate patient suitability for the proposed access site and to select prosthesis size based on aortic 
measurement. Preprocedural program is also useful to ensure if proposed device can be safely deployed, 
based on device characteristics and the anatomic relationships between the aortic valve and root, left 
ventricle and coronary ostia[50]. As experience suggests, if pre-procedural evaluation estimates that there 
might be a mechanical complication, GA is recommended rather than sedation. The same management is 
recommended for patient with difficult airway management because, in case of emergency conversion from 
LAS to GA, any delay in endotracheal intubation may be unsafe.

Another important consideration in management of patients undergoing TAVR should be considered: over 
the last decade, TAVR has emerged to become the preferred alternative for high-risk patients with severe 
aortic symptomatic stenosis. Nevertheless, new perspective seems destined to expand indications for TAVI 
towards lower risk, younger and asymptomatic populations[51,52]. In such a case, a less invasive strategy, 
using LAS instead of GA, seems to be even more appropriate in order to make TAVR procedure even safer, 
faster, with fewer risks and to achieve a easier post-operative management.

CONCLUSION
Preoperative anesthesiologic management should be based on the experience of the team, preferring 
GA in the initial phases of the program (about 50 cases). Selection of anesthetic technique should be 
individualized on the patient’s clinical status, preferring GA in case of difficult airway and in case of 
predicted technical difficulty. Instead, patients with advanced respiratory disease or renal impairment or 
patients with high risk in developing delirium after GA, should be treated by LAS.

Whether the team provide GA or LAS, the hybrid operating room must be equipped with devices for 
managing difficult airways and emergency scenarios. Also, there is an agreement that anesthesiologists 
involved in performing TAVR must be part of a “heart team”, who must be confident with anesthesia for 
cardiovascular surgery, with mechanical circulatory support, and with TEE.
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