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Abstract: Transfemoral transcatheter aortic valve implantation (TAVI) is nowadays a routine therapy for
elderly patients with severe aortic stenosis (AS) and high perioperative risk. With growing experience, further
development of the devices, and the expansion to “intermediate-risk” patients, there is increasing interest in
performing this procedure under conscious sedation (TAVI-S) rather than the previously favoured approach
of general anesthesia (TAVI-GA). The proposed benefits of TAVI-S include; reduced procedure time, shorter
intensive care unit (ICU) length of stay, reduced need for intraprocedural vasopressor support, and the
potential to perform the procedure without the direct presence of an anesthetist for cost-saving reasons. To
date, no randomized trial data exists. We reviewed 13 non-randomized studies/registries reporting data from
6,718 patients undergoing TAVI (3,227 performed under sedation). Patient selection, study methods, and
endpoints have differed considerably between published studies. Reported rates of in-hospital and longer-
term mortality are similar for both groups. Up to 17% of patients undergoing TAVI-S require conversion to
general anesthesia during the procedure, primarily due to vascular complications, and urgent intubation is
frequently associated with hemodynamic instability. Procedure related factors, including hypotension, may
compound preexisting age-specific renal impairment and enhance the risk of acute kidney injury. Hypotonia
of the hypopharyngeal muscles in elderly patients, intraprocedural hypercarbia, and certain anesthetic
drugs, may increase the aspiration risk in sedated patients. General anesthesia and conscious sedation have
both been used successfully to treat patients with severe AS undergoing TAVI with similar reported short
and long-term mortality outcomes. The authors believe that the significant incidence of complications
and unplanned conversion to general anesthesia during TAVI-S mandates the start-to-finish presence of
an experienced cardiac anesthetist in order to optimize patient outcomes. Good quality randomized data is

needed to determine the optimal anesthetic regimen for patients undergoing TAVI.
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Background

Aortic valve stenosis is the most common valvular disease in
elderly patients and a major cause of mortality and morbidity.
At the beginning of 2014 more than 507 million inhabitants
were living in 28 countries of the European Union. Of
these, 8.7% were older than 75 years old (1). Untreated
symptomatic severe aortic stenosis is associated with up to
50% mortality at 2 years (2) and its prevalence is reported
to be between 1-7% in persons older than 75 years (3,4).
Approximately 1,000,000 patients with clinical severe aortic
stenosis are estimated to live currently in 19 European
countries and a further 540,000 in the United States (3,5).
While younger patients are more likely to undergo surgical
aortic valve replacement (SAVR), patients of higher age and
concomitant comorbidities are at high risk for SAVR (6).

Since the initial CE approval in 2007 transcatheter
aortic valve implantation (TAVI) has become an established
therapy for this patient-group. To date more than 100,000
TAVI procedures have been performed worldwide with a
focus on Europe and especially Germany (5).

Growing experience, further development of the
devices, expansion of the indication to “intermediate-risk”
patients, and economic considerations (7,8) have led to an
increasing interest and discussion about performing TAVI
under sedation (TAVI-S) as opposed to TAVI under general
anesthesia (TAVI-GA).

Trial data

Between 2008 and 2014, 13 non-randomised trials have
reported data on a total of 6,718 patients of whom 3,227
underwent TAVI-S (Table 1). These studies will be addressed
in chronologic order.

In 2008, Behan (9) er al., being among the first to
address this topic, reported a small case series. After three
initial TAVI-GA patients (of whom one died during the
procedure), nine further TAVI-S patients were described. In
favour of TAVI-S, Behan proposed a shortened procedure
time and hospital stay. Furthermore, fewer complications
and the avoidance of transferring the patient intubated to
intensive care unit (ICU) were discussed.

In a similar period [2008], Ree ez 4l. (10) described their
experience with TAVI-S. After an initial four TAVI-S
patients who required unplanned vascular surgery, their
institutional policy subsequently favoured TAVI-GA (10).

Vavuranakis et a/. (11) reported in 2010 successful valve
implantation in 30 TAVI-S patients. The author proposed
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the feasibility of TAVI-S in two centers based on the
absence of severe complications.

Covello [2010] (12) described a total of 69 patients
(27 TAVI-GA, 42 TAVI-S) undergoing transfemoral or
subclavian TAVI. TAVI-GA was primarily used during
the initial learning phase and later in selected challenging
patients with heart failure, obesity or restlessness. The
authors did not present an analytic differentiation between
transfemoral and subclavian access. A mean ventilation
time of 8.5 hours was reported for TAVI-GA. Three
TAVI-S patients (7%) required conversion to general
anesthetic. Independently, vascular access complications and
periprocedural bleeding were named as the most common
adverse events. The authors concluded that TAVI-S and
TAVI-GA were both suitable treatment strategies.

Bergmann (13) reported their experience, in 2011, with
both anesthesia techniques in 151 patients. Patients were
selected for TAVI-GA during the initial learning phase and
later on in the presence of special comorbidities (pulmonary
disease, cardiogenic shock) or the need for periprocedural
transesophageal echocardiography (TEE). Vascular
complications were given as the most common reason for
conversion to TAVI-GA (17%). ICU length of stay, 30 days
and 1 year mortality were described as comparable between
both groups. According to the author, TAVI-S seemed to be
feasible in the presence of an experienced anesthesiologist.

After an initial experience of 33 TAVI-GA patients,
Motloch [2011] (14) compared these patients to 41
subsequent TAVI-S patients. An anesthesiologist was not
present during TAVI-S. The interventionalist was solely
responsible for dosage adjustment of anesthetics, analgesics
and adrenergic support. Despite a significantly higher
peak central aortic blood pressure reported in the TAVI-S
group, 14% of these patients were in need of periprocedural
adrenergic support. Reduced labor costs were further
reported as a benefit of TAVI-S.

In 2011, Dehédin (15) compared 34 TAVI-S patients
to initial 91 TAVI-GA patients. Procedure time, use of
catecholamines, and volume expansion were described
to be significantly lower in TAVI-S. According to the
authors, general anesthesia was considered to be the
main trigger for periprocedural hemodynamic instability.
However, almost one in four TAVI-S patients was in need
of catecholaminergic therapy. Hemodynamic monitoring
was simplified in the TAVI-S group: the interventionalist
initiated invasive blood pressure monitoring early during
the procedure, after administration of sedative agents. A
lower periprocedural volume expansion was demonstrated
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in TAVI-S by presenting stable creatinine values.
Periprocedural complications were reported to be equal.
According to the authors, a simplified monitoring, shorter
procedure time and less hemodynamic instability were
benefits of TAVI-S.

With 151 patients in sedation only, Durand (16) used
a different approach in 2012. Again, the interventionalist
was responsible for the surveillance of the patient and the
conduction of sedation. An anesthesiologist was described
to be “on call” only. Conversion to surgical therapy was
needed in five cases (3%). Seven patients (5.5%) were in
need of periprocedural vasopressor therapy. Hemodynamic
stability, less need of vasopressor/inotropic therapy,
fewer vascular access site complications and also shorter
procedural duration were argued as benefit. Combined
safety at 30-day was compared to existing literature in order
to demonstrate the feasibility.

In 2013, Yamamoto (17) investigated 174 patients (44
TAVI-GA, 130 TAVI-S) undergoing transfemoral TAVI.
Again TAVI-GA was used during the initial learning
period. A sedation failure was reported in six patients
(5%). Similar procedural outcome in procedural success,
30-day mortality, and 30-day combined safety was used to
compare both procedures. Furthermore, earlier recovery,
shorter procedure time, ICU and hospital stay were given as
evidence of the feasibility and benefits of sedation.

Ninety-two patients undergoing transfemoral TAVI were
analyzed in 2013 by Ben-Dor (18). Twenty-two of these
were TAVI-GA in the initial learning period, followed by 70
TAVI-S patients. Hemodynamic monitoring was described
to be equal in both groups. A conversion to TAVI-GA was
needed in eight patients (11%). Hemodynamic compromise
and respiratory failure were the most common non-
procedure related cause for sedation failure. Surgical cut-
down and procedural complications were more common
in TAVI-GA patients. Considering these limitations, the
authors proposed a shorter procedure time and ICU stay as
benefits of sedation.

In 2014, Balanika (20) compared 57 TAVI-GA to 41
TAVI-S patients undergoing transfemoral or transaxillary
TAVI. TAVI-GA patients were extubated either in the
CathLab or on ICU, while all sedated patients were allowed
to gain full consciousness in the CathLab. Mean time to
extubation after the end of the procedure was 224 (+370)
minutes. While the duration of the procedure was described
to be comparable, significantly longer anesthesia duration
was reported for the TAVI-GA group. No TAVI-S patients
required conversion to TAVI-GA. Vasopressor therapy
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was needed in 18 (32%) TAVI-GA and 11 (26%) TAVI-S
patients.

Seventy-two TAVI-GA procedures in a Hybrid-OR
were compared to 70 TAVI-S patients in a CathLab by
Babaliaros (19) in 2014. TAVI-GA patients received full
hemodynamic monitoring (including pulmonary artery
catheter), and were transferred to ICU for extubation. In
contrast TAVI-S received a minimalistic approach without
extended hemodynamic monitoring. Patients’ sedation
was solely under the responsibility of the interventionalist.
One of these patients needed to be converted to TAVI-GA.
Procedure time, room time, and length of ICU stay
were described as statistically significantly lower in the
TAVI-S group. Stroke, bleeding complications, and new
pacemaker implantation were reported as comparable. The
authors pointed out especially the cost effectiveness of this
minimalistic approach.

2014 data from the FRANCE 2 TAVI registry were
analyzed by Oguri (21) to compare clinical outcome and
safety. A total of 1,377 TAVI-GA patients were compared
with 949 in the TAVI-S group. TAVI-S was defined as
local anesthesia (LA) only or LA in addition to sedation.
Conversion rate was not specified and reported as “some
cases”. Procedural success, 30-day mortality, and the
incidence of VARC defined complications were described as
equal.

Greif (7) reported 461 patients of a German TAVI-S
only program in 2014. As patient surveillance by an
anesthesiologist was not considered to be necessary, the
interventionalist was also responsible for the conduction
of sedation. Life threatening hemorrhage occurred in 22
patients and major vascular complications were reported in
20 patients. Four patients died in the CathLab and a total
of 21 patients had to be transported to the OR. The author
justified their periprocedural strategy by comparing their
data to those published by various authors.

Dall’Ara et al. (22) recently (2014) analyzed data from
ten European countries contributing to the European
Society of Cardiologist’s Transcatheter Valve Treatment
(TCVT) Registry. The authors compared 1,712 TAVI-GA
with 1,095 TAVI-S patients undergoing transfemoral
TAVI. Baseline data revealed a higher Log-EuroSCORE,
and more NYHA III-IV TAVI-S patients. Procedure
and fluoroscopy time (mean: 23 vs. 34 min) were longer
in TAVI-GA. TEE was rarely used in TAVI-S. A higher
immediate procedural success rate and a lower rate of
peri-procedural complications, such as requirement for
permanent pacemaker implantation and cardiac tamponade,
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were shown in TAVI-GA. In contrast, TAVI-S patients
had a shorter in-hospital time. Acute kidney injury (AKI)
was more often diagnosed in TAVI-S, although a higher
proportion of TAVI-GA patients received renal replacement
therapy. In-hospital mortality was not independently
associated with the type of anesthesia. One-year survival
was also shown to be equal.

Discussion

Evidence guiding the decision of whether to perform
TAVI under GA or conscious sedation is limited to non-
randomized trials and registry data. Furthermore, the
heterogeneous nature of these studies is an additional
impediment to drawing any firm conclusions. Current
evidence is limited by probable patient selection bias,
methodological variability between studies and a lack of
agreement regarding appropriate clinical end-points.

Despite the expansion towards “intermediate” or even
“low-risk” patients, TAVI remains a procedure performed
predominantly in aged patients with a high rate of
comorbidities. Registries have reported a mean age of 81
years for these patients and, hence, pathophysiological
changes in the elderly patient require careful consideration
during procedures with the potential for serious
hemodynamic disturbance, regardless of the mode of
anesthetic utilized.

Sedation and general anesthesia

Sedation describes a state of reduced consciousness
progressing via mild, moderate and deep sedation, to general
anesthesia. The American Society of Anaesthesiologists
(ASA) has published definitions of the different levels
of sedation (23) and guidelines for the administration of
sedation by non-anesthesiologists (24). Procedural sedation-
related adverse events and hypoxia occur in up to 21% (25)
of cases. Physicians without formal anesthetic training
commonly perform conscious sedation during invasive
procedures for relief of pain and anxiety symptoms. The
guidelines stress the importance of appropriate patient
selection, adequate monitoring during the procedure,
suitable physician training for the level of sedation utilized
and availability of medical staff with advanced life support
and intubation skills. Furthermore, specialist anesthetic
consultation is recommended for patients with risk factors
for complications during sedation, including; advanced age,
obesity, and patients with significant comorbidities.

© Journal of Thoracic Disease. All rights reserved.
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As described above, the majority of TAVI patients have
risk factors for complications during procedural sedation.

Hypotonia of the hypopharyngeal muscles (26) and an
increased incidence of obstructive sleep apnea has been
described in in up to 75% of elderly patients (27). All
sedatives and opioid analgesics affect respiration to a certain
degree and may also further reduce pharyngeal muscle tonus.
Mild hypercapnia, induced by anesthesia, has shown to
impair the coordination between swallowing and respiration
and may therefore elevate the risk of aspiration (28).
Furthermore, concentrations of remifentanil, as commonly
used for monitored anesthesia care, have been associated with
an increased risk of aspiration (29).

Literature describes an incidence of pulmonary-arterial
hypertension (PAH) of up to 50% in TAVI patients (30).
Sedation-related respiratory depression, hypercarbia, and
acidosis may increase PAH and lead to right ventricular
failure (31) potentially reducing the benefit of TAVI-S for
such patients.

Periprocedural vasopressor therapy was consistently
lower in the TAVI-S patients in these trials. Preexisting
hypovolemia in combination with the vasodilatory effect
of anesthetic agents may lead to hypotension in patients
undergoing GA and thus explain the increased requirement
for vasopressor therapy in this group. Nevertheless,
vasopressors were used in up to 26% of TAVI-S (20).
Preexisting hypovolemia or periprocedural bleeding may
be causative, but as these data are not given, this remains
speculative.

Complications occurring during TAVI-S may result
in a need for unplanned intubation. The requirement for
conversion to GA has been shown to be as high as 17% (13).
Vascular complications requiring surgical intervention
were given as the most common indication. Emergency or
urgent induction of general anesthesia is often accompanied
by hypotension. Green et al. revealed postintubation
hemodynamic instability to occur in 11-44% of emergency
in-hospital intubations (32). Chronic pulmonary obstructive
disease, increased age and pre-intubation hemodynamic
instability were associated with postintubation
hemodynamic instability (32,33). As these three factors may
frequently coexist in urgent TAVI conversion, the risk of
hemodynamic instability in such patients is expected to be
high. Consequently the presence of an experienced cardiac
anesthesiologist would seem to be a necessity.

Time saving is frequently proposed as an advantage of a
TAVI-S strategy, however, where the relevant information is
provided in these studies, marked variability and complexity
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exists in the choice of hemodynamic monitoring utilized.
As a result, time-consuming complex monitoring may limit
the utility of procedure duration, or CathLab time, as a
valid endpoint. Furthermore, the learning curve inherent to
operators performing TAVI and the utilization of an arterial
cut-down technique are likely to bias time end-point
measurements in favour of TAVI-S. Procedure time was
often not defined. As TAVI-GA patients were sometimes
partially extubated in the ICU, time and place to gain full
consciousness were different to TAVI-S patients. Therefore,
the ICU time and the time to mobilize the patient
inevitably had to be longer. If the patient is extubated on
the table, the time to mobilization should normally depend
on the process of the operation and sufficient postoperative
analgesia (34). From the authors’ point of view, in TAVI
patients undergoing femoral arterial access, effective and
efficient vessel closure is probably the most important factor
determining time to mobilization.

Postprocedural outcomes such as 30-day mortality
(14,21), permanent pacemaker implantation (17,21),
fluoroscopy time (19), and AKI (35) have also been used to
compare TAVI-GA and TAVI-S. These endpoints reflect
an overall procedural outcome. Within the first 48 hours
after implantation cardiac causes are the predominant
determinant of mortality. After day 15 non-cardiac causes,
including sepsis, cancer and stroke appear to determine
mortality (36).

With an incidence of 2-51%, permanent pacemaker
implantation is common after TAVI. Device design, radial
force exerted on the left ventricular outflow tract, and
implantation technique may influence the requirement
for subsequent permanent pacing. Preexisting conduction
disturbances and periprocedural atrioventricular block have
also been identified as risk factors (37).

The incidence of AKI is associated with decreased short-
and long-term outcome after TAVI. AKI is reported in up to
28% of cases and is considered to be multifactorial (38,39).
Inadequate kidney perfusion caused by hypotension during
rapid ventricular pacing, debris and thromboembolism to
the kidneys and contrast agent were argued as procedural
causes. Although still under discussion, impaired
preoperative renal function and dehydration has been shown
to be associated with post-contrast AKI (40). Renal function
is impaired in higher age. A decrease of renal blood flow,
less cortical mass and sclerosis/remodeling of the glomeruli
to nonfunctional tissue is additive to inadequate electrolyte
and water intake. In conjunction with chronic diuretic
therapy and preoperative fasting time, geriatric patients
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arrive at the operation room (OR) in a state of relative
hypovolemia. Elhmidi recently described the incidence of
AKIT after TAVI between 8 and 57% (41). Blood transfusion,
access route (transapical), preoperative creatinine clearance,
hypertension, and perioperative bleeding were identified as
risk factors (42). Unexpectedly the amount of contrast agent
used was not associated with the incidence of AKI in this
analysis. Nevertheless, only a small number of the described
studies reported the amount of contrast used during the
procedure (7,13,17,19). Hypotension may occur during the
induction of general anesthesia. To date there is no evidence
that general anesthesia itself is a risk factor for AKI. A
recent analysis of 13,026 patients undergoing endovascular
abdominal aortic aneurysm repair revealed that general
anesthesia was not an independent risk factor for AKI (43).

Therefore, we consider standard endpoints such as the
30-day mortality rate, permanent pacemaker requirement,
and AKI to be less useful for determining the appropriate
anesthesiologic strategy in TAVI patients. Data about
anesthesia-related peri- or very early postprocedural
mortality and morbidity are not available.

When it comes to limited financial resources, the cost-
effectiveness of medical procedures becomes increasingly
important. Some authors have proposed TAVI-S as a
more cost effective means of performing the procedure by
avoiding the routine presence of an anesthetic team and
thus reducing labor costs (7,14,16,19,42). This argument
may be particularly appealing to physicians working in a
fee-for-service setting (5). There is inadequate data available
to determine whether performing TAVI-S, without
start-to-finish anesthetic support, may be detrimental to
patient care, however, current US (44), Australian (45),
European (46), French (47) and German (48) TAVI-
guidelines strongly recommend a “Heart Team” approach
to patient care, with inclusion of a cardiac anesthesiologist.
Performing TAVI procedures without an anesthesiologist
in order to save time or money is not standard compliant
and this fact should be taken into account when waiving the
anesthesiologist for financial reasons.

Conclusions

General anesthesia and conscious sedation have both been
used successfully to treat patients with severe aortic stenosis
undergoing TAVI with similar reported short and long-term
mortality outcomes. However, the anesthetic regimen itself
remains just one part of a complex procedure for complex
patients and a paucity of randomized data to guide practice
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has resulted in wide variation in the management of patients
undergoing TAVI. Experienced high-volume TAVI centers
continue to report very positive outcomes for patients
treated with both sedation and general anesthesia. In the
authors’ opinion, the significant incidence of complications
and unplanned conversion to general anesthesia during
TAVI-S mandates the start-to-finish presence of an
experienced cardiac anesthetist in order to optimize patient
outcomes. The decision to perform TAVI under conscious
sedation or general anesthesia may ultimately be dictated by
the experience of the Heart Team and local hospital policy,
until good quality randomized data exists to inform practice.
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