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Abstract: There is currently significant controversy regarding the best anesthesia management for
patients undergoing transcatheter aortic valve replacement (TAVR). Some institutions primarily use general
anesthesia (GA) but many institutions primarily use moderate sedation. Much of the controversy is due to
the limited evidence base available to inform this decision and the strong feelings and pre-conceived notions
about the optimal anesthesia technique which exist amongst anesthesiologists, cardiologists, and cardiac
surgeons. In this article and in the context of TAVR, we will define the salient differences between GA and
sedation, review the results and limitations of the currently available data, and discuss the priority questions
for future research.
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What is the difference between sedation and
general anesthesia (GA)?

A variety of terminology has been used to refer to sedation
for medical procedures. This includes conscious sedation,
local anesthesia, monitored anesthesia care (MAC),
and procedural sedation and analgesia (1). Now that
the expression of ‘conscious sedation’ is considered as
oxymoron since the association of two terms, conscious
and sedation, is contradictory (2), procedural sedation/
analgesia is the preferred term. Sedation and analgesia
comprises a continuum of states ranging from minimal
sedation through GA (1,3). Procedural moderate sedation
and analgesia is defined as a drug-induced depression of
consciousness during which patients respond purposefully
to verbal commands, either alone or accompanied by light
stimulation (3). No interventions are needed to maintain
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a patent airway if spontaneous breathing is adequate,
unlike GA. Cardiovascular function is usually maintained.
Hereafter, sedation indicates procedural moderate sedation
and analgesia unless otherwise noted.

Sedation is a minimal mode of anesthesia, in which
intubation is not required, which can potentially reduce
respiratory complications in elderly and frail patients [as
is often the case in transcatheter aortic valve replacement
(TAVR) candidates]. On the other hand, transesophageal
echocardiography (TEE) is often impractical with sedated
patients during TAVR. This may conceivably have a
negative impact on outcomes in TAVR since immediate
and potentially life-threatening complications [such as a
significant paravalvular leak (PVL), annulus rupture, and
cardiac tamponade] may fail to be diagnosed when TEE is
not used. In addition, unexpected movements of patients
under sedation at an inopportune time may be a concern
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and potentially catastrophic, particularly during valve
deployment.

Potential advantages of using sedation instead of GA for
TAVR are a shortened procedure time due to avoidance
of intubation and extubation (4-9), less requirements of
vasopressors during the procedure (7), decreased respiratory
complications (9), reduced intensive care unit (ICU) and
hospital lengths of stay (5,6,9,10), and reduced costs (8),
On the contrary, using TEE during TAVR under sedation
may not be as sensitive as TEE and could possibly lead to
an increased incidence of PVL in patients under sedation
(8,11). Also, conversion from sedation to GA may contribute
to increased mortality. These factors need to be taken
into consideration when discussing short- and long-term
morbidity and mortality in TAVR under sedation versus GA.

Literature comparing sedation with GA in TAVR

At the time of writing, there is but one randomized clinical
trial comparing sedation versus GA. This RCT investigated
cumulative cerebral desaturation using near-infrared
spectroscopy during the procedure, and its outcomes were
neurological and respiratory complications in patients
undergoing TAVR, not “harder” clinical outcomes such
as procedural time, hospital length of stay, or procedural
success (12). Several national or European registry-based
observational studies with or without propensity score
analysis (4,6,9,10,13-15), a few meta-analyses (11,16,17),
and small observational studies (15-25) have also been
reported regarding early or intermediate outcomes (7uble I).

Influence of anesthetic technique on short-term
outcomes

Most studies have reported similarly high success rate
of the procedure under sedation or GA, ranging around
from 95% to 99%, with the majority of studies around
97% (9,10,14,16). One study (10) found that sedation was
associated with lower procedural success (98% vs. 99%,
P<0.001), which is clearly not clinically significant (and
would need to verified in other studies even if true).
Although most studies (4-8,11,13-17) demonstrated
similar in-hospital and 30-day mortality rates and major
adverse event rates, two large (16,543 patients and 10,997
patients) observational studies (9,10) reported a significant
reduction of mortality and major adverse complications
including stroke when sedation was used compared to GA.
Husser et al. (9) reported a lower 30-day mortality with
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sedation versus GA (crude sample: 3.5% vs. 4.9%, P<0.001;
after adjustment using matching: 2.8% vs. 4.6%, P<0.001)
in a German registry study of 16,543 patients undergoing
TAVR, in which 49% of patients received sedation.
However, all of the procedural complications like device
malposition, embolization, conversion to sternotomy, and
vascular complications were significantly more frequent in
patients under GA. This suggests a probable chronological
or selection bias in the effect of sedation versus GA, since
when TAVR is first being adopted and clinicians are at an
early phase of the learning curve of TAVR, GA is usually
chosen. Hyman ez 4/. (10) demonstrated that sedation was
associated with a lower in-hospital mortality incidence (1.5%
vs. 2.4%, P<0.001) after inverse probability of exposure-
weighted adjustment, in the STS/ACC transcatheter valve
registry of TAVR. In their study, 1,737 patients (16%) had
sedation for the procedure.

In some studies, reduced ICU length of stay has been
reported with sedation compared to GA in patients
undergoing TAVR (7-10), while in other studies, no
differences in ICU stay was demonstrated (4,14,15). The
duration of ICU stays of patients with either sedation or GA
is significantly different among the studies. Mean ICU stays
in patents with sedation or GA in these studies varies from
0 to 48 hours, and from 15.5 hours to 3.5 days, respectively.
This may simply reflect a significant variety of institutional
protocols for TAVR in the real world, but it ably demonstrates
the significant heterogeneity that exists in this literature.
Likewise, there are several studies which reported reduced
hospital stay with sedation compared to GA (5,6,10,11,16),
whereas no difference was found in other studies (4,14), Mean
hospital stay with sedation is reported as from 2 to 9 days,
and with GA, from 4 to 9 days. Cost-effectiveness analysis of
sedation versus GA in TAVR has seldom been performed.
Babaliaros er 4/. (8) found that a ‘minimalist approach’ of
TAVR in the catheter laboratory under sedation was associated
with a reduced ICU length of stay [minimalist approach 22
(interquartile range, IQR: 2-28 h), n=70 vs. standard approach
28 (IQR: 23-48 h), n=72; P<0.001] and a reduced cost
[minimalist approach $45,485 (standard deviation, SD:
$14,397), n=70 vs. standard approach $55,377 (SD: $22,587),
n=72; P<0.001] compared to TAVR performed in a hybrid
operating room under GA in an observational study of 142
patients.

Increased PVL after TAVR in patients with sedation has
been reported in a meta-analysis (11). On the other hand,
others have found no differences in PVL in patients under
sedation versus GA (8,9,14,15). Oguri et al. (14) showed
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increased PVL of no less than mild with sedation in the
crude sample (19% wvs. 15%, P=0.015) but this effect was
no longer present after controlling for confounding using
propensity score-matching (16% vs. 13%, P=0.19) in the
French registry of 2,326 patients. Making interpretation
more difficult is the fact that the definition of PVL or
criteria for picking up patients with PVL are significantly
different among the studies. For example, no less than mild
PVL was used by Oguri ez 4/., but more than mild was used
by Husser ez al. (9,14).

Red blood cell transfusion incidence in TAVR has been
investigated in several small observational studies and
one large observational study using a European registry
(13,18-24). In one meta-analysis of these studies, a lower
rate of red blood cell transfusion was reported (risk ratio
0.69, 95% CI: 0.49 to 0.96) (17). Catecholamine treatment
during the procedure was similarly examined in small
studies (19,20,22,23,25), and found to be lower in patients
with sedation than GA in a meta-analysis (risk ratio 0.47,
95% CI: 0.32 to 0.70) (17). In all the studies where the
procedural time was studied, a shorter procedural time
has been constantly reported in patients with sedation
(4-9,11,16). In the largest observational study, the
procedural time of TAVR under sedation was significantly
shorter than GA (67 vs. 77 min, P<0.001), although the
clinical significance of this finding is unclear (9).

The conversion rate from sedation to GA for any reason
is reported to be from 5% to 6% in a small number of large
observational studies and meta-analyses (4,10,16,17). In
almost all the studies, the conversion rate was not reported
and thus it is unclear how converted cases were dealt with
in the analysis in the studies. In a prospective RCT in 62
patients under sedation versus GA, Mayr ez 4/. found that
adverse events, including bradypnea and the need for airway
maneuvers, were more frequent in patients undergoing
TAVR under sedation. However, their primary outcome
of cerebral desaturation was not different between the
groups (12). Furthermore, their conversion rate of 19%
from sedation to GA was extremely high, which could
indicate that their protocol of sedation might not have been
adequate.

Opverall, observational studies have demonstrated that
sedation is associated with similar short-term morality but
with potentially shorter ICU and hospital stays compared
to GA. Sedation may be associated with increased PVL, a
decreased need for vasopressor support, and reduced blood
transfusions.
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Influence of anesthetic technique on
intermediate- and long-term outcomes

There are four large observational studies in which
intermediate-term outcomes of 1- or 2-year mortality
was studied (4,8,9,13,14). All of the studies reported
no differences in intermediate-term mortality between
sedation and GA. Husser et a/. (9) reported no difference
of 1-year mortality (sedation 14% vs. GA 16%, P=0.13) in
a propensity score-matched population of 5,248 patients.
Brecker et al. also found no difference of 2-year mortality
and stroke rate (2-year adjusted mortality: sedation 25% vs.
GA 24%, P=0.78; 2-year stroke rate: 5% vs. 7%, P=0.57) in
a propensity score-matched analysis of 490 patients (4).

Limitations of the studies and future direction of
the research

The fact that there are significant methodological
limitations in all of the research investigating anesthetic
techniques for TAVR is the most important message of
this review. First, selection bias due to the lack of clear
criteria for choosing sedation or GA likely exists in all of
the studies. Patients undergoing TAVR are often frail with
significant comorbidities. Thus, GA can often be arbitrarily
selected for patients with an increased frailty or difficult
procedural anatomy. These factors may plausibly affect
many adverse outcomes if they are imbalanced between the
sedation and GA groups in clinical studies. For example,
vascular complications and bleeding during TAVR were
more common in patients with GA in the matched sample
in the largest observation study (9). Although methods
for controlling confounding, such as propensity score
matching, will adjust for known and measured confounders,
every observational study will have a problem with residual
confounding (and the inability to control for unknown or
unmeasured prognostic factors influencing outcomes).
Second, chronological bias must be taken into
consideration. GA is usually chosen for TAVR at the first
stage of learning the procedure because it is safer when
unexpected complications happen and it permits long
procedural times without patient discomfort. In the study
using French Registry study, sedation for TAVR increased
from 14% in January 2010 to 59% in October 2011 in the
studied period (14). This means that more experienced
institutions use sedation instead of GA, which may create
the apparition that sedation itself leads to better outcomes.
Indeed, in the previously described German registry, the
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most experienced centers used sedation in 64% of the cases,
while the least experienced institutions used sedation in
only 38% of the cases (9). Furthermore, the changes of
TAVR devices can affect this temporal bias of the studies
of sedation versus GA. Newer-generation TAVR devices
are emerging with smaller delivery systems and improved
designs to reduce PVL, and they have been reported to
have better outcomes (26). Again, if the newer-generation
devices are used more under sedation, there may appear
to be better outcomes with sedation. Unfortunately, the
generation of the TAVR devices have rarely been described
or controlled for in the studies, whereas the decreased use
of GA over years has been constantly shown (6,9,10,14).

Third, the conversion rate from sedation to GA was
rarely recorded in the large-scale registries, and it is
unclear how the converted cases were dealt with in most
of the studies. Conversion can occur when encountering
difficult vascular access, bleeding, or significant procedural
complications. Consequently, patients converted to GA
can have an increased ICU or hospital length of stay. As
mentioned before, since conversion rate was reported not
to be rare, around 6%, these cases should be correctly
documented and dealt with based on an intention-to-treat
analysis, not necessarily censored at the time of conversion.

Fourth, the preoperative planning of TAVR, especially
sizing of the transcatheter valve, should be the same
between sedation versus GA. Currently, computed
tomography (CT) measurements of the aortic valve anulus
are considered to be the gold standard (27). However,
originally TEE was used for the valve sizing. Since TEE
measurement of the annulus has proven to be smaller than
CT on average (28), if the CT was not used for selecting
the size of the valve, it may lead to a higher incidence of
PVL as well as a lower incidence of complete AV block and
new pacemaker implantation. In a meta-analysis, a lower
incidence of pacemaker implantation was found in patients
undergoing TAVR under GA (17). How could GA itself
prevent postoperative pacemaker implantation in TAVR?
This finding may be direct evidence of significant residual
confounding in these small observational studies.

Fifth, the choice of drugs used for sedation and depth
of sedation has rarely been described in the observational
studies. This is a limitation with many retrospective
observational studies. Since the choice of drugs for sedation
in TAVR can affect the respiratory state and the need for
vasopressor support (29), at least the primary drugs (and
dosages) used for sedation should be noted in studies
comparing sedation with GA.
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Finally, the protocols of fast-track pathways for both
sedation and GA patients should be fairly and equally
established. If a hospital has an institutional protocol
that mandates that patients with GA need to stay a night
in ICU just because they were tracheally intubated, and
that patients with sedation may bypass the ICU because
they were not intubated, it will necessarily demonstrate
a prolonged ICU and hospital length of stay in patients
undergoing TAVR under GA. Unfortunately, because of
the retrospective nature of the observational studies, not
all of the studies are clear regarding their exact protocol of
postoperative management.

Sedation has been increasingly used in TAVR over time
in Europe (ranging from 50% to 75% in the literature) and
in North America (6,10,13,14). The increase is especially
apparent in high volume centers (9). This trend seems
destined to continue since the current best evidence
suggests that sedation is not inferior to GA, and sedation
is associated with shorter ICU and hospital length of stay.
However, the best available evidence is almost exclusively
derived from observational studies with the significant
limitations mentioned above. Currently, no consensus
exists regarding the selection criteria for sedation in TAVR
and each institution has their own protocols. High-risk
patients due to cardiac compromise or anatomical reasons
including vascular access, predicted difficult airway, severe
pulmonary hypertension, or CPAP therapy for obstructive
sleep apnea may potentially be excluded from the candidates
for sedation in TAVR (12). Given the expected increase
in the number of TAVR procedures being performed
due to expanded indications and device funding, further
studies, the only way to truly know if there is an important
difference between sedation and GA for TAVR is to
perform high quality RCTs. Due to the limitations of the
currently available evidence, it is still worthwhile to conduct
RCTs addressing this question, so that we ensure we are
providing the best quality care to our patients. Ultimately,
the goal is to identify the patients who are likely to benefit
from the differential selection of sedation or GA in TAVR.
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