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Transcatheter Aortic Valve Replacement in Europe:
Results of an Online Survey
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Objectives: Transcatheter aortic valve replacement (TAVR) has become an alternative treatment for patients with symptomatic aortic stenosis
not eligible for surgical valve replacement due to a high periprocedural risk or comorbidities. However, there are several areas of debate concern-
ing the pre-, intra- and post-procedural management. The standards and management for these topics may vary widely among different institu-
tions and countries in Europe.

Design: Structured web-based, anonymized, voluntary survey.

Setting: Distribution of the survey via email among members of the European Association of Cardiothoracic Anaesthesiology working in Euro-
pean centers performing TAVR between September and December 2018.

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

'Address reprint requests to Prof. Dr. med. Sascha Treskatsch, Department of Anesthesiology and Intensive Care Medicine, Campus Benjamin Franklin, Charité
— Universitatsmedizin Berlin, Corporate Member of Freie Universitat Berlin, Humboldt-Universitat zu Berlin, and Berlin Institute of Health, Hindenburgdamm
30, 12203 Berlin, Germany.
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Participants: Physicians.

Measurements and Main Results: The survey consisted of 25 questions, including inquiries regarding number of TAVR procedures, technical
aspects of TAVR, medical specialities present, preoperative evaluation of TAVR candidates, anesthesia regimen, as well as postoperative man-
agement. Seventy members participated in the survey. Reporting members mostly performed 151-to-300 TAVR procedures per year. In 90% of
the responses, a cardiologist, cardiac surgeon, cardiothoracic anesthesiologist, and perfusionist always were available. Sixty-six percent of the
members had a national curriculum for cardiothoracic anesthesia. Among 60% of responders, the decision for TAVR was made preoperatively
by an interdisciplinary heart team with a cardiothoracic anesthesiologist, yet in 5 countries an anesthesiologist was not part of the decision-mak-
ing. General anesthesia was employed in 40% of the responses, monitored anesthesia care in 44%, local anesthesia in 23%, and in 49% all techni-
ques were offered to the patients. In cases of general anesthesia, endotracheal intubation almost always was performed (91%). It was stated that
norepinephrine was the vasopressor of choice (63% of centers). Transesophageal echocardiography guiding, whether performed by an anesthesi-
ologist or cardiologist, was used only <30%. Postprocedurally, patients were transferred to an intensive care unit by 51.43% of the respondents
with a reported nurse-to-patient ratio of 1:2 or 1:3, to a post-anesthesia care unit by 27.14%, to a postoperative recovery room by 11.43%, and to
a peripheral ward by 10%.

Conclusion: The results indicated that requirements and quality indicators (eg, periprocedural anesthetic management, involvement of the anes-
thesiologist in the heart team, etc) for TAVR procedures as published within the European guideline are largely, yet still not fully implemented

in daily routine. In addition, anesthetic TAVR management also is performed heterogeneously throughout Europe.

© 2020 Elsevier Inc. All rights reserved.

Key Words: TAVR; management; periprocedural; anesthesia; echocardiography

THROUGHOUT EUROPE and North America, primary
aortic valve stenosis (AS) is the most common cardiac valve
pathology, with an average mean survival time of 2 years in
cases of symptomatic severe AS." Until 2002, surgical aortic
valve replacement (SAVR) was the only definite treatment for
AS. Since 2002, the minimally invasive transcatheter aortic
valve replacement (TAVR) technique has become an alterna-
tive treatment for symptomatic patients with severe AS not eli-
gible for SAVR due to a high periprocedural risk or relevant
comorbidities.”™

Although clinical outcomes have improved over the past
years, intra- and postoperative anesthetic TAVR manage-
ment is still subject to research.””® One such area applies to
whether general anesthesia (GA) or monitored anesthesia
care (MAC) should be employed during TAVR. Although
these 2 methods currently account for nearly half of all
types of anesthesia used globally during TAVR proce-
dures,”> MAC increasingly has been used throughout
Europe and North America.”'” In contrast to existing
guidelines regarding the indications for a TAVR, there are
no guidelines for the performance of anesthesia, whether
MAC or GA, in these patients.‘)

Another area of debate concerns pre- and postprocedural
management. In this context, a “heart team,” consisting of
a cardiologist, cardiac surgeon, as well as a cardiac anes-
thesiologist, has to indicate whether SAVR or TAVR
would be the best method for any given patient. Such a
heart team has to be involved in the decision-making
according to European and national guidelines and legisla-
tion.":!* However, it is unclear if such heart teams are
widespread across Europe. This includes whether an anes-
thesiologist is a member of a dedicated heart team in the
indication and decision process, as well as periprocedural
management during and after TAVR. The standards and
management for these topics may vary widely among dif-
ferent institutions and countries.’

Thus, this survey was performed in order to assess the cur-
rent state of perioperative anesthetic care of TAVR patients in
Europe.

Methods

A structured, web-based, anonymized, voluntary survey was
distributed by email among members of the European Associa-
tion of Cardiothoracic Anaesthesiology (EACTA) working in
European heart centers performing TAVR between September
and December of 2018, which was accessible for a 4-week
time frame. Multiple answers were possible.

The survey was designed by members of the subcommit-
tee “Echocardiography” of EACTA by means of a Delphi
method. The survey consisted of 25 questions. Questions 1
to 3 requested information concerning geographical infor-
mation, such as country of origin and type of hospital, as
well as the number of TAVR procedures performed per
year at their respective institutions. Questions 4 to 6
assessed the TAVR route of approach (ie, transfemoral,
transapical, etc), age, and EuroScore II of the patients
undergoing TAVR procedures.

Questions 7 to 9 inquired about the medical specialities
present at each facility, if the decision for TAVR was made
preoperatively by an interdisciplinary heart team involving an
anesthesiologist, and if a national curriculum existed for car-
diothoracic anesthesia. Questions 10 and 11 examined the pre-
operative TAVR evaluation of the patients cardiovascular
system, as well as anatomy of the aortic valve/root and vessels.
Questions 12 to 19 dealt with the intraoperative anesthesia reg-
imen (ie, type of anesthesia, method of securing the airway,
pharmacology regimen, vasoactive medications, as well as
monitoring devices used). The postoperative care was exam-
ined in Questions 20 to 22, whereas question 23 examined
postoperative complication management. Questions 24 and 25
dealt with anticoagulation therapy intra- and postoperatively.
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The complete questionnaire form can be found in the supple-
mentary material.

For statistical analysis, Excel 2016 (Microsoft Corporation,
Redmond, WA) and SPSS version 22 (IBM, Armonk, NY)
were used. Figures were created using Prism 5.0 (GraphPad
Software, San Diego, CA) and Excel 2016. Results are given
as absolute numbers and percentages.

Results

A link to the survey by email was sent out to 353 society mem-
bers working at TAVR centers within Europe. Seventy of them
participated in this voluntary survey, resulting in a response rate
of 20%. Of the 70 participants in total, 13 (19%) only partially
answered the questionnaire. Figure 1 shows the distribution of
countries that responded. Most responders worked at university
hospitals (67%), 29% at maximum supply non-university hospi-
tals, which provide tertiary care, but are not an academic teaching
hospital, and 4% at hospitals of standard care, which provide sec-
ondary care. Reporting participants mostly performed 151-300
TAVR procedures per year. However, also 10% of the responders
stated that fewer than 25 TAVRs annually are implanted in their
center (Fig 2). The transfemoral approach was the most often
used route of access (Fig 3).

Patient Characteristics

Figures 4 and 5 show the mean estimated age and EuroScore
IT of the patients, respectively. The vast majority of patients
being treated with TAVR was between 75 and 85 years old
and had a mean EuroScore II between 10% and 20%. No

20+
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124
10+

8+

Frequency (%)
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1739

patients younger than 60 years or older than 90 years under-
went a TAVR according to the participants of the survey.

Qualifications and Medical Specialties Present

In more than 90%, according to the participating members, a
cardiologist, cardiac surgeon, cardiothoracic anesthesiologist,
and perfusionist always were available. Sixty-six percent of
the responders had a national curriculum for cardiothoracic
anesthesia. Among 60% of the members answering the survey,
the decision for TAVR was made preoperatively by an inter-
disciplinary heart team including a cardiothoracic anesthesiol-
ogist. Five of the European countries surveyed (Portugal,
Belgium, Poland, Finland, and Lithuania) did not answer this
question in the affirmative.

Preoperative Evaluation of TAVR Patients

The frequency of routinely performed preoperative diagnos-
tic examinations in the TAVR evaluation is displayed in
Figure 6. In most cases, electrocardiograms (ECG), chest X-
rays, transthoracic echocardiographies, computed tomogra-
phies (CT), as well as coronary angiographies, were performed
before TAVR. Candidates for TAVR underwent a preoperative
CT, with a three-dimensional evaluation and analysis of the
aortic valve/root and vessels, by 77% of the respondents.

Intraoperative Anesthetic Management

Ninety-one percent of anesthesiologists were present over
the whole TAVR procedure. There was some variation seen

n=70

Country

Fig 1. Distribution of countries that responded to the survey.
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Fig 2. Distribution of the number of TAVR procedures per center per year. TAVR, transcatheter aortic valve replacement.

when broken down by country. Two (out of 4) members work-
ing in Poland and 4 (out of 8) members working in Swiss cen-
ters stated that an anesthesiologist was present. An
anesthesiologist was present for TAVR in almost 70% of all
responses from the Netherlands, France, and in the United
Kingdom. In all other countries, anesthesiologists were present
for 100% of all TAVR procedures performed. GA and MAC
were employed in 40% and 44%, respectively. In 48.6% all
techniques of anesthesia were offered to the patients and in
23% local anesthesia. If GA was applied, an endotracheal tube
or supraglottic device was used in 91% and 9%, respectively.
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40-

Drugs used for induction and maintenance of GA, as well as
(analgo-)sedation, are shown in Figures 7 and 8, respectively.
Propofol, volatile agents, and remifentanil mostly were used
for GA. Interestingly, propofol and remifentanil also were the
most frequently used agents for (analgo-)sedation. Dexmede-
tomidine was estimated to be used in 30% of MAC.

The following monitoring devices were used intraprocedur-
ally: noninvasive arterial pressure (31%), invasive arterial
pressure (91%), capnography (83%), pulse oximetry (97%),
near-infrared spectroscopy (13%), processed electroencepha-
logram (14%), 3-lead ECG (16%), 5-lead ECG (81%), cardiac

Frequency (%)
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10+
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Transfemoral Transapical

L] L
Transaortic  Trans-subclavian

L
others
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Fig 3. Distribution of access chosen for TAVR.
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Fig 4. Distribution of the mean age of patients undergoing TAVR.

output monitoring (4%), and central venous pressure (61%).
Transesophageal echocardiography (TEE), whether performed
by an anesthesiologist or cardiologist, only was used <30%.

Norepinephrine was the first-line vasopressor in 63%,
whereas phenylephrine (20%), metaraminol (11%), ephedrine
(3%), and dobutamine (1%) less commonly were used. In 1%,
no vasopressor was used during MAC.

Postprocedural Care

Most patients were transferred to an intensive care unit
(ICU) (51.43%) followed by post-anesthesia care unit

50+

45-

(27.14%), postoperative recovery room (11.43%), or directly
to the normal ward (10%). Interesting to note was that in 50%
of TAVR cases, patients were transferred directly to the nor-
mal ward in Italy. In 52% of the responses the provided
“nurse-to-patient ratio” was 1:2, and 1:3 ratios were reported
in 26%, 1:4 in 20%, and 1:6 in 2%. Intravenous pacing leads
were left in situ after TAVR in 62% according to the
responses.

If life-threatening complications emerged, maximum care
for every patient (including cardiac surgery) was provided in
43%. In 53% the members stated than an individualized inter-
disciplinary team decision for every patient was made. In 4%

n=65
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Fig 5. Distribution of the mean EuroScore II of patients undergoing TAVR.
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Fig 6. Frequency of routinely performed preoperative diagnostic exams in the TAVR evaluation.
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Fig 7. Frequency of drugs used for induction and maintenance of general anesthesia for TAVR.
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Fig 8. Frequency of drugs used for (analog-)sedation for TAVR.

the therapy goal was switched to palliative care according to
end- of-life decisions that were gathered preoperatively.

Only unfractionated heparin (87%) or low-molecular-weight
heparin (13%) were used periprocedurally for anticoagulation.
Other types of anticoagulants were not used.

Discussion

The results of the survey provided a rough overview of the
current situation of perioperative care for TAVR patients in
Europe in late 2018. The results indicated that the require-
ments and quality indicators defined in the European guide-
lines were largely, yet not fully, being implemented in daily
routine across Europe.'"'*'* This held especially true concern-
ing the periprocedural role of the anesthesiologist. Survey par-
ticipants replied that an anesthesiologist was present in 91%
over the whole TAVR procedure. Interestingly, only 60%
stated that the decision for TAVR was made preoperatively by
an interdisciplinary heart team, including an anesthesiologist.
Moreover, a national curriculum for cardiothoracic anesthesia
existed in merely 34% of members reporting, although 95%
replied that a cardiothoracic anesthesiologist was available
around the clock every day at the respective hospital. In prepa-
ration for TAVR, only 77% of the participants performed a
CT, although multislice CT is the preferred imaging tool for
the anatomy and dimensions of the aortic root and valve annu-
lus, as well as access site and route and superior compared
with cardiovascular magnetic resonance and TEE.'”

The latest guidelines on heart valve disease, endorsed by the
European Society of Cardiology and the European Association
for Cardiothoracic Surgery, put strong emphasis on the

concept of the Heart Team, a multidisciplinary team consisting
of cardiac surgeons, cardiologists, cardiac anesthesiologists,
and other professions in the planning and indication process
for TAVR.""'* Adherence to the concept of a heart team is
thought to result in a better quality of care. However, this study
revealed regional differences concerning the adherence to the
guidelines and recommendations. Interestingly, members of 8
countries who took part in this study stated that no anesthesiol-
ogist was part of the heart team. This was in line with results
of the European Surgical Outcomes Study (EUSOS) examin-
ing clinical outcomes after major noncardiac surgery, which
also found regional differences in mortality rates among 28
European countries.'® These countries had higher mortality
rates, although not statistically significant, compared with the
United Kingdom in the EUSOS study. In contrast, 3 countries,
in which anesthesiologists were not part of the heart team,
showed lower mortality rates than that of the EUSOS study.'®
Moreover, a cardiac anesthesiologist should be embedded in
heart valve centers,' "'’ highlighting the importance of a struc-
tured curriculum and training in cardiothoracic anesthesia.
Interestingly, such a quality (training) program, which refers
to subspecialty cardiac anesthesiology training in the form of a
fellowship, was found to be implemented in only two-thirds of
the study participants.

TAVR implantation was performed under GA and MAC in
>80% of the responses. This was in accordance with previous
studies dealing with anesthetic care during TAVR.® Various
observational and registry data, as well as meta-analyses and
prospective studies comparing the outcome between the meth-
ods have shown ambiguous results. Shorter procedural time,
decreased hospital length of stay, reduction in the incidence of
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postoperative delirium, decreased pulmonary and major
access-site complications, and a decrease in hypotensive epi-
sodes with consecutive lesser need for inotropes and adrener-
gic therapy compared with GA have been associated with
MAC, previously described as conscious sedation, %3182
In contrast, no differences regarding the incidence of long-
term mortality, myocardial infarction, or stroke between the 2
aforementioned techniques occurred,’8:10:12:13.18,19,22,24.25
whereas results concerning 30-day mortality were
ambiguous.”*'”***> Moreover, as pointed out in an editorial
by Hutchinson, institutions with less experience in the TAVR
procedure chose GA as the preferred mode in most cases due
to patient safety reasons.”® The SOLVE-TAVI trial, a 2 x 2
randomized trial comparing self-expandable and balloon-
expandable valves, as well as general and conscious sedation
with local anesthesia, showed that the latter anesthetic concept
iwas equivalent to GA regarding the composite of all-cause
mortality, stroke, myocardial infarction, infection rate requir-
ing antibiotic treatment, acute kidney injury, procedure times,
valve-related, or clinical outcome, but differed regarding the
rate of catecholamine used. Results were presented at the 30th
Annual Transcatheter Cardiovascular Therapeutics scientific
symposium 2018 in San Diego.

However, 9% of the responses stated that no anesthesiolo-
gist was present during TAVR, and there were regional differ-
ences across FEurope concerning the availability of
anesthesiologists in the respective heart centers. According to
the standards defining a heart valve center, defined by the
European Society of Cardiology working group on valvular
heart disease and the European Association for Cardiothoracic
Surgery, such a center must have cardiac anesthesia.'*

In case of GA, propofol, remifentanil, and volatile agents
were the most common agents for induction and maintenance,
whereas propofol, remifentanil, and dexmedetomidine were
mostly used for MAC. Studies in TAVR patients comparing
the medication regimen used did not show any differences in
outcome.'”*’*" In contrast, the application of dexmedetomi-
dine in postoperative cardiac surgery patients was associated
with differences in outcome. In a recent meta-analysis by
Wang et al., including 18 randomized controlled trials with
1,730 patients, it could be shown that it could reduce the sever-
ity of hemodynamic instability and length of stay in the inten-
sive care in cardiac surgery patients.’’ In another meta-
analysis by Liu et al. comprising 8 studies with 969 patients,
dexmedetomidine compared with propofol, reduced the risk of
delirium and was associated with a shorter length of intubation
but a higher incidence of bradycardia.’”> However, there
seemed to be a beneficial effect of volatile anesthetics on dia-
stolic function in patients with heart failure with preserved
ejection fraction as opposed to intravenous hypnotics in car-
diac surgery patients.” >

Echocardiography is an integral part of the preoperative
TAVR evaluation process besides CT or coronary angiogra-
phy. Only 26% and 30% of the participants responded that an
intraprocedural TEE was performed by an anesthesiologist or
cardiologist, respectively.' Data from the France-2 registry
demonstrated that TEE can reduce the incidence of

postprocedural aortic regurgitation,'” and data from the Brazil-
ian registry showed that the use of TEE can be a protective fac-
tor against overall and late mortality.”* Bagur et al. found no
significant difference between angiography and TEE for
TAVR guidance regarding the incidence of aortic regurgitation
and survival rate, but could show a reduced time of procedure
and amount of contrast media applied.”” In the SOLVE-TAVI
trial, only 33.6% and 3.8% of the patients receiving GA and
MAC, respectively, had an intrainterventional TEE. Until
today, there were no randomized controlled trials to examine
if the performance of a TEE changed outcomes. There were
incoherent results on whether the type of anesthesia favored or
restricted the incidence of postprocedural  aortic
regurgitation.'>'”?*** Although previously seen as an obsta-
cle to performing perioperative TEE, several centers undertake
it routinely using sedation, which is also in accordance with
recent recommendations.’® % Furthermore, TEE is seen as an
integral part of the preintervention selection of suitable
patients, as well as the intraprocedural monitoring.” Yet only
45% of the responders replied that a preoperative TEE regu-
larly was performed. However, if TEE is performed, it should
be undertaken by a properly trained examiner. Several guide-
lines addressing training and maintenance of competence in
TEE have been published.”~*"

In 78% of responses, patients after TAVR were transferred
to a unit with intermediate or intensive care capacity, with a
nurse-to-patient ratio of 1:2 to 1:3. Interestingly, in 10%,
patients were treated after intervention on a normal ward with-
out further ICU monitoring (eg, continuous ECG/SpO,/inva-
sive blood pressure). Whether or not intensive care capacity in
those centers existed or other reasons for not transferring
patients to an ICU were not questioned by this survey. Regard-
less of this, European guidelines demand the availability
of intensive care units in heart valve centers.'” In 62% the
intravenous pacing leads were left in place after TAVR. In a
previously conducted online survey completed by 250 centers
with a cumulative experience of nearly 70,000 TAVR implan-
tations, 60% of the questioned centers maintained continuous
ECG monitoring for fewer than 48 hours.” As recommended
by the Valve Academic Research Consortium-2 initiative, con-
tinuous rhythm monitoring after TAVR is recommended up to
72 hours.”” Atrial fibrillation and atrioventricular blockage are
the most prevalent conduction disturbances after TAVR
implanted through the transapical approach. Left atrial dilation
is the most important predictor for atrial fibrillation, whereas
aortic valve prosthesis depth within the left ventricle, routine
valve oversizing, interventricular septal thickness, balloon val-
vuloplasty with an oversized balloon, as well as aortic valve
calcification, are the most important ones for atrioventricular
blockage."'

This study had several shortcomings. As this was a survey
mainly among members of EACTA, the authors hope that it
reflected overall European practice. However, the authors can-
not be sure, due to the voluntary approach and overall low
response rate of the survey, that the response of study partici-
pants in a country will be comparable to different centers in
the same country. Nevertheless, members of EACTA
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practicing in 16 European countries answered. Reasons for dif-
ferences in TAVR care among different members were not
requested. The survey was not validated before its use and
internal consistency was not tested. Increments in ranges of
numbers were not equal. An effective response rate for the sur-
vey was not determined beforehand.

Conclusion

The results indicated that the requirements and quality indi-
cators defined in the European guidelines were largely, yet not
fully, being implemented in daily routine. TAVR procedures
are performed heterogeneously throughout Europe even after
publication of the recent guidelines. This especially includes
periprocedural anesthetic management, as an anesthesiologist
is not even present and involved in all cases. In addition to the
published European guidelines, facilities may consider setting
up and implement ing guidelines especially for the proper
anesthetic training and management in TAVR. In this context,
the German Federal Joint Committee already has published
guidelines defining requirements for structural and process
quality issues concerning the indication, implementation, and
inpatient care of patients for whom a TAVR is performed
(https://www.g-ba.de/english/structure/). The results of this
study could help in the development of such European guide-
lines.
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