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Abstract

Introduction: Over the last two decades transcatheter aortic valve replacement (TAVR) has been approved for clinical use. The
anaesthetic choice for this procedure is evolving. General anaesthesia was the predominant anaesthetic technique. Growing
experience and advances in technology and economic considerations have led to an increasing interest in performing TAVR
under monitored sedation.

Aim: The assessment of monitored sedation, called cooperative sedation, involves pharmacologically mediated suppression of
consciousness and preservation of verbal contact in response to stimulation as a safe method of anaesthesia for TAVR.
Material and methods: Sixty out of 63 TAVR patients with femoral access received monitored sedation. Dexmedetomidine was
administered in most of such cases (46 patients). A questionnaire was also carried out by staff involved in performing TAVR
procedures, with more than 5 years of experience in it, concerning the method of anaesthesia and perioperative care.

Results: Conversion to general anaesthesia was required in 10% of patients (6 cases), only one as a patient-related complication
(hypercarbia). The questionnaire carried out showed that anaesthesia and postoperative care after TAVR are underestimated.
Conclusions: The preliminary results regarding anaesthetic management in TAVR procedures demonstrate that monitored seda-
tion is safe, provided that contraindications are observed.

Key words: transcatheter aortic valve replacement, anaesthesia, conversion.

Introduction included lower-risk patients. Moreover, the valve technol-

Demographic data are unquestionable. In the United ©8Y evolved. The catheter’s diameter was reduced from
States, 2.5 million inhabitants over the age of 75 have been 24 F (2002) to 14 F (2013) and the valve characteristics were
diagnosed with aortic valve stenosis. Since the number of ~ adjusted. The PARTNER study findings published in 2013
individuals aged > 75 years will double by 2050, the num- concluded the first stage of research on TAVR [4], demon-
ber of diagnosed aortic valve stenosis cases is going to  strating that the outcomes of surgical treatment and trans-
increase significantly [1]. For many decades, the gold stan- catheter aortic valve implantation in high-risk patients with
dard for management of aortic valve stenosis was surgical ~Severe valve stenosis and dysfunction of the left ventricle
aortic valve replacement (SAVR). Patients ineligible for sur- ~are comparable. According to the authors, it is essential
gical treatment were offered pharmacotherapy or balloon to carry out research to improve the valve construction,
valvuloplasty [2]. During the last two decades transcath- SO that the number of perivalvular leakages and central
eter aortic valve replacement (TAVR) was introduced into  hervous system (CNS) strokes can be limited [5]. Further
clinical practice. The successful pioneering procedure was ~ studies have shown the comparable mortality rates in both
performed by Alain Cribier in 2002 [3]. Initially, implanta- methods of valve implantation and lower incidences of
tions were performed in patients disqualified for surgical life-threatening complications in TAVR, which resulted in
treatment. Over time, the indications were widened and ~Widening the indications for the use of this technique in

Address for correspondence: Prof. Ewa M. Kucewicz-Czech, Department of Cardiac Anaesthesia and Intensive Care Leszek Giec Upper-Silesian
Medical Centre, Medical University of Silesia, Katowice, Poland, phone: +48 604 451 880, e-mail: j.ciesla@sccs.pl
Received: 26.06.2020, accepted: 24.10.2020.

198 Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)



ORIGINAL PAPER

low- and medium-risk patients [6]. The most dangerous
life-threatening TAVR complications include acute kidney
failure, myocardial infarction and vascular complications
requiring transfusions of red blood cells [7]. However, the
enthusiasm for the transcatheter method in low- and me-
dium-risk patients was damped by the PARTNER I study re-
sults [8]. At present, there are no comparisons of homoge-
neous groups regarding the two techniques of implantation
in question. The authors provocatively encourage cardiac
surgeons to apply modern, less invasive surgery, which can
be competitive for transcatheter methods, and to abandon
old-fashioned sternotomy. Additionally, the degenerative
changes quickly progressing on transvascularly implanted
valves are worth stressing.

The 2016 estimates reveal that in our country the num-
ber of candidates for transcatheter aortic valve implanta-
tion increases by 1220 a year [2].

The preferable vascular access for TAVR is the femoral
artery route; when another access is necessary, the sub-
clavian, carotid, transapical or interventricular septal ap-
proaches are available. The femoral route is considered the
least invasive approach; therefore, it is used most often.
The transapical procedure requires left anterior thoracoto-
my and is performed under general anaesthesia.

Implantations are conducted in a hybrid operating room,
which enables X-ray imaging (arm C), is equipped with in-
terventional cardiology devices as well as extracorporeal
circulation apparatus, and where any type of anaesthesia
and advanced haemodynamic monitoring are feasible. The
recommendations include direct pressure measurements
in the left radial artery, insertion of a cannula to the right
internal jugular vein and a sheath to pass an endocavitary
electrode or a Swan-Ganz catheter, urinary catheterisation,

and capnometry [9]. In carotid approaches, cerebral oxim-
etry (near infrared spectroscopy — NIRS) is advised. Accord-
ing to the recommendations, the implantation team should
include an interventional cardiologist, cardiac surgeon and
cardiac anaesthesiologist [1].

The issue of optimal anaesthesia for transcatheter aor-
tic valve implantation continues to be discussed. Three
methods are considered, i.e. local anaesthesia, monitored
sedation and general anaesthesia.

Aim

The aims of the article were to survey cardiologists’,
cardiac surgeons’ and anaesthetists’ opinions about anaes-
thetic care during the TAVR procedure on the basis of the
prepared questionnaire and to assess preliminary experi-
ence with TAVR procedures (femoral access) performed un-
der monitored sedation

Material and methods
Questionnaire findings

Preparing for the 6" Conference of Percutaneous Treat-
ment of Structural Heart Diseases, held in Katowice in
March 2019, the authors carried out a questionnaire in
five centres taking part in the conference. The question-
naire questions were answered by anaesthesiologists. The
results are presented in Table I.

During the conference another questionnaire survey
was conducted among participants of the TAVR anaesthet-
ic management session. Analysis involved the responses of
18 physicians, 17 men, 8 anaesthesiologists, 5 cardiac sur-
geons and 5 cardiologists; 16 respondents had more than
5 years of TAVR experience.

Table I. Results of the questionnaire carried out among anaesthesiologists cooperating with 5 cardiac surgery departments regarding
standard management of patients qualified for transcatheter aortic valve replacement

Year of the first TAVR procedure

2008-2011

Number of TAVRs performed in 2019

73-100/centre

Total number of TAVRs

177-500/centre

Is anaesthesia for TAVR provided by a cardiac anaesthesiologist?

Only in 1 centre — general anaesthesiologist; in the remaining
centres — cardiac anaesthesiologist

Number of anaesthesiologists in the TAVR team

Only in 1 centre — the dedicated group

Is the anaesthesia protocol for TAVR available at the department?

No

Premedication

All centres — benzodiazepines

Intraoperative monitoring

1 centre — without deep vein catheterisation

Participation in TAVR training

1 centre — no

Where is the hybrid operating room located?

1 centre — outside the operating suite

Is an anaesthesiologist a member of the Heart Team?

No

When does the anaesthesiologist visit the patient for the first
time?

One day prior to implantation

What scale is used to evaluate the surgical risk?

EUROSCORE/ASA

General anaesthesia: sedation ratio/conversions/complications

Only 1 centre — incomplete data; the remaining centres — no data

TAVR - transcatheter aortic valve replacement.
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Table Il. Analysis of anaesthetic management in transcatheter aor-
tic valve replacement procedures performed between 14.03.2019
and 19.12.2019

Number of TAVR 63 — transfemoral access
procedures 14 — transcarotid access
1-transapical
78 —in total
Kind 18 — general anaesthesia with intubation/LMA

of anaesthesia 60 — monitored sedation

TAVR — transcarotid
access

5 — general anaesthesia with LMA

9 — general anaesthesia with intubation

TAVR transfemoral 60 — monitored sedation

access (46 — dexmedetomidine)

3 — general anaesthesia with intubation (5%)
Conversion 3 — procedure-related complications
to general 2 - vascular complications

anaesthesia - — -
1- patient-related complications (hypercapnia)

6 —in total

Death after
conversion
(procedure-related
complication)

1 - shock, ischaemia of abdominal organs

LMA — laryngeal mask airways, TAVR — transcatheter aortic valve replacement.

Preliminary analysis of our experience with
monitored sedation

The preliminary analysis of TAVR anaesthetic proce-
dures in the Upper-Silesian Cardiology Centre in Katowice-
Ochojec performed between 14.03.2019 and 19.12.2019,
i.e. after the conference with the involvement of anaes-
thesiologists, demonstrates the revolutionary changes in
the attitudes toward anaesthesia. Previously, a significant
majority of patients was anaesthetized generally; more-
over, when sedation was decided, the LMAs were used in
almost all cases. Sedation was carried out using the con-
tinuous infusion of propofol. The outcomes of anaesthetic
management in TAVR procedures performed during the last
10 months of 2019 are presented in Table II.

After in-depth literature analysis and discussion on
TAVR, since March 2019 the attitude towards anaesthetic
management in this procedure has changed.

Ninety-five percent of femoral access procedures were
performed under monitored sedation. Premedication should

not be administered. In most such cases (46 patients)
dexmedetomidine was administered. This drug is recom-
mended by the American Society of Anesthesiologists due
to its action limiting the risk of delirium. Sedation was
induced with an infusion of dexmedetomidine in a dose
of 1 pg/kg for 15 minutes followed by an infusion in a dose
of 0.2-0.7 pg/kg/h. Ketamine in a dose of 50-100 mg was
administered for some patients at the anaesthetist’s discre-
tion. The mean age in the group analysed was 80 years (min.
58; max. 93), which shows that the risk of delirium among
these patients is very high.

Results

The findings of the questionnaire carried out among
Polish specialists are listed in Table Ill. The number of phy-
sicians taking part in the debate is likely to evidence that
the effects of anaesthesia and postoperative care on final
outcomes are underestimated.

In the period discussed, conversion from monitored
sedation to general anaesthesia was required in 10% of
patients (6 cases). There were complications with three
patients because of procedure-related complications, two
patients because of vascular complications and only one
on the account of a patient-related complication. This
conversion, which resulted from clinical instability of the
patient (hypercapnia), did not affect the outcome. One of
these patients died on the next post-procedure day due to
ischaemia of abdominal organs. The mean procedure time
ranged from 1.5 to 2 hours. Patients under dexmedetomi-
dine sedation in doses proposed in the text slept deeply
enough not to have discomfort during induced VT.

Discussion

Local anaesthesia, deprived of basic patient comfort,
does not aspire to be the optimal choice; financially, how-
ever, this method is a leader in the classification of anaes-
thetic procedures. During the 32" Congress of EACTA in
Berlin held in 2017, American anaesthesiologists present-
ed their opinions based on telephone conversations with
patients several weeks after implantation. The patients
anaesthetised only locally were strongly against such
a procedure. They still vividly remembered the horror they
experienced associated with a narrow, uncomfortable op-
erating table, inability to change positions, numbness, and

Table lIl. The results of the questionnaire carried out among participants of the session on transcatheter aortic valve replacement an-
aesthesia held during the 6th Conference of Percutaneous Treatment of Structural Heart Diseases, Katowice 2019

Should an anaesthesiologist be a member of the heart team?

67% yes

Who should decide about the kind of anaesthesia?

67% team decision during qualification

Who should anaesthetise/supervise sedation?

61% cardiac anaesthesiologist; 17% any specialist in anaesthesiology;
6% anaesthetic nurse

Does anaesthesia affect treatment outcomes?

94% yes and undoubtedly yes; 6% definitely not

Do meetings on anaesthetic management influence your attitude
towards the procedure?

56% yes and undoubtedly yes; 39% no; 6% | have no opinion
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pain. The two remaining methods of anaesthesia have their
assets and drawbacks.

The assets of general anaesthesia include the preven-
tion of pulmonary aspiration of gastric contents, monitor-
ing of respiration, prevention of hypoxia and hypercapnia,
feasibility of transoesophageal echocardiography (recom-
mended for infective endocarditis (IE) and coexistence of
the subvalvular membrane). General anaesthesia ensures
excellent conditions in the operating field, controlled ap-
noea, and immobility. Moreover, the valve can be optimally
positioned. The drawbacks of this method are associated
with more common use of vasoactive drugs, increased in-
cidences of infectious lung complications and acute kidney
failure, longer hospitalisations and higher costs [10, 11].
A high risk of contrast-induced acute kidney failure is more
common in patients with chronic kidney disease, diabetes
mellitus and heart insufficiency [1]. Delayed mobilisation
regards only the patients with vascular complications at
the catheter insertion site. The drugs used for general an-
aesthesia include etomidate in a dose of 0.2-0.6 mg/kg;
rocuronium or vecuronium or cisatracurium; fentanyl in
fractionated doses, 25 pg each, or remifentanil infusions
and propofol infusions or volatile sevoflurane [12].

Monitored sedation, called cooperative sedation, in-
volves pharmacologically mediated suppression of con-
sciousness and preservation of verbal contact in response
to stimulation [11]. The advantages of this method are con-
tinuous contact with the patient, which means continuous
monitoring of the central nervous system (CNS), haemo-
dynamic stability, less frequent use of vasoactive drugs,
quicker mobilisation, shorter hospitalization, and improved
quality of life already 3 days after implantation. The dis-
advantages of this method include no control of patent
airways, higher incidences of hypoxia and hypercapnia,
uncontrolled movements during implantation, unpleas-
ant sensations associated with quick rhythm stimulation,
higher numbers of perivalvular leakages, and necessity to
implant a stimulator [1]. Sedation can be performed with
loading dose of dexmedetomidine, followed by an infusion.
Propofol in fractionated 25 pg each could be given. In our
preliminary study, some patients were additionally given
ketamine in a bolus (50-100 mg) as needed. Another phar-
macological option is an infusion of remifentanil in a dose
of 0.02-0.04 pg/kg/min together with an infusion of propo-
fol or ketamine [12]. When administering successive doses
of fentanyl, an increasingly high risk of respiratory depres-
sion should be considered. Midazolam is not recommended
since its time of action exceeds the time of a procedure
and additionally increases the risk of delirium. Irrespective
of the type of anaesthesia, premedication should not be
administered.

Critical events occur even in the centres where numer-
ous TAVR procedures are performed. According to analysis
of Mayr et al,, critical complications are observed in 9% of
patients [13]. The authors have demonstrated that every
second patient undergoing implantation requires infu-
sions of vasoactive drugs; additionally, the mortality dur-
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ing procedures once complications have occurred is 0.3%.
According to them, such a good outcome is attributable
to quick and adequate reactions of cardiac anaesthesiolo-
gists involved in the procedure. However, their opinion has
not been confirmed by scientific evidence. Considering the
present advanced level of TAVR, the presence of a cardiac
anaesthesiologist during the procedure is the optimal so-
lution. This theory was confirmed by our questionnaire.
When the term “heart team” was entered into PubMed,
10355 positions were displayed. We reviewed some of them
and found that the anaesthesiologist is an element of this
structure.

When any complications occur, which are usually ex-
tremely severe, invasive hemodynamic monitoring has to
be implemented and interpreted, decisions quickly taken
and executed [14].

When monitored sedation is decided, we should real-
ize that urgent conversion to general anaesthesia is an
extremely severe complication, whose incidence is 17%
(3.4-20%). The available literature data indicate that this
incidence tends to decrease once more experience is
gained. Nevertheless, the fact is that urgent conversion re-
sults in 66% mortality; in 50% the above is caused by the
lack of patient’s cooperation (anxiety, back pain, dyspnoea
in the dorsal decubitus position; in the remaining 50% it is
caused by severe-procedure-related complications (aortic
haemorrhage, tamponade) [15]. In our preliminary study,
the conversion from monitored sedation to general anaes-
thesia was required in 10% of patients, in which one pa-
tient died due to complications of shock the following day.

The incidence rate of postoperative delirium, diagnosed
in patients undergoing cardiac surgery, ranges between
8% and 66%. Delirium not only prolongs hospitalizations
but also increases the risk of death. Its incidence increases
with patients’ age. There are no differences in the incidenc-
es of delirium between patients undergoing TAVR and SAVR
procedures [16]. In contrast, the incidence of this complica-
tion is significantly lower in patients with implantations
through the femoral access route, as compared to those
with implantations through any other access, including sur-
gical. In 40% of patients, delirium can be avoided by modi-
fying the risk factors of delirium. For instance, intraopera-
tive neuromonitoring (cerebral oximetry) and monitoring of
the depth of anaesthesia (bispectral index) are suggested
[17]. Pharmacology used during anaesthesia is undoubtedly
relevant for limiting the delirium risk. The drug of choice
in prevention of delirium is dexmedetomidine [16]. Due to
that dexmedetomidine was chosen in our study.

Regional paravertebral anaesthesia at the T3-T5 level
in patients qualified for transapical implantation of the
aortic valve enables reduction of the dose of opioids dur-
ing the procedure and earlier extubation. In this group with
additional local anaesthesia, the incidence of atrial fibrilla-
tion was lower [18]. Additional local anaesthesia is worth
considering because the postoperative period should be
focused on early extubation, quick mobilization and short
hospitalization [1].
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The methods of anaesthesia described above have their
advantages and disadvantages, and none of them can be
called optimal. The 2016 data demonstrate that in the Unit-
ed States, TAVRs under sedation are increasingly common;
nevertheless, more than 80% of patients are still subjected
to general anaesthesia. In Europe, the situation is different;
90% of patients undergo cooperative sedation. The excep-
tion is the UK, where all patients are subjected to general
anaesthesia [1]. The most experienced centres recommend
both options of intraoperative management — cooperative
sedation and general anaesthesia [19]. The contraindica-
tions for sedation include lack of patient’s consent, difficult
airways, pulmonary hypertension, morbid obesity, chronic
oxygen therapy, fragility, alcohol abuse, cognitive and neu-
rodegenerative disorders, psychiatric diseases, chronic use
of sedatives or antidepressants [1]. Summing up, general
anaesthesia should be preferred for respiratory reasons
(difficult intubation, sleep apnoea, high risk of aspiration),
diseases in which patients cannot assume dorsal decubitus
(back pain, diseases of joints and muscles, orthopnoea),
hindered cooperation (procedure-related anxiety, demen-
tia, cognitive disorders) and the surgical technique (alter-
native transvascular access) [15].

Another piece of evidence confirming the lack of an ide-
al method of anaesthesia for TAVR has been presented by
specialists from the University Hospital in North Carolina,
who introduced the protocol of early recovery after surgery
(ERAS) to the procedure in question and, having considered
all pros and cons, chose general anaesthesia [20]. They
confirmed that the aim of anaesthetic management is early
recovery, prevention of delirium and organ stability. They
use propofol 50-100 pg/kg/min and remifentanil 0.05-0.08
pg/kg/min, avoiding the administration of benzodiazepines
and minimizing the dose of opioids.

Conclusions

The preliminary results regarding anaesthetic manage-
ment in TAVR procedures demonstrate that monitored
sedation is safe, provided that contraindications are ob-
served. However, the presence of a cardiac anaesthesiolo-
gist during the procedure is strongly recommended, con-
firmed by Polish experts in this specific questionnaire.
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