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Abstract

Background General anesthesia is known to be associated
with an increased risk for complications, especially in
elderly and multi-morbid patients, the primary target pop-
ulation of the MitraClip® technique. The aim is to assess
whether general anesthesia and even conscious sedation
can be avoided during the MitraClip® procedure.
Methods A total of 91 consecutive patients who under-
went MitraClip® implantation [median 77 years, (IQR
72-83), 40 % female] were retrospectively analyzed. The
first 26 patients were treated in general anesthesia. After-
wards, local anesthesia was chosen as primary anesthetic
approach. Altogether, 28 (31 %) patients received general
anesthesia, local anesthesia was performed in 35 (38 %)
patients with sedation and in 28 (31 %) patients without
sedation.

Results The respective patient groups were similar
regarding their baseline characteristics. Procedural success
(successful implantation of at least one clip and post-pro-
cedure MR grade <2) was achieved in 89 % with no dif-
ference between the groups (93 % in general anesthesia,
89 % in local anesthesia with sedation, 86 % in local
anesthesia without sedation, p = ns). No difference
regarding hospital complications was noted. Local anes-
thesia with and without sedation was associated with less
necessity for ICU/IMC stay (100 % in general anesthesia,
14 % in local anesthesia with sedation, 14 % in local
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anesthesia without sedation; p < 0.0001). One-year esti-
mated survival was not significantly different among the
groups (63, 82 and 75 %; p = ns).

Conclusions Transcatheter mitral valve repair with the
MitraClip® can be performed without general anesthesia
and even without conscious sedation with similar proce-
dural success and complication rates.

Keywords Mitral regurgitation - Transcatheter mitral
valve repair - MitraClip - Anesthesia

Abbreviations

GA General anesthesia
ICU Intensive care unit
IMC Intermediate care
LA Local anesthesia

MR Mitral regurgitation
STS Society of Thoracic Surgeons

TAVI  Transcatheter aortic valve implantation
TEE Transesophageal echocardiography
TTE Transthoracic echocardiography
VARC Valve Academic Research Consortium
Introduction

Catheter-based mitral valve repair with the MitraClip®
(Abbott, Abbott Park, IL, USA) has emerged as a wide-
spread alternative to open-heart surgery for the treatment of
mitral valve regurgitation (MR). Particularly, those patients
with high operative risk may benefit from this technique
due to its less invasiveness [1, 2]. The majority of
MitraClip® procedures has been performed in general
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anesthesia [3]. The motivation for this approach is mainly
safety issues and the use of transesophageal echo (TEE).
However, there is no clear evidence supporting this regime.
General anesthesia itself may result in increased post-pro-
cedural morbidity, particularly in elderly and multi-morbid
patients [4].

Experience from transcatheter aortic valve implantation
(TAVI) has shown that after an initial phase of performing
procedures solely under general anesthesia, interventions
were increasingly performed in local anesthesia [5, 6].
Avoidance of general anesthesia may contribute to sim-
plification of the procedure, timely detection of peri-pro-
cedural complications, avoidance of general anesthesia-
associated complications, lower procedural costs and
reduced staff resources.

So far, only two single-center reports accessing the use
of local anesthesia with sedation for the MitraClip® pro-
cedure in a small number of patients (altogether 11
patients) are known in the current literature [7, 8]. This
analysis is the first investigating the feasibility and safety
of local anesthesia for MitraClip® implantation in a larger
series. In addition, the present work will analyze if con-
scious sedation can be avoided in patients treated under
local anesthesia.

Methods
Population

We retrospectively included all patients with significant
MR who were consecutively treated with the MitraClip®
system in our institution between October 2009 and
December 2014. Baseline and procedure characteristics
were retrospectively assessed with use of medical records
and procedure protocols. The study was performed
according to the Declaration of Helsinki. All patients gave
written informed consent for the procedure and for the
collection and processing of their anonymous data.

Pre-procedure assessment

Patients underwent echocardiographic  assessment
(transthoracic and transesophageal) for evaluation of the
severity and etiology of MR, ventricular function and
dimensions for conformation of suitability for the
MitraClip® procedure. After changing our anesthetic
regime (avoidance of general anesthesia), we specifically
evaluated the tolerability of TEE in all patients during the
screening process. Patients, who did not tolerate the TEE
probe easily, were excluded from the new anesthetic
approach.
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Procedure and follow-up

Fluoroscopy and TEE were used for guidance during the
implantation. After introduction of the device via the
femoral vein and transseptal puncture, the MitraClip® was
advanced over a guide catheter through the left atrium into
the left ventricle. The clip was then fixed to both mitral
leaflets. Procedural details have been described in detail
previously [9].

After implantation TEE and transthoracic echocardiog-
raphy (TTE) were used to assess the post-procedural MR
grade. The need and duration for ICU/IMC stay, total
length of hospital stay and all in-hospital complications
were recorded. Procedure time was defined as time from
femoral vein puncture until closure of the femoral access.
Bleeding was defined according to the Valve Academic
Research Consortium (VARC) criteria [10].

Follow-up was performed routinely 1 year following
implantation. If patients were not available for clinical
follow-up they were contacted by telephone. Outcome
analysis included survival and need for rehospitalisation up
to 12 months.

Anesthesia method

The first 26 procedures were performed with the use of
general anesthesia from October 2009 until January 2011.
After this initial phase, we changed our anesthetic protocol
to local anesthesia with conscious sedation as primary
approach. As local anesthesia with sedation seemed to be
feasible in the first five patients treated at our center from
January 2011 until February 2011 [11], sedative drugs were
omitted for the MitraClip® procedure whenever possible
thereafter. Consequently, three different anesthesia regimes
are compared in the present work: General anesthesia, local
anesthesia with sedation and local anesthesia without any
sedation. After the change to local anesthesia as primary
approach, two patients had to be performed primarily in
general anesthesia due to poor tolerance of the TEE probe
during the pre-procedure screening.

In all patients, topical anesthesia with lidocaine spray of
the pharynx was performed. In case of a supplemental need
for sedatives, midazolam and propofol were given mostly
with a starting dose of 2 mg and 20 mg, respectively, to
enable swallowing of the TEE probe. If patients further
needed sedatives to tolerate TEE over the course of the
procedure, boluses of 2 mg midazolam and 20 mg propofol
were administered thereafter to achieve a sedation of —1 to
—2 according to the Richmond Agitation Sedation Scale
[12]. If analgesia or tranquilizer were required in patients
treated in local anesthesia without sedation morphine or
tramadol were used. For local anesthesia, 10 ml of
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xylocaine 0.5 % was used until 2013 and 10 ml of scan-
dicaine 1 % thereafter.

All procedures were performed with endotracheal intu-
bation standby and an anesthesia team on site in case of
conversion to general anesthesia. The anesthesia team was
not in the catheter laboratory but they were called in together
with their technical equipment if needed. Due to the logistics
in our institution, only few minutes are needed until their
arrival in the catheter laboratory. In patients treated without
general anesthesia, peri-procedural monitoring consisted of
automatic peripheral blood pressure measurement every
10 min, continuous oxygen saturation measurement by pulse
oximetry and continuous ECG. In addition, pressure mea-
surement of the right heart and pulmonary artery was per-
formed prior to transseptal puncture.

Patients who were treated in general anesthesia were
monitored in the ICU/IMC after the procedure. Patients
treated in local anesthesia with or without sedation were
transferred directly to the general ward.

The three groups were compared regarding baseline
characteristics, procedural success (defined as implantation
of at least one clip and post-procedure MR grade <2), local
anesthesia failure (defined as intra-procedural conversion
to general anesthesia), hospital complications and mid-term
mortality. Key parameters for the evaluation of local
anesthesia performance were procedural success, local
anesthesia failure and in-hospital complications.

Statistical analysis

In the case of an intra-procedural conversion of local
anesthesia to general anesthesia, patients were analyzed in
the local anesthesia group on an intention to treat basis.
The Shapiro-Wilk test was performed to differentiate
normal from non-normal distribution of the data. The Chi-
Square test was used for categorical variables and the
Kruskal-Wallis or ANOVA test was performed for con-
tinuous variables. For comparison of mortality during the
follow-up, Kaplan—-Meier curves using the log-rank test
were set up. All p values were calculated by two-tailed
tests and statistical significance was defined at p < 0.05.
Analysis was performed by SPSS software, version 22
(SPSS, Chicago, IL, USA).

Results

Baseline characteristics

Altogether, 91 consecutive patients were enrolled. Median
age was 77 (72-83) years and 40 % (36/91) were female.

Previous stroke and pulmonary hypertension were signifi-
cantly more often present in the group of local anesthesia

without sedation compared to local anesthesia with seda-
tion and general anesthesia (Table 1). Detailed baseline
characteristics are presented in Table 1. All patients had a
pre-procedure MR grade III or IV with degenerative eti-
ology of MR in 61 % of patients treated in general anes-
thesia, 37 % of patients treated in local anesthesia with
sedation and 29 % of patients treated in local anesthesia
without sedation (p = 0.04). Further echocardiographic
measurements are displayed in Table 2.

Feasibility of anesthesia

After conversion to the new anesthetic method in all but
two patients, the procedure was initialized in local anes-
thesia (Fig. 1). These two patients were treated under
general anesthesia because of discomfort during the pre-
procedural TEE. In three patients (5 %) local anesthesia
failed (one case in local anesthesia with sedation and two
cases in local anesthesia without sedation): One patient
treated in local anesthesia with sedation experienced severe
hemodynamic compromise of unclear etiology after intro-
duction of the MitraClip® into the left atrium with the need
for intubation and application of inotropes. Another patient
who underwent the procedure in local anesthesia without
sedation required intubation and mechanical ventilation
because of peri-procedural pulmonary edema without any
sequelae. In both of these patients, the clip implantation
was successful. A third patient treated in local anesthesia
without sedation had to be converted to surgery due to left
atrial perforation and this patient had to be anesthetized for
open-heart operation.

Patients who required sedative drugs received a median
dose of midazolam of 10 mg (8—15 mg) and a median dose
of propofol of 150 mg (105-225 mg), respectively. Of the
28 patients who were treated in local anesthesia without
sedation, 8 patients (29 %) required opiates (morphine and/
or tramadol). Re-injection of local anesthesia was neces-
sary very rarely.

Procedural outcome

The device was successfully implanted in 89 % of the
cases (81/91) without significant difference between the
groups (93 % in general anesthesia, 89 % in local anes-
thesia with sedation and 86 % in local anesthesia without
sedation; p = ns). MR reduction was similar between the
three groups (Table 3).

In four cases the MitraClip® was not implanted. Two of
the four procedures had to be terminated and converted to
open-heart surgery (surgery was successful in both cases).
The reasons for termination were a significant atrial septal
defect following transseptal puncture in one patient who was
treated in general anesthesia and a left atrial perforation due
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Table 1 Baseline characteristics

All patients General anesthesia Local anesthesia with Local anesthesia without P value
(N =91 (N = 28) sedation (N = 35) sedation (N = 28)
Age (years) 77 (72-83) 74 (67-80) 78 (74-83) 78 (73-85) ns
Female 40 % (36/91) 39 % (11/28) 40 % (14/35) 39 % (11/28) ns
STS score (%) 5.1 (3.2-8.7) 3.9 (1.5-6.9) 6.7 (3.6-9.7) 7.5 (4.2-10.3) ns
NYHA =111 84 % (76/91) 79 % (22/28) 91 % (31/35) 79 % (22/28) ns
Coronary artery disease 60 % (55/91) 61 % (17/28) 63 % (22/35) 58 % (16/28) ns
Previous myocardial infarction 34 % (31/91) 43 % (12/28) 37 % (13/35) 21 % (6/28) ns
Previous PCI 33 % (30/91) 32 % (9/28) 31 % (11/35) 36 % (10/28) ns
Previous CABG 31 % (28/91) 25 % (7/28) 37 % (13/35) 29 % (8/28) ns
Previous cardiac surgery 35 % (32/91) 25 % (7/28) 49 % (17/35) 29 % (8/28) ns
Atrial fibrillation 50 % (45/91) 46 % (13/28) 46 % (16/35) 57 % (16/28) ns
Diabetes mellitus 29 % (26/91) 36 % (10/28) 17 % (16/35) 36 % (10/28) ns
Insulin-dependent 18 % (16/91) 32 % (9/28) 11 % (4/35) 11 % (3/28) ns
PAOD 23 % (21/91) 18 % (5/28) 26 % (9/35) 25 % (7/28) ns
Stroke 7 % (6/91) 0 % (0/28) 3 % (1/35) 18 % (5/28) 0.014
COPD 25 % (23/91) 21 % (6/28) 26 % (9/35) 29 % (8/28) ns
Pulmonary hypertension 59 % (51/87) 41 % (11/27) 59 % (19/32) 75 % (21/28) 0.036
Chronic renal failure 68 % (58/87) 70 % (19/27) 70 % (23/33) 60 % (16/27) ns
GFR (ml/min/1.73 m?) 51 (40-61) 56 (44-61) 51 (40-60) 55 (46-62) ns

CABG coronary artery bypass graft, COPD chronic obstructive pulmonary disease, GFR glomerular filtration rate, NYHA New York Heart
Association, PAOD peripheral arterial occlusive disease, PCI percutaneous coronary intervention, STS Society of Thoracic Surgeons

Table 2 Baseline echocardiographic specifics

All patients General anesthesia Local anesthesia with Local anesthesia without P value
(N =91) (N = 28) sedation (N = 35) sedation (N = 28)
MR severity
III 57 % (52/91) 54 % (15/28) 66 % (23/35) 50 % (14/28) ns
v 43 % (39/91) 46 % (13/28) 34 % (12/35) 50 % (14/28) ns
MR etiology
Degenerative 42 % (38/91) 61 % (17/28) 37 % (13/35) 29 % (8/28) 0.04
Functional 42 % (38/91) 32 % (9/28) 43 % (15/35) 50 % (14/28) ns
Combined 16 % (15/91) 7 % (2/28) 20 % (7/35) 21 % (6/28) ns
Ejection fraction (%) 52 +£ 17 51 £ 18 56 £ 16 50 £ 17 ns

MR mitral regurgitation

to entanglement of the clip within the atrial septum in another
patient which required conversion to general anesthesia as
mentioned above. In two other patients, the device was not
implanted due to a significant mitral stenosis in the first
patient and no relevant decrease in MR despite multiple
repositioning maneuvers of the MitraClip® system in the
second patient. Beyond that, one patient who underwent the
procedure in local anesthesia with sedation experienced a
rupture of chordae during the placement of a second clip.
This patient was hemodynamically stabilized in the ICU and
transferred to surgery. Finally, five patients had a residual
MR >3 after clip implantation.
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Patients treated in local anesthesia received more often
more than one clip (Table 3). The duration of the proce-
dure was significantly longer when performed under local
anesthesia irrespective of the use of sedation compared to
general anesthesia (Table 3). Length of hospitalization was
shorter in patients treated in local anesthesia with sedation
(median 6 days, IQR 3-7 days) in comparison to general
anesthesia (median 7 days, IQR 6-11 days; p = 0.003)
and local anesthesia without sedation (median 7 days, IQR
6-10 days; p = 0.012). The rate of ICU/IMC necessity
after the procedure was higher when general anesthesia
was used (Fig. 2).
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Fig. 1 Progress of different
anesthesia approaches. The first
26 patients were treated in
general anesthesia. After a “run-
in” phase of five patients who
were treated in local anesthesia
with sedation local anesthesia
without sedation became the
primary approach. Of 60
patients in this phase, 2 patients
were treated in general
anesthesia, 30 patients received
sedatives (local anesthesia with
sedation) and 28 patients were
treated in local anesthesia only

Table 3 Procedural outcome

Primary approach:
General anesthesia

General anesthesia
n=26

Primary approach:
Local anesthesia
with sedation

Local anesthesia
with sedation
n=5

Primary approach:
Local anesthesia
without sedation

A 4

Local anesthesia
with sedation
n=30

General anesthesia

- without sedation
n=2

n=28

‘ Local anesthesia ’

All patients General anesthesia Local anesthesia with Local anesthesia without P value
(N =91) (N = 28) sedation (N = 35) sedation (N = 28)
Procedural success 89 % (81/91) 93 % (26/28) 89 % (31/35) 86 % (24/28) ns
Post-implant MR severity
01 46 % (42/91) 46 % (13/28) 49 % (17/35) 43 % (12/28) ns
I 43 % (39/91) 46 % (13/28) 40 % (14/35) 43 % (12/28) ns
111 9 % (8/91) 4 % (1/28) 9 % (3/35) 14 % (4/28) ns
v 2 % (2/91) 4 % (1/28) 3 % (1/35) 0 % (0/28) ns
<I 89 % (81/91) 93 % (26/28) 89 % (31/35) 86 % (24/28) ns
Implantation of >2 Clips 40 % (34/86) 27 % (7/26) 32 % (11/34) 62 % (16/26) 0.021
Procedure time (min) 135 (101-190) 107 (91-162) 143 (115-190) 155 (108-202) 0.013
Fluoroscopy duration (min) 20 (15-34) 18 (16-28) 18 (14-34) 27 (19-42) ns
MR mitral regurgitation
in local anesthesia with sedation and 21 % (6/28) in local
100% . .
100 anesthesia without sedation; p = ns] (Table 4).
p< 0.0001 Left atrial perforation occurred in one patient who was
® 80 then converted to open-heart surgery as mentioned previ-
2 ously. Bleeding complications occurred in 11 patients.
§ 60 Reasons for minor bleeding were injury of the urethra after
5 urinary catheter placement and groin bleeding in three
:qc: 40 cases. Reasons for major bleeding were injury of the ure-
z thra after urinary catheter placement, groin bleeding, gas-
20 14% 14% trointestinal bleeding due to disseminated intravascular
- - coagulation, peri-procedural nasopharyngeal bleeding of
0

General anaesthesia Local anaesthesia

with sedation

Local anaesthesia
without sedation

Fig. 2 Influence of anesthesia on ICU/IMC necessity. Local anes-
thesia with and without sedation is associated with less need for ICU/

IMC

In-hospital complications

The rate of in-hospital complications was similar between
the groups [32 % (9/28) in general anesthesia, 26 % (9/35)

unknown cause and hematemesis and epistaxis after
intravenous thrombolysis. Reasons for life-threatening
bleeding were peri-procedural hemopericardium in two
patients: One as a consequence of a left atrial perforation as
already described, the other was of unknown cause and was
treated by pericardiocentesis without sequelae.

Two peri-procedural strokes with hemiparesis occurred
in patients who underwent the procedure in local anesthe-
sia. In one patient, the stroke originated most probably
from thrombus formation on the clip, which was detected
directly prior to the neurological event. The activated
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Table 4 In-hospital complications

All patients General anesthesia Local anesthesia with Local anesthesia without P value

(N=91) (N = 28) sedation (N = 35) sedation (N = 28)
All complications 26 % (24/91) 32 % (9/28) 26 % (9/35) 21 % (6/28) ns
Partial clip detachment 2 % (2/91) 4 % (1/28) 0 % (0/35) 4 % (1/28) ns
New Arrhythmia 4 % (4/91) 7 % (2/28) 3 % (1/35) 4 % (1/28) ns
Pneumonia 2 % (2/91) 4 % (1/28) 0 % (0/35) 4 % (1/28) ns
Other infection 7 % (6/91) 11 % (3/28) 3 % (1/35) 7 % (2/28) ns
Pleural effusion 4 % (4/91) 11 % (3/28) 3 % (1/35) 0 % (0/28) ns
Pulmonary embolism 1 % (1/91) 4 % (1/28) 0 % (0/35) 0 % (0/28) ns
Pneumothorax 1 % (1/91) 4 % (1/28) 0 % (0/35) 0 % (0/28) ns
Post-procedure delirium 1 % (1/91) 4 % (1/28) 0 % (0/35) 0 % (0/28) ns
Bleeding 12 % (11/91) 24 % (6/28) 9 % (3/35) 7 % (2/28) ns
TIA/stroke 2 % (2/91) 0 % (0/28) 3 % (1/35) 4 % (1/28) ns
Other complication 8 % (7/91) 7 % (2/28) 6 % (2/35) 11 % (3/28) ns
Death 6 % (5/91) 7 % (2/28) 6 % (2/35) 4 % (1/28) ns

TIA transient ischemic attack

anticlotting time was 291 s in this patient. Instantaneous
thrombolysis with urokinase led to an immediate
improvement of symptoms. In the other patient, complete
occlusion of the left internal carotid artery was detected in
angiography directly after symptom onset. Pre-procedu-
rally, the left internal carotid artery had a 70 % stenosis. As
crossing of the occlusion by a wire to perform an angio-
plasty failed, immediate lysis was administered and the
symptoms resolved rapidly. On the next day, both patients
had no neurological sequelae.

In one patient, after several repositioning maneuvers, the
clip could not be closed or pulled back into the sheath.
Therefore, this clip was positioned at the atrial septum and,
subsequently, two other clips were successfully implanted
in standard fashion. At the end of the procedure, the first
clip was fixed to the atrial septum with an atrial septal
defect occluder.

In-hospital mortality was 6 % (5/91). All deaths occur-
red post-procedurally and were not device-related. Cause
of death were sepsis after pseudomembranous colitis,
pneumonia, sepsis following bronchitis leading to fatal
renal failure (renal function was severely impaired prior to
the procedure and the patient and family refused dialysis
post-procedurally), severe hemodynamic compromise of
unclear etiology and pulmonary embolism, respectively.

Mid-term mortality and rehospitalization

Altogether, eight patients were lost to follow-up (9 %). The
type of anesthesia was not associated with a statistically
significant change in estimated one-year survival (Fig. 3).
Rehospitalisation due to cardiovascular complications
within 1 year following the procedure occurred in three
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patients (all treated in local anesthesia). The causes were
cardiac decompensation, ventricular fibrillation due to
worsening of ejection fraction to 10 % (residual MR grade
1 remained unchanged in this patient, worsening of ejection
fraction was most probably caused by progression of
coronary heart disease) and partial clip detachment with
increased MR and need for surgical repair.

Discussion

Transcatheter mitral valve repair with the MitraClip®
provides a safe and effective alternative to surgery or
medical therapy for mitral valve regurgitation in patients
with high operative risk [13—16]. Usually, the procedure is
performed in general anesthesia. Our report demonstrates
proof of concept of MitraClip® implantation under local
anesthesia. In fact, in many cases, the procedure can be
performed without any sedative drugs. With this new
approach, we are able to show the following in our series:

1. Performance of the MitraClip® technique in local
anesthesia (with and without sedation) is as effective as
in general anesthesia.

2. A large proportion of patients tolerates the procedure
even without sedation.

3. Complication rates are similar between the anesthetic
regimes.

4. Necessity for ICU/IMC is much lower in patients
managed in local anesthesia (with and without seda-
tion) in comparison to general anesthesia.

5. There is no significant difference in one-year mortality
between the three groups.
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| 1General anesthesia

Local anesthesia
with sedation

Local anesthesia

Fig. 3 Kaplan—Meier survival
curves of patients treated in 1,0 -
general anesthesia, local J'”_W_lj
anesthesia with sedation and
without sedation. There is no
significant difference in
. . 0,8
estimated 1-year survival
0,6 1
®
2
2
5
n
0,4
0,2
Logrank p = 0.360
0,0 g p

without sedation

I I
0 90

Patients at risk

28 22
30 24

Implications of general anesthesia

The greatest advantage of the MitraClip® procedure is the
possibility to treat elderly and multi-morbid patients with
severe mitral regurgitation who are denied open-heart
surgery. General anesthesia is currently the anesthetic
regime of choice for the MitraClip® implantation. On the
one hand, general anesthesia may facilitate the manage-
ment of peri-procedural complications and the use of TEE.
On the other hand, this approach itself carries a potential
risk for complications, particularly in patients at advanced
age, high morbidity or poor left ventricular function [4]—
hence, those in whom the technique is preferably applied.
The use of intensive sedatives during general anesthesia
can induce hemodynamic instability, even leading to pro-
cedure termination [17]. In fact, in a report by Blazek et al.,
half of the patients developed hypotension episodes
requiring inotropic support when using general anesthesia
during the MitraClip® procedure. Hypotension was asso-
ciated with decreased cognitive function post-procedurally
owing to cerebral injury [18]. In the EVEREST II high-risk
study, prolonged anesthesia contributed to procedural death
in one patient [19]. Furthermore, laryngeal injury resulting
from intubation is not uncommon [20, 21] and a laryngeal
tear has already been reported in connection with the

I I I
180 270 360

Days after Implantation

22 21 17
23 22 22

MitraClip® procedure [19]. A further aspect is the
increased staff effort for general anesthesia—at least one
anaesthesiologist and one anesthesia nurse are required—
leading to a comparably high financial and logistical bur-
den. Looking exemplarily at the TAVI experience, avoid-
ance of general anesthesia reduced catheter laboratory
costs by 60 % [22]. Further cost savings may be achieved
by avoidance of ICU/IMC stay after transcatheter proce-
dures [23].

Feasibility of local anesthesia

The less invasive nature of the MitraClip® technique
allows for performing the procedure without general
anesthesia. The key issue of this current investigation was
to analyze whether avoidance of general anesthesia and
even sedation is practicable in a larger number of patients
and if these anesthetic strategies are associated with an
increase in complications.

Explaining the advantage of avoiding general anesthesia
led to a high acceptance of this approach among our
patients. After changing our protocol to local anesthesia,
only 2 out of 65 patients were treated in general anesthesia
because of discomfort of the TEE probe during the pre-
procedural screening. In all others (97 %), the procedure
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was initiated in local anesthesia. This indicates that general
anesthesia is not obligatory for the use of peri-procedural
TEE. Similarly, other transcatheter procedures, which
require TEE guidance—percutaneous left atrial appendage
closure or catheter ablation—are regularly performed
without general anesthesia as well [24, 25]. Conversion to
general anesthesia was necessary only in three cases. This
was reasoned by complications independent from the
anesthesia method. Because of immediate endotracheal
intubation standby, anesthesia was induced promptly in
those cases.

The successful and safe use of local anesthesia in the
first five patients indicated feasibility of this approach.
Therefore, sedation was avoided when tolerated by the
patients in all following procedures. Hence, local anes-
thesia without conscious sedation became the primary
anesthetic approach. After that “run-in” period of 5
patients, in 28 out of 58 patients with local anesthesia
(48 %) sedation was completely avoided. This enables
breathing maneuvers (breath holding or increased respira-
tory rate with decreased volumes) to avoid respiration-de-
pendent movements of the heart in contrast to sedated
patients. In our experience, this technique facilitates clip
implantation as good as in patients treated in general
anesthesia where breathing maneuvers are performed by
the ventilator. Moreover, paradoxical reactions to sedatives
can be prevented. For those reasons, we now choose local
anesthesia without sedation as primary approach. When
sedation is needed though, we try to administer the drugs
only at the beginning of TEE probe insertion. Many
patients can easily tolerate the TEE after swallowing the
probe and remain awake for the rest of the procedure when
the sedation abates. In the future, even more short-acting
sedatives such as remifentanil should be considered to limit
sedation to the specific period of TEE insertion.

Procedural success and post-procedure care

Importantly, procedural success was not influenced by the
anesthesia management in the present analysis and is
comparable to other large multi-center registries (91 % in
ACCESS-EU and 94 % in the German TRAMI registry)
[13, 26]. We emphasize that procedural failure or compli-
cations were not related to any movement or discomfort of
the patients who underwent the implantation without gen-
eral anesthesia.

Procedure time in cases performed in local anesthesia
with and without sedation was longer. However, we do not
assume that this is due to the type of anesthesia. Signifi-
cantly more patients performed in local anesthesia received
two or more clips, which typically extends the duration of
the procedure. The reason for the larger percentage of two
implanted clips in patients without general anesthesia may
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lie in the use of local anesthesia as primary approach in the
later course of our experience. Over time, the regime
among the MitraClip® operators changed to a strong MR
reduction without the fear of iatrogenic mitral stenosis after
clip implantation. Another cause may be the influence of
general anesthesia on hemodynamics of the MR. It is
known that general anesthesia decreases the loading con-
ditions of the left ventricle leading to a reduced mitral
regurgitant volume [27]. This causes an underestimation of
the severity of the MR under general anesthesia. Hence, the
full severity of MR can be measured peri-procedurally in
patients treated under local anesthesia, which possibly
results in the implantation of more than one clip to achieve
a sufficient MR reduction. The impact of general anesthesia
on loading conditions is even stronger in functional MR.
Considerably more patients had a functional MR in the
later course of our experience. Therefore, the use of local
anesthesia might help us to correctly determine MR
severity during the procedure and, consequently, to implant
the appropriate number of clips particularly in these
patients.

Patients treated in local anesthesia were most often
transferred to the general ward directly after the proce-
dure in contrast to patients after general anesthesia who,
with no exceptions, required ICU/IMC stay. According to
the report from Di Prima et al., all patients were trans-
ferred to ICU after the MitraClip® procedure with at least
an overnight stay [28]. Among others, this was due to
delayed extubation and increased necessity for inotropic
support, which both can be avoided or at least reduced by
the use of local anesthesia. ICU admission after the
MitraClip® procedure is a standard in many centers in
Germany [3].

Safety of local anesthesia

In the present analysis, the rate of in-hospital complications
was comparable between the anesthetic regimes. The
hospital mortality rate in our center (6 %) was higher than
usually reported after the MitraClip® procedure (about
3 %) [29]. Two patients in general anesthesia, two patients
in local anesthesia with sedation and one patient in local
anesthesia without sedation died during the hospitalization,
respectively. Hence, there is no significant difference in the
rates between the three groups. Importantly, the causes of
death were not related to the type of anesthesia.

Potential disadvantages of performing the procedure
without general anesthesia such as vascular complications
or cardiac perforation that result from agitation and/or body
movement cannot be excluded. Left atrial perforation
occurred in one patient treated with local anesthesia and
sedation but was not associated to any movement of the
patient. Another risk may lie in the possibility of aspiration
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especially during longer procedures without general anes-
thesia and the protection of endotracheal intubation. Nev-
ertheless, these adverse events were not seen in our
experience.

Note should be taken to the cerebrovascular events,
which occurred under local anesthesia. Timely treatment
could only be initiated because the operator was able to
communicate with the patient and immediately detected
the hemiparesis. Without the interaction between an awake
patient and the physician, cerebrovascular events are hardly
recognizable during the procedure and the risk for delayed
treatment of cerebral injury is increased. The reported
stroke rate during the MitraClip® procedure ranges from 0
to 2.6 % and elderly patients carry a higher risk [19, 26,
30]. As in our experience, the etiology of such strokes may
be thrombus formation on the MitraClip® system which
has already been reported during [31] and after the
implantation [32]. Finally, one-year survival rate was not
affected by the anesthetic approach in our experience.

Limitations

Although our work represents the first larger series
regarding this topic so far, the number of patients may still
limit precise interpretation of outcome. Patients were not
randomized with regard to the anesthesia regime. Instead,
local anesthesia with and without sedation was used con-
sistently in the later phase of our experience.

Conclusion

In the light of this report, transcatheter mitral valve repair
with the MitraClip® can be performed without general
anesthesia. In fact, even conscious sedation is not routinely
required. Procedural success and safety were similar in
general anesthesia, local anesthesia with sedation and local
anesthesia without sedation. Furthermore, local anesthesia
was associated with significantly less necessity for ICU/
IMC stay. This proof of concept allows for investigating
the new approach in a larger number of patients.
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