Noninvasive Ventilation during Left Atrial Appendage Closure under

Sedation: Preliminary Experience with the Janus Mask

Background: Percutancous left atrial appendage occlusion (LAAO) is indicated in subjects with
atrial fibrillation who cannot receive oral anticoagulants. This procedure requires transesophageal
echocardiography guidance and is usually performed under general anesthesia. The Janus
Mask is a new device designed to allow upper endoscopic procedures during noninvasive
ventilation (NIV). Aims: This study aims to assess the possibility of performing LAAO under
sedation and NIV. Setting: Cardiac electrophysiology laboratory. Design: Case—control study.
Materials and Methods: Data from 11 subjects undergoing LAAO under sedation and NIV with the
Janus Mask were retrospectively collected. Procedure duration, outcomes, and physicians’ satisfaction
were compared with those of 11 subjects who underwent LAAO under general anesthesia in the
same period. Statistical Analysis: Univariate analysis and analysis of variance for between-groups
comparison. Results: The 11 subjects treated with sedation experienced a good outcome, with a
high degree of satisfaction from the medical team. An increase in arterial partial pressure of carbon
dioxide in the Janus group (45 [43—-62] mmHg vs. 33 [30-35] mmHg in the general anesthesia group,
P <0.001) led to a transient pH decrease 45 min after the beginning of the procedure (7.30 [7.18-7.36]
vs. 7.40 [7.39-7.46], P = 0.014). No differences in arterial partial pressure of oxygen, FiO,, and
hemodynamic parameters were observed. The subjects’ conditions at discharge from the recovery
room were comparable. No difference in procedure duration was registered. Conclusions: LAAO
procedure under sedation and NIV through the Janus Mask is safe and feasible. This strategy might
represent a valuable alternative to manage such a compromised and fragile population.
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Introduction and safety of the procedure, LAAO
. ar ) is usually performed wunder general
Atrial fibrillation (AF) is among the most anesthesia [ Unfortunately, patients

widespread cardiac arrhythmias, with a
lifetime development risk of 26% in men
and 23% in women, and is a well-known
risk factor for embolic stroke.l'? As most
of the embolic thrombi in AF patients

develop in the left atrial appendage (LAA),  Furthermore, LAAO is often performed in

percutancous LAA occlusion (LAAO) 18 the cardiac catheterization laboratory, where

a valuable strategy to prevent stroke in  the presence of anesthesiologists and

patients with contraindications to lifelong  other personnel qualified to perform

oral anticoagulant therapy. general anesthesia is not always granted
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During LAAO, intraprocedural or posmble'. Thereforq, the p0551b11'1ty
. of undergoing LAAO without performing

transesophageal echocardiography (TEE) - . .

. . . . general anesthesia is particularly attractive.

is performed in all patients on a routine

basis to guide the transseptal puncture™ and ~ The Mask  (Biomedical  Srl;

undergoing LAAO are frequently old, frail
and with several comorbidities. All these
factors increase the risks of complications
of general anesthesia, including pulmonary
complications and cognitive decline.™®

Janus

to have a full view of the LAA, which is
needed to obtain accurate measurements.*°!

As TEE assessment and immobility of
the patients are key factors to the success
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Florence, Italy) [Figure 1] is a device
designed to permit endoscopic procedures
on airways or upper gastrointestinal tract
during noninvasive ventilation (NIV).[1-17

The aim of this preliminary double-cohort
study was to compare procedural and
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Figure 1: The Janus Mask device closed for use (left) and open for
positioning (right)

clinical outcomes of patients undergoing LAAO with
sedation and ventilatory support through the Janus Mask
with a standard management including general anesthesia.

Materials and Methods

We performed a retrospective study of all subjects
undergoing LAAO at a tertiary care university hospital
from November 2015 to October 2016.

All subjects signed a consent allowing for scientific data
management. Ethical Committee Approval was waived for
this retrospective study according to the Italian law (Art.
20-21, DL 196/2003;http://www.garanteprivacy.it/web/
guest/home/docweb/-/docweb-display/docweb/1115480,
published in Giornale Ufficiale no. 190 of August 14,
2004). The present study is in compliance with the Helsinki
Declaration.

The inclusion criteria were scheduled procedure, written
informed consent for anesthesia and procedure, and
age >18 years. No exclusion criteria for the study were
present. However, subjects with contraindications to NIV
were obviously not selected for NIV.

Clinical records were reviewed, and demographic data,
clinical parameters, medical history, and perioperative data
were collected for all subjects.

Arterial  cannulation for invasive blood pressure
monitoring and blood sampling was performed before
induction of  anesthesia/sedation. Invasive  blood
pressure, electrocardiography, and pulse oximetry (SpO,)
were continuously monitored during the procedure.
Arterial partial pressure of oxygen (PaO,) and carbon
dioxide (PaCO,), pH, blood bicarbonate and lactate levels
were measured at T, after 15 and 45 min from induction
of anesthesia (T, T,, respectively), and before discharge
from the recovery room. Hemodynamic data were recorded
from anesthesia charts at the same time points.

In the sedation plus Janus mask group (Janus group),
induction was performed with fentanyl (0.5 pg/kg) and
propofol (1 mg/kg); sedation was then maintained with
continuous infusion of propofol (starting dose 3 mg/kg/h,
titrated to maintain adequate operative conditions and

spontaneous ventilation) and remifentanil (0.05 pg/kg/min).
The Janus mask was positioned on patient’s face after
insertion of the TEE probe without the necessity of removing
it. Spontaneous ventilation was maintained and assisted
with a positive end-expiratory pressure of 5 mmHg with an
initial oxygen inspiratory fraction of 0.5.

Subjects undergoing LAAO under general
anesthesia (control group) were administered fentanyl
(1-2 pg/kg), midazolam (0.1 mg/kg), propofol (1-2 mg/kg),
and rocuronium (0.6 mg/kg) at induction; then anesthesia
was maintained with sevoflurane (target minimum alveolar
concentration above 0.7). All subjects in the control group
underwent endotracheal intubation and received protective
mechanical ventilation (target PaO, >80 mmHg and
PaCO, 35-45 mmHg).

The decision to use Janus mask or perform LAAO under
general anesthesia with endotracheal intubation was at the
discretion of attending physicians and based on clinical
judgment and subjects’ preference.

All subjects were monitored in a recovery room following
procedure. Modified Aldrete’s Score was calculated before
discharge from the recovery room.'

Anesthesiologist and surgeon’s satisfaction was assessed
with a 5-point score (from 0 to 5), were O indicates
the lowest satisfaction degree and 5 the best-operating
conditions.

Statistical analysis

All data were stored in an electronic database. Categorical
data were univariately analyzed with a Chi-square
test when the minimum number of observations in a
category was >5; otherwise, the Fisher’s exact test was
used. Student’s r-test was used to analyze continuous
variables that had normal distribution, while the Mann—
Whitney U-test was used for variables that had nonnormal
distribution. Dichotomous and categorical variables
were expressed as numbers and percentages, while
continuous variables were expressed as means + standard
deviations in case of normal distribution, or median and
interquartile range in case of nonnormal distribution.
P < 0.05 was considered statistically significant. Analysis
of variance (ANOVA) was also performed to assess
differences between groups.

Results

A total of 22 subjects underwent LAAO during the study
and are included in the analysis. Eleven subjects underwent
the procedure under NIV and sedation (Janus group),
while the other 11 received general anesthesia (control
group). Baseline parameters [Table 1] and preoperative
medical therapy [Table 2] were comparable between the
two groups. Preoperative echocardiographic data are shown
in Table 3, together with the most relevant comorbidities.
All subjects were >65 years old and were predominantly
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Age (years)

Sex (male)

Height (cm)

Weight (kg)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (beats/min)

SpO, in room air (%)
Hemoglobin (g/dL)

Hematocrit (%)

Platelet count (x10%/uL)
International normalized ratio
Activated partial thromboplastin time (ratio)
Alanine aminotransferase (UI/L)
Aspartate aminotransferase (UI/L)
Sodium (mEq/L)

Potassium (mEq/L)

pH

PaO, (mmHg)

PaCO, (mmHg)

HCO, (mmol/L)

Lactate (mmol/L)

Control group (n=11) Janus group (n=11) P
75+6.4 79+5.1 0.20
8(73) 6 (55) 0.70
165+9.9 165+7.3 0.90

79+16.9 74+13.4 0.50
147+22.9 170+36.7 0.09
73+10.6 79+14.9 0.30
73+16.3 77+17.1 0.60
97+2.1 98+2.5 0.80
12+1.5 13£2.1 0.08
3943.2 42454 0.10
204+63.1 239+74.1 0.20
1.15 (1.08-2.18) 1.10 (1.03-1.61) 0.30
1.08 (1.01-1.17) 1.04 (0.99-1.16) 0.60
22 (20-22) 23 (14-45) 0.90
25 (22-30) 25 (18-31) 0.70
149+31.0 141+2.5 0.40
4.5+0.47 4.3+0.49 0.20
7.44 (7.42-7.48) 7.42 (7.41-7.43) 0.20
77 (72-113) 72 (68-87) 0.50
35.6 (31.8-37.0) 37.8 (33.8-42.0) 0.40
23.7 (20.9-24.5) 23.7 (21.6-26.0) 0.60
1.16 (0.72-1.18) 1.13 (1.04-1.34) 0.50

Data reported as: mean+SD, 1 (%), median (IQR). HCO: Arterial bicarbonate, PaO,: Arterial partial oxygen tension, PaCO,: Arterial
partial carbon dioxide tension, SpO,: Peripheral arterial oxygen saturation, SD: Standard deviation, IQR: Interquartile range

Control group Janus group P

(n=11) (n=11)
Beta-blockers 7 (64) 8(73) 0.90
Angiotensin converting 4 (36) 6 (55) 0.70
enzyme inhibitors
Loop diuretics 7 (64) 7 (64) 0.90
Antiarrhythmics 4 (36) 3(27) 0.90
Digoxin 19.1) 2 (18) 0.90
Statins 4 (36) 2 (18) 0.60
Acetylsalicylic acid 6 (55) 3(27) 0.40
Other antiplatelet agents 5 (45) 2 (18) 0.40
Vitamin K antagonists 2 (18) 3(27) 0.90
New oral anticoagulants 2 (18) 5(45) 0.40
Low molecular weight 4 (36) 4 (36) 0.90
heparin
Other cardiovascular 6 (55) 3(27) 0.40
agents

Data reported as: 7 (%)

men with mild or moderate mitral regurgitation and on
beta-blocker therapy. Two patients had secondary moderate
mitral regurgitation, while all other patients had primary
mitral regurgitation.

Outcome data are presented in Table 4. A transient increase
in PaCO, in Janus group observed 15 and 45 min (P = 0.01
and <0.001, respectively) after the start of sedation and led
to a respiratory acidosis [Table 4]. No difference in lactate

levels or bicarbonate between groups was noted and PaCO,
and pH were comparable after the end of the procedure.
The difference in pH and PaCO, level between the two
groups was further confirmed with ANOVA (P = 0.006 and
P =0.003, respectively).

There was no difference in SpO, and PaO, between groups
at the time of discharge from the recovery room.

The modified Aldrete’s score before discharge from the
recovery room was similar in the Janus and control group.
All subjects were transferred to the general cardiology
ward after discharge from the recovery room.

Three subjects of the Janus group had an episode of
transient apnea during the procedure, which quickly
resolved after reduction of the level of sedation. No other
complication was recorded.

A comparable satisfaction degree was recorded in the
two groups both from anesthesiologists’ and operators’
perspective [Table 4].

Discussion

In this retrospective study, we described the feasibility of
LAAO procedure without performing general anesthesia,
based on intravenous sedation and a special mask (Janus
mask) designed for NIV during continuous transesophageal
echocardiography. No difference in heart rate, systolic/
diastolic blood pressure, respiratory, and metabolic
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Control group Janus group P

(n=11) (n=11)
Comorbidities
Dementia 1(9.1) 2 (18) 0.90
Connective tissue disease 19.1) 0(0.0) 0.90
Diabetes 5(45) 4 (36) 0.90
With organ damage 2 (18) 1(9.1) 0.90
Mild liver dysfunction 0(0.0) 19.1) 0.90
Moderate-severe liver 0(0.0) 1(10) 0.50
dysfunction
Cerebrovascular disease 3(27) 5(45) 0.70
Chronic obstructive 2 (18) 2 (18) 0.90
pulmonary disease
Peptic ulcer 1(9.1) 0(0.0) 0.90
Cancer 2 (18) 2 (20) 0.90
Echocardiographic
parameters
Ejection fraction (%) 46 (30-55) 56 (50-60)  0.20
Mitral regurgitation
Absent 3(27) 4 (36) 0.90
Mild 5(45) 4 (36)
Moderate 3(27) 3(27)
Severe 0(0) 0(0)
Aortic stenosis
Absent 10 (91) 11 (100) 0.30
Mild 1(9.1) 0(0.0)
Moderate 0(0) 0(0)
Severe 0(0) 0(0)
Aortic regurgitation
Absent 9(82) 9 (82) 0.50
Mild 1(9.1) 2 (18)
Moderate 1(9.1) 0(0.0)
Severe 0(0) 0(0)
Tricuspid regurgitation
Absent 7 (64) 8 (73) 0.60
Mild 109.1) 2 (18)
Moderate 2 (18) 1(9.1)
Severe 1(9.1) 0 (0.0)

Data reported as: n (%) or median (IQR). IQR: Interquartile range

parameters was found at the end of the procedure, while
a transient respiratory acidosis was observed in the Janus
group. The same grade of physicians’ satisfaction was
obtained in the two groups.

Sedation with lower doses of intravenous anesthetics and/
or opioid analgesics may provide adequate operative
conditions without requiring endotracheal intubation and
mechanical ventilation.!'”? We believe that the maintenance
of spontaneous breathing has several advantages over
general anesthesia. Indeed, sedation avoids first the
hemodynamic derangements following administration
of general anesthetics and opioids; second, the need of
endotracheal intubation which is an invasive maneuver with
potential risks and complications; third, the administration

of neuromuscular blocking agents which may impair the
respiratory function and lead to postoperative residual
curarization. In addition, compared to general anesthesia,
sedation allows for a reduction in the total dose of
anesthetics administered with potential advantages on
the incidence of postoperative delirium and cognitive
dysfunction.®” However, this anesthetic management
strategy carries the risk of respiratory depression and
hypoxia. Unfortunately, this risk is higher in these patients
due to the same conditions which increases the risk
associated with general anesthesia. Furthermore, hypoxic
events may themselves be particularly detrimental in these
patients who frequently have cardiovascular and cerebral
comorbidities. The combination of sedation with NIV is
an interesting alternative.?'>! However, the current NIV
masks do not allow for insertion of a TEE probe (which is
usually required for LAAO procedures) unless hand-made
modifications of the mask are performed (e.g., by creating
a hole with a surgical cutter) or complex adjustments
with equipment are made.?® For this reason, we used the
innovative Janus Mask device specifically designed to
allow upper endoscopies during NIV support to overcome
this issue.!"!

To the best of our knowledge, only one case-series
describing LAAO under conscious sedation has been
published so far.?”! Chan et al. describe their experience
in 11 subjects undergoing LAAO under sedation with
fentanyl and midazolam, and report no major complications
following the procedure. In contrast to our study, they did
not provide a comparison with subjects undergoing LAAO
under general anesthesia. In addition, subjects described
in their study are younger, with a lower prevalence of
comorbidities and better cardiac function (as reflected by
the higher mean ejection fraction) as compared with those
enrolled in our study.l?”

Our group recently published a case-series of three
subjects undergoing LAAO under sedation and NIV with
Janus mask, reporting for the first time feasibility of this
approach.’® In the current manuscript, we report for the
first time a case—control study including a comparison with
a group receiving general anesthesia (which is standard
of care), and we expanded our case-series to a total of 11
subjects. Our preliminary experience suggests that sedation
and ventilator support with the Janus mask may be an
interesting alternative strategy to general anesthesia for
LAAO procedures. Therefore, this less invasive management
strategy is extremely promising in such a fragile population.
However, in our case-series, respiratory acidosis and one
case of transient apnea occurred. Although this did not result
in a worse outcome in our population, it highlights that
close monitoring is required when performing sedation in
high-risk patients, as the occurrence of these complications
might jeopardize advantages of sedation over general
anesthesia. In addition, the risk of aspiration of gastric
content should always be considered before proceeding with
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Control group (n=11) Janus group (n=11) P

Length of procedure (min) 60 (55-60) 70 (59-72) 0.08
Time spent by patients in the operating room (min) 112 (100-120) 112 (75-133) 0.90
Systolic blood pressure

After 15 min (mmHg) 100 (90-110) 110 (90-142) 0.21

After 45 min (mmHg) 110 (90-114) 130 (100-136) 0.08

Before RR discharge (mmHg) 130 (120-140) 134 (115-151) 0.60
Diastolic blood pressure

After 15 min (mmHg) 60 (50-60) 60 (50-73) 0.60

After 45 min (mmHg) 60 (60-65) 60 (60-70) 0.50

Before RR discharge (mmHg) 70 (65-75) 65 (57-75) 0.50
Heart rate

After 15 min (bpm) 69 (59-80) 69 (61-80) 0.90

After 45 min (bpm) 65 (61-80) 75 (60-82) 0.80

Before RR discharge (bpm) 64 (60-80) 78 (64-92) 0.50
PaO,/FiO, ratio

After 15 min 198 (194-200) 196 (100-283) 0.90

After 45 min 196 (162-200) 100 (100-252) 0.60

Before RR discharge 448 (249-464) 460 (199-470) 0.50
pH

After 15 min 7.42 (7.40-7.45) 7.34 (7.26-7.37) 0.02

After 45 min 7.40 (7.39-7.46) 7.30 (7.18-7.36) 0.001

Before RR discharge 7.37 (7.35-7.41) 7.39 (7.35-7.40) 0.90
PaCo,

After 15 min (mmHg) 35 (33-38) 47 (39-59) 0.01

After 45 min (mmHg) 33 (30-35) 45 (43-62) <0.001

Before RR discharge (mmHg) 36 (35-41) 39 (35-45) 0.80
Blood bicarbonate

After 15 min (mmol/L) 24.0 (21.0-24.0) 25.0 (22.0-26.0) 0.30

After 45 min (mmol/L) 21.4 (21.1-22.2) 23.1(21.7-25.0) 0.10

Before RR discharge (mmol/L) 22.4 (19.5-22.7) 23.0 (20.6-26.4) 0.20
Blood lactate

After 15 min (mmol/L) 1.04 (0.75-1.09) 1.08 (0.77-1.26) 0.50

After 45 min (mmol/L) 0.98 (0.91-1.21) 0.95 (0.85-0.96) 0.20

Before RR discharge (mmol/L) 0.91 (0.89-1.07) 1.05 (0.99-1.05) 0.40
Modified Aldrete’s score before RR discharge 10 (9-10) 10 (8-10) 0.60
Surgeon satisfaction

0 - not sufficient 0(0.0) 0(0.0) 0.70

1 - poor 0 (0.0) 0(0.0)

2 - sufficient 0(0.0) 1(9.1)

3 - intermediate 1(9.1) 19.1)

4 - very good 19.1) 2 (18)

5 - excellent 9 (82) 7 (64)
Anaesthetist satisfaction (0 - poor; 5 - excellent)

0 - not sufficient 0(0.0) 0(0.0) 0.10

1 - poor 0(0.0) 0(0.0)

2 - sufficient 1(9.1) 0(0.0)

3 - intermediate 0 (0.0) 3(27)

4 - very good 1(9.1) 3(27)

5 - excellent 9 (82) 5(45)
Postprocedural hospital LOS (days) 3 (2-5.5) 2 (2-3) 0.10

Data reported as 7 (%) or median (IQR). IQR: Interquartile range, FiO,: Inspired oxygen fraction, PaO,: Arterial partial oxygen tension,

PaCO,: Arterial partial carbon dioxide tension, RR: Recovery room, SpO,: Peripheral arterial oxygen saturation, LOS: Length of stay

sedation, and adherence to recommended preprocedural Specific equipment is required whenever a general
fasting periods should be closely checked. anesthesia is performed. On the contrary, the management
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of the patient with sedation and periprocedural NIV with
the Janus Mask may be more suitable even in the absence
of these conditions and in a hybrid operating room settings.

Moreover, sedation has been associated with increased
efficiency and reduced hospital length of stay compared
with general anesthesia in patients undergoing transcatheter
aortic valve implantation®*3% and MitraClip implantation.!']
Furthermore, the Janus mask may be useful in other clinical
setting where another kind of endoscopic procedure is
required for a long period or in fragile patients, such as
certain gastrointestinal endoscopic procedures.”

Notably, need to urgently convert sedation to general
anesthesia may always occur. Therefore, we believe that
trained personnel and equipment to administer general
anesthesia should always be readily available. Luckily, no
need for emergency induction of general anesthesia occurred
in our case-series. However, the sample size might have
been too small to adequately assess this issue. Furthermore,
nonanesthesiologists are not allowed to perform sedation at
our institution, and this may have limited the possibility to
develop this complication. However, we acknowledge that
this might not be worldwide standard of care.l*3!

Accordingly, an appropriately designed randomized
controlled trial with clinically relevant endpoints is
necessary to confirm our findings concerning both safety
and efficacy.P” A strength of the study is that no specific
safety issues arose with the use of the Janus mask,
confirming preliminary data on the feasibility of such
approach even in fragile patients.['!

This study has several limitations. First, the sample size
is small, and the study was not powered; however, it
should be noticed that our manuscript reports data of
the largest case series available on this topic. We cannot
exclude that enrolling a larger sample size of more
compromised patients could lead to significant differences
between groups. Second, the allocation of the subject to a
specific treatment was not randomized; however, the two
populations were comparable at baseline. We acknowledge
that selection bias may nevertheless be present. However,
we believe that an individualized management strategy
tailored to the patient’s characteristics is critical when
managing severely compromised patients, and our results
support this view. Third, no reduction in the time spent
by the subjects in the Janus group in the operating room
was found when compared to the general anesthesia
group; nonetheless, we speculate that the routine use of
the Janus mask can reduce the duration and the costs of
LAAO procedures since the equipment and costs related to
general anesthesia are avoided, while procedural time tends
to become shorter with growing experience.**! We did not
record length of stay in the postanesthesia care unit as in
our institution this period is frequently prolonged for a
logistical reason and might be misleading for the meaning
of this study. Finally, we used a very simple scale to grade

operators’ satisfaction. We acknowledge that using a more
complex scale (e.g., a Likert scale) could have yielded
results that are more precise.

Conclusions

We have shown that sedation and NIV through the Janus
mask is a feasible anesthesiological strategy for patients
undergoing LAAO procedure, as it was not inferior to
standard general anesthesia management in a preliminary
case—control study. Further large randomized studies are
needed to confirm this preliminary evidence.
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