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Key points

� Mitral regurgitation is common and the use of

transcatheter techniques for mitral repair is

increasing.

� Anaesthetists are key members of structural

heart teams.

� Manipulation of cardiac physiology to decrease

mitral annular size and increase leaflet coapta-

tion can improve procedural ease during trans-

catheter mitral repair.

� Anaesthetic techniques for transcatheter mitral

valve repair should be chosen to facilitate rapid

recovery.
Learning objectives
By reading this article, you should be able to:

� Describe the burden of mitral valve regurgitation.

� Discuss the haemodynamic goals for managing

patients with severe mitral regurgitation.

� Explain the key procedural steps for trans-

catheter edge-to-edge repair of the mitral valve.

� Detail the anaesthetist’s interventions that affect

the ease of the procedure.

� Identify patients eligible for fast-track care and

those who required prolonged monitoring.

Mitral regurgitation (MR) is common, with a prevalence of

moderate or severe MR reaching 10% at age 75 yrs.1 Mitral

regurgitation may relate to structural abnormalities of the

valve itself (primaryMR) or result from changes in the size and

geometry of the left ventricle (secondary MR). Patients with

severe MR are limited by dyspnoea and fatigue, and can

develop overt heart failure. Severe MR results in higher-than-
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expected healthcare use, with up to 50% more heart failure

admissions per year and excess mortality of 6.3% per year.2,3

Traditionally, patients with severe, symptomatic MR have

been offered surgical valve replacement or repair. However,

increasingly patients are being treated with transcatheter

valve repair. In this article we discuss the management of

patients undergoing transcatheter repair of the mitral valve

(MV).
Indications and contraindications

A transcatheter approach to repair may be chosen in patients

whose valvular anatomy is favourable for transcatheter repair

and for patients at high surgical risk.4,5 Patients with severe

primary MR and high operative risk can generally proceed

directly to transcatheter repair. Patients with severe second-

ary MR should first receive optimal medical therapy for heart

failure and management of concomitant coronary artery

disease. Then, if symptoms of heart failure persist and MR

remains severe, patients with secondary MR can be offered

transcatheter MV repair. With increasing clinical experience,

the anatomical features for transcatheter repair eligibility

have expanded. However, certain anatomical features are

relative contraindications to transcatheter repair (Table 1).
rved.
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Table 1 Relative contraindications for transcatheter edge-to-

edge repair of the mitral valve. Expanded eligibility criteria

for transcatheter edge-to-edge repair is far more permissive

than suggested in initial MitraClip trials.

Valve features Valve area <3 cm
Leaflet length <6 mm
Mean pressure gradient >5 mmHg
Calcification at grasping area
Thrombus or mass on valve or annulus
Valve perforation
Leaflet cleft with significant
regurgitation
Regurgitation at commissure

Atrial access Inability to achieve >35 mm above
mitral valve on intra-atrial septum
Very small left atrium
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Devices and evidence for transcatheter MV
repair

The success of transcatheter aortic valve implantation has

stimulated the development of transcatheter approaches to the

MV. Although several devices are available for transcatheter

MV repair (Table 2), the dominant approach is edge-to-edge

repair, whereby clips are placed on the free edge of the mitral

leaflets.6 In this review, we focus on the management of pa-

tients undergoing transcatheter edge-to-edge repair.

Two devices for transcatheter edge-to-edge repair have

been approved by the US Food and Drug Administration, the

MitraClip (Abbott Laboratories, Abbott Park, IL, USA) and

PASCAL (Edwards Lifesciences, Irvine, CA, USA). The Mitra-

Clip device is the most used and best studied, whereas

experience with the PASCAL device is rapidly increasing (Fig

1). The Endovascular Valve Edge-to-Edge Repair Study

(EVEREST) II trial compared surgical and transcatheter MV

repair and demonstrated transcatheter repair was associ-

ated with fewer adverse events but a smaller reduction in MR

compared with surgery.7 Subgroup analysis of the EVEREST II

trial suggested transcatheter MV repair was as effective as

surgery in older patients with secondary MR, which led to

two subsequent randomised trials comparing transcatheter

repair with medical therapy, Mitra-FR and Cardiovascular

Outcomes Assessment of the MitraClip Percutaneous Ther-

apy for Heart Failure Patients With Functional Mitral Regur-

gitation (COAPT).8,9 Mitra-FR showed no difference in

hospitalisation or mortality at 1 yr year whereas COAPT

showed a 42.1% per year decrease in hospitalisations and a

17% decrease in death at 2 yrs with transcatheter repair.8,9
Table 2 Transcatheter mitral valve repair devices that have received t

the only two devices with approval from the US Food and Drug Adm

Repair strategy Device Manufac

Edge-to-edge repair MitraClip Abbott
PASCAL Edwards

Annuloplasty Cardioband Edwards
Carillon Mitral Contour Cardiac

Chordae NeoChord NeoChor
HARPOON Edwards
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The discrepant results from the two trials may reflect dif-

ferences in the patients studied and the more aggressive

treatment of MR in the COAPT trial.10

Initially, transcatheter MV repair was limited to older and

high-risk patients with secondary MR. However, it has sub-

sequently been shown that high-risk patients with primary

MR can also be treated successfully and obtain durable re-

pairs.11 Moderate risk patients are being enrolled in the

Percutaneous MitraClip Device or Surgical Mitral Valve REpair

in PAtients with PrImaRy Mitral Regurgitation who are Can-

didates for Surgery (REPAIR MR) trial (ClinicalTrials.gov Iden-

tifier NCT04198870).
Preparation for procedure

An expert heart team consisting of a structural interventional

cardiologist, a heart surgeon skilled in mitral repair, an

echocardiographer and an anaesthetist with expertise in

anaesthesia for structural heart procedures should review all

patients being considered for transcatheter MV repair. In our

institution, the roles of anaesthetist and echocardiographer

are combined.

Patients presenting for transcatheter MV repair are typically

frail, older, and have coexisting conditions. Therefore, careful

preoperative assessment is essential. In addition to the usual

considerations, the anaesthetist should focus on left ventricular

(LV) size and function. Patients with low LV ejection fraction

(LVEF <40%) are at risk of afterload mismatch after the proced-

ure,whereby correctionofMRewith consequent increase in LV

afterload e leads to a further decrease in LVEF. The risk of

afterload mismatch in patients with low LVEF is less after

transcatheter repair compared with surgical repair, as the goal

with transcatheter repair is to reduce e not eliminate e MR.

Patients with severe MR frequently have coexisting pul-

monary hypertension and tricuspid regurgitation. Neither

condition, including severe pulmonary hypertension (systolic

pressure >50 mmHg), appear to be associated with adverse

short-term outcome after transcatheter repair.12,13 Therefore,

preprocedural interventions targeting these conditions are

unlikely to improve the outcome from transcatheter repair.

Our practice is to continue b-blockers, antiarrhythmics,

antiplatelets and diuretics. We stop warfarin for 5 days and

direct-acting anticoagulants (e.g. dabigatran, rivaroxaban) for

2 days before the procedure. We leave pacemakers and in-

ternal cardioverteredefibrillators in their usual settings but

have the devices checked by a pacemaker technician to verify

proper functioning after the procedure.

Unlike transcatheter aortic valve replacement, discussion

regarding emergency cardiac surgery is rarely undertaken
he Conformit�e Europ�eenne mark. The MitraClip and PASCAL are

inistration.

turer Delivery to mitral valve

Femoral vein, transseptal
Lifesciences Femoral vein, transseptal

Lifesciences Femoral vein, coronary sinus, transseptal
Dimensions Jugular vein, coronary sinus

d Transapical
Lifesciences Transapical

http://ClinicalTrials.gov


Fig 1 Currently approved devices for transcatheter edge-to-edge mitral valve repair. (A) MitraClip G4 device by Abbot. (B) PASCAL device by Edwards Lifesciences.

Images used with permission.
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before the procedure, as the need for emergency cardiac sur-

gery is exceedingly rare.
Management

Transcatheter MV repair is performed either in a cardiac

catheterisation laboratory or e more commonly nowadays e a

hybrid operating room. Transcatheter MV repair requires the

simultaneous use of both fluoroscopy and transoesophageal

echocardiography (TOE). To facilitate TOE, patients typically

require general anaesthesia with tracheal intubation. Although

there have been cases of MitraClip implantation performed

using either a combination of transthoracic and intracardiac

echocardiography or with TOE, using only topical anaesthesia

of the oropharynx, these approaches are not routine.14

Patients are positioned supine on the fluoroscopy table with

their arms by their side. Equipment, drapes and additional

personnel (e.g. anechocardiographer) limit access to the patient

during the procedure. Therefore, it is essential that monitoring

devices and vascular access lines are carefully secured. When

TOE imaging is difficult, wedging the patient in the left or right

partial decubitus positionmay improve image quality.
Principles of anaesthesia management

Owing to frailty and advanced age, patients undergoing

transcatheter MV repair are at high risk of developing post-

procedural delirium. To help mitigate this risk, our practice

for inducing anaesthesia is to use a combination of propofol

(0.5e1.5 mg kg�1), remifentanil (0.5e1 mg kg�1) and rocuro-

nium (0.6mg kg�1). Wemaintain anaesthesia with an infusion

of remifentanil (0.1e0.2 mg kg�1 min�1) in combinationwith an

inhaled volatile anaesthetic agent or a target-controlled

infusion of propofol. To facilitate rapid emergence and mini-

mise the risk of delirium, we avoid using benzodiazepines.

Haemodynamic goals during the procedure include main-

taining cardiac output while avoiding exacerbating MR.

Decreased LV afterload owing to general anaesthesia helps

maintain cardiac output and reduces the severity of MR. Hy-

potensionmay be treated with an i.v. b-agonist (e.g. ephedrine
5e10 mg). Vasopressors (e.g. phenylephrine) have the poten-

tial to reduce cardiac output and exacerbate MR. Similarly, i.v.

fluid loading can exacerbate MR. Bradycardia (HR <60 min�1)

decreases cardiac output and should be avoided.

Remifentanil-induced bradycardia can be treated by stopping

the infusion or by giving an anticholinergic drug (e.g.
BJA Education - Volume 23, Number 5, 2023 191
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glycopyrrolate 200e300 mg as an i.v. bolus). Chronic atrial

fibrillation is common in patients with severe MR, and fast

ventricular rates should be treated (e.g. amiodarone 150e300

mg i.v.) to optimise cardiac output and to facilitate leaflet

grasping during the procedure. After TOE examination of the

left atrial appendage to exclude thrombus, cardioversion can

be considered, as sinus rhythm increases cardiac output and

facilitates leaflet grasping by the device.

In addition to routinemonitors, an intra-arterial catheter is

appropriate, as it provides continuous blood pressure moni-

toring and allows blood sampling for checking the activated

clotting time (ACT). A central venous catheter is rarely

necessary but may be appropriate for patients with limited

peripheral venous access or in those with impaired LV func-

tion (LVEF <40%). Occasionally, the intracardiac wires and

catheters used during the procedure can cause malignant

arrythmias. Therefore, external defibrillator pads should be

placed in all patients. A urinary catheter is not routinely

indicated. Measurement of left atrial (LA) pressure directly

with the valve repair delivery system provides additional in-

formation on the patient’s haemodynamic state. Changes in

the v-wave on the LA pressure trace may provide useful in-

formation on dynamic changes in MR severity, which can

then be further assessed with TOE.
Haemodynamic and ventilatory interventions that
affect procedural ease

Haemodynamic interventions can affect the ease with which

the proceduralist can perform the procedure. When the LV is

dilated, the gap between the leaflets at end-systole (coapta-

tion gap) increases, particularly in patients with secondary

MR. Interventions that reduce LV size make it easier to grasp

the leaflets and place clips in an optimal position. Adminis-

tering diuretics or commencing inotropes at the time of

anaesthetic induction provides sufficient time for these

agents to decrease LA and LV end-diastolic pressure, thereby

decreasing LV size and helping to reduce the coaptation gap.

Furosemide (20e40mg i.v.) results in a rapid, brisk diuresis,

and is particularly helpful in patients with heart failure who

have intravascular fluid overload and high LV filling pres-

sures. Furosemide also helps mitigate the effects of the i.v.

fluid patients receive from the catheter flushing system,

which may exceed 2 L. Infusions of dobutamine (2e5 mg kg�1

min�1) or milrinone (0.05e0.5 mg kg�1 min�1) are suitable

inotropic drugs and have the advantage of being able to be

given safely via a peripheral i.v. catheter. In addition to

reducing LV size (and therefore the coaptation gap), inotropic

drugs also help mitigate afterload mismatch in patients with

impaired LV systolic function.15 Although these agents (di-

uretics and inotropes) are useful in selected patients e

particularly those with impaired LV systolic function (LVEF

<40%) and elevated LA pressure (<20 mmHg) e their use not

been studied sufficiently to show an effect on the success of

the procedure.

Moderate PEEP (5e10 cmH2O) reduces systemic venous

return, which may decrease the coaptation gap, increase

available coaptation length and help with leaflet grasping

with the device. However, high PEEP can reduce cardiac

output, particularly in patients with impaired ventricular

function. Changes to the patient’s tidal volume and PEEP

should not be made when the delivery system is only slightly

across the atrial septum, as it can cause the device to retract

into the right atrium. Ventilatory changes should also be
192 BJA Education - Volume 23, Number 5, 2023
avoided when clips are applied to the MV but remain attached

to the delivery system, as this can increase tension and

damage the mitral leaflets. Mechanical ventilation with low

tidal volumes (3e6 ml kg�1) reduces breath-to-breath move-

ment of the heart andmakes it easier to grasp the leaflets with

the device. Conversely, large tidal volumes make harder to

grasp the leaflets.
The procedure

The anaesthetist must be familiar with the steps of the pro-

cedure so as to be able to target anaesthetic and haemody-

namic management accordingly. The procedure begins with a

transfemoral venous puncture with a small-bore needle and

wire insertion. Confirmation of venous puncture can be done

with fluoroscopy, surface ultrasound or TOE e with the wire

visualised in the inferior vena cava or right atrium. Using a

Seldinger technique, the femoral venous access site is dilated

to allow the atrial puncture and clip delivery systems to be

advanced over the wire.

Heparinmust be given to prevent thrombus forming on the

wires and catheters, particularly after atrial septal puncture,

as embolisation of LA thrombus can cause stroke. We give

heparin immediately after femoral venous access is obtained.

The target ACT is 250e300 s, which is usually achievedwith an

i.v. bolus of 125e150 IU kg�1 of unfractionated heparin.

Additional heparin doses (25e50 IU kg�1) may be required

during the procedure to maintain the ACT in the target range.

Performing the transseptal puncture in the correct location

is critical to the success and safety of the procedure. With

current devices, transseptal puncture should be in mid-

position when the atrial septum is visualised in a mid-

oesophageal bicaval view (Fig 2A) and posteriorly when

visualised in mid-oesophageal aortic valve short-axis view

(Fig 2B). In a mid-oesophageal four-chamber view (Fig 2C), the

puncture site should be 4e4.5 cm above the mitral annulus.

The target of 4e4.5 cm can be reduced when there is leaflet

tethering, such as occurs with secondary MR. However, it is

better to have excess height, as inadequate height may result

in difficulty retracting the clip, if required.

After atrial septal puncture, a wire is inserted into the left

atrium and the puncture site dilated with a 6.0e8.0 mm

balloon. A supportive wire is then placed in the left upper

pulmonary vein or the left atrium, and the delivery system

advanced under continuous TOE imaging to ensure proper

placement and to avoid injury to the left atrium and the MV

(Fig 2D).

Once the delivery system is in the left atrium, a clip is

passed through the delivery system and sequentially steered

towards the MV (Fig 2E). The clip is opened, positioned and

aligned above the target application site on the MV. Three-

dimensional echocardiography is helpful to assist with posi-

tioning and aligning the clip (Fig 2F). The MV is then crossed,

the clip is opened and leaflets are grasped (Fig 2G).

Once the clip has been attached to the valve, the MV is

carefully assessed for adequate leaflet insertion within the

clip, residual MR or new mitral stenosis (Fig 2H). In one study,

elevated MV gradient (mean diastolic gradient 7.2 mmHg)

resulted in no difference in symptoms or echocardiographic

findings at 2 yrs but moderate or more residual MR resulted in

worse heart failure symptoms.16 Our goal is to apply further

clips if there is an appropriate anatomical target to reduce MR

severity while avoiding mitral stenosis by targeting a mean

diastolic gradient�6mmHg.We also stop applying clips when



Fig 2 Transoesophageal echocardiographic imaging during transcatheter mitral valve repair. (A) Ideal position for puncture of the atrial septum in the mid-

oesophageal bicaval view (Video 1). (B) Ideal position for puncture of the atrial septum in the on mid-oesophageal aortic valve short axis view (Video 2). (C) In

the mid-oesophageal four-chamber view, the puncture site should be 4e4.5 cm above the mitral annulus. (D) Insertion of the delivery system and dilator into the

left atrium. It is important to carefully monitor the position of the distal tip of the device to prevent perforation of the left atrial wall (Video 3). (E) Mid-oesophageal

commissural and long axis views with X-plane imaging showing the clip and delivery system positioned above the mitral valve. Orthogonal imaging helps confirm

correct positioning of the device (Video 4). (F) Three-dimensional (3D) imaging of the mitral valve from the left atrial aspect showing the clip positioned above the

valve and oriented perpendicular to the line of coaptation (Video 5). (G) Mid-oesophageal commissural and long-axis views with X-plane imaging showing the clip

attached to the leaflets in a closed position (Videos 6 and 7). (H) Three-dimensional imaging of the mitral valve from the left atrial aspect of a repaired mitral valve

(Video 8). (I) Mid-oesophageal bicaval view with colour Doppler imaging showing a small iatrogenic atrial septal defect with left-to-right flow (Video 9). If reading

the pdf online, please click on the respective panels to view the videos.
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there is no further reduction in the magnitude of the v-wave

on the LA trace or there is increased LA pressure, as measured

through the delivery system. Typically, one to three clips are

required but we have used up to five. The goal is to reduce MR

severity to mild or less (�2þ), which can be achieved in most

patients.

When assessing for mitral residual MR or new mitral ste-

nosis, it is essential to adjust the patient’s haemodynamics to

match the awake state (i.e. when MR was judged to be severe)

to ensure any change in MR can be attributed to the clips

alone. Hypotension and hypovolaemia tend to reduce MR

severity and hypertension and hypervolaemia tend to in-

crease MV severity. Manoeuvres described previously to

facilitate easier clip application will reduce the severity of the

MR. Changes in ventilation should be avoided while the clip is

being deployed. Unlike valve deployment during trans-

catheter aortic valve insertion, placing clips on the MV does
not interfere with LV filling and does not cause hypotension.

Therefore, clip deployment can be done in a careful and un-

hurried manner.

Once of the results of the procedure have been assessed

and it is decided that additional clips are not required, the

delivery system is retracted into the right atrium. A wire can

be left across the atrial septum to assess for direction and size

of the shunt (Fig 2I). The importance of closing the atrial septal

defect is debated and remains an active area of investigation.

Our approach is to close defects with severe left-to-right

shunting, continuous right-to-left shunting or intermittent

right-to-left shunting in the presence of severe tricuspid

regurgitation. Once assessment of the atrial septum is com-

plete, the transseptal wire is withdrawn and heparin may be

reversed with protamine, although this is not done in all

centres. The femoral venous access site is repaired with

vascular closure device.
BJA Education - Volume 23, Number 5, 2023 193
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After the procedure, a complete TOE examination is

performed to confirm procedural success and exclude com-

plications (see below), particularly pericardial tamponade.
Postoperative care and complications

Routine postoperative care

The great majority of patients can be woken at the completion

of the procedure and recover in the PACU.When transcatheter

MV repair was first introduced, postprocedural monitoring in

the ICU was routine; however, this is no longer the case.17,18

Intermediate care units or coronary care units are suitable

for most patients.

Venous access sites should be monitored for bleeding and

haematoma formation. With the use of vascular closure de-

vices, there is no need for routine compression of the femoral

venous access site. Our approach is for patients to have at

least 1 h of bed rest after the procedure.

Postoperative pain is uncommon, as local anaesthesia is

used at the vascular access site. Discomfort related to the TOE

probe can be reduced with topicalisation of the oropharynx

before insertion. If oropharyngeal topicalisation is performed,

patients should avoid oral intake for 1e2 h after the procedure

to allow time for the local anaesthetic to wear off.

Patients should have a chest radiograph to verify that the

position of the clips is unchanged compared with the final

fluoroscopy imaging and to rule out complications such as

pulmonary oedema or pneumothorax. All patients should

undergo a transthoracic echocardiogram within the first 24 h

to confirm procedural success and to exclude complications.

Residual MR and the presence of new mitral stenosis

should be carefully assessed and documented. If the atrial

septal defect was not closed during the procedure, the volume

and direction of flow across the atrial septum should be

assessed and the need for closure reconsidered for large

defects.

Anticoagulation is not required after MitraClip procedures.

Patients should receive an antiplatelet agent (aspirin, clopi-

dogrel) as per the manufacturer’s recommendations and

recognised practice. Patients taking oral anticoagulants before

the procedure (e.g. for atrial fibrillation) can recommence

these agents the following day.

Hospital discharge is typically within 24e48 h of the pro-

cedure. Selectedpatients can be considered for discharge on the

day of the procedure, provided they have the necessary support

and appropriate follow-up is arranged.18 Patients with an

elevated risk score (EuroScore, SocietyofThoracic Surgeons) are

more likely to require a longer hospital stay, particularly those

with baseline kidney dysfunction.19 Decreased LVEF and New

York Heart Association (NYHA) class III or IV heart failure

symptoms are predictive of the need for rehospitalisation and

are associated with an increased 1-yr mortality.20
Complications

Major bleeding occurs in about 3% of cases after transcatheter

MV repair.21,22 Bleeding from the femoral access site is rare

and usually obvious. However, access-site bleeding can be

missed. During the procedure, the operator may be task-

distracted. After the procedure, bleeding may be obscured by

gowns and bedclothes. Bleeding into the retroperitoneum is

less common with femoral venous access for transcatheter
194 BJA Education - Volume 23, Number 5, 2023
MV repair than with femoral arterial access for transcatheter

aortic valve implantation but, when it does occur, it is easily

missed. Unexplained hypotension, hypovolemia or anaemia

are all suggestive of retroperitoneal bleeding.

Oesophageal and gastric injury caused by the TOE probe

occurs in more than 5% of patients undergoing transcatheter

MV repair.23 Acute kidney injury is relatively common,

occurring in up to 18% of patients, despite the procedure not

requiring the use of iodinated contrast agents.24

Delayed pericardial tamponade can occur and is one of

the most feared complications of transcatheter cardiac in-

terventions. Urgent transthoracic echocardiography is

mandatory in the event of post-procedural haemodynamic

instability. New arrhythmias are uncommon after trans-

catheter repair. In one study, atrial fibrillation was the

most common new arrhythmia, occurring in 2.4% of

patients.25

Hypoxaemia resulting from pulmonary oedema is possible,

arising as a consequence of new mitral stenosis or excessive

fluids given. In rare cases, hypoxaemia can result from shunt

reversal (right-to-left) across the atrial septal defect. If there is

uncertainty as to the cause, hypoxaemia should be investi-

gated with a transthoracic echocardiogram.

Device embolisation is rare compared with thrombotic

embolisation, but both complications should be considered in

patients with new organ malperfusion, particularly new

neurological dysfunction.

Patients undergoing urgent transcatheter MV repair are at

increased risk of complications compared with patients un-

dergoing elective repair. In a non-randomised cohort, com-

plications such as atrial fibrillation, pericardial collection,

acute kidney injury and in-hospital mortality were higher in

those who had an urgent procedure.26 In our own experience

of transcatheter MV repair in patients in cardiogenic shock,

30-day mortality was 26%. All deaths were secondary to pro-

gression of shock; none were anaesthesia or procedural

related.27 These findings were confirmed in a subsequent

study involving a larger cohort of patients with cardiogenic

shock.28 Patients undergoing urgent procedures or those in a

critical state before the intervention should be cared for in a

high dependency unit (HDU) or ICU environment after the

procedure.

Conclusions

The scope of transcatheter mitral repair is expanding because

of the increasing burden of MR in an ageing population and

the excellent outcomes with current devices, particularly in

high-risk patients. Technology is developing rapidly and new

transcatheter approaches to the MV continue to be developed

and tested. In this review, we have highlighted three key

principles of anaesthetic management: (i) choosing a tech-

nique for general anaesthesia that facilitates rapid and safe

recovery; (ii) TOE guidance for successful puncture of the

atrial septum and device deployment; and (iii) haemodynamic

strategies that facilitate the procedure. The principles of

anaesthesia developed for current technologies are likely to

form the basis of anaesthetic techniques for new devices as

they become available.
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MCQs

The associated MCQs (to support CME/CPD activity) will be

accessible at www.bjaed.org/cme/home by subscribers to BJA

Education.

Supplementary material

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.bjae.2023.01.004.
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