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Acute valvular emergencies represent an important cause of cardiogenic shock. However, their clinical presentation and initial diagnostic testing

are often non-specific, resulting in delayed diagnosis. Moreover, metabolic disarray or haemodynamic instability may result in too great a risk for

emergent surgery. This review will focus on the aetiology, clinical presentation, diagnostic findings, and treatment options for patients presenting

with native acute left-sided valvular emergencies. In addition to surgery, options for medical therapy, mechanical circulatory support, and novel

percutaneous interventions are discussed.
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Introduction

Acute valvular emergencies comprise approximately 8% of coronary
care unit admissions.” Unfortunately, given their non-specific clinical
presentation and subtle examination findings, diagnosis is often elu-
sive. In light of a relative paucity of data to guide management, recom-
mendations are based primarily on expert opinion in combination
with small case series and retrospective analyses.”* Most important-
ly, prompt recognition of acute valvular disease in combination with
surgical (or percutaneous) intervention portends the best prognosis.
For patients with multiple comorbidities or profound metabolic dis-
array in whom immediate intervention is considered too high risk,
medical therapy in combination with mechanical circulatory support
(MCS) may be used until stability is achieved.

This review aims to provide a brief overview of acute valvular
emergencies with a focus on the diagnosis and management of native
left-sided valvular regurgitation and stenosis (given they are most fre-
quently the cause of haemodynamic decompensation). Multiple as-
pects of management will be discussed, including medical therapy,
MCS, surgery, and the role of percutaneous interventions, such as
transcatheter edge-to-edge repair (TEER) and transcatheter aortic
valve replacement (TAVR).

Acute valvular regurgitation

There are fundamental differences in the pathophysiology underlying
acute versus chronic regurgitant lesions. In chronic regurgitant le-

sions, left ventricular (LV) remodelling occurs, primarily

characterized by chamber enlargement. This augments forward
stroke volume and allows for maintenance of overall cardiac output
without elevations in left ventricular end-diastolic pressure
(LVEDP).*

In acute mitral and aortic valvular regurgitation, sudden rises in LV
end-diastolic volumes lead to rapid elevations in LVEDP, left atrial
(LA) pressure and pulmonary venous pressures with resultant pul-
monary congestion (Figure 7). While there is some augmentation in to-
tal stroke volume due to the Frank-Starling mechanism, high
regurgitant volumes result in decreased forward flow and a low effect-
ive cardiac output. This is compounded in acute aortic regurgitation
(AR), wherein severely elevated LVEDP may cause premature closure
of the mitral valve and diastolic mitral regurgitation (MR), resulting in
further impairment of effective cardiac output and greater elevations
in pulmonary venous pressures (Figure 2).> Compensatory tachycar-
dia is common to both acute valvular lesions, however, is often inad-
equate to preserve forward stroke volume and may be detrimental
in those with a Type A aortic dissection or concomitant ischaemia.

It is worth noting that acute mitral or aortic regurgitation is better
tolerated in patients with pre-existing valvular regurgitation and nor-
mal LV function, compared with those with impaired systolic or dia-
stolic LV function, ischaemia, or aortic dissection.

Actiology

While causes of acute regurgitation vary based on the valve affected,
there are multiple shared aetiologies (Table 7). Notably, acute severe
MR can be divided into primary and secondary causes (i.e. structural
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Figure 1 Haemodynamic changes in acute valvular regurgitation. LAP, left atrial pressure; LAVi, left atrial volume index; LVEDV, left ventricular
end-diastolic volume; LVEDP, left ventricular end-diastolic pressure; nl, normal.
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Figure 2 Haemodynamic findings in acute valvular emergencies. Note: solid lines indicate the abnormalities observed with the associated valvular
emergency, whereas dashed lines represent normal arterial or PAC tracings. CO, cardiac output; LVEDP, left ventricular end-diastolic pressure; PA,
pulmonary artery; PAC, pulmonary artery catheter; PCWP, pulmonary capillary wedge pressure; Ao, aorta.

abnormalities of the mitral valve or chordal structures versus left expected findings, with an associated narrow pulse pressure (although

ventricular dysfunction with an intact mitral valve apparatus, respect- severe AR has been associated with a wide pulse pressure, this is typ-
ively). Ultimately this distinction is critical, as it factors heavily into the ically seen in patients with chronic, rather than acute aortic insuffi-
management strategy. ciency). Other clinical symptoms may be present owing to the
aetiology of regurgitation (e.g. fever or peripheral emboli in endocar-
ditis, or chest pain secondary to ischaemia or aortic dissection).

Clinical presentation

While ‘classic’ (and eponymous) auscultatory findings associated
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Patients with acute valvular regurgitation will typically present with
dyspnoea and cardiogenic shock, owing to rapid and sudden eleva-
tions in LVEDP. Physical examination will reflect the aforementioned
with tachypnoea, inspiratory crackles, and hypoxaemia. Tachycardia,
altered mental status, hypotension, and cool extremities are

with severe mitral and aortic valvular regurgitation are characteristic
for chronic valvular regurgitation, findings in acute valvular regurgita-
tion are different and often elusive (Figure 3).* Notably, in up to
30% of patients with acute myocardial infarction and acute severe
MR, no audible murmur is noted at all? Furthermore, the physical
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Table 1

Causes of acute mitral and aortic regurgitation

Mitral regurgitation

?Chord rupture *Endocarditis
Papillary muscle rupture

Acute rheumatic fever

Papillary muscle dysfunction (ischaemia)
Takotsubo’s cardiomyopathy e TAVR
® SAM with LVOT obstruction
® Mitral valve leaflet tethering

Acute cardiomyopathy

Trauma/deceleration injury
Peri-procedural complications

® Balloon valvuloplasty

® Post-catheterization

Aortic regurgitation

Both

*Type A aortic dissection
¢ Sinotubular dilation
¢ Dilated sinus(es) of Valsalva
® Aortic cusp prolapse
¢ Intimal flap prolapse through aortic valve

Rupture of congenital fenestration

LVOT, left ventricular outflow tract; SAM, systolic anterior motion; TAVR, transcatheter aortic valve replacement.

“Most common causes of acute valvular regurgitation.

examination may be obscured by the environment in which the pa-
tient is examined. Indeed, important contributors to the delayed diag-
nosis of acute valvular regurgitation are (i) conflation of ‘classic’
physical examination findings in acute versus chronic valvular regurgi-
tation and (i) overestimation of the sensitivity of the physical exam-
ination in diagnosis.

Given the delays in diagnosing acute valvular regurgitation (and the
associated morbidity and mortality), cardiogenic shock in combin-
ation with certain clinical scenarios should herald rapid evaluation
for the aforementioned (Table 2).

Diagnostic evaluation

Transthoracic echocardiography (TTE) is considered the first-line
modality for evaluation of valvular regurgitation given its availability,
portability and diagnostic yield in patients presenting with acute-onset
dyspnoea. Notably, however, TTE may be limited by poor patient
windows, concomitant lung disease, or respiratory distress. Even
with good imaging quality, highly eccentric regurgitant lesions may
be qualitatively underestimated and the underlying mechanism may
be difficult to discern. In these circumstances, there should be a low
threshold to utilize transesophageal echocardiography (TEE) to bet-
ter delineate the degree and mechanism of acute valvular regurgita-
tion. Moreover, if surgical planning is required, TEE can be a useful
surgical adjunct. Of note, while point-of-care ultrasound has become
a mainstay of patient evaluation in a multitude of hospital settings, in-
complete or inexperienced evaluation can lead to a delay in diagnosis
or misdiagnosis. Therefore, corroboration of findings (or lack there-
of) should always be confirmed with a complete echocardiogram.
Echocardiographic findings in the setting of acute mitral or aortic
regurgitation are described in Figures 4 and 5 and Table 3.
Two-dimensional (2D) and three-dimensional (3D) echocardiog-
raphy can demonstrate the mechanism of acute valvular regurgitation
such as ruptured chordae tendinae, papillary muscle rupture, pro-
lapsed or flail leaflets, or an ascending aortic dissection flap. LV and
LA sizes are often normal given the acute nature of the presentation.
LV function is typically normal or hyperdynamic, however, regional
wall motion abnormalities may suggest concomitant acute ischaemia
(e.g. in the setting of ascending aortic dissection with coronary

involvement, papillary muscle rupture), acute myocarditis or
Takotsubo’s cardiomyopathy. Premature mitral valve closure is a hall-
mark of acute severe AR and represents a rapid rise in LV diastolic
pressure above LA pressure.

The application of colour Doppler is most likely to clue the clin-
ician in to acute valvular regurgitation as the primary aetiology of de-
compensation. While large areas of flow convergence with a
prominent vena contracta are typically seen, very severe lesions
may lack turbulent flow owing to rapid equalization of chamber pres-
sures. Eccentric jets should be well delineated to avoid underestima-
tion of the degree of severity. Of note, quantitative measures for
valvular regurgitation (e.g. effective regurgitant orifice area, regurgi-
tant volume) should not be used given their decreased accuracy in
the context of tachycardia and altered loading conditions secondary
to cardiogenic shock.*

Pulsed and continuous-wave Doppler interrogations may corrob-
orate the severity of acute valvular regurgitation. Flow reversal in the
pulmonary veins and abdominal aorta have high specificities for severe
mitral and aortic regurgitation, respectively.9 Continuous-wave
Doppler profiles of acute MR will typically be densely echogenic,
have a low peak velocity (< 5 m/s) and triangular in shape, reflecting
rapid equalization of pressures between the LV and LA. Analogously,
continuous-wave Doppler profiles of acute AR will also be densely
echogenic with a short pressure half-time and low-end diastolic vel-
ocity (reflecting rapid equalization of aortic and LV pressures).

While frequently obtained, the electrocardiogram (ECG) and
chest X-ray (CXR) lack sensitivity and specificity to establish the diag-
nosis of acute valvular regurgitation. Nonetheless, ECGs can still pro-
vide important clues to the aetiology of acute valvular regurgitation
(e.g. ST-segment elevation or Q waves). Typical CXR findings are
that of pulmonary oedema with a normal cardiac silhouette. Of
note, pulmonary oedema can be unilateral in acute eccentric MR
with flow directed towards a single pulmonary vein." This finding
may be easily confused with pneumonia as it is frequently accompan-
ied by leukocytosis and may occur concomitantly with other system-
ic illness such as endocarditis. As such, it must be carefully
interpreted in the clinical context so as not to delay diagnosis.

Coronary angiography is typically not required either routinely or
pre-operatively unless it is suspected that treatment of acute
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Figure 3 Auscultatory findings in acute valvular emergencies. Normal (A) when compared with acute severe mitral regurgitation (B), acute severe
aortic regurgitation (C), chronic severe rheumatic mitral stenosis (D), and chronic severe aortic stenosis (E). OS, opening snap.

ischaemia will reverse acute MR. Delays in surgery or percutaneous
valvular intervention may otherwise only serve to worsen cardio-
genic shock.

Management

Much like complex coronary artery disease and chronic structural
heart disease, comprehensive management of acute valvular regurgi-
tation requires a heart-team approach (Figure c’>).2 Primary treatment
of acute valvular regurgitation is surgical. However, for patients with
haemodynamic instability, a significant number of comorbidities or
profound metabolic disarray, surgery may be delayed. In this setting,
medical therapy combined with the use of MCS may be used as a

‘bridge’ for the critically ill patient. For those patients where the
risk of surgery is too great, structural interventions such as TAVR
and TEER have emerged as potential treatment options. As always,
patient goals of care are paramount and should guide all management
decisions as made by the treating team.

Surgery

Treatment of acute primary MR and acute AR is surgical in nature
and (in accordance with European Society of Cardiology and
American Heart Association guidelines) should therefore be treated
as a surgical emergency with prompt inclusion of the cardiothoracic
surgery team. > Knowing the aetiology plays a critical role in what
surgical intervention is chosen. For those with acute MR, mitral valve
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Table 2 Clinical scenarios associated with the
presence of acute valvular regurgitation

Acute onset of shortness of breath OR cardiogenic PLUS

shock OR sudden decompensation

Mitral regurgitation
History of mitral valve prolapse
STEMI or NSTEMI
At presentation (papillary muscle dysfunction)
2-7 days after presentation (papillary muscle rupture)
Bacteraemia (particularly staphylococcal, streptococcal, or
enterococcal species)
Acute neurologic event (e.g. intracranial haemorrhage and ischemic
stroke)
Recent intense emotional or physical stress
Other criteria for acute rheumatic fever (migratory polyarthritis,
chorea, erythema marginatum, and subcutaneous nodules)
Recent procedure (e.g. BMV, TAVR, and cardiac catheterization)
Trauma/deceleration injury
Aortic regurgitation
Diagnosis OR signs/symptoms of aortic dissection
Bacteraemia (particularly staphylococcal, streptococcal, or
enterococcal species)

Trauma/deceleration injury

repair may only be possible in patients with chordal rupture, whereas
mitral valve replacement may be required in patients with endocar-
ditis or papillary muscle rupture. Acute AR often requires aortic
valve replacement and may necessitate intervention on the ascending
aorta or its associated branch vessels. In some cases, however, a
valve-sparing root replacement or an isolated repair of the ascending
aorta is sufficient."”

While surgery is considered first-line therapy for the management
of acute valvular regurgitation, outcomes are worse compared with
intervention on patients with chronic regurgitant lesions. In one co-
hort of 279 patients with acute severe MR (the aetiology being acute
myocardial  infarction > degenerative > infective  endocarditis),
30-day operative mortality was 22.5% with cardiogenic shock repre-
senting one predictor of early death." Similarly, in a retrospective
analysis of 1342 patients undergoing surgery for papillary muscle rup-
ture, 30-day (or in-hospital) operative mortality was 20.0%, with car-
diogenic shock and emergent salvage status representing adverse
predictors.’® Notably, however, in smaller studies, post-operative
mortality with papillary muscle rupture has climbed to as high as
53%."* Patients with acute AR face similar challenges. Surgical mor-
tality rates for Type A aortic dissection are 18%, with AR represent-
ing one major significant risk factor.”>'® Finally, the ESC-EORP
European Endocarditis registry noted in-hospital mortality rates of
17.1% for all patients diagnosed with endocarditis, with two import-
ant independent predictors of mortality being congestive heart fail-
ure and failure to undertake surgery when indicated."

The decision to proceed with surgical intervention is complex, of-
ten hinging on the assessment of perioperative risk relative to the risk

of non-operative management. The Society of Thoracic
Surgeons risk score may be helpful in this regard as are some other
prognostic algorithms that have been developed.'®'? Ultimately,
however, ongoing multidisciplinary discussions are crucial in the as-
sessment of timing for surgical intervention. As discussed below,
medical therapy and MCS can sometimes establish periods of stability
facilitating a safer transition to the operating room for definitive

correction.

Percutaneous structural intervention
Percutaneous structural interventions such as TEER and TAVR have
gained an increasing role in the management of chronic progressive
valvular disease. However, for patients with severe acute regurgita-
tion and a prohibitively high surgical risk, percutaneous intervention
has been suggested as a possible alternative treatment. TEER has
been successfully employed in patients with acute MR due to chordal
rupture, acute myocardial infarction, and even papillary muscle rup-
ture.M,zo,21 However, these interventions will often be technically
challenging and cannot be performed in the setting of concomitant
endocarditis. TAVR has a narrower range of utility for acute AR for
several reasons. Primarily, current devices need to be seated in a rigid
annulus, which may not be the case for acute AR. Device selection is
also performed in conjunction with comprehensive testing, including
a gated multidetector computed tomography (MDCT) scan to assist
with TAVR sizing. Finally, TAVR cannot be used in either of the two
most common reasons for acute AR—endocarditis and aortic
dissection.

Traditional medical therapy and

mechanical circulatory support

Medical therapy for acute mitral and aortic regurgitation is limited and
primarily focused on diuresis and afterload reduction (Figure 7).
Reduction in systemic afterload promotes forward flow in both re-
gurgitant lesions and therefore is a critical aspect of management.
Similarly, diuretic therapy decreases overall pulmonary congestion.
While heart rate has not been investigated to play a major role in
the management of acute MR, lower heart rates are essential when
the aetiology of severe MR is systolic anterior motion of the mitral
valve. For patients with acute AR, increased heart rates shorten dia-
stole and have been demonstrated to decrease regurgitant volumes
and increase stroke volume.?* For patients with low heart rates des-
pite inotropic or chronotropic agents, transvenous pacing should be
considered.”

While nitroprusside has been recommended as the afterload
agent of choice in both lesions, this is likely of somewhat historical
context given its evaluation in initial studies in the 1970s.2%% It is like-
ly that most intravenous afterload reducing agents will work in these
scenarios, including isoproterenol for acute AR with low heart rates,
intravenous B-blockers in Type A aortic dissection and intravenous
nitroglycerin for patients with concomitant ischaemia. For patients
with persistent hypotension, inotropes should be considered.
While there is no clear ‘drug of choice’ should additional vasopres-
sors be required, norepinephrine is associated with fewer arrhyth-
mias and is often utilized as a first-line pressor in cardiogenic
shock. Dopamine and epinephrine may also be considered depend-
ing on the clinical scenario, although notably, both have been
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Figure 4 Echocardiographic findings in acute mitral regurgitation. Two-dimensional and colour Doppler imaging of papillary muscle rupture (A, B)
and a flail posterior mitral valve leaflet (C, D) with associated three-dimensional imaging (E). Continuous-wave Doppler in acute mitral regurgitation
(F) and pulsed-wave Doppler demonstrating systolic pulmonary vein reversal (G).

Figure 5 Echocardiographic findings in acute aortic regurgitation. Two-dimensional and colour Doppler imaging of a flail aortic valve leaflet (A, B)
and Type A dissection with intimal flap prolapse (C, D). Continuous-wave Doppler demonstrating a short pressure half-time with low end-diastolic
velocity (E) and pulsed-wave Doppler showing diastolic flow reversal in the abdominal aorta (G).

associated with adverse outcomes in subgroups of patients with car-
diogenic shock. 23247 Of note, no clear data have established a ‘tar-
get heart rate’ in patients with acute AR, particularly for patients with
a Type A aortic dissection. As such, intravenous B-blockers are not
strictly contraindicated in this setting.

MCS has emerged as an option to haemodynamically and metabol-
ically optimize patients who are initially at too high a surgical risk
(Figure 8). Multiple devices are available, including intra-aortic balloon
pump (IABP), Impella (Abiomed, Danvers, MA, USA), TandemHeart
(LivaNova, Pittsburgh, PA, USA), veno-arterial extracorporeal
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Table 3 Characteristic echocardiographic findings in acute mitral regurgitation and acute aortic regurgitation

Mitral regurgitation

Torn mitral valve chordae
Ruptured papillary muscle
Leaflet tethering

SAM

Colour Doppler Vena contracta >7 mm

Colour Doppler splay®

Normal LV size

Normal LV function

Large flow convergence

Jets may appear very eccentric

Aortic regurgitation

Dissection flap

Premature mitral valve closure

Leaflet flail/prolapse

Vena contracta > 6 mm
Regurgitant jet width > 65% LVOT diameter

Avoid quantitative metrics (e.g. EROA)

Pulsed- or Triangular-shape profile
Continuous-Wave  Peak velocity < 5 m/s

Doppler Pulmonary vein systolic flow reversal

Densely echogenic regurgitant profile  Pressure half-time < 200 ms

Low end-diastolic velocity

Holodiastolic flow reversal in the abdominal aorta

2D, two-dimensional; 3D, three-dimensional; EROA, effective regurgitant orifice area; LV, left ventricular; LVOT, left ventricular outflow tract; SAM, systolic anterior motion of the

mitral valve leaflets; TAVR, transcatheter aortic valve replacement.

membrane oxygenation (VA-ECMO), and left atrial veno-arterial
extracorporeal membrane oxygenation (LAVA-ECMO).

Acute MR is well served by most of the available MCS options. IABP
provides the least support but is the most widely and readily available
and can rapidly decrease LV afterload. Similarly, Impella can result in dir-
ect LV unloading, however, should be used with caution (or avoided) in
patients with papillary muscle rupture and may be difficult to position/
alarm frequently in the setting of normal LV size. TandemHeart and
LAVA-ECMO are more technically challenging to insert given the
need for transseptal puncture across the interatrial septum, however,
have the benefits of direct LA unloading. Finally, VA-ECMO may be
used, but is often done so in conjunction with TandemHeart, IABP or
Impella to prevent pulmonary oedema from increased LV afterload.

On the other hand, acute AR represents either a relative or absolute
contraindication to MCS, especially in the presence of concomitant aor-
tic dissection. Diastolic balloon inflation of the IABP results in an in-
creased regurgitant volume. The forward flow effects of the Impella
are mitigated by severe AR, of which the latter may be worsened due
to the device precluding aortic valve coaptation. AR and pulmonary oe-
dema may be worsened in the setting of increased afterload with
VA-ECMO. If MCS is absolutely necessary, TandemHeart or
LAVA-ECMO could be considered due to concomitant LA unloading.29

Acute valvular stenosis

Native mitral and aortic valve stenosis do not occur acutely, and there-
fore by definition are chronic lesions. However, patients may present
with acute decompensated heart failure or cardiogenic shock in the con-
text of a precipitating event, resulting in acute elevations of LA and pul-
monary venous pressures, and potentially a decrease in left ventricular
ejection fraction (LVEF) or cardiac output (Figure 2 and Table 4).

Actiology

Rheumatic and calcific valve disease are the two most common
causes of both native mitral and aortic valve stenosis (of which

rheumatic MS and calcific AS are most frequent). Congenital mitral
valve disease (e.g. parachute mitral valve, supramitral ring) is rare
and often associated with other congenital cardiac abnormalities.
Bicuspid aortic valves are the most common congenital cardiac mal-
formation and an important cause of AS, typically involving prema-
ture fibrosis, stiffening, and calcification.® Unicuspid aortic valves
are associated with AS, but are rare.’’

Clinical presentation

Patients with acute decompensation in the setting of severe valvular
stenosis will present with dyspnoea due to a rapid rise in LA pressure
+LVEDP. Some patients will have cardiogenic shock depending on
the precipitant and remainder of cardiac function. Other clinical symp-
toms may be present depending on the cause of deterioration (Table 4).

Like patients with acute valvular regurgitation, the physical exam-
ination will reflect elevated pulmonary pressures and (if present) car-
diogenic shock. As such, tachypnoea, scattered inspiratory crackles
and hypoxaemia are expected. Tachycardia, altered mental status,
hypotension, cool extremities, and a narrow pulse pressure are likely
manifestations for those in cardiogenic shock. The remainder of aus-
cultatory findings is consistent with that of severe valvular stenosis
(Figure 3). Like acute valvular regurgitation, care should be taken in
overly relying on the physical examination to diagnose acute valvular
stenosis, particularly with MS wherein auscultatory findings are
subtle.

Diagnostic evaluation

Similar to acute valvular regurgitation, TTE remains the first-line diag-
nostic modality for severe valve stenosis given its portability, availabil-
ity and diagnostic yield. Particularly in patients with severe AS, TTE
has the added benefit of facilitating the assessment of valvular gradi-
ents via multiple different windows and using the dedicated PEDOF
(pulse echo Doppler flowmeter) probe. However, in the event
where TTE imaging is suboptimal, TEE should be pursued.
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Figure 6 Heart-team approach to the management of acute valvular emergencies.
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Figure 7 Medical therapy for the management of acute valvular emergencies. BAV, balloon aortic valvuloplasty; BMV, balloon mitral valvuloplasty;
IV, intravenous; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; PCl, percutaneous coronary intervention; SAM, systolic anterior

motion of the mitral valve.

2D and colour Doppler typically suggest the presence of severe
valvular stenosis (Figures 9 and 10 and Table 5). Native valve leaflets
will have significantly restricted leaflet motion with turbulent flow at
the stenotic orifice. Rheumatic changes of the mitral valve will dem-
onstrate the classic ‘hockey-stick’ appearance and may have asso-
ciated leaflet thickening, calcification or thickening of the

subvalvular apparatus. Calcific valvular stenosis will show severe leaf-
let (and annular) calcification. Long-standing valvular stenosis will typ-
ically result in LA enlargement, with LV hypertrophy common to
those patients with AS.

Pulsed and continuous-wave Doppler are critical for the assess-
ment of the degree of valvular stenosis and as previously noted, should

€20z KeN €2 U0 oSN IMOA-ONT Medulolalg Aq 2992599/€59/8/ 1 L/o10Ne/00elys/w00 dno-olwspese//:sdny Wwoij papeojumoq



Acute valvular emergencies

661
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Figure 8 Mechanical circulatory support options for patients with cardiogenic shock due to an acute valvular emergency.?®

Table4 Causes of acute deterioration in the context
of severe valvular stenosis

Atrial fibrillation
Fever/infection/sepsis
Hypertensive urgency/emergency
Ischaemia

Pregnancy

Pulmonary embolism

Emotional stress

| LVEF

LVEF, left ventricular ejection fraction.

be assessed from multiple different acoustic windows (Table 5). In pa-
tients where there is a discordance between aortic valve area and aor-
tic valve gradients, low-flow low-gradient severe AS should be
considered and reassessed with further imaging if needed.

MDCT can be a valuable adjunct in patients with native valvular AS (par-
ticularly in those with low-flow low-gradient severe AS), wherein LVOT
dimensions, valvular calcium score and direct valvular area measurements
can be directly obtained. Notably, MDCT does not provide haemo-
dynamic assessment of valvular stenosis and therefore is an adjunct, not
a replacement, for echocardiography. MDCT also requires ECG-gating,
which may be limited by tachycardia or irregular cardiac rhythms.

Management

Like that of acute valvular regurgitation, management of patients with
acute decompensation in the face of severe valvular stenosis (particu-
larly in the setting of cardiogenic shock), requires a heart-team ap-
proach (Figure 6).> Definitive therapy is indeed surgical; however,
there is a greater role for percutaneous interventions (i.e. valvulo-
plasty) in temporization of patients with profound instability or
metabolic disarray. For those who do not qualify for valvuloplasty
(or remain in cardiogenic shock despite intervention), medical

therapy combined with MCS may also be used as a ‘bridge’ to even-
tual surgical intervention. TAVR and transcatheter mitral valve re-
placement (TMVR) also represent potential treatment options.

Surgery
While patients with severe native valve stenosis with cardiogenic
shock should be promptly evaluated by cardiothoracic surgery, there
are more established roles for medical therapy and percutaneous
intervention in the stabilization of these patients (as described below).
This is particularly true in patients who are haemodynamically stable
or in those with severe rheumatic MS who are candidates for balloon
mitral valvuloplasty (BMV). Peri-operative mortality is high, with up to
21% operative mortality demonstrated in patients with severe AS and
cardiogenic shock.®? Mitral annular calcification is known to be asso-
ciated with high peri-operative morbidity and mortality in the
non-emergent setting and portends a poor prognosis in combination
with severe MS2 As such, while surgical evaluation should be exped-
itious, surgical replacement may not need to occur emergently.
Similar to acute valvular regurgitation, timing of operative inter-
vention should be decided in the broader context of the risks of op-
erative versus non-operative intervention, including haemodynamic
and metabolic status, available alternative (percutaneous) options
and other surgical risk factors.

Percutaneous intervention

BMV and balloon aortic valvuloplasty (BAV) represent important
percutaneous interventions in critically ill patients with severe
rheumatic MS and severe AS, respectively.? While BMV may re-
present a definitive therapy for patients with severe rheumatic MS,
BAV should be considered a bridge given its generally modest efficacy
and suboptimal haemodynamic effects.®® Notably, BMV cannot be
performed in patients with calcific MS, nor in patients with an estab-
lished LA appendage thrombus, more than mild MR or an unfavour-
able valve morphology. Similarly, BAV is contraindicated in patients
with moderate or greater AR, infectious endocarditis or in patients
with poor vascular access. For both procedures, patients can develop
severe regurgitant lesions with the progression of haemodynamic
instability.
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251 cm/s®
217 ms
MVA (P%t) 1.01 cm?

e

+MVVTI =
Vmax 358 cmis
Vmean  278cmis
MaxPG 51 mmHg

Mean PG 33 mmHg |
VTl

Figure 9 Echocardiographic findings in severe rheumatic mitral stenosis. ‘Hockey-stick’ deformity with mitral valve leaflet thickening, commissural
fusion and flow acceleration on colour Doppler imaging (A-D). Continuous-wave Doppler demonstrating pressure half-time method for assessment
of mitral valve area (E) and mean mitral valve gradient (F).

TISOS MI13

Figure 10 Echocardiographic findings in severe aortic stenosis. Two-dimensional parasternal long- and short-axis imaging demonstrating severe
aortic valve leaflet and annular calcification (A, B). Colour Doppler shows turbulent flow (C) with a peak aortic valve velocity >5 m/s on continuous
wave Doppler evaluation (D).
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Table 5 Characteristic echocardiographic findings in severe mitral stenosis and severe aortic stenosis

Mitral stenosis

‘Hockey-stick’ leaflet morphology

Subvalvular thickening and calcification

Aortic stenosis

Both

Thickened/calcified valve

Decreased leaflet motion

Annular calcification

Colour Doppler

MVA < 1.5 cm? (planimetry or PHT if
rheumatic)

Pulsed- or
Continuous-Wave
Doppler Mean diastolic mitral valve gradient >

5 mmHg

Turbulent flow (at the stenotic

AVA <1.0 cm? or AVAI <0.6 cm?/m?
¢ High-grade AS
® Peak velocity > 4.0 m/s or mean gradient
>40 mmHg
¢ Low-flow low-gradient AS*
¢ Peak velocity < 4.0 m/s or mean gradient
< 40 mmHg
e Stroke volume index < 35 mL/m?

2D, two-dimensional; 3D, three-dimensional; AS, aortic stenosis; AVA, aortic valve area; AVAI, aortic valve area index; LVEF, left ventricular ejection fraction; MVA, mitral valve area;

PHT, pressure half-time.

*Low-flow low-gradient AS can be seen in the setting of a low LVEF (<50%) or preserved LVEF (>50%).

Whereas TAVR has a narrow range of utility for patients with acute
AR, it appears to be a burgeoning option for patients with cardiogenic
shock and critical AS. In a large retrospective registry analysis, TAVR
was successfully performed on 2220 patients in cardiogenic shock
with aresultant 19.1% mortality (compared with 4.9% mortality in high-
risk patients).>* While there are multiple important limitations to ur-
gent TAVR (most notably the inability to obtain a gated MDCT for as-
sessment of annular size and iliofemoral access) and mortality remains
high, it is nonetheless feasible. TMVR has been evaluated in non-critically
ill patients with calcific MS, however, is far more challenging to imple-
ment. Procedural planning with MDCT is vital for mitral valve annular
sizing, understanding the distribution of annular calcium and to avoid
LVOT obstruction. TMVR is technically challenging and given the (of-
ten) high-risk patient population associated with severe calcific MS,
30-day mortality tends to be high (up to 25%).3

Traditional medical therapy and

mechanical circulatory support
Medical therapy for acutely decompensated valvular stenosis is limited
(Figure 7). For patients with pulmonary oedema, diuresis is a mainstay
of therapy. To maximize LV filling in patients with severe MS, efforts
should be focused on slowing heart rates and restoring normal sinus
rhythm using medications such as -blockade (e.g. esmolol), digoxin,
or amiodarone. As such, prioritizing the use of pressors that avoid
chronotropy (e.g. vasopressin or phenylephrine) is preferred.
Afterload reduction is critical is the management of patients with se-
vere AS due to the already significant load imposed upon the LV from
the stenotic aortic valve. Nitroprusside has been studied in AS patients
with cardiogenic shock and a reduced LVEF and has demonstrated im-
provements in cardiac index, systemic vascular resistance (SVR) and

pulmonary capillary wedge pressure.® Somewhat counterintuitively,
phenylephrine has classically been recommended as the pressor of choice
for AS with cardiogenic shock with the three primary reasons being (i) LV
afterload is relatively ‘fixed’ by the stenotic valve (and therefore increasing
SVR will have a smaller effect on myocardial work), (i) higher diastolic
blood pressure will translate to increased coronary perfusion pressure,
and (iii) reflex bradycardia will decrease overall myocardial work.*’
Vasopressin has also been recommended in this se‘cting.23 Inotropes
may be considered in the setting of a reduced LVEF, but should be
used with caution given the risk of tachycardia and arrhythmia.

MCS can be used to support patients with severe valvular stenosis. In
cardiogenic shock accompanying MS, LVEDP is generally low owing to
poor flow fromthe LA into the LV due to significantly elevated mitral valve
gradients with potential contributions from right ventricular failure and se-
vere pulmonary hypertension. As such, with concomitant right heart fail-
ure, patients would be best served by VA- or LAVA-ECMO (particularly
the latter for decompression of both atria). Otherwise, however, a
TandemHeart (with direct LA drainage) is a reasonable alternative.

In the case of severe AS (or decompensation after rapid ventricular pa-
cing during valvuloplasty), most MCS options may be used for haemo-
dynamic support.®®*” One consideration would be feasibility of Impella
placement, currently contraindicated in patients with an aortic valve
area <0.6 cm? due to the risk of complete valvular occlusion or inability
to insert the device.*

How we manage acute valvular
emergencies

Even before the diagnosis of an acute valvular emergency is estab-
lished, patients often will (or should) receive diuretics for the
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management of pulmonary oedema and volume overload (Figure 6).
Once the diagnosis is made, further appropriate medical therapy
should be initiated (Figure 7) and a heart team meeting convened.
Incorporating the patient’s haemodynamic and metabolic status
with medical comorbidities and goals of care, a decision should be
made regarding continuation of medical management alone, initiation
of MCS, emergent surgery, or emergent percutaneous structural
intervention. Notably, acute valvular regurgitation often requires
emergent surgery given the highly unstable nature of the lesions
and poor response to medical therapy, whereas acute valvular sten-
oses are more amenable to percutaneous interventions and medical
temporization prior to surgery.

Conclusions

Recognizing an acute valvular emergency is often delayed due to non-
specific clinical symptoms and subtle physical examination findings.
Diagnosis is rapidly established through comprehensive echocardiog-
raphy. A heart-team approach is critical to best identify next steps in
management, including the timing for definitive surgical or transcath-
eter intervention.

Funding

None.
Conflict of interest: None declared.

Data availability

No new data were generated or analysed as part of this research.

References
1. Bohula EA, Katz JN, van Diepen S, Alviar CL, Baird-Zars VM, Park ]G, Barnett CF,

Bhattal G, Barsness GW, Burke JA, Cremer PC, Cruz ], Daniels LB, DeFilippis A,

Granger CB, Hollenberg S, Horowitz M, Keller N, Kontos MC, Lawler PR, Menon

V, Metkus TS, Ng J, Orgel R, Overgaard CB, Phreaner N, Roswell RO, Schulman

SP, Snell R}, Solomon MA, Ternus B, Tymchak W, Vikram F, Morrow DA; Critical

Care Cardiology Trials Network. Demographics, care patterns, and outcomes of pa-

tients admitted to cardiac intensive care units: the critical care cardiology trials net-

work prospective north American multicenter registry of cardiac critical illness. JAMA

Cardiol 2019;4:928-935.

Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, Bauersachs J, Capodanno D,

Conradi L, De Bonis M, De Paulis R, Delgado V, Freemantle N, Gilard M, Haugaa KH,

Jeppsson A, Juni P, Pierard L, Prendergast BD, Sadaba JR, Tribouilloy C, Wojakowski

W, Neumann F-J, Myers P, Abdelhamid M, Achenbach S, Asteggiano R, Barili F,

Borger MA, Carrel T, Collet J-P, Foldager D, Habib G, Hassager C, Irs A, lung B,

Jahangiri M, Katus HA, Koskinas KC, Massberg S, Mueller CE, Nielsen ]JC, Pibarot

P, Rakisheva A, Roffi M, Rubboli A, Shlyakhto E, Siepe M, Sitges M, Sondergaard L,

Sousa-Uva M, Tarantini G, Zamorano JL, Praz F, Milojevic M, Baldus S, Bauersachs

J, Capodanno D, Conradi L, De Bonis M, De Paulis R, Delgado V, Freemantle N,

Gilard M, Haugaa KH, Jeppsson A, Jini P, Pierard L, Prendergast BD, Sadaba R,

Tribouilloy C, Wojakowski W, Benchabi Y, Chilingaryan A, Metzler B, Rustamova

Y, Shumavets V, Lancellotti P, Smajic E, Trendafilova-Lazarova D, Samardzic J,

Karakyriou M, Palecek T, Sanchez Dahl J, Meshaal MS, Palm K, Virtanen M, Bouleti

C, Bakhutashvili Z, Achenbach S, Boutsikou M, Kertész AB, Danielsen R, Topilsky

Y, Golino P, Tuleutayev R, Elezi S, Kerimkulov A, Rudzitis A, Glaveckaite S, Sow R,

Demarco DC, Bulatovic N, Aouad A, van den Brink R, Antova E, Beitnes JO,

Ochala A, Ribeiras R, Vinereanu D, Irtyuga O, Ivanovic B, Simkova I, Gonzilez

Gomez A, Sarno G, Pedrazzini GB, Bsata W, Zakhama L, Korkmaz L, Cherniuk S,

Khanji MY, Sharipov |. 2021 ESC/EACTS Guidelines for the management of valvular

heart disease. Eur Heart | 2022;43:561-632.

. Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP 3rd, Gentile F, Jneid H,
Krieger EV, Mack M, McLeod C, O’Gara PT, Rigolin VH, Sundt TM 3rd, Thompson A,
Toly C.2020 ACC/AHA guideline for the management of patients with valvular heart
disease: a report of the American college of cardiology/American heart association
joint committee on clinical practice guidelines. Circulation 2021;143:e72-e227.

N

w

4. Stout KK, Verrier ED. Acute valvular regurgitation. Circulation 2009;119:3232-3241.
5. Hamirani YS, Dietl CA, Voyles W, Peralta M, Begay D, Raizada V. Acute aortic regur-
gitation. Circulation 2012;126:1121-1126.

Flint N, Wunderlich NC, Shmueli H, Ben-Zekry S, Siegel R}, Beigel R. Aortic regurgi-
tation. Curr Cardiol Rep 2019;21:65.

Watanabe N. Acute mitral regurgitation. Heart 2019;105:671-677.

Wiener PC, Friend EJ, Bhargav R, Radhakrishnan K, Kadem L, Pressman GS. Color
Doppler Splay: a clue to the presence of significant mitral regurgitation. | Am Soc
Echocardiogr 2020;33:1212-1219.e1.

Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn PA,
Hahn RT, Han Y, Hung J, Lang RM, Little SH, Shah DJ, Shernan S,
Thavendiranathan P, Thomas JD, Weissman NJ. Recommendations for noninvasive

o

o N

o

evaluation of native valvular regurgitation: a report from the American society of
echocardiography developed in collaboration with the society for cardiovascular
magnetic resonance. | Am Soc Echocardiogr 2017;30:303-371.

10. Attias D, Mansencal N, Auvert B, Vieillard-Baron A, Delos A, Lacombe P, N'Guetta R,
Jardin F, Dubourg O. Prevalence, characteristics, and outcomes of patients present-
ing with cardiogenic unilateral pulmonary edema. Circulation 2010;4122:1109-1115.

. Patel PA, Bavaria JE, Ghadimi K, Gutsche T, Vallabhajosyula P, Ko HA, Desai ND,
Mackay E, Weiss SJ, Augoustides JGT. Aortic regurgitation in acute type-A aortic dis-
section: a clinical classification for the perioperative Echocardiographer in the era of
the functional aortic annulus. | Cardiothorac Vasc Anesth 2018;32:586—597.

12. Lorusso R, Gelsomino S, De Cicco G, Beghi C, Russo C, De Bonis M, Colli A, Sala A.
Mitral valve surgery in emergency for severe acute regurgitation: analysis of post-
operative results from a multicentre study. Eur | Cardiothorac Surg 2008;33:573-582.

13. Kilic A, Sultan |, Chu D, Wang Y, Gleason TG. Mitral valve surgery for papillary muscle
rupture: outcomes in 1342 patients from the society of thoracic surgeons database.
Ann Thorac Surg 2020;110:1975-1981.

14. Valle JA, Miyasaka RL, Carroll JD. Acute mitral regurgitation secondary to papillary
muscle tear: is transcatheter edge-to-edge mitral valve repair a new paradigm?.
Circ Cardiovasc Interv 2017;10:e005050.

15. Chiappini B, Schepens M, Tan E, Dell Amore A, Morshuis W, Dossche K, Bergonzini
M, Camurri N, Reggiani LB, Marinelli G, Di Bartolomeo R. Early and late outcomes of
acute type A aortic dissection: analysis of risk factors in 487 consecutive patients. Eur
Heart | 2005;26:180-186.

16. Pape LA, Awais M, Woznicki EM, Suzuki T, Trimarchi S, Evangelista A, Myrmel T,
Larsen M, Harris KM, Greason K, Di Eusanio M, Bossone E, Montgomery DG,
Eagle KA, Nienaber CA, Isselbacher EM, O’Gara P. Presentation, diagnosis, and out-
comes of acute aortic dissection: 17-year trends from the international registry of
acute aortic dissection. | Am Coll Cardiol 2015;66:350-358.

17. Habib G, Erba PA, lung B, Donal E, Cosyns B, Laroche C, Popescu BA, Prendergast B,
Tornos P, Sadeghpour A, Oliver L, Vaskelyte JJ, Sow R, Axler O, Maggioni AP,
Lancellotti P; EURO-ENDO Investigators. Clinical presentation, aetiology and out-
come of infective endocarditis. Results of the ESC-EORP EURO-ENDO
(European infective endocarditis) registry: a prospective cohort study. Eur Heart |
2019;40:3222-3232.

18. Gaca JG, Sheng S, Daneshmand MA, O'Brien S, Rankin JS, Brennan JM, Hughes GC,
Glower DD, Gammie S, Smith PK. Outcomes for endocarditis surgery in North

-
.

America: a simplified risk scoring system. | Thorac Cardiovasc Surg 2011;141:98—
106.e1-2.

19. De Feo M, Cotrufo M, Carozza A, De Santo LS, Amendolara F, Giordano S, Della

Ratta EE, Nappi G, Della Corte A. The need for a specific risk prediction system
in native valve infective endocarditis surgery. ScientificWorldjournal 2012;2012:
307571.

20. Bahlmann E, Frerker C, Kreidel F, Thielsen T, Ghanem A, van der Schalk H, Grahn H,
Kuck KH. MitraClip implantation after acute ischemic papillary muscle rupture in a
patient with prolonged cardiogenic shock. Ann Thorac Surg 2015;99:e41—-e42.

. Estevez-Loureiro R, Shuvy M, Taramasso M, Benito-Gonzalez T, Denti P, Arzamendi
D, Adamo M, Freixa X, Villablanca P, Krivoshei L, Fam N, Spargias K, Czarnecki A,
Haberman D, Agmon Y, Sudarsky D, Pascual I, Ninios V, Scianna S, Moaraf |,
Schiavi D, Chrissoheris M, Beeri R, Kerner A, Fernandez-Peregrina E, Di Pasquale
M, Regueiro A, Poles L, Ifiiguez-Romo A, Fernandez-Vazquez F, Maisano F. Use of
MitraClip for mitral valve repair in patients with acute mitral regurgitation following

2

=

acute myocardial infarction: Effect of cardiogenic shock on outcomes (IREMMI
Registry). Catheter Cardiovasc Interv 2021;97:1259-1267.

22. Judge TP, Kennedy JW, Bennett L), Wills RE, Murray JA, Blackmon JR. Quantitative
hemodynamic effects of heart rate in aortic regurgitation. Circulation 1971;44:
355-367.

23. van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK, Kapur NK, Kilic A, Menon
V, Ohman EM, Sweitzer NK, Thiele H, Washam |B, Cohen MG; American Heart
Association Council on Clinical Cardiology; Council on Cardiovascular and Stroke
Nursing; Council on Quality of Care and Outcomes Research; and Mission:
Lifeline. Contemporary management of cardiogenic shock: a scientific statement
from the American heart association. Circulation 2017;136:e232-€268.

€20z Ae £ uo Jasn IMOA-ONT Yesyionaig Aq 2992599/£59/8/1 L /a1o1e/00elys/wod dno-olwspede//:sd)y Woij papeojumoq



Acute valvular emergencies

665

wv

focl

e

N

. Lappas DG, Ohtaka M, Fahmy NR, Buckley MJ. Systemic and pulmonary effects of
nitroprusside during mitral valve replacement in patients with mitral regurgitation.
Circulation 1978;58:118-22.

. Miller RR, Vismara LA, DeMaria AN, Salel AF, Mason DT. Afterload reduction ther-
apy with nitroprusside in severe aortic regurgitation: improved cardiac performance
and reduced regurgitant volume. Am J Cardiol 1976;38:564-567.

. De Backer D, Biston P, Devriendt ], Madl C, Chochrad D, Aldecoa C, Brasseur A,
Defrance P, Gottignies P, Vincent J-L. Comparison of dopamine and norepinephrine
in the treatment of shock. N Engl | Med 2010;362:779-789.

. Levy B, Clere-Jehl R, Legras A, Morichau-Beauchant T, Leone M, Frederique G,
Quenot JP, Kimmoun A, Cariou A, Lassus ], Harjola VP, Meziani F, Louis G,
Rossignol P, Duarte K, Girerd N, Mebazaa A, Vignon P; Collaborators.
Epinephrine versus norepinephrine for cardiogenic shock after acute myocardial in-
farction. | Am Coll Cardiol 2018;72:173-182.

. Thiele H, Ohman EM, de Waha-Thiele S, Zeymer U, Desch S. Management of car-
diogenic shock complicating myocardial infarction: an update 2019. Eur Heart J
2019;40:2671-2683.

. Chiang M, Gonzalez PE, O’Neill BP, Lee J, Frisoli T, Wang DD, O’Neill WW,
Villablanca PA. Left atrial venoarterial extracorporeal membrane oxygenation for
acute aortic regurgitation and cardiogenic shock. JACC Case Rep 2022;4:276-279.

. Fedak PW, Verma S, David TE, Leask RL, Weisel RD, Butany J. Clinical and patho-
physiological implications of a bicuspid aortic valve. Circulation 2002;106:900-904.

. Slostad BD, Witt CM, O’Leary PW, Maleszewski ], Scott CG, Dearani JA, Pellikka PA.
Unicuspid aortic valve: demographics, comorbidities, echocardiographic features,
and long-term outcomes. Circulation 2019;140:1853-1855.

. Frerker C, Schewel ], Schluter M, Schewel D, Ramadan H, Schmidt T, Thielsen T,
Kreidel F, Schlingloff F, Bader R, Wohlmuth P, Schifer U, Kuck KH. Emergency trans-
catheter aortic valve replacement in patients with cardiogenic shock due to acutely
decompensated aortic stenosis. Eurolntervention 2016;11:1530-1536.

1%

~

o

33. Urena M, Himbert D. Cardiogenic shock in aortic stenosis: is It the time for “Primary”

TAVR? JACC Cardiovasc Interv 2020;13:1326-1328.

. Masha L, Vemulapalli S, Manandhar P, Balan P, Shah P, Kosinski AS, Stewart G.

Demographics, procedural characteristics, and clinical outcomes when cardiogenic
shock precedes TAVR in the United States. JACC Cardiovasc Interv 2020;13:
1314-1325.

. Guerrero M, Urena M, Himbert D, Wang DD, Eleid M, Kodali S, George I,

Chakravarty T, Mathur M, Holzhey D, Pershad A, Fang HK, O’'Hair D, Jones N,
Mahadevan VS, Dumonteil N, Rodés-Cabau ], Piazza N, Ferrari E, Ciaburri D,
Nejjari M, Delago A, Sorajja P, Zahr F, Rajagopal V, Whisenant B, Shah PB, Sinning
JM, Witkowski A, Eltchaninoff H, Dvir D, Martin B, Attizzani GF, Gaia D, Nunes
NSV, Fassa AA, Kerendi F, Pavlides G, lyer V, Kaddissi G, Witzke C, Wudel J,
Mishkel G, Raybuck B, Wang C, Waksman R, Palacios |, Cribier A, Webb J, Bapat
V, Reisman M, Makkar R, Leon M, Rihal C, Vahanian A, O’'Neill W, Feldman T.
1-Year outcomes of transcatheter mitral valve replacement in patients with severe
mitral annular calcification. | Am Coll Cardiol 2018;71:1841-1853.

. Khot UN, Novaro GM, Popovic ZB, Mills RM, Thomas D, Tuzcu EM, Hammer D,

Nissen SE, Francis GS. Nitroprusside in critically ill patients with left ventricular dys-
function and aortic stenosis. N Engl | Med 2003;348:1756-1763.

Thiele RH, Nemergut EC, Lynch C, 3rd. The clinical implications of isolated alpha(1)
adrenergic stimulation. Anesth Analg 2011;113:297-304.

. Villablanca P, Nona P, Lemor A, Qintar M, O’Neill B, Lee , Frisoli T, Wang DD, Eng

MH, O’'Neill WW. Mechanical circulatory support in cardiogenic shock due to struc-
tural heart disease. Interv Cardiol Clin 2021;10:221-234.
Panoulas V, Greenough N, Sulemane S, Monteagudo-Vela M, Lees N. The role of
mechanical circulatory support in patients with severe left ventricular impairment
treated with transcatheter aortic valve implantation and percutaneous coronary
intervention. Cardiovasc Revasc Med 2021;28:169-175.

. Important ~ Safety  Information.  https:/www.abiomed.com/important-safety-

information (March 21 2022).

€20z Ae|y £z uo sasn JMOA-ONT dedujolaig Aq £992599/£59/8/1 L/oIo1E/20E[YS/W o0 dno dlWwapede//:sdRy wody papeojumoq



