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PRESENTATION OF THE CASE
A 70-year-old man was admitted to the intensive care unit of our 
hospital suffering from acute decompensated heart failure (NYHA 
functional Class IV) due to severe ischaemic cardiomyopathy. The 
patient had previously undergone coronary artery bypass surgery, 
implantation of an implantable cardioverter-defibrillator (ICD), and 
cardiac resynchronisation therapy. At admission, the patient was 
tachypnoeic, the heart rate was 95 bpm, and systemic blood pres-
sure was 90/60 mmHg. Baseline kidney function was depressed 
(estimated glomerular filtration rate of 25 mL/min/1.73 m2) and 
urine flow rate was <50 ml/hr. Baseline brain natriuretic peptide 
(BNP) value was 1,003 pg/mL. Medical recompensation with oxy-
gen therapy, vasodilators and diuretics was immediately started. 
Intensive intravenous inotropic support was initiated, including 
dobutamine (10 µg/kg/min) and levosimendan (0.1 µg/kg/min). 
A baseline transthoracic echocardiography (TTE) showed a severe 
left ventricle (LV) systolic dysfunction with an LV ejection frac-
tion (LVEF) of 15% and a severe mitral regurgitation (MR) with 
a convergence area of the regurgitant flow involving the central 
part of the valve (A2-P2). Baseline echocardiographic parameters 
are depicted in Table 1. The transoesophageal echocardiogram 
(TEE) confirmed the severity of the MR and clarified its mecha-
nisms which consisted of annular dilatation, tethering of the poste-
rior mitral leaflet and pseudo-prolapse of the anterior mitral leaflet. 
TEE also showed a severe spontaneous echo contrast (SEC) in the 
left atrial appendage.

Once a clinical stabilisation had been achieved, the patient under-
went a coronary angiography that showed the patency of the bypass 
grafts and the absence of significant de novo lesions. Despite the 
improvements regarding the symptoms and haemodynamics of 
the patient, it was not possible to wean him from inotropic sup-
port because of the consequent sudden deterioration of vital signs. 
Moreover, due to the high surgical risk (EuroSCORE II: 48.0%, 
Society of Thoracic Surgeons [STS] score 11.5%), the patient was 
deemed inoperable by the Heart Team.

CASE SUMMARY

BACKGROUND: A 70-year-old man was admitted to the 
intensive care unit of our hospital suffering from acute 
decompensated heart failure (NYHA functional Class IV) 
due to a severe ischaemic cardiomyopathy. A baseline tran-
sthoracic echocardiography showed a severe left ventricle 
systolic dysfunction with a left ventricle ejection fraction of 
15% and a severe mitral regurgitation. Due to the high sur-
gical risk, the patient was deemed inoperable by the Heart 
Team and it was not possible to wean him from inotropic 
support because of the consequent sudden deterioration of 
vital signs.

INVESTIGATION: Laboratory test, transthoracic echocardiog-
raphy, transoesophageal echocardiography.

DIAGNOSIS: Acute decompensated heart failure in a patient 
with severe mitral regurgitation deemed inoperable by the 
Heart Team.

MANAGEMENT: Percutaneous mitral valve repair with Mitra-
Clip system with elective circulatory support carried out by 
the Impella® system.

KEYWORDS: heart failure, mitral regurgitation, percutane-
ous mitral valve repair
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This case represents a patient with no conventional therapy options. 
Considering new percutaneous options presents two major consid-
erations: what is technically and procedurally feasible, and what is 
the potential for meaningful clinical benefit.

In my practice in the USA the only option would be MitraClip 
(Abbott Vascular, Santa Clara, CA, USA) on a compassionate use 
basis, since only degenerative mitral regurgitation is FDA approved 
and functional mitral regurgitation is available only as part of the 
randomised COAPT trial, which excludes EF <20% and haemody-
namic instability requiring inotropic support. In many other parts 
of the world both MitraClip and Carillon (Cardiac Dimensions 
Inc., Kirkland, WA, USA) are available in practice. The pres-
ence of cardiac resynchronisation therapy (CRT) with a coronary 
sinus lead is not an absolute contraindication to annuloplasty with 
Carillon, but does make MitraClip attractive1. In addition, there 
is a greater published experience with MitraClip in patients with 
severe heart failure2. The central nature of the mitral regurgita-
tion (MR) jet is also attractive for MitraClip. Although annular 
dilatation and tethering of the posterior mitral leaflet might make 
grasping difficult, it should be possible, even if a strategy of a first 
clip to stabilise the leaflets followed by a second clip to optimise 
MR reduction is needed. An early human effort for percutane-
ous mitral replacement might also be an option in some centres.

A more difficult question is what expected benefit this patient 
might derive from mitral repair or replacement. While the lan-
guage of the FDA approval for MitraClip requires its use for 
patients “in whom existing comorbidities would not preclude the 
expected benefit from reduction of the MR”, there is no consen-
sus on how to define this boundary between benefit and futility. 
This patient has an STS risk of 11.5%, well below the >13% level 
reported in the EVEREST High Risk Registry, in which clinical 
benefit was seen. This patient has several poor prognostic factors. 
The LVEF is only 15%. The pulmonary artery pressure (PAP) is 
certainly elevated. TAPSE (tricuspid annular plane systolic excur-
sion) >15 mm (an indication of right ventricular [RV] dysfunc-
tion), and extreme elevations of pro-BNP have been identified 
as poor prognostic indicators3. Ultimately, most such predictors 
characterise populations and are difficult to apply to individual 
patients.

Ultimately, I would use MitraClip if available. While this patient 
might undergo percutaneous mitral replacement in some centres, 
patients with a better medium-term outlook might be better for the 
early mitral replacement efforts.
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How would I treat?
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Table 1. Echocardiographic parameters before and after the procedure.

Parameters Baseline After procedure 3-month follow-up
LVEF (%) 15 24 26

LVEDV (ml) 169 147 145

LVESV (ml) 147 118 115

LAV (ml) 71 62 62

E/A 3.96 3.89 3.93

E/E’ 17 16.03 11.97

MR 4+ 1+ 1+

TAPSE 15 17 19

LAV: left atrial volume; LVEDV: left ventricle end-diastolic volume; LVEF: left ventricular ejection fraction; LVESV: left ventricle end-systolic volume; 
MR: mitral regurgitation
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Elective Impella support before percutaneous mitral valve repair

Functional mitral regurgitation (FMR) occurs when normal or 
nearly normal mitral leaflets are prevented from proper coapta-
tion by underlying left ventricular (LV) dysfunction, mitral annular 
dilation, or both. FMR is associated with an adverse prognosis in 
ischaemic LV dysfunction4.

Treatment of FMR and decompensated heart failure may begin 
with guideline-directed maximal medical therapy for LV dysfunc-
tion and heart failure, including a subtle combination of inotropes 
and vasodilators and if necessary mechanical unloading (either 
with intra-aortic balloon counterpulsation or arteriovenous extra-
corporeal membrane oxygenation [ECMO]). Myocardial revascu-
larisation through PCI should be considered in case of persistent 
ischaemia in the region of papillary muscle attachment. Finally, 
mitral valve reconstruction using a specially designed ring to 
address the tethering of the posterior papillary muscle (for instance, 
the ETlogix; Edwards Lifesciences, Irvine, CA, USA) should be 
considered in patients when severe symptomatic FMR persists 
despite optimal guideline-determined medical therapy (GDMT) 
and revascularisation.

The description of the mitral regurgitation in the present case 
with a convergence area of the regurgitant flow involving the cen-
tral part of the valve (A2-P2) is very untypical for an ischaemic 
MR, which is usually located at the coaptation level of A3-P3. This 
description suggests to the reader that a MitraClip procedure would 
probably be the only way to fix the problem. This might be true in 
the short term but one has to consider that functional mitral regur-
gitation is a heart failure problem, meaning that it is a ventricular 
and not a valvular problem. In this particular setting, the MitraClip 
fails to achieve any of the essential goals of reconstructive mitral 
valve surgery, although it may decrease the severity of FMR in the 
short term:
– it does not restore or preserve full leaflet mobility but immobilises 

the leaflets in their central part
– it does not restore a larger surface of coaptation but allows some 

coaptation in the middle of the leaflets and worsens coaptation in 
the non-central segments (A1-P1 and A3-P3)

– finally, it does not remodel the annulus for optimal orifice areas 
and long-term stability

– in addition, if later surgery becomes possible due to recompensa-
tion, preservation of the native mitral valve is uncertain due to 
the adhesions and damage to leaflets.

Cho et al examined long-term outcomes of non-heart transplant 
surgical approaches to advanced ischaemic cardiomyopathy (ICM), 
including left ventricular restoration (LVR) and mitral valve opera-
tion in 102 consecutive patients5. Thirty patients with greater than 
or equal to moderate mitral regurgitation (MR) underwent a mitral 
valve operation such as annuloplasty (n=23) or valve replacement 
(n=7). Patients were divided into four groups according to their 
Interagency Registry for Mechanically Assisted Circulatory Support 
(INTERMACS) profiles: Profile 1-2 (the highest levels of clinical 
compromise; n=9), Profile 3-4 (n=40), Profile 5-6 (n=32) and Profile 
≥7 (n=21). The four groups were compared: survival, major adverse 
cardiac and cerebrovascular events (MACCE), New York Heart 
Association (NYHA) status, LV volume and function. The overall 
eight-year survival including three hospital deaths (2.9%) was 64.3% 
without sudden death due to arrhythmia. A large majority of survivors 
(>90%) showed significant improvement in the mean NYHA status, 
from 2.9 to 1.4 (p<0.0001). The mean left ventricular end-systolic 
volume index (LVESVI) was significantly reduced from 104.1 to 
61.4 ml/m2 (41% volume reduction) (p<0.0001). The improvements 
in NYHA status were significantly greater in patients with higher lev-
els of clinical compromise (p<0.0001). This study confirms that MV 
repair is an excellent and durable option with long-term functional 
improvement. Interestingly, Acker and co-authors recently confirmed 
that the results after mitral valve repair and replacement for ischae-
mic mitral regurgitation are not significantly different6.

Nowadays, a large number of patients are at high risk or even 
contraindicated for surgery due to comorbidities. The MitraClip pro-
cedure may be a palliative option for some of these patients but the 
degree of reduction of mitral insufficiency is less with the MitraClip 
than with surgery7,8. Safety of the procedure is good in experienced 
centres. Most patients have functional improvement in the short and 
eventually mid term7. The procedure may be considered in patients 
who are at high risk for surgery and remain symptomatic despite 
optimal medical treatment. Both the technique and the equipment 
used in the procedure need to be improved, and a remodelling of the 
native valve annulus is a “must” for future interventional approaches.

In this case, I would use mechanical unloading and, exception-
ally, a MitraClip.
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In consideration of the high surgical risk and the satisfying echocar-
diographic mitral valve characteristics, an interventional approach 
was indicated for the reduction of MR.

The procedure was performed through the right femoral vein 
under general anaesthesia and 2D and 3D TEE guidance. The 
MitraClip system (Abbott Vascular) consists of a tri-axial catheter 
system with an implantable clip9.

Elective mechanical circulatory support was carried out before 
the procedure by the Impella® system 2.5 L (Abiomed, Danvers, 
MA, USA) (Moving image 1). The device consists of a pigtail-like 
catheter within which is housed a micro-axial non-pulsatile pump 
capable of enhancing cardiac output by 2.5 L/min and requires a 12 
Fr femoral sheath10. The Impella system was advanced through the 
left femoral artery into the middle LV cavity, according to the rec-
ommendations10. Right heart catheterisation was performed using 
a 6 Fr single-lumen, balloon-tipped Swan-Ganz catheter to obtain 
pulmonary capillary wedge pressure (PCWP), pulmonary artery 
pressure (PAP) and pulmonary artery oxygen saturation. Cardiac 
output (CO) was calculated by the Fick method.

Following transseptal crossing, 70 IU/kg of unfractionated hep-
arin was administered, maintaining an activated clotting time of 
>250 sec throughout the procedure. Then the 24 Fr guiding cath-
eter was advanced into the left atrium (LA) and the delivery sys-
tem was positioned in the LA (Figure 1, Moving image 2). Hence, 
the distal steerable part was manipulated in the atrium to obtain 
a perpendicular and central position with respect to the mitral coap-
tation line. Once the system had been properly aligned, the clip 
with opened arms was advanced into the LV, and under TEE guid-
ance the arms grasped the leaflets. Finally, one clip was success-
fully implanted centrally between A2-P2 without complications 
(Figure 2). Intraprocedural TEE confirmed the reduction in MR 

How did I treat?
ACTUAL TREATMENT AND MANAGEMENT OF THE CASE

Figure 1. 3D TEE during clipping procedure. The steerable guide 
catheter (delivered with an echogenic tapered dilator) (A) and the 
MitraClip (B) advancing into the left atrium.

from severe to mild (Figure 3) without significant gradient across 
the valve. Immediate haemodynamic changes during and after the 
procedures are shown in Table 2.

Figure 2. Fluoroscopic image depicting the deployment of the 
MitraClip. A) Impella 2.5 L; B) MitraClip; C) MitraClip delivery 
system; D) Swan-Ganz catheter; E) Implantable cardioverter-
defibrillator catheter.

Table 2. Invasive haemodynamic parameters.

Baseline
After  

Impella
After 

MitraClip

Mean PAP (mmHg) 33 26 27

Mean PCWP (mmHg) 26 21 22

PCWP V wave (mmHg) 30 23 25

MAP (mmHg) 75 79 79

CO (l/min) 3.93 4.82 4.85

CI (l/min/m2) 2.57 3.16 3.18

PVR (dyn×s×cm−5) 671 431 445

CI: cardiac index; CO: cardiac output; MAP: mean arterial pressure;  
PAP: pulmonary artery pressure; PCWP: pulmonary capillary wedge 
pressure; PVR: pulmonary vascular resistance
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Elective Impella support before percutaneous mitral valve repair

The patient has been weaned from the Impella system support 
by decreasing gradually the performance level of the device, and 
the system was explanted at 24 hours following the intervention 
while a high dose of dobutamine was still being administered. 
Dobutamine infusion was therefore de-escalating, and stopped at 
48 hours following the intervention. The patient was discharged 
on postoperative day five, in NYHA functional Class II. A pre-dis-
charge TTE showed an improved LVEF (24%) and a reduction of 
LV systolic and diastolic diameters (Table 1).

At three-month follow-up the patient was asymptomatic with 
a NYHA functional Class I-II. TTE showed mild MR and improved 
LV function (LVEF 26%).

The percutaneous repair of the MR is a therapeutic option which 
serves as an alternative to conventional cardiac surgery in selected 
patients judged as inoperable by reason of a high or prohibitive sur-
gical risk11,12. Initial clinical experience shows that percutaneous 
MV repair in patients with LV dysfunction can be performed safely 
with promising results in terms of efficacy1,9,13-16.

Nevertheless, due to the high-risk characteristics of the patients 
deemed suitable for the MitraClip procedure, the need for elective 
circulatory support should be taken into account. Indeed, although 
in the EVEREST II (Endovascular Valve Edge-to-Edge Repair) 
trial patients with severe LV systolic dysfunction (i.e., LVEF <20% 
and/or LVEDD >60 mm) were excluded13, several studies showed 
that percutaneous edge-to-edge repair may be safely performed in 
surgically high-risk patients with severely impaired LV systolic 
function1,15,16. In the Percutaneous Mitral Valve Repair in Cardiac 
Resynchronization Therapy (PERMIT-CARE) study, however, 
acute intraprocedural heart failure occurred in 7/51 (14%) patients, 
even with inotropic support either before or during the procedure1. 
Patients enrolled in that study had chronic moderate-to-severe or 
severe functional MR and severe LV systolic dysfunction (LVEF 
27.1±8.7%). In the TRAnscatheter Mitral valve Interventions 

Figure 3. TEE in intercommissural and LVOT views showing 4+ MR 
before the procedure (A) and the residual 1+ MR after the MitraClip 
deployment (B).

(TRAMI) registry16, 32.9% of patients had an LVEF <30%, and 
intraprocedural low cardiac output occurred in 9/1,164 patients 
(0.77%). Taramasso et al reported that, although there was a high 
inotropic support (defined as adrenaline dosage >0.5 γ/kg/min or 
association of two or more i.v. inotropic drugs), haemodynamic 
support by an intra-aortic balloon pump (IABP) was necessary 
in 14/109 (13%) patients and, in one patient, transient circulatory 
support with extracorporeal membrane oxygenation (ECMO)14. In 
the ACCESS-EU study15, on the contrary, no intraprocedural acute 
heart failure occurred, even though 62/562 (11%) patients had LVEF 
≤20% and 4.9% were in cardiogenic shock at the time of the index 
procedure. Acute haemodynamic measurements obtained before 
and at least 10 minutes after MitraClip device deployment showed: 
1) a 0.7 l/min mean cardiac output increment (from 3.7±1.5 l/min to 
4.4±1.9 l/min), 2) a 3.5 mmHg decrease in the PCWP V-wave (from 
23.0±10.8 mmHg to 19.5±9.1 mmHg), and 3) all other haemody-
namic parameters stable post implant.

Circulatory support during MitraClip procedures has been pro-
vided by the intra-aortic balloon pump (IABP)14. However, despite 
ease of implantation, IABP provides limited (0.5 L/min) augmen-
tation of cardiac output, which may be insufficient in cases of 
severely depressed LV function17. The Impella circulatory sup-
port catheter provides a higher rate of flow and, when compared to 
IABP, may allow for greater offloading of the left ventricle, which 
may help to decrease both systolic and diastolic wall stress. In the 
PROTECT II randomised trial, comparing Impella 2.5 L with IABP 
in patients undergoing high-risk PCI with severe LV systolic dys-
function, Impella was associated with superior haemodynamic sup-
port and a significant reduction in major adverse cardiac events at 
90 days10.

To the best of our knowledge, this is the first case report describ-
ing a percutaneous mitral valve edge-to-edge repair with elective 
circulatory support carried out by the Impella system. The Impella 
system seems to be a safe and effective option allowing circula-
tory support in patients with severe MR and severe LV dysfunction 
undergoing MitraClip treatment.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References
 1. Auricchio A, Schillinger W, Meyer S, Maisano F, Hoffmann R, 
Ussia GP, Pedrazzini GB, van der Heyden J, Fratini S, Klersy C, 
Komtebedde J, Franzen O; PERMIT-CARE Investigators. 
Correction of MR in nonresponders to cardiac resynchronization 
therapy by MitraClip improves symptoms and promotes reverse 
remodeling. J Am Coll Cardiol. 2011;58:2183-9.
 2. Franzen O, van der Heyden J, Baldus S, Schlüter M, 
Schillinger W, Butter C, Hoffmann R, Corti R, Pedrazzini G, Swaans MJ, 
Neuss M, Rudolph V, Sürder D, Grünenfelder J, Eulenburg C, 
Reichenspurner H, Meinertz T, Auricchio A. MitraClip therapy 
in patients with end-stage systolic heart failure. Eur J Heart Fail. 
2011;13:569-76.



e6

EuroIntervention 2
0

1
5

;10
:e

1-e
6 p

u
b

lish
ed

 on
lin

e e
-article Jan

u
ary 2

0
15

 3. Neuss M, Schau T, Schoepp M, Seifert M, Hölschermann F, 
Meyhöfer J, Butter C. Patient selection criteria and midterm clini-
cal outcome for MitraClip therapy in patients with severe MR and 
severe congestive heart failure. Eur J Heart Fail. 2013;15:786-95.
 4. Benjamin MM, Smith RL, Grayburn PA. Ischemic and func-
tional mitral regurgitation in heart failure: natural history and treat-
ment. Curr Cardiol Rep. 2014;16:517.
 5. Cho Y, Shimura S, Aki A, Furuya H, Odagiri S, Okada K, 
Ueda T. Non-heart transplant surgical approaches with left ventric-
ular restoration and mitral valve operation for advanced ischemic 
cardiomyopathy. Eur J Cardiothorac Surg. 2014;46:849-56.
 6. Acker MA, Parides MK, Perrault LP, Moskowitz AJ, 
Gellins AC, Voisine P, Smith PK, Hung JW, Blackstone EH, 
Puskas JD, Argenziano M, Gammie JS, Mack M, Ascheim DD, 
Bagiella E, Moquete EG, Ferguson TB, Horvath KA, Geller NL, 
Miller MA, Woo YJ, D’Alessandro DA, Ailawadi G, Dagenais F, 
Gardner TJ, O’Gara PT, Michler RE, Kron IL; CTSN. Mitral-valve 
repair versus replacement for severe ischemic mitral regurgitation. 
N Engl J Med. 2014;370:23-32.
 7. Glower DD, Kar S, Trento A, Lim DS, Bajwa T, Quesada R, 
Whitlow PL, Rinaldi MJ, Grayburn P, Mack MJ, Mauri L, 
McCarthy PM, Feldman T. Percutaneous mitral valve repair for 
mitral regurgitation in high-risk patients: results of the EVEREST 
II study. J Am Coll Cardiol. 2014;64:172-81.
 8. Philip F, Athappan G, Tuzcu EM, Svensson LG, Kapadia SR. 
MitraClip for severe symptomatic mitral regurgitation in patients 
at high surgical risk: a comprehensive systematic review. Catheter 
Cardiovasc Interv. 2014;84:581-90.
 9. Feldman T, Wasserman HS, Herrmann HC, Gray W, 
Block PC, Whitlow P, St Goar F, Rodriguez L, Silvestry F, 
Schwartz A, Sanborn TA, Condado JA, Foster E. Percutaneous 
mitral valve repair using the edge-to-edge technique: six-month 
results of the EVEREST Phase I Clinical Trial. J Am Coll Cardiol. 
2005;46:2134-40.
 10. O’Neill WW, Kleiman NS, Moses J, Henriques JP, Dixon S, 
Massaro J, Palacios I, Maini B, Mulukutla S, Dzavik V, Popma J, 
Douglas PS, Ohman M. A prospective, randomized clinical trial of 
hemodynamic support with Impella 2.5 versus intra-aortic balloon 
pump in patients undergoing high-risk percutaneous coronary inter-
vention: the PROTECT II study. Circulation. 2012;126:1717-27.
 11. Joint Task Force on the Management of Valvular Heart 
Disease of the European Society of Cardiology (ESC); European 

Association for Cardio-Thoracic Surgery (EACTS), Vahanian A, 
Alfieri O, Andreotti F, Antunes MJ, Baron-Esquivias G, 
Baumgartner H, Borger MA, Carrel TP, De Bonis M, Evangelista A, 
Falk V, Iung B, Lancellotti P, Pierard L, Price S, Schafers HJ, 
Schuler G, Stepinska J, Swedberg K, Takkenberg J, Von Oppell UO, 
Windecker S, Zamorano JL, Zembala M. Guidelines on the man-
agement of valvular heart disease (version 2012). Eur Heart J. 
2012;33:2451-96.
 12. Mirabel M, Iung B, Baron G, Messika-Zeitoun D, Détaint D, 
Vanoverschelde JL, Butchart EG, Ravaud P, Vahanian A. What are 
the characteristics of patients with severe, symptomatic, mitral regur-
gitation who are denied surgery? Eur Heart J. 2007;28:1358-65.
 13. Feldman T, Foster E, Glower DD, Kar S, Rinaldi MJ, Fail PS, 
Smalling RW, Siegel R, Rose GA, Engeron E, Loghin C, Trento A, 
Skipper ER, Fudge T, Letsou GV, Massaro JM, Mauri L; EVEREST 
II Investigators. Percutaneous repair or surgery for mitral regurgita-
tion. N Engl J Med. 2011;364:1395-406.
 14. Taramasso M, Maisano F, Latib A, Denti P, Buzzatti N, 
Cioni M, La Canna G, Colombo A, Alfieri O. Clinical outcomes 
of MitraClip for the treatment of functional mitral regurgitation. 
EuroIntervention. 2014;10:746-52.
 15. Maisano F, Franzen O, Baldus S, Schafer U, Hausleiter J, 
Butter C, Ussia GP, Sievert H, Richardt G, Widder JD, Moccetti T, 
Schillinger W. Percutaneous mitral valve interventions in the real 
world: early and 1-year results from the ACCESS-EU, a prospec-
tive, multicenter, nonrandomized post-approval study of the 
MitraClip therapy in Europe. J Am Coll Cardiol. 2013;62: 
1052-61.
 16. Schillinger W, Hunlich M, Baldus S, Ouarrak T, Boekstegers P, 
Hink U, Butter C, Bekeredjian R, Plicht B, Sievert H, Schofer J, 
Senges J, Meinertz T, Hasenfuss G. Acute outcomes after MitraClip 
therapy in highly aged patients: results from the German 
TRAnscatheter Mitral valve Interventions (TRAMI) Registry. 
EuroIntervention. 2013;9:84-90.
 17. Weber KT, Janicki JS. Intra-aortic balloon counterpulsation. 
A review of physiological principles, clinical results, and device 
safety. Ann Thorac Surg. 1974;17:602-36.

Online data supplement
Moving image 1. Impella 2.5 L catheter crossing the aortic valve.
Moving image 2. MitraClip delivery system with the clip on the dis-
tal end, oriented to the left superior pulmonary vein.


