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a b s t r a c t
Introduction: Acute MR due to mechanical mitral valve (MV) complications frequently results in cardiogenic
shock and requires emergency surgical intervention. There was limited evidence for alternative treatment like
MitraClip for patients at prohibitive surgical risk. We aimed to study the technical features and outcomes of
emergency transcatheter edge-to-edge repair (TEER) using the MitraClip system for patients with cardiogenic
shock (CS) secondary to acute mitral regurgitation (MR) and mechanical MV complication.
Material and methods: We performed institutional review and systemic literature review to identify all TEER for
CS patients due to acute mitral regurgitation and mechanical MV complication. Clinical endpoints included device success rate assessed at the end of procedure, ability to wean off MCS, all-cause and cardiovascular mortality
at 30-day.
Results: Eight patients were identiﬁed from institutional review. Detail anatomical analysis found that patients
with mechanical MV complications related to myocardial infarction had a lower transseptal height achieved during MitraClip (3.6 ± 0.1 cm vs 4.3 ± 0.3 cm, p = 0.03) than those not related. Pooled analysis for cases from institutional review (n = 8) and systemic literature review (n = 16) was performed. The device success rate was
68.8 %. Seventy-ﬁve percent (n = 18) cases required mechanical circulatory support (MCS), and 94.4 % were able
to wean off MCS. At 30-day, the cardiovascular mortality was 4.5 % and the all-cause mortality was 9.1 %.
Conclusions: In CS patients due to acute MR and mechanical MV complications, TEER with/without MCS was feasible with a reasonable device success rate.
© 2022 Elsevier Inc. All rights reserved.

1. Introduction
Acute mitral regurgitation (MR) due to mechanical mitral valve
(MV) complication, including papillary muscle rupture or chordal rupture, is a rare but lethal condition, often results in cardiogenic shock
(CS) and carries high mortality especially in the setting of myocardial
infarction (MI) (10–40 % with surgery; 80 % without surgery) (1–3). Urgent surgical mitral repair/replacement is considered; however, a signiﬁcant portion of patients do not receive surgery due to prohibitive

Abbreviations: CS, cardiogenic shock; ECMO, extracorporeal membrane oxygenation;
ECPELLA, ECMO + Impella; IABP, intra-aortic balloon pump; MC, MitraClip; MCS, mechanical circulatory support; MI, myocardial infarction; MR, mitral regurgitation; MV, mitral
valve; TEER, transcatheter edge-to-edge repair.
⁎ Corresponding authors at: Center for Structural Heart Disease, Henry Ford Hospital,
2799 West Grand Boulevard, CFP 4th Floor, Detroit, MI 48202, USA.
E-mail addresses: kentso987@gmail.com (C. So), PVillab1@hfhs.org (P.A. Villablanca).

operative risk or failure to be stabilized before surgery (3,4). The recent
advancement in mechanical circulatory support (MCS) could potentially prevent hypoperfusion related multiorgan failure, stabilize and
bridge patient with rupture papillary muscle/chordal apparatus to deﬁnitive treatment (5). Transcatheter edge-to-edge repair (TEER) with
the MitraClip (MC) (Abbott Vascular, Santa Clara, CA, USA) is a treatment alternative for patients with signiﬁcant symptomatic chronic MR
and prohibitive surgical risk. However, the randomized trials excluded
patients with CS and mechanical MV complications (6). MC has been
reported as a salvage procedure in acutely ill patients with or without
concomitant MCS (7–9). However, technical and outcome analysis
focusing on those with mechanical MV complications with or without
MI was limited. We aim to study the technical features and outcomes
of emergency TEER using the MitraClip system for patients with CS
due to acute MR and mechanical MV complication by analyzing a series
of patients from our institution and a systematic literature search of all
reported cases.

https://doi.org/10.1016/j.carrev.2022.07.003
1553-8389/© 2022 Elsevier Inc. All rights reserved.
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2. Material and methods
2.1. Institutional case review
We retrospectively analyzed consecutive patients who underwent
MitraClip implantation at our institution between January 2014 to
December 2019, to identify patients with CS (deﬁned by shock requiring
vasopressors/inotropes or MCS) due to acute MR and mechanical MV
complication (papillary muscle rupture or chordal rupture). Patients'
demographics, cardiac catheterization ﬁlms, echocardiographic images,
hemodynamic parameters and 30-day outcomes were reviewed. The
type of mechanical MV complications, details of MCS usage, left atrial dimension, left ventricular and mitral annulus dimensions, MV ﬂail gap,
posterior mitral leaﬂet length, MitraClip procedure details including
transseptal height, presence or absence of aortic hugger, number of
grasps, number and type of clips used, ﬁnal transmitral gradient and
ﬁnal MR on pre-discharge echocardiogram were analyzed. Comparison
on anatomical and technical features were performed between MIrelated versus non-MI related acute MR groups.
2.2. Systemic literature review
Fig. 1. Selection of studies. MR = mitral regurgitation; CS = cardiogenic shock; MC =
MitraClip.

We also performed system review of published cases of emergency
MitraClip in patients with CS (deﬁned by shock requiring vasopressors/inotropes or MCS) and acute MR due to mechanical MV complication (i.e. papillary muscle rupture or chordal rupture) till December
2019. A computerized literature search of PubMed, EMBASE, and Google
scholar was conducted. Search term keywords included, “edge-to-edge”
or “MitraClip” or “transcatheter mitral valve repair” or “percutaneous
mitral valve repair” or “percutaneous mitral repair” AND “acute mitral
regurgitation” or “Papillary Muscle Rupture” or “cardiogenic shock” or
“mechanical circulatory support”. No language restrictions were
enforced. Articles not written in English were translated. A manual
search was performed for relevant references from the selected articles
and published reviews. Only patients underwent TEER and with
1). Acute mitral regurgitation due to mechanical MV complication
and; 2) CS were included in our analysis. Patients with acute mitral
regurgitation due to 1). papillary muscle ischemia or 2). severe mitral
leaﬂet tethering or 3). complication of infective endocarditis was excluded. A standardized data collection sheet for baseline characteristics,
as well as procedural and follow-up data points were used for collection
of data. Clinical follow-up data were collected from the available followup of each study. The process of study selection is shown in Fig. 1.

signiﬁcance. SPSS version 24 (IBM, Armonk, New York) and Microsoft
Excel 365 (Microsoft, Redmond, Washington) were used for all statistical analysis.
3. Results
3.1. Institutional case series
From Jan 2014 to December 2019, 8 out of 308 (2.6 %) patients who
underwent MC at our institution were emergency procedure for acute
MR with CS due to mechanical MV complication (Supplementary
Table 1). Among these 8 patients, 4 were MI related (Culprit: 2 right
coronary artery, 1 circumﬂex artery, 1 left anterior descending artery)
and 4 non-MI related, including 6 (75 %) cases of chordal rupture and
2 (25 %) cases of papillary muscle rupture (Table 1). They had a mean
age of 70.3 ± 11.5, mean STS score of 31.0 ± 10.5 % and mean left
ventricular ejection fraction by echocardiogram of 54.1 ± 8.4 %.
Seventy-ﬁve percent of these patients (n = 6) were put on MCS for a
mean of 3.3 ± 2.3 days prior to MC, including 3 (37.5 %) Impella
(Abiomed, Inc., Danvers, MA), 1 (12.5 %) Extracorporeal membrane
oxygenation (ECMO), and 2 (25 %) Extracorporeal membrane oxygenation (ECMO) + Impella support (ECPELLA). The ECMO-supported
patient had a Tandem Heart (LivaNova, London, UK) device inserted initially and changed to ECMO in the same setting after decided for emergency MC rather than surgery, due to concern of interaction between
the MC and the Tandem Heart device at transseptal site and left atrium.
The mean left atrial dimension was 4.3 ± 0.7 cm, slightly larger than
normal, while mean left ventricular end-systolic dimensions were
3.4 ± 0.3 cm and 3.1 ± 0.6 cm pre-MCS and post-MCS respectively
(p = NS); and mean MV annulus dimensions were 4.3 ± 0.3 cm and
3.9 ± 0.5 cm pre-MCS and post-MCS respectively (p = NS) (Supplementary Table 2). The ﬂail gap was 6.0 ± 2.0 mm and posterior leaﬂet
length measured 17 ± 2 mm. The mean transseptal height achieved
was 4.0 ± 0.4 cm and 4 (50 %) cases encountered aortic hugger requiring advanced maneuver to improve clip alignment (Fig. 2). With a
median of 1.5 clips used, 5 (62.5 %) patients achieved ≤2+ MR while
3 (37.5 %) had >2+ residual MR. Two of them were stopped from further clipping due to signiﬁcant MV gradient (7 mmHg and 6.9 mmHg
respectively) and one aimed for stabilization, wean MCS to bridge to deﬁnitive surgery, but patient had peri-procedural sudden cardiac death

2.3. Pooled analysis
Analysis was performed on the pooled data including the cases from
our institutional review. The study endpoints followed the deﬁnitions of
the Mitral Valve Academic Research Consortium criteria (10). The endpoints studied included device success assessed at the end of procedure
deﬁned as the combination of absence of procedural mortality or stroke,
freedom from unplanned surgical or interventional procedures, proper
device placement, freedom from MR > 2+ (more than moderate) and
relevant mitral stenosis (transvalvular gradient ≥ 5 mmHg or MV oriﬁce
area < 1.5 cm2), ability to wean off MCS, all-cause and cardiovascular
mortality at 30-day. Patients without reported outcomes were excluded
from analysis. MR were classiﬁed into 4 grades, severe (4+), moderate
to severe (3+), moderate (2+), trivial to mild (1+) (6).
2.4. Statistical analysis
Categorical variables were summarized as percentages. Normally
distributed continuous data were expressed as mean ± SD and skewed
data as median (range). Fisher's exact test was used to compare categorical variables between groups, and Student's t-test was used to compare
means. Two-sided p values < 0.05 were considered to indicate statistical
2
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Impella (27.8 %), ECMO (16.7 %) and ECPELLA (11.1 %). MC was performed 11.0 ± 8.2 days from symptom onset and majority (n = 16,
66.7 %) of them were performed with MCS in-situ including 1 changed
Impella to IABP, and 1 changed Tandem Heart to ECMO due to concern
of potential interactions between MCS and the MC, while in 2 cases
MCS were wean off prior to MC. A median of 2 clips were used and
85 % of the cases used NTR alone and the remaining 15 % cases used
XTR alone. Eighty-seven percent (n = 20/23) cases reported to achieve
<2+ MR, while 13.0 % reported >2+. Excluding 8 cases that the ﬁnal
MV gradients were not reported, the mean MV gradient was 4.0 ±
1.7 mmHg, with 81.3 % ≤5 mmHg and 18.7 % >5 mmHg. All except
one patient (94.4 %, n = 17/18), whom had profound right ventricular
failure due to MI required right ventricular support after weaned off
ECPELLA, were able to wean off MCS. The device success rate was
68.8 % (n = 11/16), after excluding 8 patients with either MR grade or
MV gradients not reported. Five cases did not achieve device success
which included 1 case with 3+ residual MR whom had sudden cardiac
death in-hospital, 1 case with 3+ residual MR and ﬁnal MV gradient of
6.9 mmHg whom died of heart failure 4 months later, 1 case with 2+
MR with ﬁnal MV gradient of 6 mmHg, 1 case with 3+ residual MR
and ﬁnal MV gradient of 7 mmHg whom subsequently was stabilized
and bridged to MVR, and 1 case died of sepsis in-hospital. At 30-day,
the cardiovascular mortality was 4.5 % (n = 1/22) and the all-cause
mortality was 9.1 % (n = 2/22).

Table 1
Clinical, anatomical and procedural characteristics of institutional case series of emergency MitraClip for patients with acute mitral regurgitation and cardiogenic shock
due to mechanical mitral valve complications.
Overall (n = 8)
Gender, M:F
Age (mean ± SD)
STS score, %, mean ± SD
Mechanical complication
• Chordal rupture
• Papillary muscle rupture
LVEF, %
STEMI
MCS usage
• IABP
• Impella
• ECMO⁎
• ECPELLA
MCS support to MC, days
Mean LA dimension, cm
Mean LVESD, cm
• Pre-MCS, mean, cm
• Post-MCS, mean, cm
Mean MV annulus dimension, cm
• Pre-MCS, mean, cm
• Post-MCS, mean, cm
Transseptal height, mean, cm
Aortic hugger
Flail gap, mean, mm
Posterior leaﬂet length, mean, mm
Grasps, median
Final MR
• >2+
• ≤2+
MV gradient, mmHg
• Pre-MC
• Post-MC
Number of clips used, median
Type of clip used
• NTR
• XTR
• Both

5:3
70.3 ± 11.5
31.0 ± 10.5
6 (75 %)
2 (25 %)
54.1 ± 8.4 %
4 (50 %)
6 (75 %)
0
3 (37.5 %)
1 (12.5 %)
2 (25 %)
3.3 ± 2.3
4.3 ± 0.7
3.4 ± 0.3
3.1 ± 0.6
4.3 ± 0.3
3.9 ± 0.5
4.0 ± 0.4
4 (50 %)
6.0 ± 2.0
17 ± 2
3.5

4. Discussion
Our institutional and systemic review found that in patients with CS
due to acute MR and mechanical MV complications, 1). Emergency
transcatheter MV repair using MitraClip was feasible with a reasonable
device success rate (68.8 %); and 2). MCS was commonly required
(75 %) to stabilize the patients and majority (94.4 %) were able to
wean off MCS.
Mechanical MV complication with CS represent a cohort of
extremely ill patients, especially in the setting of MI. As a result, large,
randomized study is difﬁcult and evidence of treatment was limited to
case reports or series, even for open heart surgery (2,23). MitraClip
has been previously reported in case report or series to treat acute MR
post-MI or MR with CS, however, majority of them were functional
MR with poor left ventricular function (9,24–27). Herein, we presented
the largest series of acute MR with CS related to MV mechanical complication from our institution and performed patient-level review of all
published cases.

3 (37.5 %)
5 (62.5 %)
3.0 ± 1.2
3.9 ± 1.9
1.5
6 (75 %)
2 (25 %)
0

LVEF = left ventricular ejection fraction; STEMI = ST-segment Elevation Myocardial Infarction; LCx = circumﬂex artery; RCA = right coronary artery; LAD = left anterior descending artery; MCS = mechanical circulatory support; IABP = intra-aortic balloon
pump; ECMO = extracorporeal membrane oxygenation; ECPELLA = ECMO + Impella;
MC = MitraClip; LA = left atrium; LVESD = left ventricular end-systolic dimension;
MV = mitral valve; MR = mitral regurgitation; PCI = percutaneous coronary intervention.
⁎ Tandem Heart was initially implanted and changed to ECMO prior to MC after
deciding to proceed emergency MC on table.

4.1. Value of MCS
before surgery. Otherwise, the ﬁnal MV gradient measured 3.9 ±
1.9 mmHg. Majority (75 %) of the patients received NTR clips. Patients
with MI-related mechanical MV complication were signiﬁcantly younger (61.5 ± 8.4 vs 79.3 ± 8.2, p = 0.02) and had a lower transseptal
height achieved (3.6 ± 0.1 cm vs 4.3 ± 0.3 cm, p = 0.03) than those
non-MI related; however, there were no statistical signiﬁcant difference
between their STS score, left ventricular ejection fraction, mean LA dimensions, MV ﬂail gap, posterior leaﬂet length and frequency of aorta
hugger encountered during MC (Table 2).

The preoperative implantation of MCS seems to improve the
outcome in patients suitable for urgent surgery with CS (28,29) and is
generally accepted as the standard of care until emergent mitral valve
surgery can be performed. In our analysis, percutaneous MCS was
used in 75 % of all the reported cases before MC. IABP was the most commonly used device (44.4 %), although it offered the least cardiac output
augmentation, but it is widely available, and can decrease afterload,
thereby supporting mean arterial pressure and potentially decreasing
the MR. Impella, either used alone (27.8 %) or together with ECMO
(11.1 %) (i.e. ECPELLA) offers more signiﬁcant cardiac output augmentation and directly unloads the left ventricle. On the other hand, ECMO
was used alone less commonly, as it might increase total peripheral vascular resistance and hence potentially worsen the MR. The Tandem
Heart device can directly unload the left atrium and potentially offer
the best hemodynamic effect in patient with acute MR, however, its
transseptal left atrial cannula could make MC procedure challenging
and require weaning or change to alternative support device before
MC. Due to small sample size, the impact of MCS on LV size and MV
annulus dimensions was not well illustrated from our study. On the
other hand, MCS use was not without risk, and it has been reported to

3.2. Pooled analysis
We identiﬁed 16 cases from 12 studies (10 case reports and 2 case
series (11–22)) (Fig. 1, Supplementary Table 3). Pooling the 8 cases
from our institution, a total of 24 cases were included in the ﬁnal analysis (Table 3). Half of the included cases were due to papillary muscle
rupture and the other half due to chordal rupture. Over half of the
cases (58.3 %) were MI-related, with circumﬂex artery (53.8 %) being
the most common culprit followed by right coronary artery (30.8 %).
Seventy-ﬁve percent (n = 18) cases required MCS, with intra-aortic
balloon pump (IABP) being the most used device (44.4 %), followed by
3
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Fig. 2. Procedural features of MitraClip under mechanical circulatory support from selected patients. A. Patient A presented with ST segment elevation myocardial infarct and cardiogenic
shock underwent percutaneous coronary intervention to culprit vessel (right coronary artery) under Impella support. B. Patient had persistent shock requiring upgrade support to extracorporeal membrane oxygenation (ECMO) and Impella. C. Transesophageal echocardiogram found papillary muscle rupture (*). D–F. Salvage MitraClip was performed with common anatomical features encountered, mitral leaﬂet ﬂail gap (red double-sided arrow) (D), short transseptal height possible (E) and aortic hugger (red dotted arrow) (F) due to un-remodeled
“normal” left atrium. G–H. Baseline severe (4+) mitral regurgitation (G) reduced to mild (1+) (H). (For interpretation of the references to color in this ﬁgure legend, the reader is referred
to the web version of this article.)

achieve optimal MR reduction. As a result, some patients had >2+ residual MR with no further clips attempt, and a few had >5 mmHg MV
gradient even after 1 clip. The New MitraClip G4 device was recently
commercially available, and whether the new system could improve
the repair outcome or not remain to be determined (31). Besides, the
PASCAL device (Edwards Lifesciences, Irvine, California) might be
another TEER option for these patients (32). Although the device success rate was lower than previously reported (6,33), majority of these
patients were able to wean off MCS, including those with >2+ MR.
MitraClip therapy could potentially be the destination treatment for
these otherwise no-option patients or as a bridge to subsequent surgical
MV replacement if the MR reduction was sub-optimal.

directly cause chordal rupture and acute MR post-MI (30). There was
concern about interaction between MC with Impella device, yet our
series showed that it was feasible to perform MC with MCS in-situ
(66.7 %), even with Impella in-situ.

4.2. Feasibility of MitraClip and challenges
TEER using the MitraClip system appeared to be feasible with a near
70 % device success rate in this cohort of extremely ill, prohibitive surgical risk patients with mechanical MV complications. A few common
challenges were speculated from our analysis. First, the transseptal
heights achieved were usually lower than optimal and hence faced aortic hugger. This was more signiﬁcant in MI-related group than non-MI
related group likely represent the real acute nature of MR in MI group
whereas a possible acute on chronic MR component in non-MI group
with underlying MV prolapse pathology. Second, the mitral valve annulus was not enlarged as compared to those with functional MR, which
limited the number of clips that could be used. In the setting of mechanical MV complication and sizable ﬂail gap, 1 clip might not be enough to

4.3. Future direction — proposed algorithm
Recently, severe multi-center registry and patient-level analysis on
MC in CS patients were published (34–37). Although none of these
data focus on mechanical MV complication, they showed that MC in
CS shock patients is feasible and might be lifesaving, hence should be

Table 2
Clinical, anatomical and MitraClip procedural features stratiﬁed by myocardial infraction-related versus non-myocardial infarction related mitral valve complications in institutional
case series.

Age, mean ± SD
STS, %, mean ± SD
LVEF, %, mean ± SD
Mean LA dimension, cm, mean ± SD
Flail gap, mm, mean ± SD
Posterior leaﬂet length, mm, mean ± SD
TS height, cm, mean ± SD
Aortic hugger

Overall
(n = 8)

MI-related
(n = 4)

Non-MI related
(n = 4)

p

70.4 ± 12.2
31.0 ± 11.3
54.1 ± 8.9
4.3 ± 8.9
6.2 ± 2.6
17.3 ± 2.5
3.9 ± 0.4
4

61.5 ± 8.4
37.7 ± 8.8
50.5 ± 11.1
4.0 ± 0.6
6.4 ± 0.3
16.5 ± 3.0
3.6 ± 0.1
3

79.3 ± 8.2
24.4 ± 10.1
57.8 ± 5.3
4.6 ± 0.8
6.1 ± 0.2
18.2 ± 1.8
4.3 ± 0.3
1

0.02
0.10
0.30
0.38
0.88
0.39
0.03
0.49

MI = myocardial infarction; STS = Society of Thoracic Surgeons; LVEF = left ventricular ejection fraction; LA = left atrium; TS = transseptal.
4
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4.4. Limitations

Table 3
Clinical, anatomical and procedural characteristics from pooled analysis.

First, this was a case series and systemic review based on published case reports with small sample size and subjected to positive
results reporting bias. Second, anatomical parameters were not
available in a signiﬁcant number of the published case reports.
Third, the echocardiographic outcomes were not core-lab adjudicated. Besides, some of the MR assessment was not quantitative.
Forth, there was no comparative data on outcomes of surgery
or medical therapy alone in a similar cohort of patients. Fifth, anatomical and procedural comparison between patient with papillary
muscle rupture and chordal rupture were not made due to small
sample size.

Overall (n = 24)
Gender, M:F
Age (mean ± SD)
Mechanical complication
• Chordal rupture
• Papillary muscle rupture
• Anterolateral
• Posteromedial
• Not documented
LVEF, %
STEMI
• Culprit vessel
• LCx
• RCA
• LAD
• RI
• Not documented
MCS usage
• IABP
• Impella
• ECMO⁎
• ECPELLA
MC with MCS in-situ
Symptom onset to MC, days
Number of clips used, median
• 1
• 2
• 3
• Not documented
Type of clip used
• NTR
• XTR
• Both
• Not documented
Final MR
• >2+ (>moderate)
• ≤2+ (≤moderate)
• Not documented
Final MV gradient, mean, mmHg
• ≤5 mmHg
• >5 mmHg
• Not documented
Ability to wean off MCS
Device success
30-day CV mortality
30-day all-cause mortality

17:7
73.0 ± 12.9
12 (50 %)
12 (50 %)
5 (41.7 %)
3 (25.0 %)
4 (33.3 %)
50.0 ± 11.2
14 (58.3 %)
7/13 (53.8 %)
4/13 (30.8 %)
1/13 (7.7 %)
1/13 (7.7 %)
1
18 (75 %)
8 (44.4 %)
5 (27.8 %)
3 (16.7 %)
2 (11.1 %)
16 (66.7 %)
11.0 ± 8.2
2
8
9
3
4

5. Conclusions
In patients with CS due to acute MR and mechanical MV complication, TEER with/without MCS was feasible with a reasonable device
success rate. TEER could be used as a bridge to deﬁnitive MV surgery
and in some isolated cases as destination therapy.
Impact on daily practice
Results from this study suggest that TEER, speciﬁcally MitraClip, is a
feasible treatment alternative for inoperable patients with cardiogenic
shock due to acute mitral regurgitation and mechanical mitral valve
complications. The exact role of different transcatheter mitral valve
therapies including TEER and replacement in the management of cardiogenic shock due to acute MR and mechanical MV complications
need to be further studied. Comparison between newer devices e.g.
PASCAL/MitraClip G4 is needed to determine the optimal choice for
this cohort of extremely ill patients.

17/20 (85 %)
3/20 (15 %)
0
4
3/23 (13.0 %)
20/23 (87.0 %)
1
4.0 ± 1.7
13/16 (81.3 %)
3/16 (18.7 %)
8
17/18 (94.4 %)
11/16 (68.8 %)⁎⁎
1/22 (4.5 %)⁎⁎⁎
2/22 (9.1 %)⁎⁎⁎
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be the destination therapy for the MV pathology. Otherwise, TEER
could potentially bridge patient to surgery (mitral valve replacement)
after stabilization.
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Fig. 3. Proposed algorithm for managing patients with cardiogenic shock and acute mitral regurgitation due to mechanical mitral valve complications.
MV = mitral valve, MCS = mechanical circulatory support, PPCI = primary percutaneous coronary intervention; STEMI = ST-segment Elevation Myocardial Infarction; TEER = transcatheter edge-to-edge repair; MR = mitral regurgitation; CAD = coronary artery disease; CABG = coronary artery bypass grafting; MVR = mitral valve replacement.
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