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STEMI	with	PMR	(1%	to	5%	in	the	eighKes)	è		(<0.5%	in	recent	years)		
	-	Medical	at	è	70	to	80	%	mortality	
	-	Surgery	è	19%	to	53%	
	-		Male	+	Correct	LV	
	-	Day	5	
		
		

Complica0ons	mécanique	de	l’Infarctus	
	 	1)	CIV	
	 	2)	Rupture	Paroi	libre	
	 	3)	Rupture	Pilier	Mitral	

Intr aaortic Balloon Support in Cardiogenic Shock

n engl j med 367;14 nejm.org october 4, 2012 1293

included in the analysis of the primary end point. 
At 30 days, mortality was similar among patients 
in the IABP group and those in the control group 
(39.7% and 41.3%, respectively; relative risk with 
IABP, 0.96; 95% confidence interval [CI], 0.79 to 
1.17; P = 0.69) (Table 3 and Fig. 1). Only minor 
differences in the relative risk estimates were ob-
served in an analysis restricted to the per-protocol 
population (mortality, 37.5% in the IABP group 
and 41.4% in the control group; relative risk, 0.91; 
95% CI, 0.74 to 1.11; P = 0.35) or in multivariate 
modeling with adjustment for variables including 
non–ST-segment elevation myocardial infarction, 
anterior myocardial infarction, resuscitation be-
fore randomization, and clinical site (relative risk, 
0.95; 95% CI, 0.68 to 1.32; P = 0.75).

Results with respect to the primary end points 
were consistent in all prespecified and post hoc 
subgroups (Fig. 2). Among the 277 patients in 
whom an intraaortic balloon pump was inserted 
and who underwent revascularization, there was 
no significant difference in mortality between the 
37 patients (13.4%) in whom the balloon pump 
was inserted before revascularization and the 
240 patients (86.6%) in whom the balloon pump 
was inserted after revascularization (mortality, 
36.4% and 36.8%, respectively; P = 0.96).

There were no significant differences between 
study groups with respect to process-of-care out-
comes (Table S1 in the Supplementary Appendix). 
There was a trend toward a higher rate of implan-
tation of a ventricular assist device in the control 
group than in the IABP group. A total of 33 pa-
tients (5.5%) received ventricular assist devices, 
and the mortality among these patients was higher 
than that among patients who did not receive a 
ventricular assist device (69.7% vs. 38.8%, P<0.001).

Serum lactate levels were similar in the two 
groups (Fig. S2 in the Supplementary Appen-
dix). Renal function at baseline and during daily 
follow-up did not differ significantly between 
the groups (Fig. S3 in the Supplementary Ap-
pendix). C-reactive protein levels were significant-
ly lower at baseline in the control group than in 
the IABP group but were similar in the two 
groups at daily follow-up measurements (Fig. S4 
in the Supplementary Appendix). The SAPS II 
score, which was a measure of disease severity, 
was significantly lower in the IABP group than 
in the control group at days 2 and 3 but not at 
baseline or day 4 (Fig. S5 in the Supplementary 
Appendix).

Safety
The results with respect to safety end points are 
shown in Table 3. There were no significant dif-
ferences between the IABP group and the control 
group with respect to the rates of stroke, bleeding, 
sepsis, or peripheral ischemic complications re-
quiring intervention in the hospital. There were 
also no significant differences in the rates of re-
infarction or stent thrombosis.

Discussion

In this large, randomized trial involving patients 
with cardiogenic shock complicating acute myo-
cardial infarction, for whom early revascularization 
was planned, intraaortic balloon pump support 
did not reduce 30-day mortality. These results are 
reinforced by a lack of significant between-group 
differences in multiple secondary end points and 
process-of-care outcomes.

Death in patients with cardiogenic shock can 
result from one or more of three factors: hemo-
dynamic deterioration, occurrence of multiorgan 
dysfunction, and development of the systemic in-
flammatory response syndrome.10,16 Our trial pro-
vides some information regarding the effect of 
intraaortic balloon counterpulsation on all these 
factors. There was no immediate improvement in 
blood pressure or heart rate among patients in 
whom an intraaortic balloon pump was inserted, 
as compared with those who did not have a bal-
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Figure 1. Time-to-Event Curves for the Primary End Point.

Time-to-event curves are shown through 30 days after randomization for 
the primary end point of all-cause mortality. Event rates represent Kaplan–
Meier estimates.
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2002	to	2010	:	28	pts				è		3	to	4	/	y 		

	-	Male=79%	,			
	-	EF=	50%		

	
-  MI	<	48	h	 	 	 	è	15	(54%)		
-  48h	<	MI	<	21	days	 	è	10	(36%)		
-  MI	>	21	d	 	 	 	è			3	(10%)	
	
-  Ant	PM	=	Post	PM	(40%)		è	20%	2	PM	

-  25	RVM					89	%	
-  	3	Repairs	11	%	
	

Clinical Outcome After Mitral Valve Surgery Due
to Ischemic Papillary Muscle Rupture
Thomas Schroeter, MD, Sven Lehmann, MD, Martin Misfeld, MD, PhD,
Michael Borger, MD, PhD, Sreekumar Subramanian, MD, Friedrich W. Mohr, MD, PhD,
and Farhad Bakthiary, MD, PhD
Department of Cardiac Surgery, Heart Center Leipzig, University of Leipzig, Leipzig, Germany

Background. Severe mitral regurgitation secondary to
papillary muscle rupture is an infrequent but cata-
strophic complication after myocardial infarction. With-
out surgical treatment, mortality can reach 80%, but
surgical treatment also carries substantial perioperative
morbidity and mortality.

Methods. We retrospectively analyzed 28 patients who
underwent mitral valve surgery for ischemic papillary
muscle rupture.

Results. The 30-day mortality rate was 39.3% (11 of 28).
There were no significant differences in the baseline
characteristics, and concomitant coronary artery bypass
(CABG) was performed in 66.7% of the survivor group
and in 61.5% of the nonsurvivor group (p ! 0.245).

Mortality predictors included low cardiac output (p !
0.05), renal failure (p ! 0.005), and implementation of
extracorporeal membrane oxygenation therapy (p !
0.005). The time between myocardial infarction and sur-
gery showed no significant effects on survival.

Conclusions. Papillary muscle rupture with severe mi-
tral regurgitation carries a high operative mortality. Ad-
ditional CABG does not influence the acute postopera-
tive course. Postoperative development of low cardiac
output with a need for extracorporeal membrane oxygen-
ation therapy and renal failure with hemodialysis sub-
stantially reduces survival.

(Ann Thorac Surg 2013;95:820–4)
© 2013 by The Society of Thoracic Surgeons

Mitral valve regurgitation (MR) due to papillary
muscle rupture (PMR) occurs in 1% to 3% of

patients after acute myocardial infarction (MI) [1]. This
severe complication of MI is associated with an in-
hospital mortality as high as 70% to 80% with medical
treatment [2]. Since Austen’s landmark report on mitral
valve replacement (MVR) for PMR in 1965, the prognosis
has been improved by surgical management; however,
the disorder still carries a mortality rate of 19% to 53%
[3–5]. Mitral valve repair may be a suitable strategy for
selected patients [6].

The objective of the present study was to review our
surgical experience with mitral valve operations for PMR
to identify risk factors for morbidity and mortality.

Material and Methods

A retrospective review of the Heart Center Leipzig (De-
partment of Cardiac Surgery, Heart Center Leipzig, Uni-
versity of Leipzig, Germany) database from 2002 to 2010
was performed to identify patients who underwent mitral
valve operations for ischemic PMR. Ischemic PMR was
defined as PMR resulting from a prior MI. Patients with
degenerative mitral valve pathologies (ie, chordal rup-
ture), previous valve surgery, or concomitant rupture
of the ventricular septum or the free wall were ex-
cluded. The MR diagnosis was based on standard

echocardiographic characteristics or left ventricular
angiography [7]. All preoperative echocardiograms
were performed within routine clinical practice using
comprehensive standard imaging. The preoperative
diagnosis of MI was based on the presence of chest
pain lasting longer than 30 minutes, ECG changes (ie,
Q-wave, ST elevation), and elevated myocardial en-
zyme levels (ie, creatinine kinase).

The operation was performed under cardiopulmonary
bypass (CPB) and mild to moderate hypothermia condi-
tions. An MVR or MV reconstruction was performed
according to the intraoperative assessment. Follow-up
data were obtained through retrospective chart review.

Continuous variables are reported as the means ! SDs;
categoric variables are reported as percentages of group
totals. Group comparisons were performed with the
standard t test or Mann-Whitney rank sum test if the
normality test was failed. Values of p less than 0.05 were
considered significant. The commercially available soft-
ware packages SigmaStat 3.5 and SPSS Statistical Soft-
ware 16.0 (SPSS Inc, Chicago, IL) were used.

Results

Between 2002 and 2010, 28 patients underwent mitral
valve surgery with or without CABG for ischemic PMR
and high-grade MR. The patients’ mean age was 63.4 !
10.3 and 22 (78.6%) patients were male. The left ventric-
ular ejection fraction (EF) was 0.502 ! 0.191, and the
mean body mass index was 28.1 ! 4.8 (Table 1). There

Accepted for publication Oct 22, 2012.

Address correspondence to Dr Schroeter, Heart Center Leipzig, Struem-
pellstr 39, D-04289 Leipzig, Germany; e-mail: thomas-schroeter@gmx.de.
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Background. Severe mitral regurgitation secondary to
papillary muscle rupture is an infrequent but cata-
strophic complication after myocardial infarction. With-
out surgical treatment, mortality can reach 80%, but
surgical treatment also carries substantial perioperative
morbidity and mortality.
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gery showed no significant effects on survival.
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was performed to identify patients who underwent mitral
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ture), previous valve surgery, or concomitant rupture
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cluded. The MR diagnosis was based on standard
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were performed within routine clinical practice using
comprehensive standard imaging. The preoperative
diagnosis of MI was based on the presence of chest
pain lasting longer than 30 minutes, ECG changes (ie,
Q-wave, ST elevation), and elevated myocardial en-
zyme levels (ie, creatinine kinase).

The operation was performed under cardiopulmonary
bypass (CPB) and mild to moderate hypothermia condi-
tions. An MVR or MV reconstruction was performed
according to the intraoperative assessment. Follow-up
data were obtained through retrospective chart review.

Continuous variables are reported as the means ! SDs;
categoric variables are reported as percentages of group
totals. Group comparisons were performed with the
standard t test or Mann-Whitney rank sum test if the
normality test was failed. Values of p less than 0.05 were
considered significant. The commercially available soft-
ware packages SigmaStat 3.5 and SPSS Statistical Soft-
ware 16.0 (SPSS Inc, Chicago, IL) were used.
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Between 2002 and 2010, 28 patients underwent mitral
valve surgery with or without CABG for ischemic PMR
and high-grade MR. The patients’ mean age was 63.4 !
10.3 and 22 (78.6%) patients were male. The left ventric-
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was no significant difference in the baseline characteris-
tics between survivors and nonsurvivors.

Fifteen of the 28 patients (53.6%) had had their MIs
within 48 hours, 10 of 28 (35.7%) had their MIs between 48
hours and 21 days, and 3 of 28 (10.7%) had their MIs more
than 21 days before surgery. An acute reperfusion with
prior percutaneous coronary intervention was performed
in 9 patients (32.1%); 6 in the survivor group (40.0%) and
3 in the nonsurvivor group (23.1%; p ! 0.490). We found
no differences between the survivors and nonsurvivors
with respect to preoperative shock, the implantation of
an intraaortic balloon counterpulsation device (IABP),
preoperative renal failure, and preoperative mechanical
ventilation. The time between the admission to the hos-
pital and surgery is presented in Table 2.

Intraoperatively, an anterior papillary muscle rupture
was found in 11 of 28 patients (39.3%), a posterior
papillary muscle rupture was found in 11 of 28 patients
(39.3%), and ruptures of both papillary muscles were
found in 6 of 28 patients (21.4%). There was no significant
difference in survival related to which papillary muscle(s)
were ruptured (p ! 0.454). The MVR was performed in 25
of 28 patients (89.3%) and MV reconstruction in 3 of 28
patients (10.7%) (Table 3). The mean prosthesis diameter

was 29.2 " 1.8 mm in the survivor group and 28.5 " 1.3
mm in the nonsurvivor group (p ! 0.395). Simultaneous
coronary artery bypass grafting (CABG) was performed
in 18 of 28 patients (63.3%); 10 of 15 patients in the
survivor group (66.7%) and 8 of 13 (61.5%) patients in the
nonsurvivor group (p ! 0.245). The mean operative time
was 220 " 81 minutes overall; the cardiopulmonary
bypass time was 151 " 61 minutes and the ischemic time
was 66 " 35 minutes. There were no significant differ-
ences in operating times between the 2 groups (p ! 0.170
for operative time, p ! 0.211 for bypass time, and p !
0.485 for cross-clamp time).

The 30 days mortality was 39.3% (11 of 28). There was
no significant difference in the 30 days mortality between
patients with and without CABG (p ! 0.606). Six out of 19
patients who underwent MV surgery and CABG died
(31.6%), as did 5 of 9 (55.6%) patients with isolated MV
surgery (p ! 0.531).

The mean time between surgery and death was 8.3 "
5.1 days. For nonsurvivors who underwent CABG, the
mean time between surgery and death was 9.6 " 7.4 days;
for those without CABG, it was 7.8 " 3.1 days (Table 4).

There were no significant differences between survi-
vors and nonsurvivors in terms of rethoracotomy for
bleeding (Table 5; 17.6% vs 27.7%, p ! 0.576), IABP (58.8%
vs 90.9%, p ! 0.076), atrial fibrillation (41.2% vs 36.5%, p !
0.824), and lung failure with nitric oxide ventilation
(17.6% vs 10.0%, p ! 0.561).

Abbreviations and Acronyms
CABG ! Coronary artery bypass graft surgery
CPB ! Cardiopulmonary bypass
ECMO ! Extracorporeal membrane oxygenation
IABP ! Intraaortic balloon pump
LCO ! Low cardiac output
MI ! Myocardial infarction
MR ! Mitral regurgitation
MVR ! Mitral valve replacement
PMR ! Papillary muscle rupture

Table 1. Baseline Characteristics

Variable Overall (n ! 28) Survivor (n ! 17) Nonsurvivor (n ! 11) p Value

Age, years; mean " SD 63.4 " 10.3 63.1 " 9.0 63.8 " 12.1 0.856
Male sex; n (%) 22 (78.6) 12 (80.0) 10 (76.9) 0.871
Arterial hypertension; n (%) 14 (50.0) 8 (53.3) 6 (46.2) 0.730
Weight, kg; mean " SD 85.3 " 14.7 82.7 " 13.3 88.3 " 16.1 0.320
Body mass index; mean " SD 28.1 " 4,8 26.9 " 3.7 29.5 " 5.7 0.143
Ejection fraction; mean # SD 0.502 " 0.191 0.525 " 0.146 0.533 " 0.167 0.889
NYHA class; mean # SD 2.8 " 1.6 3.5 " 0.8 3.2 " 0.8 0.385
Myocardial infarction $ 48 hours; n (%) 15 (53.6) 9 (60.0) 6 (46.2) 0.488
Myocardial infarction 48 hours–21 days; n (%) 10 (35.7) 7 (46.7) 3 (23.1) 0.212
Myocardial infarction % 21 days; n (%) 3 (10.7) 1 (6.7) 2 (15.4) 0.492
Mechanical ventilation, preoperative; n (%) 8 (28.6) 4 (26.7) 4 (30.8) 0.837
Cardiogenic shock; n (%) 15 (53.6) 8 (53.3) 7 (53.8) 0.221
Renal failure, preoperative (dialysis); n (%) 3 (10.7) 2 (13.3) 1 (7.7) 0.684
PCI, preoperative; n (%) 9 (32.1) 6 (40.0) 3 (23.1) 0.490
Intraaortic balloon pump, preoperative; n (%) 12 (42.9) 7 (46.7) 5 (38.5) 0.514

aValues of p $ 0.05 were considered significant.

NYHA ! New York Heart Association; PCI ! percutaneous coronary intervention.

Table 2. Time Between Patients Admission to the Hospital
and Surgery

Time Between Admission
and Operation Overall (n ! 28) Survivor (n ! 17)

Same day 12 8 (66.7%)
Next day 7 3 (42.6%)
Later 9 6 (66.7%)
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Significant differences exists for the rates of postoper-
ative low cardiac output (LCO) (41.2 % vs 81.8 %, p !
0.05), renal failure with hemodialysis (35.3 % vs 90.9 %,
p ! 0.005) and the need for extracorporeal membrane
oxygenation implantation for LCO (11.8 % vs 63.6 %, p !
0.005; Table 5).

Comment

Papillary muscle rupture complicates acute MI in 1% to 3%
of patients [1]. Papillary muscle rupture with the develop-
ment of severe MR has life-threatening consequences for
the patient and a poor outcome without surgical treatment
[2, 8]. Austen, who performed the first valvular replacement
in this setting in 1965 [3], described the critical state of
patients who had a rapidly deteriorating course. Without
adequate diagnosis and treatment, patients develop heart
failure with lung edema and die within hours. Approxi-
mately 80% of the ruptures occur within 7 days after the
initial event, but a delayed rupture several months after an
MI is also possible [9]. The consequences of PMR are
hypotension, shock, lung edema, and heart failure. In the
literature, the posteromedial muscle is more often involved
than the anterolateral part because of associated differences
in the blood supply to the muscle. The anterolateral muscle
is supplied by 2 independent vessel branches, whereas the
posteromedial muscle is supplied by a single branch. How-
ever, in our study population, no differences between an-
terolateral and posteromedial rupture was obvious, and
there was no significant difference in the location of the
rupture.

Acute severe MR due to PMR not only has a poor
outcome with medical treatment but is also associated
with high in-hospital mortality after mitral valve surgery.
Depending on the patient’s hemodynamic stability, mor-
tality rates between 19% and 60% have been reported [2,
4, 5, 10]. If the patient is hemodynamically stable and is
taken to the operating room expeditiously, the mortality
is significantly lower than with emergency operations

and gross hemodynamic instability [11]. The long-term
outcome for survivors is similar to that of patients with
infarction without papillary muscle rupture [12, 13]. Con-
comitant CABG with MV surgery for PMR significantly
improves the long-term outcome [4, 5, 14]. In the present
study, acute revascularization had no influence on 30-day
mortality. These results are similar to the findings re-
ported by Tcheng and colleagues [1] in which no benefit
could be found for acute coronary reperfusion. Contrary
to these findings, DiSesa and colleagues [4] observed an
improvement in operative mortality associated with si-
multaneous CABG. However, because long-term survival
is improved with concomitant CABG, we and most other
researchers recommend this procedure, irrespective of
the number of diseased vessels [10, 12, 15, 16]. In the
present study, there was no indication that additional
CABG decreased survival.

Aside from the clinical findings of dyspnea, peripheral
and lung edema and signs of heart failure, a transthoracic
echocardiography (TTE) evaluation is the gold standard for
MR diagnosis. The TTE assesses not only MR characteris-
tics, but also the leaflet structure, calcification, ejection
fraction, location of the rupture, and accompanied heart
valve disease. Transthoracic echocardiography and three-
dimensional TEE are also invaluable and enable a more
precise localization of the prolapse and evaluation of the
valve’s suitability for reconstruction. It is a safe procedure
that provides rapid and repeatable data [7].

For patients with MR without papillary muscle rup-
ture, valve reconstruction using different techniques is
the standard of care and improves long-term outcomes
compared with MVR [17]. However, for patients with
PMR, not enough data are available to comment on
survival. Russo and colleagues [12] concluded that larger
collaborative studies are needed to examine the hypoth-
esis that MV reconstruction is the better treatment for
these patients. Because of the severity of valve disease
with hemodynamic instability, a randomized study
would be difficult to organize, and a multicenter collab-

Table 3. Intraoperative Proceduresa,b

Variable Overall (n ! 28) Survivor (n ! 17) Nonsurvivor (n ! 11) p Value

Coronary artery bypass graft surgery; n (%) 19 (67.9) 13 (76.5) 6 (54.4) 0.245
Prosthesis diameter; mean " SD 28.9 " 1.6 29.2 " 1.8 28.5 " 1.3 0.395
Operative time, minutes; mean " SD 220 " 81 203 " 55 247 " 107 0.170
Cardiopulmonary bypass time, minutes;

mean " SD
151 " 61 139 " 43 169 " 81 0.211

Cross-clamp time, minutes; mean " SD 66 " 35 70 " 27 60 " 46 0.485

a Mitral valve replacement 25 of 28 (89.3%); mitral valve repair 3 of 28 (10.7%). b Values of p # 0.05 were considered significant.

Table 4. Comparision of Mortality Between Patients With and Without Additionally Coronary Bypass Operationa

Overall (n ! 28) With CABG (n ! 19) Without CABG (n ! 9) p Value

30-day mortality; n (%) 11 (39.3) 6 (31.6) 5 (55.6) 0.606
Time of death in-hospital, days postoperative;

mean " SD
8.3 " 5.1 9.6 " 7.4 7.8 " 3.1 0.606

a Values of p # 0.05 were considered significant.
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was no significant difference in the baseline characteris-
tics between survivors and nonsurvivors.

Fifteen of the 28 patients (53.6%) had had their MIs
within 48 hours, 10 of 28 (35.7%) had their MIs between 48
hours and 21 days, and 3 of 28 (10.7%) had their MIs more
than 21 days before surgery. An acute reperfusion with
prior percutaneous coronary intervention was performed
in 9 patients (32.1%); 6 in the survivor group (40.0%) and
3 in the nonsurvivor group (23.1%; p ! 0.490). We found
no differences between the survivors and nonsurvivors
with respect to preoperative shock, the implantation of
an intraaortic balloon counterpulsation device (IABP),
preoperative renal failure, and preoperative mechanical
ventilation. The time between the admission to the hos-
pital and surgery is presented in Table 2.

Intraoperatively, an anterior papillary muscle rupture
was found in 11 of 28 patients (39.3%), a posterior
papillary muscle rupture was found in 11 of 28 patients
(39.3%), and ruptures of both papillary muscles were
found in 6 of 28 patients (21.4%). There was no significant
difference in survival related to which papillary muscle(s)
were ruptured (p ! 0.454). The MVR was performed in 25
of 28 patients (89.3%) and MV reconstruction in 3 of 28
patients (10.7%) (Table 3). The mean prosthesis diameter

was 29.2 " 1.8 mm in the survivor group and 28.5 " 1.3
mm in the nonsurvivor group (p ! 0.395). Simultaneous
coronary artery bypass grafting (CABG) was performed
in 18 of 28 patients (63.3%); 10 of 15 patients in the
survivor group (66.7%) and 8 of 13 (61.5%) patients in the
nonsurvivor group (p ! 0.245). The mean operative time
was 220 " 81 minutes overall; the cardiopulmonary
bypass time was 151 " 61 minutes and the ischemic time
was 66 " 35 minutes. There were no significant differ-
ences in operating times between the 2 groups (p ! 0.170
for operative time, p ! 0.211 for bypass time, and p !
0.485 for cross-clamp time).

The 30 days mortality was 39.3% (11 of 28). There was
no significant difference in the 30 days mortality between
patients with and without CABG (p ! 0.606). Six out of 19
patients who underwent MV surgery and CABG died
(31.6%), as did 5 of 9 (55.6%) patients with isolated MV
surgery (p ! 0.531).

The mean time between surgery and death was 8.3 "
5.1 days. For nonsurvivors who underwent CABG, the
mean time between surgery and death was 9.6 " 7.4 days;
for those without CABG, it was 7.8 " 3.1 days (Table 4).

There were no significant differences between survi-
vors and nonsurvivors in terms of rethoracotomy for
bleeding (Table 5; 17.6% vs 27.7%, p ! 0.576), IABP (58.8%
vs 90.9%, p ! 0.076), atrial fibrillation (41.2% vs 36.5%, p !
0.824), and lung failure with nitric oxide ventilation
(17.6% vs 10.0%, p ! 0.561).

Abbreviations and Acronyms
CABG ! Coronary artery bypass graft surgery
CPB ! Cardiopulmonary bypass
ECMO ! Extracorporeal membrane oxygenation
IABP ! Intraaortic balloon pump
LCO ! Low cardiac output
MI ! Myocardial infarction
MR ! Mitral regurgitation
MVR ! Mitral valve replacement
PMR ! Papillary muscle rupture

Table 1. Baseline Characteristics

Variable Overall (n ! 28) Survivor (n ! 17) Nonsurvivor (n ! 11) p Value

Age, years; mean " SD 63.4 " 10.3 63.1 " 9.0 63.8 " 12.1 0.856
Male sex; n (%) 22 (78.6) 12 (80.0) 10 (76.9) 0.871
Arterial hypertension; n (%) 14 (50.0) 8 (53.3) 6 (46.2) 0.730
Weight, kg; mean " SD 85.3 " 14.7 82.7 " 13.3 88.3 " 16.1 0.320
Body mass index; mean " SD 28.1 " 4,8 26.9 " 3.7 29.5 " 5.7 0.143
Ejection fraction; mean # SD 0.502 " 0.191 0.525 " 0.146 0.533 " 0.167 0.889
NYHA class; mean # SD 2.8 " 1.6 3.5 " 0.8 3.2 " 0.8 0.385
Myocardial infarction $ 48 hours; n (%) 15 (53.6) 9 (60.0) 6 (46.2) 0.488
Myocardial infarction 48 hours–21 days; n (%) 10 (35.7) 7 (46.7) 3 (23.1) 0.212
Myocardial infarction % 21 days; n (%) 3 (10.7) 1 (6.7) 2 (15.4) 0.492
Mechanical ventilation, preoperative; n (%) 8 (28.6) 4 (26.7) 4 (30.8) 0.837
Cardiogenic shock; n (%) 15 (53.6) 8 (53.3) 7 (53.8) 0.221
Renal failure, preoperative (dialysis); n (%) 3 (10.7) 2 (13.3) 1 (7.7) 0.684
PCI, preoperative; n (%) 9 (32.1) 6 (40.0) 3 (23.1) 0.490
Intraaortic balloon pump, preoperative; n (%) 12 (42.9) 7 (46.7) 5 (38.5) 0.514

aValues of p $ 0.05 were considered significant.

NYHA ! New York Heart Association; PCI ! percutaneous coronary intervention.

Table 2. Time Between Patients Admission to the Hospital
and Surgery

Time Between Admission
and Operation Overall (n ! 28) Survivor (n ! 17)

Same day 12 8 (66.7%)
Next day 7 3 (42.6%)
Later 9 6 (66.7%)
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Clinical Outcome After Mitral Valve Surgery Due
to Ischemic Papillary Muscle Rupture
Thomas Schroeter, MD, Sven Lehmann, MD, Martin Misfeld, MD, PhD,
Michael Borger, MD, PhD, Sreekumar Subramanian, MD, Friedrich W. Mohr, MD, PhD,
and Farhad Bakthiary, MD, PhD
Department of Cardiac Surgery, Heart Center Leipzig, University of Leipzig, Leipzig, Germany

Background. Severe mitral regurgitation secondary to
papillary muscle rupture is an infrequent but cata-
strophic complication after myocardial infarction. With-
out surgical treatment, mortality can reach 80%, but
surgical treatment also carries substantial perioperative
morbidity and mortality.

Methods. We retrospectively analyzed 28 patients who
underwent mitral valve surgery for ischemic papillary
muscle rupture.

Results. The 30-day mortality rate was 39.3% (11 of 28).
There were no significant differences in the baseline
characteristics, and concomitant coronary artery bypass
(CABG) was performed in 66.7% of the survivor group
and in 61.5% of the nonsurvivor group (p ! 0.245).

Mortality predictors included low cardiac output (p !
0.05), renal failure (p ! 0.005), and implementation of
extracorporeal membrane oxygenation therapy (p !
0.005). The time between myocardial infarction and sur-
gery showed no significant effects on survival.

Conclusions. Papillary muscle rupture with severe mi-
tral regurgitation carries a high operative mortality. Ad-
ditional CABG does not influence the acute postopera-
tive course. Postoperative development of low cardiac
output with a need for extracorporeal membrane oxygen-
ation therapy and renal failure with hemodialysis sub-
stantially reduces survival.

(Ann Thorac Surg 2013;95:820–4)
© 2013 by The Society of Thoracic Surgeons

Mitral valve regurgitation (MR) due to papillary
muscle rupture (PMR) occurs in 1% to 3% of

patients after acute myocardial infarction (MI) [1]. This
severe complication of MI is associated with an in-
hospital mortality as high as 70% to 80% with medical
treatment [2]. Since Austen’s landmark report on mitral
valve replacement (MVR) for PMR in 1965, the prognosis
has been improved by surgical management; however,
the disorder still carries a mortality rate of 19% to 53%
[3–5]. Mitral valve repair may be a suitable strategy for
selected patients [6].

The objective of the present study was to review our
surgical experience with mitral valve operations for PMR
to identify risk factors for morbidity and mortality.

Material and Methods

A retrospective review of the Heart Center Leipzig (De-
partment of Cardiac Surgery, Heart Center Leipzig, Uni-
versity of Leipzig, Germany) database from 2002 to 2010
was performed to identify patients who underwent mitral
valve operations for ischemic PMR. Ischemic PMR was
defined as PMR resulting from a prior MI. Patients with
degenerative mitral valve pathologies (ie, chordal rup-
ture), previous valve surgery, or concomitant rupture
of the ventricular septum or the free wall were ex-
cluded. The MR diagnosis was based on standard

echocardiographic characteristics or left ventricular
angiography [7]. All preoperative echocardiograms
were performed within routine clinical practice using
comprehensive standard imaging. The preoperative
diagnosis of MI was based on the presence of chest
pain lasting longer than 30 minutes, ECG changes (ie,
Q-wave, ST elevation), and elevated myocardial en-
zyme levels (ie, creatinine kinase).

The operation was performed under cardiopulmonary
bypass (CPB) and mild to moderate hypothermia condi-
tions. An MVR or MV reconstruction was performed
according to the intraoperative assessment. Follow-up
data were obtained through retrospective chart review.

Continuous variables are reported as the means ! SDs;
categoric variables are reported as percentages of group
totals. Group comparisons were performed with the
standard t test or Mann-Whitney rank sum test if the
normality test was failed. Values of p less than 0.05 were
considered significant. The commercially available soft-
ware packages SigmaStat 3.5 and SPSS Statistical Soft-
ware 16.0 (SPSS Inc, Chicago, IL) were used.

Results

Between 2002 and 2010, 28 patients underwent mitral
valve surgery with or without CABG for ischemic PMR
and high-grade MR. The patients’ mean age was 63.4 !
10.3 and 22 (78.6%) patients were male. The left ventric-
ular ejection fraction (EF) was 0.502 ! 0.191, and the
mean body mass index was 28.1 ! 4.8 (Table 1). There

Accepted for publication Oct 22, 2012.

Address correspondence to Dr Schroeter, Heart Center Leipzig, Struem-
pellstr 39, D-04289 Leipzig, Germany; e-mail: thomas-schroeter@gmx.de.

© 2013 by The Society of Thoracic Surgeons 0003-4975/$36.00
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Background
In the current era of early reperfusion with primary per-
cutaneous coronary intervention (PCI) following acute
ST-elevation myocardial infarction (STEMI), the inci-
dence of post-myocardial infarction papillary muscle
rupture (post-MI PMR) has dropped from 1-5% in the
eighties and early nineties to <0.5% in recent years [1-3].
Although rare, PMR is still a dramatic complication,
which can lead to rapid clinical deterioration and death
[1]. Approximately 80% of ruptures occur within 7 days
after MI, but a delayed rupture several weeks or months
after MI is also possible [1,2,4]. The natural history of
post-MI PMR is extremely unfavorable and under med-
ical treatment alone mortality may be as high as 50% in
the first 24 hours (especially when PMR is complete),
and as high as 80% in the first week [4,5].
Since the first mitral valve replacement (MVR) for

post-MI PMR in 1965 [6], several reports have empha-
sized that immediate surgical intervention is the optimal
and most rational treatment for acute PMR, despite high
risks [2,4,7]. Although mitral valve repair may improve
outcome due to a better preservation of postoperative
left ventricular (LV) function [8-13], MVR is generally
preferred in these haemodynamically unstable, high-risk
patients [7,14-18].
In this study we sought to identify overall long-term

survival and its predictors for patients who underwent
mitral valve surgery for post-MI PMR.

Methods
This study was conducted in accordance with the guide-
lines of the University Medical Center Groningen Insti-
tutional Review Board.

Patients
Between January 1990 and May 2014, 50 consecutive pa-
tients underwent mitral valve surgery for moderate-to-
severe (grade 3+) or severe (grade 4+) mitral regurgitation
(MR) caused by post-MI PMR. Clinical data, echocardio-
graphic data, catheterization data, and surgical data were
stored in a dedicated database. Baseline patient characteris-
tics are summarized in Table 1. All patients had a docu-
mented MI before PMR. Infarct location was determined
electrocardiographically and echocardiographically (by the
detection of wall motion abnormalities). Four patients (8%)
had a history of congestive heart failure, 12 patients (24%)
had hypertension, 9 patients (18%) had diabetes mellitus,
16 patients (32%) were smokers, 6 patients (12%) had
hypercholesterolemia, 7 patients (14%) were obese (body
mass index > 30 kg/m2), 2 patients (4%) had peripheral vas-
cular disease, 7 patients (14%) had a family history of
coronary artery disease, 1 patient (2%) had chronic renal
disease, 3 patients (6%) had chronic obstructive pulmonary
disease, and 5 patients (10%) had cerebrovascular disease.

Table 1 Preoperative patient data (n = 50)
Variablea Value

Age, years 64.7 ± 10.8

Gender

Male 36 (72)

Female 14 (28)

NYHA functional class

Class III 7 (14)

Class IV 43 (86)

EuroSCORE I (logistic), % 29.9 ± 22.6

EuroSCORE II, % 19.6 ± 14.5

Previous myocardial infarction 50 (100)

Inferior and/or posterior 34 (68)

Inferoposterolateral 13 (26)

Anterolateral 9 (18)

Coronary artery disease 50 (100)

Left main stenosis 3 (6)

One-vessel disease 24 (48)

Two-vessel disease 18 (36)

Three-vessel disease 8 (16)

Infarct related artery

Left anterior descending coronary artery 1 (2)

Left circumflex coronary artery 29 (58)

Right coronary artery 20 (40)

Previous percutaneous coronary intervention 14 (28)

Previous cardiac surgery 0 (0)

Preoperative grade of mitral regurgitation

3+ (moderate) 1 (2)

4+ (severe) 49 (98)

Preoperative LV function

Normal (EF >50%) 34 (68)

Moderately impaired (EF 30-50%) 11 (22)

Severely impaired (EF <30%) 5 (10)

Heart rhythm

Sinus rhythm 45 (90)

Atrial fibrillation 5 (10)

Pacemaker 0 (0)

Pulmonary artery pressure

Systolic/diastolic, mmHg 45 ± 13/25 ± 10

Mean, mmHg 32 ± 10

Pulmonary capillary wedge pressure, mmHg 24 ± 14

Mechanical ventilation 23 (46)

Inotropic drug support 28 (56)

Intra-aortic balloon pump 23 (46)

Bouma et al. Journal of Cardiothoracic Surgery  (2015) 10:11 Page 2 of 10

RESEARCH ARTICLE Open Access

Long-term survival after mitral valve surgery
for post-myocardial infarction papillary muscle
rupture
Wobbe Bouma1,4*, Inez J Wijdh-den Hamer1, Bart M Koene1, Michiel Kuijpers1, Ehsan Natour1, Michiel E Erasmus1,
Jayant S Jainandunsing2, Iwan CC van der Horst3, Joseph H Gorman III4, Robert C Gorman4
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Abstract

Background: Papillary muscle rupture (PMR) is a rare, but dramatic mechanical complication of myocardial
infarction (MI), which can lead to rapid clinical deterioration and death. Immediate surgical intervention is
considered the optimal and most rational treatment, despite high risks. In this study we sought to identify
overall long-term survival and its predictors for patients who underwent mitral valve surgery for post-MI PMR.

Methods: Fifty consecutive patients (mean age 64.7 ± 10.8 years) underwent mitral valve repair (n = 10) or
replacement (n = 40) for post-MI PMR from January 1990 through May 2014. Clinical data, echocardiographic
data, catheterization data, and surgical data were stored in a dedicated database. Follow-up was obtained in
June of 2014; mean follow-up was 7.1 ± 6.8 years (range 0.0-22.2 years). Univariate and multivariate Cox proportional
hazard regression analyses were performed to identify predictors of long-term survival. Kaplan-Meier curves were
compared with the log-rank test.

Results: Kaplan-Meier cumulative survival at 1, 5, 10, 15, and 20 years was 71.9 ± 6.4%, 65.1 ± 6.9%, 49.5 ± 7.6%,
36.1 ± 8.0% and 23.7 ± 9.2%, respectively. Univariate and multivariate analyses revealed logistic EuroSCORE ≥40%
and EuroSCORE II ≥25% as strong independent predictors of a lower overall long-term survival. After removal
of the EuroSCOREs from the model, preoperative inotropic drug support and mitral valve replacement (MVR)
without (partial or complete) preservation of the subvalvular apparatus were independent predictors of a lower
overall long-term survival.

Conclusions: Logistic EuroSCORE ≥40%, EuroSCORE II ≥25%, preoperative inotropic drug support and MVR
without (partial or complete) preservation of the subvalvular apparatus are strong independent predictors of a
lower overall long-term survival in patients undergoing mitral valve surgery for post-MI PMR. Whenever possible, the
subvalvular apparatus should be preserved in these patients.

Keywords: Myocardial infarction, Papillary muscle (rupture), Mitral regurgitation, Mitral valve repair, Mitral valve
replacement, Outcome
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Model 1
Multivariate Cox proportional-hazard regression analysis
with the logistic EuroSCORE as a continous variable re-
vealed the logistic EuroSCORE as an independent pre-
dictor of overall long-term survival (hazard ratio 1.06

(95% CI 1.03-1.09), Wald χ2 17.84, P < 0.001). The χ2

goodness-of-fit test (log likelihood ratio test) was signifi-
cant, indicating that this multivariate model is a good fit
(χ2 = 22.57, df = 1, P < 0.001).

Model 2
Multivariate Cox proportional-hazard regression analysis
with the EuroSCORE II as a continuous variable revealed
the EuroSCORE II as an independent predictor of overall
long-term survival (hazard ratio 1.06 (95% CI 1.02-1.09),
Wald χ2 9.68, P = 0.002). The χ2 goodness-of-fit test (log
likelihood ratio test) was significant, indicating that
this multivariate model is a good fit (χ2 = 10.44, df = 1,
P = 0.001).

Model 3
Multivariate Cox proportional-hazard regression analysis
with the logistic EuroSCORE ≥40% (categorical variable)
revealed the logistic EuroSCORE ≥40% as an independent
predictor of a lower overall long-term survival (hazard ra-
tio 16.69 (95% CI 4.23-65.84), Wald χ2 16.16, P < 0.001).
The χ2 goodness-of-fit test (log likelihood ratio test) was
significant, indicating that this multivariate model is a good

Table 3 Postoperative patient data (n = 50)
Variable/Conditiona Value

Reoperation for recurrent MR 1 (2)

Causes of death (n = 29)

(End-stage) heart failure 9 (31)

Refractory cardiogenic shock 3 (10)

Haemorrhagic shock (massive bleeding) 2 (7)

Acute myocardial infarction 1 (3)

Arrhythmic sudden death 1 (3)

Septal rupture 1 (3)

Left ventricular rupture 1 (3)

Ruptured aortic aneurysm 1 (3)

Non-cardiac 3 (10)

Unknown 7 (24)
aData are presented as number (%).
MR =mitral regurgitation.

Table 4 Predictors of a lower overall long-term survival by univariate and multivariate Cox proportional hazard
regression analysis

Univariate analysis Multivariate analysis

Variable HR 95% CI P value HR 95% CI P value

Age, y 1.07 (1.02-1.11) 0.003 − − −

Logistic EuroSCORE, % 1.07 (1.04-1.09) <0.001 1.06 (1.03-1.09) <0.001a

EuroSCORE II, % 1.07 (1.04-1.10) <0.001 1.06 (1.02-1.09) 0.002b

Logistic EuroSCORE ≥40% 14.28 (5.65-36.11) <0.001 16.69 (4.23-65.84) <0.001c

EuroSCORE II ≥25% 6.16 (2.81-13.48) <0.001 4.31 (1.67-11.14) 0.003d

Preoperative LVEF <30% 4.31 (1.58-11.81) 0.004 − − −

PAP (systolic), mmHg 1.03 (1.00-1.06) 0.069 − − −

PAP (diastolic), mmHg 1.04 (1.00-1.08) 0.071 − − −

Mean PAP, mmHg 1.04 (1.00-1.08) 0.059 − − −

Preoperative inotropic drug support 3.51 (1.56-7.90) 0.002 6.27 (1.97-19.95) 0.002e

Preoperative IABP requirement 2.69 (1.25-5.77) 0.011 − − −

Serum creatinine, μmol/L 1.00 (1.00-1.01) 0.059 − − −

Acute renal failure 2.29 (0.96-5.48) 0.062 − − −

Cardiogenic shock 3.37 (1.35-8.41) 0.009 − − −

Salvage/Emergent mitral valve surgery 2.56 (1.08-6.06) 0.032 − − −

MVR without preservation of the subvalvular apparatus 2.60 (1.23-5.46) 0.012 3.40 (1.19-9.69) 0.022e

No concomitant CABG 1.89 (0.89-4.01) 0.098 − − −

Concomitant septal rupture 4.17 (0.94-18.54) 0.061 − − −

Cardiopulmonary bypass time, min 1.01 (1.00-1.01) 0.026 − − −

Intraoperative IABP requirement 2.99 (1.37-6.51) 0.006 − − −
aModel 1; bModel 2; cModel 3; dModel 4; eModel 5.
CABG = coronary artery bypass grafting; CI = confidence interval; HR = hazard ratio; IABP = intra-aortic balloon pump; LVEF = left ventricular ejection fraction;
MVR =mitral valve replacement; PAP = pulmonary artery pressure.
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fit (χ2 = 26.56, df = 1, P < 0.001). The influence of a logistic
EuroSCORE ≥40% on overall long-term survival is shown
in a Kaplan-Meier survival curve (Figure 2A). Patients with
a logistic EuroSCORE ≥40% had a significantly lower mean
overall long-term survival (1.1 ± 0.6 years) compared to pa-
tients with a logistic EuroSCORE <40% (14.5 ± 1.4 years,
P < 0.001).

Model 4
Multivariate Cox proportional-hazard regression analysis
with the logistic EuroSCORE ≥25% (categorical variable)
revealed the logistic EuroSCORE ≥25% as an inde-
pendent predictor of a lower overall long-term survival
(hazard ratio 4.31 (95% CI 1.67-11.14), Wald χ2 9.12,
P = 0.003). The χ2 goodness-of-fit test (log likelihood
ratio test) was significant, indicating that this multi-
variate model is a good fit (χ2 = 10.64, df = 1, P = 0.001).
The influence of an EuroSCORE II ≥25% on overall
long-term survival is shown in a Kaplan-Meier sur-
vival curve (Figure 2B). Patients with an EuroSCORE
II ≥25% had a significantly lower mean overall long-term
survival (2.5 ± 1.2 years) compared to patients with an
EuroSCORE II <25% (14.1 ± 1.5 years, P < 0.001).

Model 5
After removal of the EuroSCOREs from the model, pre-
operative inotropic drug support (hazard ratio 6.27 (95%
CI 1.97-19.95), Wald χ2 9.64, P = 0.002) and MVR without
(partial or complete) preservation of the subvalvular ap-
paratus (SA) (hazard ratio 3.40 (95% CI 1.19-9.69), Wald
χ2 5.21, P = 0.022) were independent predictors of a lower
overall long-term survival. The χ2 goodness–of-fit test (log
likelihood ratio test) was significant, indicating that this
multivariate model is a good fit (χ2 = 14.06, df = 2,
P = 0.001). The influence of preoperative inotropic drug

support and preservation of the SA on overall long-term
survival are shown in Kaplan-Meier survival curves
(Figure 3A-C). Patients who required preoperative ino-
tropic drug support had a significantly lower mean overall
long-term survival (6.2 ± 1.4 years) compared to patients
who did not require preoperative inotropic drug support
(14.7 ± 1.9 years, P = 0.001) (Figure 3A). Patients in which
the mitral valvular-ventricular continuity was preserved
(i.e. patients who underwent mitral valve repair or MVR
with (partial or complete) preservation of the SA) had a
significantly higher mean overall long-term survival
(12.4 ± 1.6 years) compared to patients who underwent
MVR without (partial or complete) preservation of the SA
(5.4 ± 2.1 years, P = 0.008) (Figure 3B). A survival com-
parison between patients who underwent MVR with
(n = 26) or without (partial or complete) preservation of
the SA (n = 14) also showed that MVR with (partial or
complete) preservation of the SA carries a significantly
higher mean overall long-term survival (11.4 ± 1.9 years)
than MVR without (partial or complete) preservation of
the SA (5.4 ± 2.1 years, P = 0.037) (Figure 3C). The type of
preservation (partial or complete preservation of the an-
terior, or posterior, or both mitral valve leaflets and the at-
tached SA) did not influence overall long-term survival.
Univariate and multivariate analyses showed that both

MVR and concomitant CABG did not predict overall
long-term survival. Patients who underwent MVR had a
mean overall long-term survival (9.2 ± 1.5 years) that did
not differ significantly from the mean overall long-term
survival in patients who underwent mitral valve repair
(14.0 ± 2.7 years, P = 0.111). Patients who did not undergo
concomitant CABG had a mean overall long-term survival
(8.1 ± 1.5 years) that did not differ significantly from the
mean overall long-term survival in patients who did
undergo concomitant CABG (12.7 ± 2.1 years, P = 0.089).

Figure 2 Kaplan-Meier actuarial overall long-term survival after mitral valve surgery for post-MI PMR. A: Logistic EuroSCORE <40% vs.
Logistic EuroSCORE ≥40%. B: EuroSCORE II <25% vs. EuroSCORE ≥25%. ES II = EuroSCORE II; Log. ES = logistic EuroSCORE; Pts = patients; + = censored.
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Discussion
Overall long-term survival for patients who underwent
mitral valve surgery for post-MI PMR was 71.9 ± 6.4%
after 1 year, 65.1 ± 6.9% after 5 years, 49.5 ± 7.6% after
10 years, 36.1 ± 8.0% after 15 years, and 23.7 ± 9.2% after
20 years in this study. Previous studies reported similar
overall long-term survival rates with 1 year-survival
ranging between 75% and 81% [14,15], 5 year-survival
ranging between 65% and 68% [14,15,17] and 10 year-
survival ranging between 32% and 56% [14,15,17].
Both the logistic EuroSCORE and EuroSCORE II were

strong independent predictors of overall long-term sur-
vival in this study. The logistic EuroSCORE was intro-
duced in 1999 and has proven its value as an important
risk-stratification model in cardiac surgery [20]. However,
the model was mainly designed for predicting in-hospital
mortality in CABG patients and its predictive power has
declined in recent years [21]. To more accurately predict
in-hospital mortality for patients undergoing a wider range
of cardiac surgical procedures the EuroSCORE II was in-
troduced in 2012 [22]. Although both EuroSCOREs were
not specifically designed for patients undergoing mitral
valve surgery for post-MI PMR or to assess long-term sur-
vival, these models can both be used as predictors of over-
all long-term survival in this setting. Both EuroSCOREs
contain items that were shown to be univariate predictors
(P < 0.10) of overall long-term survival in this study, such
as age, serum creatinine (incorporated in the creatinine
clearance in EuroSCORE II), LVEF, (systolic) pulmonary
artery pressure, preoperative inotropic drug support/
intra-aortic balloon pump (IABP) requirement/acute renal
failure (all incorporated in the “critical preoperative state”
item of both EuroSCOREs), emergency surgery, and post-
infarct septal rupture (only incorporated in the logistic
EuroSCORE as a separate item) (Table 4). A logistic
EuroSCORE ≥40% and an EuroSCORE II ≥25% are
both strong independent predictors of a worse overall
long-term survival after mitral valve surgery for post-
MI PMR (hazard ratio 16.69 and 4.31, respectively).
Preoperative haemodynamic instability and cardio-

genic shock following post-MI PMR may warrant the
use of inotropes and/or an IABP. However, stabilization

Figure 3 Kaplan-Meier actuarial overall long-term survival after
mitral valve surgery for post-MI PMR. A: No preoperative inotropic
drug support vs. preoperative inotropic drug support. B: Mitral valve
replacement with (partial or complete) preservation of the subvalvular
apparatus or mitral valve repair vs. mitral valve replacement without
(partial or complete) preservation of the subvalvular apparatus. C: Mitral
valve replacement with (partial or complete) preservation of the
subvalvular apparatus vs. mitral valve replacement without (partial
or complete) preservation of the subvalvular apparatus. MVP =mitral
valve plasty/repair; MVR =mitral valve replacement; SA = subvalvular
apparatus; Pts = patients; + = censored.
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Long-term survival after mitral valve surgery
for post-myocardial infarction papillary muscle
rupture
Wobbe Bouma1,4*, Inez J Wijdh-den Hamer1, Bart M Koene1, Michiel Kuijpers1, Ehsan Natour1, Michiel E Erasmus1,
Jayant S Jainandunsing2, Iwan CC van der Horst3, Joseph H Gorman III4, Robert C Gorman4

and Massimo A Mariani1

Abstract

Background: Papillary muscle rupture (PMR) is a rare, but dramatic mechanical complication of myocardial
infarction (MI), which can lead to rapid clinical deterioration and death. Immediate surgical intervention is
considered the optimal and most rational treatment, despite high risks. In this study we sought to identify
overall long-term survival and its predictors for patients who underwent mitral valve surgery for post-MI PMR.

Methods: Fifty consecutive patients (mean age 64.7 ± 10.8 years) underwent mitral valve repair (n = 10) or
replacement (n = 40) for post-MI PMR from January 1990 through May 2014. Clinical data, echocardiographic
data, catheterization data, and surgical data were stored in a dedicated database. Follow-up was obtained in
June of 2014; mean follow-up was 7.1 ± 6.8 years (range 0.0-22.2 years). Univariate and multivariate Cox proportional
hazard regression analyses were performed to identify predictors of long-term survival. Kaplan-Meier curves were
compared with the log-rank test.

Results: Kaplan-Meier cumulative survival at 1, 5, 10, 15, and 20 years was 71.9 ± 6.4%, 65.1 ± 6.9%, 49.5 ± 7.6%,
36.1 ± 8.0% and 23.7 ± 9.2%, respectively. Univariate and multivariate analyses revealed logistic EuroSCORE ≥40%
and EuroSCORE II ≥25% as strong independent predictors of a lower overall long-term survival. After removal
of the EuroSCOREs from the model, preoperative inotropic drug support and mitral valve replacement (MVR)
without (partial or complete) preservation of the subvalvular apparatus were independent predictors of a lower
overall long-term survival.

Conclusions: Logistic EuroSCORE ≥40%, EuroSCORE II ≥25%, preoperative inotropic drug support and MVR
without (partial or complete) preservation of the subvalvular apparatus are strong independent predictors of a
lower overall long-term survival in patients undergoing mitral valve surgery for post-MI PMR. Whenever possible, the
subvalvular apparatus should be preserved in these patients.

Keywords: Myocardial infarction, Papillary muscle (rupture), Mitral regurgitation, Mitral valve repair, Mitral valve
replacement, Outcome
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Surgical Management and Early Outcome
MVR was performed in 41 patients; MRep was done in 13
patients. MRep consisted of reattachment of the ruptured
papillary muscle with or without ring annuloplasty. The types
of prosthesis used for MVR were Carpentier-Edwards (Irvine,
Calif) in 18 patients, Starr-Edwards (Irvine, Calif) in 5
patients, St Jude (Minneapolis, Minn) in 6 patients, Ionescu-
Shiley in 4 patients, Hancock (Minneapolis, Minn) in 7
patients, and Medtronic-Hall (Minneapolis, Minn) intact in 1
patient. Preoperative characteristics stratified by MRep and
MVR in the Table show that MRep was feasible in patients
with similarly severe characteristics but tended to require
longer bypass time (P!0.077).

Preoperative angiography, performed in all patients except
1, showed single-vessel coronary artery disease (CAD) in 17
patients (31%), 2-vessel CAD in 19 patients (35%), 3-vessel
CAD in 14 patients (26%), and left main CAD in 3 patients
(6%). Among patients with coronary angiography, revascu-
larization was not considered feasible or indicated in 11, and
CABG was performed in 42 patients. CABG was associated
with MRep in 11 patients (85%) and with MVR in 31 patients
(75%). Complete revascularization of territories with obstruc-
tive CAD was feasible in 28 patients (54%). The right
coronary artery was revascularized in 30 patients, the left
circumflex in 25 patients, the left descending anterior in 17
patients, and the diagonal in 6 patients. Patients with and
without associated CABG showed no significant difference in
baseline characteristics, although those with CABG tended to
be older (71"8 versus 67"9 years; P!0.12) but with a trend
toward higher EF (55"11% versus 49"15%; P!0.12).

Postoperatively, 10 patients (18.5%) died within 30 days of
surgery. Two patients died during surgery, and 1 died during
the first postoperative day as a result of refractory left
ventricular failure. Two patients died of myocardial rupture
on postoperative days 3 and 5. Three patients died of MI
progression on days 3, 4, and 7. Two patients died of
noncardiac events on days 8 and 24.

Operative mortality tended to be lower after MRep (7.7%)
than after MVR (22%), but this difference did not reach
significance (P!0.21) because of the small number of MRep.

No difference in operative mortality was noted according to
the timing of surgery (before or after 1 month following
symptom onset; P!0.83). Operative mortality decreased
from 28% up to 1990 to 10% after 1990 (P!0.09) and was
42% without associated CABG versus 12% with associated
CABG (P!0.029). After adjustment for age, sex, EF, bypass
duration, and surgery year, performance of CABG was
associated with lower operative mortality (adjusted OR, 0.18;
95% CI, 0.04 to 0.83; P!0.011). This association was
confirmed by bootstrapping procedure (OR, 0.18; 95% CI,
0.03 to 0.84: P!0.029). The impact of surgery after 1990 on
operative mortality was less stable, and there was only a trend
for lower operative mortality in the most recent period using
a bootstrapping procedure (OR, 0.28; 95% CI, 0.06 to 1.3;
P!0.11). Patients were stratified according to these risk
factors of operative mortality in Figure 1. Operative mortality
was 67% in patients with both risk factors (without bypass
and before 1990), 16% or 17% with 1 risk factor (either no
CABG or surgery before 1990), and 8.7% with no risk factor
(with CABG and surgery after 1990).

Postoperatively, 39 patients (74%) required intraaortic
balloon pump support, and 42 (78%) were still on inotropic
agents after the first postoperative day. Among them, 16
patients were in very poor clinical condition, with low cardiac
output or severe heart failure. Postoperatively, patients were
intubated on average for 7.3"7 days and were discharged
from the intensive care unit after 10.2"9 days.

Long-Term Outcome
Overall, there were 38 deaths during 6.4"5 years of
follow-up; 10 were immediately after surgery. Among the
44 operative survivors, during a mean follow-up of
7.9"4.3 years, 28 deaths occurred. Among these 28 late
deaths, 5 were after MRep and 23 were after MVR. Cause
of late death was cardiac in 18 patients, CAD in 8 patients,
left ventricular failure in 7, arrhythmic sudden death in 1,
prosthetic dysfunction in 1, thromboembolism in 1, non-
cardiac in 6, and unclear in 4 patients. Overall long-term
outcome, including operative mortality, is indicated in
Figure 2, with 5-year overall survival of 65"7% and
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Clinical Outcome After Surgical Correction of Mitral
Regurgitation Due to Papillary Muscle Rupture

Antonio Russo, MD; Rakesh M. Suri, MD; Francesco Grigioni, MD; Véronique L. Roger, MD, MPH;
Jae K. Oh, MD; Douglas W. Mahoney, MS; Hartzell V. Schaff, MD; Maurice Enriquez-Sarano, MD

Background—Papillary muscle rupture (PMR) is an infrequent but catastrophic complication of acute myocardial infarction
(MI). Although always considered, surgical treatment is often denied because of high operative mortality. Moreover, the
effects of surgery for PMR on long-term outcome, particularly compared with expected outcome after MI, are undefined.

Methods and Results—Fifty-four consecutive patients (age, 70!8 years; 74% male) underwent mitral surgery for post-MI
PMR from January 1980 through December 2000. Severe presentation (cardiogenic shock, pulmonary edema, or cardiac
arrest) was noted in 91% preoperatively. Performance of coronary artery bypass graft was associated with lower
operative mortality (odds ratio, 0.18; 95% CI, 0.04 to 0.83; P"0.011), whereas there was a trend for lower mortality
after surgery after 1990 (odds ratio, 0.28; 95% CI, 0.06 to 1.3). Thus, operative mortality (overall, 18.5%) decreased
from 67% up to 1990 without coronary artery bypass graft to 8.7% after 1990 with coronary artery bypass graft. Overall
5-year survival was 65!7%, and survival free of congestive heart failure was 52!7%. Five-year survival of 30-day
operative survivors was 79!4%, identical (P"0.24) to that of matched controls with MI (similar age, sex, ejection
fraction, MI location, and MI year). Survival free of congestive heart failure was similar in PMR cases and MI controls
(10-year survival, 28!8% versus 36!6%; P"0.46).

Conclusions—Surgery for post-MI PMR involves a notable operative mortality, but there are recent trends for lower
operative risk, particularly with associated coronary artery bypass graft. Long term after surgery, outcome is restored
to that of similar MI without PMR. These encouraging observations emphasize the importance of prompt diagnosis and
aggressive therapeutic approach for patients incurring PMR after MI. (Circulation. 2008;118:1528-1534.)

Key Words: coronary disease ! mitral valve ! myocardial infarction ! heart failure ! surgery
! survival ! valves

Papillary muscle rupture (PMR) occurs in 1% to 3% of
patients with acute myocardial infarction (MI) and leads to

acute severe mitral regurgitation (MR), pulmonary edema, and
cardiogenic shock.1,2 The natural history of this devastating
complication is extremely poor, and studies in the presurgical era
showed, under medical treatment alone, an in-hospital mortality
of up to 80%.3–7 Since the first valvular replacement performed
in PMR in 1965,8 several reports have documented that surgical
rescue of this acute complication of MI is possible.4,9,10 How-
ever, the diagnosis of PMR is not always easy because patients
are often elderly and frequently diagnosed with a particularly
severe clinical presentation, all factors associated with high
operative mortality.2,11 Thus, surgical treatment, although rec-
ommended by guidelines,12 is often considered too risky,4 and a
large proportion of patients with acute MR after MI may not be
offered surgery.4 However, recent reports have demonstrated
that for surgery of MR in general, a marked reduction in
operative mortality has been observed lately,13 particularly in
elderly patients. With increased use of valve repair, long-term

outcome compares well with that of the general population.13

Compared with these large MR series, PMR series have been
relatively small,11 despite important collaborative work,4 and it
is uncertain whether encouraging results observed with MR in
general apply specifically to surgery for PMR.4 Thus, for mitral
surgery for PMR performed at our institution, our aim was to
analyze trends in performance of valve repair13 and trends in
operative risk over time and in relation to use of associated
coronary artery bypass graft surgery (CABG).4 We also ana-
lyzed follow-up events occurring in operative survivors and
compared them with those in a reference cohort with MI in the
community to define the quality of long-term outcome after
surgical correction of PMR.

Clinical Perspective p 1534

Methods
Study Design and Setting
All consecutive patients undergoing a first valve surgery for MR
resulting from post-MI PMR, proven by surgical inspection of mitral
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survival free of CHF of 52!7%. In an analysis of overall
long-term outcome, including operative outcome, there
was no difference between MRep and MVR in terms of
survival (5-year survival, 62!13% versus 66!7%;
P"0.48) and an insignificant trend for higher survival free
of CHF with MRep (5-year survival, 62!13% versus
49!8%; P"0.13). The trend after concomitant CABG for
higher overall survival (5-year survival, 71!7% versus
42!14%; P"0.16) and for higher survival free of CHF
(5-year survival, 57!8% versus 33!14%; P"0.18) did
not reach statistical significance. After propensity-score
adjustment for age, sex, EF, severity of CAD, and year of
surgery, CABG showed only a weak trend toward lower
long-term mortality (adjusted relative risk, 0.45; 95% CI,
0.20 to 1.1; P"0.077). The patients operated on beyond
the first month displayed no benefit in long-term outcome
(all P#0.5).

The symptomatic benefit for PMR operative survivors
was evident; at the last follow-up, 30 patients were in New
York Heart Association functional class I or II (68%), and
36 patients were in Canadian Cardiovascular Society
angina class I or II (82%). Early after surgery, 9 patients
showed a mild degree of MR, 7 after MRep and 1 after
MVR (P"0.01), and 1 patient had severe MR in the MRep
group. Throughout follow-up, a total of 6 patients devel-
oped significant MR (greater than moderate), 4 in the
MRep group and 2 in the MVR group (P"0.021), and 2 of
them eventually underwent a redo mitral surgery (linear-
ized rate for reoperation, 0.9% per year). Reoperation for
any reason was performed in 3 patients, 2 patients after
MVR and 1 patient after MRep.

The outcome of the 44 operative survivors of PMR
surgery was compared with that of 88 propensity-matched
patients with first MI diagnosed in the community who had
survived the first 30 days after MI. In addition to the same
MI location and year of occurrence (mean year of MI,
1992; P"0.66), the cases and controls were similar.
Indeed, comparing these 44 PMR operative survivor cases
and the 88 post-MI first-month survivor controls, age was
70.6!7.7 versus 70.2!7.4 years (P"0.80), sex was female
in 25% of both groups (P"1.0), EF was 54.5!11.6%
versus 52.2!10.7% (P"0.26), and diabetes was present in
16% versus 23% (P"0.37). Late survival was almost
identical in cases and controls (5-year survival, 79!4% in
both groups; P"0.24; Figure 3). Late outcome also was
similar for survival free of CHF in cases and controls
(10-year survival, 28!8% versus 36!6%; P"0.46).

Discussion
The present study represents, to the best of our knowledge,
the largest report of patients undergoing mitral valve surgery
for severe MR caused by post-MI PMR,21 allowing us to
underscore new trends for surgical outcome. Our observa-
tions are consistent with the extreme severity of this condition
but also are encouraging. Although operative risk is notable,
it is encouraging to note the relatively low operative mortal-
ity, now $10%, for patients who underwent surgery after
1990 and with concomitant CABG. Long-term outcome,
although imperfect, also is quite remarkable in that it is

almost identical to that of patients without PMR but with
similar MI location, year of occurrence, age, sex, and EF who
demonstrate similar survival and survival free of CHF. Thus,
beyond the initial phase of high risk, despite the severity of
clinical presentation and the major cardiac surgery, life
expectancy is restored to that of patients with a similar MI
without PMR. These results emphasize the importance of
surgical treatment of patients with PMR after MI to restore
life expectancy.

Immediate Postoperative Outcome
Operative mortality within 30 days of surgery has consis-
tently been high in previous studies of patients with post-MI
PMR,2,7,21,22 although the operative risk noted in our study is
among the lowest.11,23 However, because of the relative rarity
of the disease, series have been encompassing long time
periods and evolving surgical techniques, so it is important to
identify recent trends that may be favorable. Recent surgery
for PMR more often used repair procedures in patients as
severe as those who underwent MVR, although repair re-
quired longer cardiopulmonary bypass support. MRep has
recently been used increasingly in all types of MR and has
been considered to improve survival.13 We cannot conclude
that repair provides a better outcome than MVR for PMR
because of the sample size issue; larger collaborative studies
are necessary to examine this hypothesis. The only recom-
mendation that can be made currently is to assess the lesions
carefully to determine those with the potential to be safely
repaired.

We also observed that patients who underwent associated
CABG incurred lower operative mortality and that there was
also a trend for lower mortality after 1990. Indeed, in the
patients who received CABG after 1990, operative mortality,
despite being much higher than in organic MR,13 is relatively
low at 8.7%. Taking into account the severity of the disease
in PMR, a high operative mortality contrasting with that of
degenerative MR is not surprising. Indeed, most patients were
in critical condition at surgery, and previous studies in the
presurgical era have shown an overwhelmingly poor progno-
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Figure 3. Late survival in operative survivors of surgery for
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(solid line) and matched for age, sex, EF, year, and location of
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6	centres,	279	pa0ents	(mean	age	62			14	years,	62%	female)		
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Abstract

Objective: To evaluate postoperative outcome of emergency surgery for acute severe mitral regurgitation (ASMR) from a multicentre
experience.Methods: In six centres, 279 patients (mean age 62 ! 14 years, 62% female) undergoing emergency surgery for ASMR from December
1986 to March 2007 were analysed and followed up. Aetiology included acute myocardial infarction (AMI) in 126 patients (group 1, 45%),
degenerative mitral valve disease in 74 (group 2, 26%), and acute endocarditis (AE) in 79 (group 3, 28%). Preoperatively, all patients were in
haemodynamic instability, with 185 patients in cardiogenic shock (66%), 184 (66%) intubated, and 61 (22%) on IABP, respectively. Valve repair was
performed in 76 (27%), whereas 203 (73%) underwent valve replacement. Median follow-up (98% complete) was 70.8 months (inter-quartile range
59.8—86.66 months). Results: Overall 30-day mortality was 22.5% (63/279). Early death was significantly lower in group 2 ( p < 0.001 and
p = 0.005 vs group 1 and 3, respectively) whereas no differencewas detected between group 1 and 3. At logistic regression analysis AMI, AE, shock,
left ventricular dysfunction, and coronary artery diseasewere predictors of early death. Overall 15-year survival was 67 ! 10%. Survival was lower
in group 1 (39 ! 11%) than in group 2 (75 ! 9%) and group 3 (77 ! 10%). Cox regression found AMI, and associated coronary artery disease to be
predictors of late death. Overall 15-year actuarial and actual freedom from cardiac-related events were 44 ! 9% and 28 ! 10%, respectively, with
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# 2008 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.

Keywords: Mitral valve regurgitation; Emergency cardiac surgery; Cardiogenic shock; Acute endocarditis; Acute myocardial infarction

1. Introduction

Acute severe mitral regurgitation (ASMR) is a rather
uncommon form of mitral valve (MV) dysfunction. Acute
myocardial infarction (AMI) and acute endocarditis (AE) are
the most frequent causes of ASMR, although degenerative
valve disease, trauma, or interventional procedures may also
contribute to its occurrence [1]. Despite the advances in
modern cardiac care, management of the patient with ASMR

remains a clinical challenge [1,2]. Acute pulmonary venous
congestion and left ventricular (LV) overload represent the
immediate pathophysiological consequences following sud-
den and severe valve dysfunction, often poorly tolerated,
thereby leading to left or bi-ventricular failure, and to
multiorgan dysfunction. Surgery represents, in the majority
of the cases, the only effective treatment to correct ASMR
and counteract progressive and sometimes refractory
compromise of the cardiovascular and pulmonary conditions
strictly related to uncontrollable mitral regurgitation (MR). A
few reports, characterised by small patient cohorts, are
available in the literature regarding results of emergency
surgery in such a setting [2—12], whereas limited or no
information has been published in relation to peculiar
subgroups of ASMR, like degenerative MV disease. The aim

www.elsevier.com/locate/ejcts
European Journal of Cardio-thoracic Surgery 33 (2008) 573—582

§ Presented at the 21st Annual Meeting of the European Association for
Cardio-thoracic Surgery, Geneva, Switzerland, September 16—19, 2007.
* Corresponding author. Address: Cardiac Surgery Unit, Civic Hospital, Piaz-

zale Spedali Civili, 1, 25123 Brescia, Italy. Tel.: +39 030 3995636;
fax: +39 030 3995004.

E-mail address: roberto_lorusso@iol.it (R. Lorusso).

1010-7940/$ — see front matter # 2008 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.ejcts.2007.12.050

Italy	/	Spain	Lorusso	R	et	al.	/	European	J	of	Cardio-thoracic	Surgery	33	(2008)	573-582	

Conclusion	

TraumaKc	
Rupture	

Chordae	
Rupture	

Ischemic	
PPM	

Rupture	

INTRO	

Post-op	Mortality	

not be completely recorded and, hence, not included in this
analysis.

2.3. Statistical analysis

A formal sample size estimate was not performed, due to
the retrospective nature of the study. However, the power
analysis was determined by Power Analysis software (Stat
Soft, Tulsa, OK). With an F statistic of 14.02 at one-way
ANOVA, the calculated statistical power was 0.90.

Continuous variables are presented as mean and standard
deviation (SD), categorical variables as n/N and non-normally
distributed variables as median and interquartile [IRQ]
range. Comparison of echocardiographic continuous vari-
ables were analysed using one-way analysis of variance
(Tukey post-hoc test.). The Friedman test was used when
variables were not normally distributed and the Dunn post-
hoc test was employed for multiple comparisons.

Proportions were compared using x2 test and Fisher’s
exact test, where appropriate.

Thirty-nine demographic, clinical, and anatomical para-
meters were investigated for their predictive value of early
and late death and cardiac events. Categorical variables with
more than two levels in the regression model were converted
into dummy variables. To enhance the accuracy of themodel,
the number of variables was reduced using variable
clustering [13] until the number of variables to use as
candidates in the regression analysis was !m/10 where m is
the number of uncensored event times (e.g. deaths) in the
sampling used in fitting the model. For binary outcomes m is
the number of patients in the less frequent outcome category
[13].

Multivariable logistic regression analysis by means of a
backward stepwise algorithm (cut-off for entry 0.05, for
removal 0.10) was performed to select independent
predictors of early death and cardiac events. Model
assumptions (linearity and additivity assumptions) were
checked by piecewise cubic polynomials (spiline functions)
and pooled interaction test [14], respectively, and found to
be satisfied. Goodness of fit of the final logistic regression
models was assessed with the Hosmer—Lemeshow statistic
[15,16], and predictive accuracy was assessed by the
concordance (c) index [14]. Internal validation of predictors
generated bymultivariable logistic regression was performed
by means of bootstrapping techniques, with 1000 cycles and
generation of OR and bias corrected 95% [14].

Cumulative probability for death and reoperation were
estimated by use of the Kaplan—Meier method and log-rank
was employed to detect differences between curves. Finally,
freedom from cardiac events was calculated employing the
actual method [17]. Cox regression analysis was employed to
detect predictors of late death.

SPSS 12.0 (SPSS, Chicago, IL, USA) and Stats Direct 2.5.7
(StatsDirect, Sale, UK) were used for these calculations.
Significance for hypothesis testing was set at the 0.05 two-
tailed level.

3. Results

3.1. Early outcome

Overall 30-day mortality was 22.5% (63/279); early death
was significantly lower in group 2 (14.8%) than in group 1
[26.9%, p < 0.001] and 3 [22.7% p = 0.005] whereas no
difference was detected between group 1 and 3 ( p = .4).
Within the post-AMI Group, early mortality did not differ
between patient undergoing or not associated CABG (27.3%
[20/73] vs 26.4% [14/53], p > 0.9).

At logistic regression analysis, AMI, AE, shock, LV
dysfunction, and coronary artery disease were predictors
of early death, as shown in Table 3. Early complications were
significantly higher in patients belonging to group 1
( p < 0.001) who also showed a significantly longer intensive
care unit length of stay ( p = 0.004), need for inotropes
( p = 0.003) and intra-aortic balloon pump ( p < 0.001) in the
postoperative period.

Interestingly, early mortality did not change significantly
over time (Fig. 1), although a trend towards better
postoperative results was shown in the most recent years,
particularly in the degenerative and endocarditis groups.

3.2. Late results

Median follow-up (98% complete) was 70.8 months (inter-
quartile range 59.8—86.66 months). As shown in Fig. 2,
overall 15-year survival was 67 " 10% and lower in group 1
than in group 2 and 3, respectively.

Cox regression found AMI ( p = 0.001) and coronary artery
disease ( p = 0.03) to be the only predictors of late death. Of
interest, among patients with AMI, those also receiving CABG

R. Lorusso et al. / European Journal of Cardio-thoracic Surgery 33 (2008) 573—582576

Table 3
Logistic regression for early mortalitya

Variable Odds ratio p-Value 95% Bias corrected CI

Low limit Upper limit

MI 4.664 <0.001 2.112 5.941
AE 4.887 <0.001 2.132 5.681
CAD 3.612 <0.001 1.943 4.901
Shock 1.629 0.006 0.913 2.561
LVD 1.367 0.04 0.434 2.893

Abbreviations. MI: myocardial infarction; AE: acute endocarditis; LVD: left
ventricular dysfunction; CAD: coronary artery disease.

a Goodness of fit: Hosmer—Lemeshow test, p = 0.66; predictive accuracy: c-
index = 0.7; internal validation (1000 bootstrapping cycles): Bootstrap
OR = 1.9, 95% bias-corrected CI = 0.75—4.8.

Fig. 1. Early postoperative mortality adjusted by patient groups and by period
of surgery. AMI: acute myocardial infarction. p = significance over time;
*p ! 0.05 at post-hoc Dunn test.
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Fig. 1. Early postoperative mortality adjusted by patient groups and by period
of surgery. AMI: acute myocardial infarction. p = significance over time;
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procedure showed a significantly better 15-year mortality
(Fig. 3).

Survivors significantly improved their NYHA functional
status (2 [IQR 1—3] vs 4 [3—4], p < 0.001). Furthermore, LVEF
improved in all three groups (41 ! 11, p = 0.02 vs preopera-
tive value; 49 ! 9.7, p < 0.001; 50 ! 10, p < 0.001, in group
1, 2 and 3, respectively) with 10 patients in the AMI group
(16.1%) still showing a value "30% (3.7% and 3.6% in group 2
and 3, respectively, p < 0.001).

Overall 15-year actuarial and actual freedom from
cardiac-related events is shown in Fig. 4. AE showed the
least favourable freedom frommajor cardiac-related events.
At logistic regression analysis AE, AMI, coronary artery
disease, preoperative atrial fibrillation, and chronic renal

failure were independent predictors of cardiac events
(Table 4).

At follow-up, seventeen patients in group 1 (27.4%), nine in
group 2 (16.6%), and 12 in group 3 (21.8) showed MR # mild
(p = 0.03). Inaddition, fourpatients ingroup1 (6.4%)andthree
(5.5) in group 2 underwent PTCA during the follow-up period.

One patient in group 1 (1.6%), two in group 2 (3.7%), and
two in group 3 (3.6%, p = 0.45 [NS]) showed prosthetic valve
dysfunction and underwent redo mitral valve replacement.
Furthermore, one patient in group 1 (1.6%) and two in group 2
(3.7%) underwent reoperation due to mitral repair failure
( p = 0.06 [NS]).

In addition, among survivors, in group 3, 29/55 (52.7%)
experienced cardiac-related events (heart failure, n = 10

R. Lorusso et al. / European Journal of Cardio-thoracic Surgery 33 (2008) 573—582 577

Fig. 2. Fifteen-year actuarial survival by groups in patients operated in emergency for acute severe mitral regurgitation.

Fig. 3. Fifteen-year actuarial survival in patients with ASMR due to acute myocardial infarction. Patients undergoing associated CABG showed a better 15-year
survival.
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Initial misdiagnosis of acute flail mitral valve is not infrequent:
The role of echocardiography
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a b s t r a c t

Background: Acute flail mitral valve frequently results in severe mitral regurgitation. However, its clinical
presentation can be similar to other disease processes, potentially leading to initial misdiagnosis and a
morbid outcome. We sought to analyze baseline characteristics, clinical presentations, time to diagnosis,
and in-hospital mortalities of patients with the acute flail mitral valve.
Methods: Two hundred and sixty two consecutive echocardiograms with severe mitral regurgitation
performed between February 2005 and October 2010 at the Jack D. Weiler Hospital (Bronx, New York,
USA) were reviewed. Adult patients who had presented with new onset flail mitral valves were selected
for this retrospective study.
Results: Fifteen patients were found to have acute flail mitral valve. The majority was elderly male. Over
half presented to the emergency roomwith a sudden onset of dyspnea. A mitral regurgitant murmur was
appreciated in only a third of the patients. The chest X-ray of five patients had no acute pulmonary
findings, whereas, two were found to have gross unilateral pulmonary edema. Clinically, 60% were
misdiagnosed on admission. Using echocardiogram, the correct diagnosis of flail mitral valve was made
in all cases, however, only 40% on the day of presentation. The maximum time to echocardiographic
diagnosis was 4 days. The main cause of acute flail mitral valve was degenerative disease. Seven patients
were managed surgically. Overall, there was only one mortality (7%) during incident hospitalization.
Conclusions: Initial misdiagnosis of acute flail mitral valve happens frequently. Early echocardiographic
exam is essential in the timely diagnosis and management of acute flail mitral valve.

Copyright ! 2013, SciBioIMed.Org, Published by Reed Elsevier India Pvt. Ltd. All rights reserved.

1. Introduction

The mitral valve apparatus consists of leaflets, annulus, chordae
tendineae, papillary muscles and subjacent myocardium.1 An ab-
normality or disease that affects any of the aforementioned com-
ponents and results in ruptured chordae tendineae can cause a flail
mitral valve.2 Acute flail mitral valve can occur in patients with
degeneration of the mitral valve apparatus, during the course of
infective endocarditis, or in the setting of acute myocardial infarc-
tion (MI) with papillary muscle rupture.1,3 These patients present
with a variety of clinical manifestations ranging from sudden onset
dyspnea to fever, cough, and chest pain.1,4 These non-specific
clinical presentations may be mistaken for multiple other

conditions, including acute exacerbation of chronic obstructive
pulmonary disease (COPD), pulmonary embolism, and pneumonia.
Appropriate therapy may thus be delayed and result in high
morbidity and mortality. In our study, we analyzed baseline char-
acteristics, clinical presentations, time to diagnosis based on
echocardiographic imaging, and in-hospital mortalities of patients
with an acute flail mitral valve at the university based community
hospital in New York city.

2. Materials and methods

Two hundred and sixty two consecutive transthoracic echocar-
diograms (TTE) and transesophageal echocardiograms (TEE) with
severe mitral regurgitation, performed from February 2005 to
October 2010 at Jack D. Weiler Hospital (Bronx, New York, USA),
were analyzed retrospectively. Adult patients (age >21 years)
presenting with new onset flail mitral valve confirmed by echo-
cardiogram were selected for this study. Patients with the chronic
flail mitral valve defined as having a prior echocardiogram showing
a flail mitral valve leaflets were excluded.
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4. Discussion

Acute flail mitral valve often leads to severe mitral regurgita-
tion.1 However, a wide spectrum of physical complaints may pre-
sent significant challenges to clinicians in early recognition, and
hence lead to increased morbidity and mortality.

Clinical history and physical examination may help in making
the correct diagnosis. However, our data showed that only half of
patients presented with a sudden onset of dyspnea, a hallmark
symptom of acute flail mitral valve, and a mitral regurgitant
murmur was only detected in a third of our cohort. Consistent with
prior findings,4,8 our study suggests that the sensitivity of the his-
tory and physical examination in detecting acute flail mitral valve is
fairly low.

CXR may not always be helpful in diagnosing acute flail mitral
valve as it may not show acute pulmonary findings as seen pre-
dominantly in our study, even though bilateral pulmonary venous
congestion, interstitial edema, and symmetrical bilateral pleural
effusion are often noted.4 Unilateral pulmonary edema, an inde-
pendent risk marker of mortality,9 occurs when the mitral regur-
gitant jet is directed predominantly to the orifice of an upper lobe
pulmonary vein.1 As presented in our study, it may lead to a false
diagnosis of pneumonia, delayed management and resultant death
of the patient if not being promptly recognized by the physician.

Therefore, echocardiography remains the key modality in the
diagnosis of acute flail mitral valve.6e8 In our hospital, all patients
who received an echocardiogram in the emergency room have a
correct admitting diagnosis and proper management. Delayed
recognition and initial misdiagnosis often results in morbid out-
comes. In order to reduce the associated morbidity and mortality, it
is essential to raise awareness of this clinical entity and use

echocardiography appropriately as the main reason of delay in
obtaining an echocardiogram is the lack of awareness of a cardiac
etiology of the clinical presentation.

As per the 2001 appropriate use criteria for echocardiography,10

utilization of TTE is indicated and appropriate in the presence of
hemodynamical instability of a suspected cardiac etiology, acute
chest pain with suspected MI, or respiratory failure of uncertain
etiology. In our hospital, an urgent echocardiogram is usually
completed within 2 h. Therefore, if a clinician is suspicious of acute
mitral valve disease, an urgent echocardiogrammay help reach the
correct diagnosis in a timely manner and thus reduce the mortality
associated with acute flail mitral valve. If TTE is non-diagnostic, or
with poor image quality, TEE may, then be considered to better
evaluate valvular structure and function, and also to assess suit-
ability for valve repair.10e12

Consistent with prior studies,3,13e15 our data show that the main
cause of acute flail mitral valve is degenerative mitral valve disease,
followed by infective endocarditis. Papillary muscle rupture due to
acute MI16,17 is relatively rare and is not seen in our series.

Table 2
Clinical presentations of acute flail mitral valve (n ¼ 15).

Presenting symptoms (%)
Dyspnea 8 (53)
Chest pain 3 (20)
Fever 3 (20)
Cough 1 (7)

Physical examination (%)
Murmur 5 (33)

Chest X-ray (%)
No acute pulmonary findings 5 (33)
Pulmonary vascular congestion 2 (13)
Bilateral pleural effusion 3 (20)
Unilateral pleural edema 2 (13)
Pneumonia 3 (20)

Fig. 2. Diagnoses made on admission in patients with flail mitral valve.

Table 3
Follow-up acute flail mitral valve (n ¼ 15).

Duration to reach correct diagnosis (%)
0 day 6 (40)
1 day 5 (33)
2 days 1 (7)
3 days 2 (13)
4 days 1 (7)

Causes (%)
Degenerative mitral valve diseases 13 (87)
Endocarditis 2 (13)
Ischemic papillary muscle rupture 0 (0)

Management (%)
Medical 8 (53)
Surgical 7 (47)
Mitral valve repair 3 (43)
Mitral valve replacement 4 (57)

Incident in-hospital mortality (%)
Medical management 1 (7)
Surgical correction 0 (0)

Fig. 3. Portable chest X-ray shows pulmonary vascular congestion and right-sided
unilateral pleural effusion.
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262	Severe	MR	2005	to	2010	Jack	D.	Weiler	Hospital	(Bronx,	New	York,	USA)		
15	acute	flail	mitral	valve	in	elderly	male		

	-	1/2	sudden	onset	of	dyspnea.		
	-	1/3	murmur	was	appreciated	in.		
-  chest	X-ray	è	5	Normal,	whereas,	2	unilateral	pulmonary	edema.		
-  60%	misdiagnosed	on	admission		
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Echocardiogram	è	correct	diagnosis	of	flail	mitral	(degenera<ve	disease)	
	-	40%	on	the	day	of	presenta<on.		
	-	up	to	4	days	
	-	7	pa<ents	were	managed	surgically		 	 		
	-	1	in-hospital	death 	 	 	 		

Clinical records including prior medical history, incident clinical
presentations, physical examination, laboratory tests, chest X-ray
(CXR), electrocardiogram, echocardiogram, cardiac catheterization,
management during hospitalization, as well as in-hospital mor-
talities, were reviewed. The initial diagnoses made on admission
according to the International Classification of Disease, 9th revision,
clinical modification coding systems were used as admitting di-
agnoses. Flail mitral valve was diagnosed when the leaflet tip of
mitral valve moved rapidly into the left atrium during systole on
echocardiogram.4,5

In our study, degenerative mitral valve disease denoted a variety
of structural lesions that were secondary to myxoid infiltration or
fibroelastic deficiency. The diagnosis was made if clinical history
was suggestive and echocardiography showed elongated and
redundant billowing leaflets, bulky and thickened leaflets,
displacement of the insertion of the posterior leaflet creating an
out-pouching at the leaflet base, severe annular dilation, annular or
subannular calcification, or a single, thin, prolapsing segment,
sometimes with a visible ruptured chord.6 Diagnosis of infective
mitral valve endocarditis was based on classic echocardiographic
features such as heterogenous, mobile, echodense masses attached
to valvular leaflets or periannular abscesses in addition to typical
clinical manifestations such as fever, leukocytosis and persistent
bacteremia.7

Continuous variables were presented as mean ! standard de-
viation. Qualitative variables were presented as absolute values and
percentages because of the small sample size.

3. Results

Overall, 262 patients with severe mitral regurgitation on a
resting TTE or TEE were screened for flail mitral valve. Fifteen were
found to have acute flail mitral valve [Fig. 1]. Their baseline char-
acteristics are found in Table 1. The majority was old male patients
with multiple comorbidities.

On presentation to the emergency room, over half of the pa-
tients complained of new onset of dyspnea [Table 2]. Only a third
had a holosystolic murmur consistent with mitral regurgitation on
physical examination [Table 2]. A third of the patients presented
with normal CXR [Table 2]. Interestingly, there was no other pre-
dominant presenting symptoms, physical or CXR findings in our
patient population.

The initial diagnosis included four (27%) for flail mitral valve,
two (13%) for presumed endocarditis, three (20%) for CHF exac-
erbation, three (20%) for acute coronary syndrome (ACS), two
(13%) for pneumonia, and one (7%) for COPD exacerbation [Fig. 2].

Overall, only six of the 15 patients (40%) were initially admitted
with correct diagnoses. The patients with presumed ACS were
taken to cardiac catheterization laboratory and found to have
either normal or non-critical coronary artery disease. Instead, se-
vere mitral regurgitation was detected by cardiac ventriculog-
raphy, and flail mitral valve was later confirmed by TEE. The
overwhelming majority of acute flail mitral valve was secondary to
degenerative diseases in our study population [Table 3]. The
remaining patients were secondary to infective endocarditis. There
was no acute flail mitral valve from ischemic papillary muscle in
our series.

Almost half of patients underwent mitral valve surgery with
cardiac catheterization preceding surgery in all cases. In total, nine
patients (60%) underwent TEE to better characterize the mitral
valve. Six of the seven surgical patients had a TEE except one pa-
tient whose flail mitral valve was well visualized by TTE. Of the
surgical patients, four had mitral valve replacement and three had
mitral valve repair [Table 3]. Two were found to have severe CAD
that required coronary artery bypass grafting (CABG) in addition to
the mitral valve surgery.

The remaining eight patients weremedically managed [Table 3].
The only in-hospital mortality was a 90-year-old female who pre-
sented with sudden onset dyspnea, unilateral pulmonary edema on
CXR [Fig. 3], and initial misdiagnosis of pneumonia.

In our hospital, the correct diagnosis of acute flail mitral valve
via echocardiogram was established in all cases [Table 3]. Approx-
imately, three quarters had a TTE diagnosis within 24 h. Only six
patients were identified promptly by TTE in the emergency room,
resulting in direct admissions to the surgical service for planned
corrective surgery. All patients were correctly diagnosed within 4
days of presentation to the emergency room.

Fig. 1. Echocardiogram (A: Mid-esophageal view of transesophageal echocardiogram; B: En face surgeon view of 3-dimensional echocardiogram) in a patient with flail mitral valve
leaflet shows ruptured mitral chordae tendineae. Arrows point to the flail mitral valve leaflet (A) and ruptured mitral chordae tendineae (B).

Table 1
Baseline characteristics of patients presenting with acute flail mitral valve.

Patient number 15
Age (year) 69 ! 21
Gender (%)
Female 2 (13)
Male 13 (87)

Comorbidities (%)
Hypertension 9 (60)
Hyperlipidemia 3 (20)
Diabetes mellitus 3 (20)
Coronary artery disease 4 (27)
Congestive heart failure 3 (20)
Chronic obstructive pulmonary disease 3 (20)
Chronic kidney disease 3 (20)
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a b s t r a c t

Background: Acute flail mitral valve frequently results in severe mitral regurgitation. However, its clinical
presentation can be similar to other disease processes, potentially leading to initial misdiagnosis and a
morbid outcome. We sought to analyze baseline characteristics, clinical presentations, time to diagnosis,
and in-hospital mortalities of patients with the acute flail mitral valve.
Methods: Two hundred and sixty two consecutive echocardiograms with severe mitral regurgitation
performed between February 2005 and October 2010 at the Jack D. Weiler Hospital (Bronx, New York,
USA) were reviewed. Adult patients who had presented with new onset flail mitral valves were selected
for this retrospective study.
Results: Fifteen patients were found to have acute flail mitral valve. The majority was elderly male. Over
half presented to the emergency roomwith a sudden onset of dyspnea. A mitral regurgitant murmur was
appreciated in only a third of the patients. The chest X-ray of five patients had no acute pulmonary
findings, whereas, two were found to have gross unilateral pulmonary edema. Clinically, 60% were
misdiagnosed on admission. Using echocardiogram, the correct diagnosis of flail mitral valve was made
in all cases, however, only 40% on the day of presentation. The maximum time to echocardiographic
diagnosis was 4 days. The main cause of acute flail mitral valve was degenerative disease. Seven patients
were managed surgically. Overall, there was only one mortality (7%) during incident hospitalization.
Conclusions: Initial misdiagnosis of acute flail mitral valve happens frequently. Early echocardiographic
exam is essential in the timely diagnosis and management of acute flail mitral valve.

Copyright ! 2013, SciBioIMed.Org, Published by Reed Elsevier India Pvt. Ltd. All rights reserved.

1. Introduction

The mitral valve apparatus consists of leaflets, annulus, chordae
tendineae, papillary muscles and subjacent myocardium.1 An ab-
normality or disease that affects any of the aforementioned com-
ponents and results in ruptured chordae tendineae can cause a flail
mitral valve.2 Acute flail mitral valve can occur in patients with
degeneration of the mitral valve apparatus, during the course of
infective endocarditis, or in the setting of acute myocardial infarc-
tion (MI) with papillary muscle rupture.1,3 These patients present
with a variety of clinical manifestations ranging from sudden onset
dyspnea to fever, cough, and chest pain.1,4 These non-specific
clinical presentations may be mistaken for multiple other

conditions, including acute exacerbation of chronic obstructive
pulmonary disease (COPD), pulmonary embolism, and pneumonia.
Appropriate therapy may thus be delayed and result in high
morbidity and mortality. In our study, we analyzed baseline char-
acteristics, clinical presentations, time to diagnosis based on
echocardiographic imaging, and in-hospital mortalities of patients
with an acute flail mitral valve at the university based community
hospital in New York city.

2. Materials and methods

Two hundred and sixty two consecutive transthoracic echocar-
diograms (TTE) and transesophageal echocardiograms (TEE) with
severe mitral regurgitation, performed from February 2005 to
October 2010 at Jack D. Weiler Hospital (Bronx, New York, USA),
were analyzed retrospectively. Adult patients (age >21 years)
presenting with new onset flail mitral valve confirmed by echo-
cardiogram were selected for this study. Patients with the chronic
flail mitral valve defined as having a prior echocardiogram showing
a flail mitral valve leaflets were excluded.
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introduction in 1984 [9], BMV is generally considered
a safe procedure with high success rate. However,
occurrence of severe MR is one of the major complica-
tions. Registry data two decades earlier reported this
complication in 6 to 7.5% of patients who underwent
BMV [10]. The incidence has decreased, with 0.9 to
2% requiring surgery for MR [1]. In the present study,
acute severe MR developed in 50 cases (1.3%). This is

the largest series of patients undergoing emergency
MVR for acute severe MR following BMV.

The development of severe MR following BMV is
an unpredictable event, with adverse consequences.
The widely accepted Wilkins score, although useful in
patient selection for BMV and to predict the procedural
success, it has been unable to predict the development
of severe MR [11–13]. Our study reinforces this find-
ing, as the number of patients with score !8 and >8
are similar. With increasing experience, individuals
with a valve score > 8 are being frequently taken up
for BMV, with acceptable symptomatic relief and he-
modynamic improvement [14]. In this report, there was
no significant association between Wilkin’s score and
in-hospital mortality. In young adults with non-calci-
fied MS, in addition to morphological features, none of
the technical or patient characteristics studied predicted
the development of MR after balloon dilatation [15].
Of all the morphological characteristics assessed by
2D-TTE, submitral disease was likely to be underesti-
mated. This has been well documented in the present
study. Identical observations were noted by Varma
et al. [16]. However, this cannot be the only explana-
tion for severe MR, as many patients with significant
subvalvular pathology achieve a satisfactory result with
BMV. The rheumatic affection of mitral valve is not

Fig. 1. A: Two-dimensional transthoracic echocardiography
in parasternal long axis view illustrating anterior mitral leaflet
tear. In addition, mitral regurgitation can be appreciated. B:
Apical 4-chamber view demonstrating anterior mitral leaflet
tear, with severe mitral regurgitation.

Fig. 2. Excised specimen of mitral valve depicting central
anterior mitral leaflet tear (arrow head).

TABLE IV. Correlation Between 2D TTE and Operative Valve
Anatomy

Parameter r P

Calcification 0.862 <0.001a

Submitral fusion 0.536 <0.001a

aSignificant correlation.

TABLE V. Association Between Wilkins Score and In-Hospital
Mortality

In-hospital

mortality n

Mean
Wilkins

score

Standard

deviation

SE of

Mean

Mean

difference t P

Yes 6 8.33 1.37 0.56 "0.326 "0.598 0.553
No 44 8.66 1.24 0.19

SE, standard error.

TABLE VI. Time Interval to Surgery and In-Hospital Mortality

Time interval to surgery

In-hospital mortality

v2 P

Yes No

n (%) n (%)

<24 hr 1 (17) 38 (86) 14.947 <0.001a

#24 hr 5 (83) 6 (14)

Total 6 (100) 44 (100)

aSignificant association.

606 Nanjappa et al.
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3855	BMV	è	50	cases	Acute	severe	MR	(1.3%)		
	-Hypotension	(72%),		
	-	hypoxia	(64%),	
	-	orthopnea	(14%),		
	-pulmonary	edema	(12%)	
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Anterior	mitral	leaflet	tear	in	36	cases	(72%)	
paracommisural	tear	with	annular	involvement	in	seven	cases	(14%),		
posterior	mitral	leaflet	tear	in	five	cases	(10%)		
chordal	tear	in	two	cases	(4%).		
	
The	correla<on	between	and	opera<ve	finding	:	

	-	mitral	valve	calcifica<on	=	strong	(r	5	0.862),		
	-	submitral	fusion,	=	moderate	(r	5	0.536).		

	
In-hospital	mortality	=	12%.	Mortality	depending	on	delay	>	24	H		(P	<	0.001)	
	
Conclusions:	Hypotension	and	hypoxia	è	TTE	underes<mated	the	severity	of	
submitral	disease.	Early	MVR	(<24	hr)	is	recommended	for	op<mal	outcome.	VC	
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outcome. Thirty-day mortality was 35.0% for the ECS-
patients. For the TF-population we calculated an almost
nine-fold elevated risk of death. On the other hand, more
than half of the patients (55.0%) could be salvaged by
ECS and were discharged from the hospital.

The reasons for ECS were a mixture of several com-
plications. We experienced in our series—characterized
by 53.8% TA- and 46.2% TF-access and predominant
use of the Edwards SAPIEN valve (91.7%)—cardio-
genic shock requiring bridging CPB in 4/20 (20.0%),
perforation of the left ventricle and annulus rupture in
3/20 each (15.0%), coronary obstruction, THV-
malpositioning and perforation of the right ventricle in
2/20 each (10.0%). Severe PVL, hemorrhagic shock
and mitral-valve-damage occured in 1/20 each (5.0%).

The rate of TAVI-related ECS is markedly higher
than the rate of emergency CABG for failed stent-
assisted PCI (1.0%) as reported 2002 by the American
College of Cardiology-National Cardiovascular Data
Registry after analysis of 100,292 PCIs nationwide
[14]. The requirement for emergency CABG to treat
failed PCI further declined to 0.6% or 0.4% in later
studies [15,16]. ECS for failed PCI also significantly
increases in-hospital mortality more than 10-fold from
0.7% to 7.8% [16]. Nevertheless, PCI is today effec-
tively and safely performed in hospitals without on-site
cardiac surgery.

A recent meta-analysis of 46 studies reported a
mean incidence of 1.1% of ECS during TAVI (0.9%
for TF and 1.9% for TA) with a mortality rate for
patients requiring ECS at 30-days of 67.1% [12]. Inter-
estingly, the lower frequency of TA (32.3% vs. 53.8%
in our study) and the higher frequency of CoreValve-
implantations (41.2% vs. 7.3% in our study) was asso-
ciated with a different pattern of reasons for ECS with
THV-malpositioning (dislocation or embolization)
being the most common cause (40.9% vs. 10.0% in our
study).

We believe that for this meta-analysis the definition
of ECS was assigned too tight because it apparently
included only open-heart surgery with the simultaneous
use of CPB. So many of the other “true” ECS-cases
that require prompt intervention of a skilled cardiosur-
gical team and perfusionist (like unplanned use of CPB
for bridging of shock or sternotomy for ventricular per-
foration without the use of CPB) were not included in
the calculation. Also, the quality of cardiosurgical
back-up and the frequency of attempting ECS (where
appropriate) were not stated in the analysis. We believe
that these limitations resulted in an underestimation of
the true incidence of ECS.

It is noteworthy that the optimal surgical back-up
settings established in our TAVI program resulted in a
30-day mortality rate for patients requiring ECS that
was only about half of the respective mortality rate of
the Eggebrecht meta-analysis (35.0% vs. 67.1%). The
death rate was still considerably higher as compared to
patients not requiring ECS but does not have to be
termed “bleak.”

Some of the ECS-associated complications are asso-
ciated with the type of TAVI access. Right ventricular
perforation (with transvenous pacing leads) and left
ventricular perforation (with stiff wires after retrograde
aortic valve passage) are specific for transarterial
TAVI. Other ECS-mechanisms—like aortic dissection,
annular rupture by balloon valvuloplasty prior, and/or
post THV-implantation, wire entrapment with consecu-
tive destruction of the mitral valve, acute cardiac fail-
ure due to severe paravalvular leakage or uncontrolled
migration of the THV, obstruction or complete occlu-
sion of the coronary ostia- are independent of the
access route and can occur during transarterial and TA
procedures. We can only speculate whether the two
most frequently used THV-systems, the Edwards
SAPIEN-valve and the self-expanding CoreValve,
carry different risks for ECS. It may be that the risk of

Fig. 4. Kaplan–Meier-1-year survival curves for TF and TA with or without ECS.
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Study Population

Table I summarizes the baseline characteristics of
the study population. Parameters like age, gender,
logistic EuroSCORE, left ventricular performance,
prior myocardial infarction, previous cardiac surgery,
concomitant PCI, atrial fibrillation, diabetes and renal
function did not have predictive value for the occur-
rence of ECS—neither in TA nor in TF.

Reasons for ECS and Lethality

Reasons for ECS and the respective lethality at day
30 are shown in Fig. 3 and were cardiac failure requir-
ing CPB (n¼ 4), coronary obstruction with failed PCI
(n¼ 2), perforation of the right (n¼ 2), or left (n¼ 3)
ventricle, Stanford type A-aortic dissection (n¼ 1),
rupture of the aortic annulus (n¼ 3, one associated
with a ventricular septum defect), severe PVL with he-
modynamic instability and LVOT-obstruction (n¼ 1),
hemorrhagic shock due to massive bleeding from the
LV-puncture site (n¼ 1), THV malpositioning (n¼ 2)
and mitral valve- and mitral valve apparatus-damage
by wire-entrapment (n¼ 1). Surgical intervention con-
sisted of peripheral CPB and TA in 4 patients. Sternot-
omy and suture of perforated cardiac chambers was
done in 5 patients and conventional AVR with con-
comitant repair of associated cardiovascular injury
(reconstruction of aortic root, left ventricular outflow
tract, left main stem, mitral valve, or ventricular sep-
tum or additional coronary artery bypass grafting,
replacement of the ascending aorta and proximal aortic
arch) was performed in 10 patients. Cardiac tamponade
was managed by left-sided minithoracotomy in one
case. CPB was required in 16 ECS patients (80.0%),
and sternotomy in 15 cases (75.0%). Lethality of the
most frequent reasons (cardiac failure and ventricular
perforation) was 75% and 40%, respectively. Table II
summarizes a detailed description of all ECS-cases.

Impact of ECS on Outcome After TAVI

Thirty-day mortality of the 20 TAVI-patients requir-
ing ECS was 35.0%. N¼ 11 (55.0%) could be salvaged
by ECS and were discharged from the hospital. Thiry-
day mortality (P¼ 0.216) and in-hospital mortality

Fig. 1. TAVI procedures and ECS events.

Fig. 2. Incidence of ECS in TF and TA.
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TF	

(P¼ 0.920) was not significantly different between ECS-
patients in the TF- and TA-group. On the other hand, 30-
day mortality (P< 0.0001) and in-hospital mortality
(P< 0.0001) was significantly different between the non-
ECS-patients in the TF- and TA-group. Table III shows
the impact of ECS on early outcome separated for the TF-
and TA-populations. Mortality at 30 days or during
index-hospitalization was 3.4% and 5.0% in the TF-
patients not requiring ECS. The early rates of death were
dramatically affected by the need for ECS and were
54.5% (P< 0.0001). Thirty-day mortality of the TA-
patients needing ECS was not significantly higher (11.1%
vs. 7.1%, P¼ 0.208). Nevertheless, in-hospital mortality
of the TA-patients was also negatively affected by the
need for ECS and was 12.3% and 33.3% respectively
(P¼ 0.043). Figure 4 depicts the Kaplan–Meier 1-year-
survival curves of the TF- and TA-patients and shows the
impact of ECS on late outcome. Estimated survival at 1-
year was 83.0% in the TF-patients without ECS and
45.5% with ECS, and 74.8% and 33.3%, respectively in
the TA-patients. The need for ECS decreased mean sur-
vival time from 25.56 1.1 months to 4.56 1.6 months in
the TF-patients, and from 22.96 1.1 months to 10.86 4.4
months in the TA-patients. Cumulative survival was sig-
nificantly deteriorated by ECS in both TF- (P< 0.0001)
and TA-patients (P¼ 0.013). The hazard-ratio associated
with ECS was 8.716 (P< 0.0001) and 2.813 (P¼ 0.037)
for the TF- and TA-patients, respectively.

DISCUSSION

Our study is one of the first to provide a complete
analysis of all major complications during TAVI that
required an emergent bail-out intervention of the car-
diac surgery team. The analysis summarizes the first 4
years of the TAVI program at our hospital including
411 procedures with a gapless follow-up. We found
that a considerable proportion of 4.9% of TAVIs was

severely complicated by life-threatening situations
requiring ECS. The reported rates of ECS range
between 0.0 and 7.7% [10–12]. Procedural mortality
was found to be 2.3% in a recent meta-analysis [13].

All TAVI-patients were elderly and deemed to be at
high risk for conventional cardiac surgery. Neverthe-
less, it is our policy that this does not influence our de-
cision whether to react to procedural complications or
not. With respect to the described cases the TAVI
team had decided to attempt ECS in all 20 cases.

TABLE I. Baseline Characteristics—TF and TA with or Without ECS

TF TA

w/ECS (n¼ 11) w/o ECS (n¼ 179) P w/ECS (n¼ 9) w/o ECS (n¼ 212) P

Age, years, mean6 SD 806 5 826 5 0.327 826 5 826 5 0.895
Log EuroSCORE, %, mean6 SD 17.66 14.6 17.46 12.5 0.854 23.46 19.3 23.46 15.2 0.970

Male, n (%) 2 (18.2) 55 (30.7) 0.674 3 (33.3) 93 (43.9) 0.858
LVEF, %, mean6 SD 626 9 546 14 0.066 516 16 526 15 0.728

Prior MI, n (%) 1 (9.1) 19 (10.6) 0.973 2 (22.2) 34 (16.0) 0.365
Prior cardiac surgery, n (%) 2 (18.2) 24 (13.4) 0.366 3 (33.3) 76 (35.8) 0.754
Concomitant PCI, n (%) 3 (27.3) 30 (16.8) 0.247 1 (11.1) 30 (14.2) 0.982

Atrial fibrillation, n (%) 5 (45.5) 60 (33.5) 0.566 4 (44.4) 123 (58.0) 0.682
Diabetes, n (%) 4 (36.4) 58 (32.4) 0.648 4 (44.4) 79 (37.3) 0.622

GFR, ml/min, mean6SD 726 19 626 27 0.235 476 21 596 26 0.180

EuroSCORE, European System for Cardiac Operative Risk Evaluation Score; LVEF, left ventricular ejection fraction; MI, myocardial infarction;

PCI, percutaneous coronary intervention; GFR, glomerular filtration rate.

Fig. 3. Reasons for ECS and the respective 30-day lethality.

Emergency Cardiac Surgery During TAVI E729

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
Published on behalf of The Society for Cardiovascular Angiography and Interventions (SCAI).



OBADIA	Jean-François 	 	 																												SFCTCV	-	Nantes	–	16-17th		June	2016																										Download	this	presenta0on	on		«	chircardio-lyon.org	» 		

•  M.	P,	94	ans,	ancien	ingénieur,	passionné	de	fission	nucléaire	
et	de	jardinage.	

•  RA	serré	symptomaKque	
•  FEVG	excellente,	Gmoy	à	70	mmHg,	V	max	à	5	m/s	
•  HTAP	à	45	mmHg,	IP	à	0,18	
•  8/01/2015	è	USIC	pour	un	OAP		
•  1/02/2015	è	Syncope		

•  11/02	/	2015	TAVI	fémorale	Sapiens	3	/26	mm	
–  Procédure	parfaite	sans	IA	
–  USIC	è	précaire,	Détresse	resp,	Oligo-anurie	

An	unexpected	diagnosKc	!!!	
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*	Prise	en	charge	médicale	iniKale:	
	 	 	-	DiuréKsaKon	IVSE	
	 	 	-	CPAP	
	 	 	-	Inotropes	
*	Persistance	de	l’hypotension	et	anurie	
	
			Qu’auriez	vous	envisagé	pour	ce	paKent	?	
							 	-	Traitement	chirurgical	en	urgence	
											 	-	Traitement	médical	sans	beaucoup	d’espoir	
											 		-	Stratégie	de	sauvetage	?	
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							Pediatric	Amplatzer	
													General	Anesthesia	è	TEE	

	 	12	fr	venous	punc0on	
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1)	Trans-septal	PuncKon	 2)	Orifice	CatheterisaKon	

3)	Amplatzer	Deployment	 4)	Amplatzer	Delivery	
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EvoluKon	:	
	
•  Sevrage	des	amines	à	H	2	
•  ExtubaKon	à	H	12	
•  CorrecKon	de	l’IRA	
•  SorKe	USIC	48	heures	après		
•  SorKe	de	l’hôpital		à	J5	
•  Revu		à	3,	6	et	12	mois	en	très	bon	état	général.		
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“Acute	Mitral	Valve	Regurgita0on…”	
	 	1)	Ischemic	Papillary	Muscle	Rupture	
	 	2)	Mechanical	Chordae	Rupture	
	 	3)	Trauma0c	(indirect	or	direct…)	
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