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Tricky papillary muscle rupture sequelae navigated by  
evidence-based therapies using ECMO and Impella
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Ugochukwu Egolum

ABSTRACT

This case illustrates an atypical mitral valve prolapse 
presentation with superimposed stress of acute respiratory 
distress syndrome (ARDS) as well as the importance of 
extracorporeal membrane oxygenation therapy (ECMO) 
as a bridge to definitive surgical intervention. Switching 
from venovenous (VV) to venoarterial (VA) ECMO 
allowed bypass of the pulmonary circulation and provided 
cardiac support to assist in systemic circulation in the 
setting of severe mitral regurgitation with mitral valve 
prolapse. However, VA ECMO increases afterload, thus an 
Impella was used to offload the left ventricle and provide 
forward flow. Relying on evidence-based medicine for 
each modality despite its complexity also optimized this 
patient’s chance for recovery. Thereby, we demonstrate a 
complex case of ARDS, mitral valve prolapse secondary 
to myocardial infarction, and subsequent multiple 
arrhythmic arrests, where successful VV and VA ECMO 
resuscitation afforded bridge therapy to definitive 
surgical management. Our patient showed promising 
results, and we would like to encourage this strategy to 
bridge patients requiring surgical intervention.
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INTRODUCTION

Papillary muscle rupture is a dreaded complication 
that occurs three to seven days after a myocardial 
infraction in about 1% of patients [1]. Frequently leading 
to cardiogenic shock, occurrences carry as high as 
80% mortality rates in hospitalized patients [2]. Many 
patients who would otherwise be surgical candidates 
are too ill to undergo surgical intervention. Fortunately, 
extracorporeal membrane oxygenation (ECMO) and left 
ventricular-assisted devices offer patients life-sustaining 
therapy while awaiting optimization for definitive surgical 
intervention [3]. Occasionally, patients require bridging 
modalities to be safe for surgical intervention.

CASE REPORT

A 43-year-old male, with past medical history 
significant for obesity with body mass index (BMI) of 
42.4, hypertension with medication non-adherence, and 
tobacco abuse, presented with complaint of worsening 
shortness of breath for two days. On admission, he was 
found to be hypoxic, requiring venturi mask at 60%. On 
presenting exam, pertinent findings were tachypnic at 
25 bpm, with decreased breath sounds in the right and 
left lower fields, along with wheezing in the bilateral 
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upper fields. Abnormal labs on admission included 
leukocytosis of 26.5 K/uL and creatinine of 1.64 mg/
dL (from baseline creatinine of 1.0 mg/dL). Antibiotics, 
steroids, and nebulizer treatment were initiated in the 
emergency department with minimal improvement. 
Suspected pulmonary embolism was ruled out by 
pulmonary computed tomography angiography (CTA), 
but the patient was found to have troponin elevation of 
0.51 that increased to 1.78 (normal assay < 0.10), with 
no ST elevations on electrocardiogram (EKG). This 
was suspected to be a Type II myocardial infarction in 
setting of severe illness. A chest X-ray demonstrated 
bilateral lung disease with patchy infiltrates suspicious 
for pneumonia, with possible underlying interstitial lung 
disease or volume overload (Figure 1). During this initial 
diagnostic exam, the patient experienced worsening 
respiratory distress, tachypnea of 40 bpm, tachycardia, 
and inability to speak, requiring intubation with paralysis 
for vent synchrony. The patient required vasopressors 
and was admitted to the critical care unit, initiated on the 
Marik protocol, and a bronchoscopy was performed.

At this time, the patient was diagnosed with an acute 
renal injury with no signs of acute renal abnormalities on 
renal ultrasound, a type II NSTEMI, and acute respiratory 
failure of multifactorial etiology. An echocardiogram 
demonstrated EF of 60–65% with grade 3 diastolic 
failure and mild mitral regurgitation, presumed to 
be a contributing factor of patient’s presentation. By 
the fourth day, the patient was on empiric antibiotic 
treatment, but his respiratory status continued to decline 
and he was unable to tolerate supine ventilation. A repeat 
chest X-ray showed acute respiratory distress syndrome 
(ARDS), and the patient planned to be initiated on 
venovenous (VV) extracorporeal membrane oxygenation 
(ECMO), once the equipment was available. On the fifth 
day, after suctioning patient and collecting respiratory 
cultures, patient’s oxygen saturation dropped to 74% and 
bag mask ventilation along with airway pressure release 
ventilation were unable to significantly improve patient’s 
oxygenation, and VV ECMO cannulation was performed 
via right internal jugular vein. The patient developed 
atrial fibrillation with rapid ventricular response, and 
amiodarone drip was added to his treatment, but heart 
rate remained in the 160 bpm. The following day, the 
patient received a percutaneous tracheostomy. On the 
eighth day, the patient developed bradycardia to asystole 
after a coughing episode, with spontaneous return of 
circulation. During this time period, the patient received 
multiple bronchoscopies for his ARDS that demonstrated 
only clear-yellow fluid. Throughout this time his 
creatinine continued to increase, with suspected acute 
tubular necrosis.

The patient was noted to have premature ventricular 
contractions (PVCs) on telemetry along with 
desaturations. Another EKG and X-ray were performed, 
showing evidence of new ST depressions in anterolateral 
leads, and persistent bilateral lung consolidations. 
Given the new cardiac findings, a repeat transthoracic 

echocardiogram was obtained, which showed severe 
prolapse of posterior mitral leaflet with possible ruptured 
posteromedial papillary muscle, mild prolapse of anterior 
mitral leaflet holosystolic mitral valve prolapse, and 
likely severe regurgitation, but was difficult to assess 
with certainty due to body habitus. The inferior vena 
cava (IVC) and right ventricle were also noted to be 
dilated, and transesophageal echocardiography (TEE) 
was done to further delineate mitral regurgitation. The 
TEE confirmed the previous findings of severe mitral 
regurgitation with a malcoaptation of mitral valve and 
torrential mitral regurgitation, without thrombus in 
left atrial appendage. Continuous renal replacement 
therapy (CRRT) was planned for volume overload due 
to the IVC dilation. While awaiting Cath Lab to assess 
coronary anatomy and likely proceed with mitral valve 
intervention in the coming days, the patient suffered 
ventricular fibrillation requiring cardiopulmonary 
resuscitation (CPR) for 10 minutes, along with multiple 
boluses of epinephrine and amiodarone. Once return 
of spontaneous circulation was achieved, the patient 
continued to have frequent PVCs with tachycardia and 
once again became hypotensive. The decision was made 
to perform arterial cannulation for venoarterial (VA) 
ECMO (Figure 2). Once this was completed, there was 
notable improvement in hypotension, tachyarrhythmia, 
and oxygen saturation.

On the 12th day, coronary angiogram was performed 
showing only mild two vessel disease. An Impella was 
placed to improve oxygenation and overall lung function, 
prior to salvage valve replacement. Continuous renal 
replacement therapy was also initiated with good volume 
removal. Over the next few days, the patient’s renal 
function improved with decrease in creatinine. On the 
16th day, Impella was removed and the patient received 

Figure 1: Bilateral lung disease. Asymmetry is developing with 
areas of patchy airspace disease noted most severely affecting 
the right upper lobe.
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salvage replacement of the mitral valve, during which 
time decannulation of the common femoral artery ECMO 
was performed, and changed to internal jugular two-
stage ECMO. The patient developed atrial fibrillation and 
was treated with direct current cardioversion. By the 21st 
day, patient’s VA ECMO was decannulated and a vascular 
catheter was placed instead. The patient was taken off all 
pressors, had been on a total of five during the previous 
weeks.

On the 24th day of hospitalization, the patient was 
noted to be awaken and alert. On the 25th day, the patient 
was able to track with his eyes and follow commands, 
and his oxygen requirements were slowly weaned with 
a T-piece trial. Over the next few days, the patient 
continued to improve (Figure 3). His tracheostomy collar 
was downsized, and he was able to sit up in a chair. His 
tracheostomy tube was removed, and a permacath was 
placed for dialysis. The patient continued to improve, 
passed a swallow study, and was able to tolerate a regular 
diet. On the 32nd day, the patient was transferred to the 
medical floor from the critical care unit. Subsequently, 
the patient was discharged to a rehabilitation facility and 
has been doing well since then.

DISCUSSION

Our patient presented with shortness of breath, which 
lead to cardiovascular arrest requiring resuscitation. 
Upon initial presentation, a venti-mask was presumed to 
be sufficient, but ECMO was required for true recovery. 

When ECMO was initially introduced, studies were unable 
to show its success until the CEASER trial came out. Now, 
ECMO is still controversial, but is used more frequently 
for respiratory failure and cardiovascular support [4].

Our patient had no known valvular disease, but 
spontaneously developed mitral valve regurgitation with 
papillary muscle rupture. This was likely secondary to 
his acute illness following an NSTEMI, as mechanical 
complications are seen following myocardial infarctions 
and can lead to cardiogenic shock [1]. However, papillary 
muscle rupture is more frequently seen with inferior 
wall MI’s, rather than anterolateral as in our patient. 
Also, this complication is seen in less than 1% of patients 
with MI’s and typically occurs within 3–7 days [5], while 
it was noted in our patient on day 11. In the setting of 
inferior MI’s, the posteromedial papillary muscle is 
more likely to rupture given the blood supply from the 
RCA or left circumflex arteries [5]. In anterolateral MI’s, 
papillary muscle rupture is rarely seen, but tends to be 
the anterolateral muscle [6]. 

We were unable to find any other case reports showing 
posteromedial papillary muscle rupture in an anterolateral 
MI. One case report did demonstrate anterolateral 
muscle rupture with isolated right coronary artery (RCA) 
lesion, suggesting that anatomical differences in blood 
supply should be considered, but that embolic events 
should also be included on the differential [7]. Whether 
secondary to anatomical variations in blood supply or 
from superimposed stress of ARDS following an MI, it is 

Figure 2: A portable chest radiograph demonstrates a stable 
tracheostomy tube, feeding tube, left internal jugular central 
line and ECMO catheter. There is a stable Swan-Ganz catheter 
seen extending from inferior to superior. There is a stable left-
sided small caliber chest tube. Stable aortic pump in place. There 
is increased density seen throughout both lungs suggestive of 
worsening pulmonary edema compared to the previous exam.

Figure 3: Post-operative changed from MVR surgery. The 
cardiomediastinal silhouette is mildly enlarged but unchanged. 
There is bibasilar subsegmental atelectasis.
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important to recognize cardiogenic dysfunction and treat 
it accordingly.

Recognizing cardiopulmonary dysfunction is the 
first step, which must be followed by an effective 
treatment protocol. Valve replacement is frequently 
required, however, bridging is often the initial step 
(1). Our patient required both VA ECMO and Impella 
support for cardiovascular and respiratory function. 
There have been case reports [3] showing ECMO as 
a bridge to surgery in patients with papillary muscle 
rupture, but concomitant Impella use is not a commonly 
utilized strategy. The decision to use both modalities 
stemmed from the obvious increase in afterload created 
by VA ECMO. Initially, VV ECMO was used since it 
primarily supports the lungs by removing CO2, and 
provides oxygen to the blood, allowing lungs to rest. 
Switching from VV to VA ECMO allows to bypass the 
pulmonary circulation and provides cardiac support to 
assist in systemic circulation [8–10]. This was required 
after recognition of the severe mitral regurgitation with 
papillary muscle rupture. However, VA ECMO increases 
afterload, thus an Impella was used to offload the left 
ventricle and provide forward flow.

CONCLUSION

The Impella has been used as bridge therapy to 
salvage mitral valve in other studies as well, but using it 
in concordance with the ECMO is a recent development 
in medicine. We would like to show that using them 
together is an effective strategy in cardiogenic shock. No 
randomized studies have been done yet to show their 
efficacy, but one is on its way. A group at the University 
of Pennsylvania under guidance of Dr. Michael Ibrahim 
is working on a randomized trial comparing Impella with 
concomitant VA ECMO use, against VA ECMO alone for 
cardiogenic shock (REVERSE Trial). Our patient showed 
promising results, and we would like to encourage this 
strategy to bridge patients requiring surgical intervention.
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