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Complete thrombosis of a bioprosthetic
mitral valve and left atrium in a patient

on venoarterial extracorporeal membrane
oxygenation with favorable outcome

James Hall”", Michael Khilkin' and Sunil Abrol’

Abstract

Intra-cardiac thrombosis is a potentially devastating complication of extracorporeal membrane oxygenation
(ECMO) mechanical circulatory support. We present here a patient who suffered complete thrombosis of a fresh
mitral prosthesis and left atrium in the setting of ECMO with aortic insufficiency who was treated with repeat
valve replacement and thrombectomy. To our knowledge, she is the only patient in the reported literature to have

survived this complication.

Case presentation

A seventy year old female with a past medical history
of hypertension, dyslipidemia, and anxiety presented
with malaise, night sweats, shortness of breath, nausea,
and a right hand partial paresis and was found to have
blood cultures positive for streptococcus bovis. MRI
identified three small subacute strokes, and subsequent
transesophageal echocardiography identified a mobile
filamentous structure on her mitral valve, mild to moder-
ate aortic valve insufficiency, and a patent foramen ovale.
She was treated with ceftriaxone and referred for mitral
valve replacement.

After one day of antibiotics, she developed respiratory
distress and presented with progressive hypotension, lac-
tic acidosis, and shortness of breath with moderate pul-
monary vascular congestion. Repeat echocardiography
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showed severe mitral regurgitation with an 11 mm x
2 mm mobile arcuate density tethered to the anterior
mitral leaflet, a left ventricular (LV) ejection fraction of
77%, and moderate aortic valve insufficiency. Her right
ventricular function was normal. The antibiotics were
continued and she was treated with diuretics in prepara-
tion for surgery.

Cardiac catheterization showed no significant coronary
disease and significantly less aortic insufficiency on ven-
triculogram, so an intra-aortic balloon pump (IABP) was
placed for severe mitral regurgitation. However, despite
aggressive diuresis, her pulmonary congestion worsened
and her cardiac index dropped to 1.37. She was taken
the following morning to the operating room (OR) and
found to have mitral vegetations and several ruptured
chordae. A chordae sparing mitral valve replacement
(27 mm Mitris Resilia Valve, Edwards Life Sciences,
Irvine, California) was performed. While in the OR,
she experienced significant right heart dysfunction, and
peripheral venoarterial extracorporeal membrane oxy-
genation (ECMO) through a femoral vein and artery was
initiated. The aortic insufficiency was judged to be mild
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Fig. 2 Transesophageal echocardiogram, midesophageal aortic valve long-axis view showing the left atrium with spontaneous echo contrast, a thick-
ened, non-functional mitral valve, the left ventricle with an aortic regurgitant jet, the Impella as it passes through the aortic valve with a large shadowing

artifact below it, and the proximal ascending aorta

with the IABP running, so it was left in place for after-
load reduction [Figure 1]. Limited postoperative echo-
cardiography showed an ejection fraction of 20%, right
ventricular failure with a tricuspid annular planar systolic
excursion (TAPSE) of 0.5 cm, and moderate aortic insuf-
ficiency. Postoperatively on day (POD) 0, she developed a
worsened lactic acidosis and her IABP was replaced with
an Impella CP device (Abiomed, Danvers Massachusetts)
resulting in apparent improvement of both right and left
ventricular function.

On POD 1, the patient developed hemoptysis, increas-
ing pulmonary pressures, and a brief episode of ventric-
ular tachycardia. Bronchoscopy showed no clear source

of bleeding. Over PODs 2-3, echocardiography showed
severely dilated left and right ventricles and continued
aortic regurgitation. Increasing Impella power consis-
tently resulted in suction alarms, and attempts to reduce
ECMO support resulted in immediate hypotension. She
required initiation of continuous renal replacement ther-
apy. On POD 4, she was taken back to the OR for Impella
removal where she was found to have a completely
thrombosed left atrium extending into all four pulmo-
nary veins and a prosthetic mitral valve coated with lami-
nated mature clot [Figs. 2, 3, 4]. Between the operations,
the patient was thrombocytopenic with platelet counts
from 33 to 56 10%/uL and on a heparin drip at 12 U/kg/
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Fig. 3 Laminar cast thrombosis of the left atrium removed during
reoperation

hr. Her ECMO flows were maintained at 2.5-3 L/min
for a cardiac index of >2.0. Lactate levels remained nor-
mal except for small increases during ECMO weaning
attempts.

No clot was found in her left ventricle. She was found
to have a torn cusp of her aortic valve. The atrial clot was
removed and the atria and pulmonary veins were irri-
gated aggressively. The thrombosed valve was replaced
with a 25 mm epic™ porcine valve (Abbott Laboratories,
Chicago, Illinois), and the aortic valve was replaced with
a 19 mm bovine tissue valve.

The Impella was removed and her chest was left open
while ECMO support continued.

Over POD 5-6, she was maintained on inotropes and
nitric oxide and diuresed. Her contractility improved,
and on POD 7, she returned to the OR for chest closure.
On POD 9, she was weaned from ECMO and decan-
nulated. She was extubated on POD 11 with excellent
mental status and diuresed well with improving renal
function. Over the following days, she was weaned from
inotropic support and a biventricular pacing defibrilla-
tor (Boston Scientific, Marlborough, Massachusetts) was
placed for an intermittent heart block.

By POD 21, her LV ejection fraction was 55% with mild
right ventricular hypokinesis. She was discharged and at

Fig. 4 Bioprosthetic mitral valve coated in laminar thrombosis

a two week follow up appointment was walking a mile
per day with no further sequelae.

Discussion
Venoarterial (VA) extracorporeal membrane oxygenation
is a life-saving intervention for acute cardiovascular col-
lapse due to cardiogenic and obstructive causes. None-
theless, the alterations in flow dynamics created by the
peripheral configuration creates the conditions for sig-
nificant complications, mostly related to a large increase
in afterload on an already weakened left ventricle. This
increase in afterload can reduce the trans-aortic valve
gradient to the point that multiple ventricular contrac-
tions may be required to achieve pressures sufficient for
ejection with resultant dilation of the ventricle in accor-
dance with the Frank-Starling principle. This can lead to
relative stasis of the blood, increasing the risk for intra-
cardiac thrombosis as well as further weakening of con-
tractions and increased arrhythmias from LV dilation.
This can be managed by venting the LV using a variety
of techniques including atrial septostomy, LV drain, and
percutaneous axial pumps [1].

In this setting, blood clots remain a relatively uncom-
mon occurrence, but can happen regardless of antico-
agulation. One retrospective cohort study showed a rate
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of 3.9%, carrying a mortality of 100% [2]. Another case
review identified 12 patients with intracardiac thrombo-
sis, most of whom had clots in multiple chambers, 10 of
whom died. The same review showed that as many as half
the patients who died while on VA ECMO had evidence
on autopsy of intracardiac or systemic thrombosis sug-
gesting under recognition or under reporting [3]. In addi-
tion, while far less common than with mechanical valves,
bioprosthetic valves do have an inherent risk of thrombo-
sis reported at 0.74% per year with the tricuspid valve the
most commonly affected [2].

Both the precipitating disease process and the expo-
sure of blood to the ECMO circuit components induce
a proinflammatory state and increase the risk for clot
formation [4]. Additionally, the flow disruptions created
by the increased afterload in the system promote stasis
and even flow reversal [5]. The most common locations
for thrombus are the LV cavity and the proximal ascend-
ing aorta, particularly if LV ejection is impaired. This can
be addressed by LV venting or reducing ECMO circuit
flows, if tolerated. Another complicating factor is pre-
existent or exacerbated valvulopathy. Stenotic valves add
to the already increased afterload, and regurgitant valves,
particularly the aortic valve, create a situation requiring
duplication of work to maintain forward flow given the
recirculated volumes. For this reason, severe aortic insuf-
ficiency is listed as a strong relative contraindication to
VA ECMO, described as ‘almost immediately prohibitive’
[6]. Nonetheless, VA ECMO has been used to success-
fully treat severe aortic insufficiency if used as a bridge
to immediate surgery or with the use of a biatrial drain
inserted venously, but placed across the intra-atrial sep-
tum to drain both atria simultaneously [7, 8].

In our patient, it appears that the recirculation of blood
between the left ventricle and proximal aorta created by
the Impella and aortic regurgitation allowed diastolic
pressures in the LV to exceed those in the left atrium dur-
ing atrial systole thereby preventing valve opening and
anterograde filling. This likely caused the laminar clot to
form on the bioprosthetic valve and resulted in the clas-
sic symptoms of acute mitral stenosis, specifically pul-
monary edema, right ventricular failure, hemoptysis, and
pulmonary hypertension [9]. Such an account would also
explain her complete dependence on the ECMO circuit
and the inability to increase flows through the Impella.

Another case reported in the literature bears some sim-
ilarities. In that case, a patient on VA ECMO was vented
via septostomy at a sufficient volume to divert nearly all
flow into a left to right shunt, resulting in a similar bio-
prosthetic thrombosis. This patient did not clot her
atrium, but did also required excision and replacement of
the prosthetic valve. She survived to decannulation, but
not to discharge [10].
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Three prior case reports were identified with left atrial
thrombi on VA ECMO, and all three expired during
treatment [11-13]. To our knowledge, this is the only
case to be reported of a patient not only surviving left
atrial thrombus, but going on to full recovery.

Author contributions

JH. Wrote the majority of the case report text, formatted and edited the text,
prepared the figures, and submitted. M.K. Wrote portions on the discussion
and case text. S.A. Provided documentation and images and advised writing.
All authors reviewed the manuscript.

Funding
There was no funding provided for the preparation or publication of this
manuscript.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Consent for publication

The patient in this case has consented for her case to be printed here
understanding that no protected health information or patient identifying
data will be included.

Competing interests
The authors declare no competing interests.

Received: 19 March 2024 / Accepted: 15 June 2024
Published online: 26 June 2024

References

1. Lorusso R, Shekar K, MaclLaren G, Schmidt M, Pelegrino V, Meyns B, Haft J, Ver-
caemst L, Pappalardo F, Bermlidez C, Belohlavek J, Hou X, Boeken U, Castillo
R, Donker D, Abrams D, Ranucci M, Hryniewicz K, Chavez |, Chen YS, Salazar
L, Whiteman G. ELSO Interim guidelines for venoarterial extracorporeal
membrane oxygenation in adult cardiac patients. Am Soc Artif Intern Organs
J2021; Guidelines 2021: 827-44. https.//www.elso.org/Portals/0/files/pdf/
ELSO_Interim_Guidelines_for_Venoarterial.2.pdf.

2. Weber C, Deppe AC, Sabashnikov A, Slottosch |, Kuhn E, Eghbalzadeh K,
Scherner M, Choi YH, Madershahian N, Wahlers T. Left ventricular thrombus
formation in patients undergoing femoral veno-arterial extracorporeal mem-
brane oxygenation. Perfusion. 2018;33(4):283-8. Epub 2017 Nov 24. PMID:
29172999.

3. Williams B, Bernstein W. Review of venoarterial extracorporeal membrane
oxygenation and development of Intracardiac thrombosis in adult cardio-
thoracic patients. J Extra Corpor Technol. 2016;48(4):162-7. PMID: 27994255;
PMCID: PMC5153301.

4. Millar JE, Fanning JP, McDonald Cl, McAuley DF, Fraser JF. The inflammatory
response to extracorporeal membrane oxygenation (ECMO): a review of the
pathophysiology. Crit Care. 2016;20(1):387. https://doi.org/10.1186/513054-
016-1570-4. PMID: 27890016; PMCID: PMC5125043.

5. Sweda R, Berger D, Heverhagen JT, Hunziker L. Pulmonary haemorrhage on
veno-arterial ECMO: consequences of missed aortic valve regurgitation. Eur
Heart J. 2020;41(47):4530. https://doi.org/10.1093/eurheartj/ehaa825.

6. Eckman P, Katz J, Banayosy A, Bohula E, Sun B, van Diepan S. Veno-arterial
extracorporeal membrane oxygenation for cardiogenic shock. Circulation.
2019;140:2019-37. https://doi.org/10.1161/CIRCULATIONAHA.119.034512.

7. LuA Chew STH. Successful use of extracorporeal cardiopulmonary
membrane oxygenation in acute severe aortic regurgitation with car-
diovascular collapse. Proc Singap Healthc. 2019,28(1):65-7. https://doi.
0rg/10.1177/2010105818779600.

8. Chiang M, Gonzalez PE, O'Neill BP, Lee J, Frisoli T, Wang DD, O'Neill WW,
Villablanca PA. Left atrial venoarterial extracorporeal membrane oxygen-
ation for Acute aortic regurgitation and cardiogenic shock. JACC Case Rep.
2022;4(5):276-9. PMID: 35257102; PMCID: PM(C8897074.


https://www.elso.org/Portals/0/files/pdf/ELSO_Interim_Guidelines_for_Venoarterial.2.pdf
https://www.elso.org/Portals/0/files/pdf/ELSO_Interim_Guidelines_for_Venoarterial.2.pdf
https://doi.org/10.1186/s13054-016-1570-4
https://doi.org/10.1186/s13054-016-1570-4
https://doi.org/10.1093/eurheartj/ehaa825
https://doi.org/10.1161/CIRCULATIONAHA.119.034512
https://doi.org/10.1177/2010105818779600
https://doi.org/10.1177/2010105818779600

Hall et al. Journal of Cardiothoracic Surgery (2024) 19:380

Chandrashekar Y, Westaby S, Narula J, Mitral stenosis. Lancet.
2009;374(9697):1271-83. https://doi.org/10.1016/50140-6736(09)60994-6.
Lee K, JungY, Jeong |, Song S, Na K, Oh S. Acute biological mitral valve
thrombosis after the left atrial venting in a patient with a venoarterial extra-
corporeal membrane oxygenator. J Card Surg. 2021;37(2):437-9. https://doi.
org/10.1111/jocs.16122.

Weis F, Beiras-Fernandez A, Bruegger D, et al. Huge intracardiac thrombosis

in a patient on veno-arterial extracorporeal membrane oxygenation support.

Interact Cardiovasc Thorac Surg. 2009;8:247-9.

Gaide-Chevronnay L, Durand M, Rossi-Blancher M, et al. Cardiac thrombosis
in a patient during extracorporeal life support. J Cardiothorac Vasc Anesth.
2012;26:664-5.

Page 5 of 5

13. RamjeeV, Shreenivas S, Rame JE, et al. Complete spontaneous left heart
and aortic thromboses on extracorporeal membrane oxygenation support.
Echocardiography. 2013;30:E342-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/S0140-6736(09)60994-6
https://doi.org/10.1111/jocs.16122
https://doi.org/10.1111/jocs.16122

	﻿Complete thrombosis of a bioprosthetic mitral valve and left atrium in a patient on venoarterial extracorporeal membrane oxygenation with favorable outcome
	﻿Abstract
	﻿Case presentation
	﻿Discussion
	﻿References


