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Abstract: Ventricular septal rupture (VSR) after acute myocardial infarction (AMI) is a rare but often fatal complication. Surgery is
considered the preferred treatment, although the optimal timing is discussed. The immediate preoperative hemodynamic status
significantly impacts postoperative outcomes, making mechanical circulatory support (MCS) devices crucial for perioperative
hemodynamic stability. We present the case of a 61-year-old woman with no remarkable cardiological history admitted to our hospital
with a diagnosis of AMI and VSR. Due to hemodynamic instability and cardiogenic shock, we utilized an intra-aortic balloon pump
(IABP) and an extracorporeal left ventricular assist device (extra-VAD) as a bridge to surgery. After 17 days of IABP support, the
patient experienced hemodynamic instability, elevated lactate levels, pulmonary edema, and eventually bedside endotracheal infiltra-
tion inventor-assisted breathing. Subsequently, the IABP was removed, and the patient underwent 6 days of extra-VAD therapy,
resulting in hemodynamic stability, a decline in lactate levels, and a reduction in pulmonary edema on X-ray. Surgical coronary artery
bypass grafting and VSR repair were successfully performed without periprocedural complications, and the patient was subsequently
discharged. Extra-VAD is useful for serious cardiogenic shock in patients with VSR after AMI and may be considered a reasonable
approach as a bridge to surgery.
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Introduction
Ventricular septal rupture (VSR) after acute myocardial infarction (AMI) is a complication that frequently results in
serious cardiogenic shock and poor prognosis and can be fatal. Surgical repair is the leading treatment of choice, and its
timing is the most important factor affecting survival rates.' Early surgery has been associated with high mortality rates
and risk of recurrent ventricular rupture, and although delayed intervention allows for the repair of scar tissue, it includes
the risk of rupture extension, cardiogenic shock, and multiple organ dysfunction syndrome (MODS); moreover, the
patient may die while awaiting surgery.”” The immediate preoperative hemodynamic status significantly influences
postoperative outcomes.* Different mechanical circulatory support (MCS) devices, such as intra-aortic balloon pump
(IABP), Impella, Tandem Heart, and extracorporeal membrane oxygenation (ECMO), have distinct hemodynamic
effects, insertion methods, monitoring requirements, and clinical applicability. Multiple factors must be considered
when selecting the appropriate MCS device.”® Advancements in MCS technology significantly improved the success
rate in treating cardiogenic shock, and delayed and elective surgical procedures are strategies acknowledged by several
researchers.’”

Although the concept of perioperative mechanical circulatory support in high-risk patients with VSR and cardiogenic
shock has been reported,’ the use of an extracorporeal left ventricular assist device (extra-VAD) as a bridge to surgical
VSR repair and coronary artery bypass grafting has not been described, particularly in China. In this report, we present
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a case of successful application of an extra-VAD as a bridge to surgical repair in a patient with cardiogenic shock due to
VSR after AMI.

Case Description

A 61-year-old woman with no previous cardiological history was admitted to our hospital due to anteroseptal myocardial
infarction (MI) after 4 days of experiencing chest pain, palpitations, and dyspnea at a regional hospital. Upon admission,
the patient had difficulty breathing, a little chest tightness, rest in a 30° sitting position, and cold limbs. The physical
examination showed invasive blood pressure of 80/45 mmHg with norepinephrine at 0.06 pg/kg/min, no urine output
within two hours, a heart rate of 114 beats per minute, regular heart sounds with a mild systolic murmur, a respiratory
rate of 25 breaths per minute, arterial oxygen saturation of 95%, and wheezing sounds in the lungs.

An electrocardiogram revealed ST elevation in leads V1 to V6 of 2 mm; high-sensitivity troponin I was markedly
increased, and the lactate level was 4.6 mmol/L. Transthoracic echocardiogram showed regional wall motion abnorm-
alities consistent with left anterior descending territory ischemia, including akinesis of the mid and apical segments of the
anteroseptum, along with a ventricular aneurysm appearance at the apex. The estimated size of the VSR at the ventricular
apex was 17 mm, accompanied by moderate dilation of the left ventricle (LV) cavity. The biplane LV ejection fraction of
Simpson was estimated at 49%. Tricuspid annular plane systolic excursion and right ventricular fractional area changes
were within normal limits.

A diagnosis of cardiogenic shock after AMI and VSR was established, requiring mechanical circulatory support
(MCS). The right femoral artery was punctured, and IABP was implanted. Cardiogenic shock was reduced, followed
by improved hemodynamic stability, urine output recovery, and normalized lactate levels. After 7 days of IABP
assistance, coronary angiography revealed occlusion of the left anterior descending artery (thrombolysis in myo-
cardial infarction [TIMI 0]), stenosis of 90% in the diagonal branches (TIMI 3), and stenosis of 80% in the right
coronary artery (TIMI 3). Due to poor cardiac function and the use of contrast agents during coronary angiography.
Then, the heart rate raised to 124 beats per minute and premature ventricular beats were observed, the patient’s heart
function deteriorated with less urine. The patient presented hemodynamic instability, pulmonary edema on radio-
graphy and tracheal intubation connected to a ventilator, an increase in the VSR size (estimated at 18 mm),
a decrease in the biplane LV ejection fraction of Simpson (estimated at 48%), elevated lactate levels (5.6 mmol/
L), and worsened cardiogenic shock after 17 days of IABP support. Considering that right heart function is
acceptable, the potential interference with LV recovery and pulmonary circulation overload by veno-arterial
ECMO, a domestically developed investigational maglev extra-VAD, MoyoAssist® (magAssist Inc., Suzhou,
China), was chosen for humanitarian use with the informed consent of the family of the patient. The IABP was
removed, and we used minimally invasive methods to establish extra-VADs without open heart surgery. The method
of drainage was to puncture the femoral vein with a 21 Fr venous cannula through the atrial septum to the left
atrium. Perfusion was performed by separating and incising the axillary artery with an 8 mm Intel Vasco artificial
blood vessel. This 8 mm artificial vessel was used to connect the axillary artery to the tubing to reduce the risk of
thrombosis at the contact site. The left atrial canal is generally circled three times in the left atrium, avoiding
catheter displacement and left atrial and pulmonary vein injury. The extra-VAD was implanted to establish the left
atrium, left ventricular assist pump, and axillary artery circulation. The details are shown in Figure 1. The pump
flow rate was maintained at 2—3 L/min by adjusting the pump speed to provide adequate cardiac support without
suction. The pump speed is usually between 1500 and 2000 rpm. In general, we used heparin sodium for antic-
oagulation. The activated clotting time was maintained within 180-200 seconds, and the activated partial thrombo-
plastin time was maintained within 55-70 seconds. No complications were observed during the entire usage period.
Extra-VAD therapy was administered for 6 days, resulting in decreased lactate levels and a reduction in pulmonary
edema. Eventually, the patient was assessed to have stable circulation, improved organ function, and normal lactate,
and 27 days after acute myocardial infarction, the risk of surgical intervention was relatively low. Successful
surgical coronary artery bypass grafting and VSR repair were performed, and the patient was discharged. All clinical
events are presented in Figure 2.
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Figure | Implantation of extra-VAD in this patient with percutaneous insertion as femoral vein -IVC-RA-transeptal -LA, axillary artery with a side graft.
Abbreviations: IVC, inferior vena cava; RA, right atrium; LA, left atrium.
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Figure 2 The main clinical events during hospitalization.
Abbreviations: VSR, ventricular septal rupture; AMI, acute myocardial infarction; IABP, intra-aortic balloon pump; extra-VAD, extracorporeal ventricular assist device.

Discussion
VSR is a rare and fatal complication of AMI, with an incidence of approximately 1.3—2%.'® For patients with VSR,
determining the surgical timing is challenging, and the treatment of cardiac shock is more complicated. In the acute stage,
these patients are prone to cardiac shock and myocardial edema, leading to complex operations and high mortality
rates.”'" Recently, with the advancement of MCS, the hemodynamic stability of some patients with VSR can be achieved
through mechanical assistance, which enables many patients to safely go through the acute phase and undergo delayed
and selective surgery, thus avoiding unnecessary risks.'*'? Therefore, delayed and elective surgical procedures are
strategies acknowledged by several researchers.

Extra-AVD as a form of MCS can help patients stabilize cardiac function and further bridge subsequent treatment. In
foreign countries, the left ventricular assist device is implanted surgically.'* However, in our center, most extra-VAD
implantation is minimally invasive. Minimally invasive extra-VAD implantation can improve patient outcomes.'”

Following recent literature and guidelines'®'”

and clinical practice experience, our center proposes a personalized
deferred surgical treatment strategy for VSR, the details are shown in Figure 3. Mechanical circulatory support is
preferred for patients with cardiogenic shock, and those with a good response can undergo surgical treatment approxi-
mately 30 days after the onset of MI; patients who respond poorly to mechanical circulatory support or experience
circulatory instability during treatment require active emergency surgical intervention; and a few patients can have the

symptoms of ventricular septal perforation relieved through drug treatment, maintaining a stable condition over a longer
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Figure 3 Delay and elective surgical treatment of VSR after AMI in Wuhan Union Hospital.
Abbreviations: ECLS, extracorporeal life support (including IABP, Impella, Tandem Heart, ECMO, etc).

period. For these patients, selective surgical treatment can be considered approximately 30 days after MI, according to
their conditions.

To our knowledge, this is the first reported case in which an extra-VAD was used as a bridge to surgery for VSR after
AMI with cardiogenic shock. Here, cardiogenic shock worsened, and pulmonary edema increased while the patient
received IABP assistance. Subsequently, the IABP was removed, and an extra-VAD was chosen to assist left ventricular
function and stabilize hemodynamics. The use of extra-VAD can ensure organ perfusion and provide opportunities for
surgery. After 6 days of extra-VAD support, cardiogenic shock was alleviated. The patient’s general state and organ
function were carefully evaluated. Finally, the patient underwent successful surgery and could be discharged from the
hospital.

Accurate assessment of the hemodynamic condition, precise management during mechanical circulatory support-assisted
treatment, and careful selection of the optimal timing for surgical strategies were key factors in achieving successful
treatment in this case. Not all similar cases will have favorable results using this method. Further studies encompassing
multiple centers, larger sample sizes, and prospective designs are needed to validate the findings of this study.

Conclusion

The extra-VAD provides a novel treatment approach for achieving hemodynamic stability and maintaining cardiac
function in patients with VSR awaiting surgery. Further practical experience is necessary to enhance the application of
this method.

Date Availability Statement

This is a case report without statistical analysis of the raw medical record data. All medical data involving the patient are
documented in the patient’s medical record. If necessary, more detailed imaging data or laboratory data can be provided
to the corresponding authors or the first authors.
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