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Abstract

We experienced a successful case of cardiopulmonary arrest due to left ventricular free wall rupture treated with venoarterial

extracorporeal membrane oxygenation and immediate induction of targeted temperature management.

Introduction

Left ventricular free wall rupture (LVFWR) often occurs within 24 hours after myocardial infarction, and is a
serious condition causing cardiac arrest due to cardiac tamponade [1]. As emergency measures, relieving the
cardiac tamponade by pericardiocentesis and initiating venoarterial extracorporeal membrane oxygenation
(VA ECMO) are considered. However, in cases of cardiac arrest, it is difficult to perform pericardiocentesis
during chest compressions, and emergency left thoracotomy or initiating ECMO may be considered [2–4].
We experienced a case of cardiopulmonary arrest (CPA) due to LVFWR that was treated with VA ECMO
and immediate induction of targeted temperature management (TTM).

Case report

A 73-year-old man lost consciousness and was transferred to our hospital. The patient had a history of
testicular cancer treated with chemotherapy 2 years earlier and was in remission. He was barely able
to communicate, and the complaint was unknown. Furthermore, he was in a shock with cold extremities.
Peripheral intravenous infusion was initiated and transthoracic echocardiography revealed pericardial effusion
and almost no systole. We decided to initiate ECMO based on a judgment of obstructive shock or cardiogenic
shock. Cardiopulmonary resuscitation (CPR) was started because of CPA, before beginning ECMO. We
also considered emergency left thoracotomy, but ECMO was prioritized. ECMO circulation was started
17 minutes after arrival and 10 minutes after CPA. Twelve-lead electrocardiography (ECG) revealed a QS
pattern and ST elevation in leads V1–V5 (Fig. 1). We did not drain the pericardial fluid, but ECMO flow
was stabilized using rapid infusion. The patient was immediately cooled with ECMO and reached a body
temperature of 34°C 23 minutes after CPA. He was then transferred for computed tomography (CT) for
diagnosis. Contrast-enhanced CT showed no acute aortic dissection (AAD), and we diagnosed LVFWR due
to myocardial infarction on electrocardiography. No leakage of contrast agent was apparent (Fig. 2). Blood
tests revealed a troponin-I concentration of 13.4 ng/ml (Table); additional blood test results are shown in the
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Table. Emergency coronary angiography (CAG) was performed to evaluate coronary artery lesions and to
determine surgical procedures. In the CAG images, the #7 branch of the left anterior descending coronary
artery (LAD) was chronically totally occluded, and the #4 branch of the right coronary artery provided
collateral circulation to the LAD (Fig. 3). There was no other significant stenosis, and no rupture point
could be found by left ventricular angiography. An intra-aortic balloon pump (IABP) was inserted under
fluoroscopy, and the patient was immediately transferred to the operating room for surgical hemostasis.

Under general anesthesia, a skin incision was made from the sternal notch to the xiphoid process, and the
pericardium was exposed by a median sternotomy. Leakage of bloody pericardial fluid was observed when the
pericardium was incised. The pericardial fluid was aspirated to remove the blood clots in the pericardium, and
oozing blood was observed near the cardiac apex (Fig. 4). The myocardium around the bleeding point had
poor color tone, but no myocardial necrosis was observed in other areas. A total of five pieces of TachoSil®
(Takeda Pharmaceutical Company Limited, Tokyo, Japan) were attached, focusing on the bleeding site, and
hemostasis was confirmed (Fig. 4). A towel was inserted into the pericardium to cover the bleeding area.
Next, substernal and intrapericardial drains were inserted, and a 20-cc syringe was modified and used as a
sternal bridge to prevent boney union. Four pieces of gauze were also inserted into the subcutaneous space.
The skin was not sutured but instead, was covered with an Esmarch tourniquet and sutured, and a sterile
drape was applied. Negative pressure was applied to the drain, and the chest was temporarily closed with a
vacuum pack.

Considering the possibility of recurrent cardiac tamponade, the patient was admitted to the intensive care
unit (ICU) with temporary chest closure. There was marked hemorrhagic drainage from the substernal and
pericardial drains, and blood products were supplemented to stabilize the hemodynamics. TTM lasted 3
days, after which time we discontinued ECMO, but the consciousness disorder persisted. Waking on the
sixth day of hospitalization, the patient was able to communicate. It was judged that the left ventricular
assisting effect of the IABP had diminished, and we removed the device. On the same day, the amount of
urine started to increase and diuresis began. Because edema of the mediastinal tissue and myocardium was
controlled, we closed the chest incision on the 9th day of hospitalization. The patient was extubated on the
14th day of hospitalization, and on the 15th day of hospitalization, he was transferred to the general ward
without neurological deficits. He is currently receiving rehabilitation.

Ethical approval

All subjects enrolled in this research have given their informed consent, which has been approved by my
institutional committee on human and/or animal research, and this protocol has been found acceptable by
them.

Discussion

In the present case, the keys to the patient’s survival without neurological deficits were, first, the rapid
initiation of ECMO for the CPA due to LVFWR, and second, we performed immediate TTM utilizing
ECMO.

We would like to expand on the first point. Currently, there are three possible emergency treatments for
CPA due to LVFWR, and the first is pericardiocentesis and drainage [1–4]. However, this procedure may be
difficult to perform while continuing effective chest compressions. The second method involves pericardial
drainage, primary hemostasis, and direct cardiac massage with left intercostal thoracotomy [4]. This method
may be the quickest way to achieve drainage for a trained doctor. However, it may be difficult to identify
the bleeding point, and if the point cannot be identified quickly, further bleeding may be promoted, and the
patient may die. In addition, even if spontaneous circulation returns, this approach is highly invasive and may
increase the risk of infection [5]. Moreover, when spontaneous circulation returns, ECMO may be necessary
if cardiac function is severely deteriorated due to myocardial infarction. The third approach is to use ECMO
[2, 3]. We were able to establish ECMO as early as 10 minutes after CPA, as skilled doctors and clinical
engineers were available continuously at our university hospital. As in the present case, when CPA occurs
before a definitive diagnosis, AAD may be a cause of pericardial effusion [6], and lifesaving is expected to be
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difficult with left thoracotomy. Even if ST changes are detected on the ECG, these changes may occur with
coronary artery dissociation, so definitive diagnosis before CT is difficult. ECMO flow may be insufficient for
cardiac tamponade, but there is a possibility of survival with concomitant pericardiocentesis [6]. Even with
CPA due to LVFWR, initiating ECMO is considered effective with skilled staff. Furthermore, introducing
ECMO permits CAG. If there was stenosis in the remaining branch in our patient, coronary artery bypass
surgery may have been added.

Regarding the second key point, in the present case, rapid ECMO enabled early introduction of TTM by
rapid blood cooling. The patient’s body temperature reached 34°C 30 minutes after arrival and 23 minutes
after CPA, suggesting the usefulness of ECMO from the viewpoint of brain protection. If resuscitation is
performed with left thoracotomy, even if TTM is performed, an intravascular cooling device or body surface
cooling is necessary [7], and it is difficult to introduce TTM promptly. Delayed brain protection can lead to
post-cardiac arrest encephalopathy.

In conclusion, ECMO for CPA due to LVFWR is considered an effective resuscitation method because it
enables rapid and minimally invasive cardiopulmonary support and rapid introduction of TTM.
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Fig. 1 The 12-lead electrocardiogram on arrival

A QS pattern and ST elevation were found in leads V1–V5.

Fig. 2 Contrast-enhanced CT on arrival

Pericardial fluid is seen in the images. The white arrow represents the extracorporeal membrane oxygenation
cannula.

Fig. 3 Coronary artery angiography images on arrival

The #7 branch of the left anterior descending coronary artery (LAD) was chronically totally occluded, and
the #4 branch of the right coronary artery provided collateral circulation to the LAD (white arrow).

Fig. 4 Intraoperative images

Oozing bleeding is visible near the cardiac apex (arrow). Chest closure was performed with a sutureless
procedure.
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