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Refractory cardiogenic shock due to extensive anterior STEMI with covered left
ventricular free wall rupture treated with awake VA-ECMO and LVAD as a double
bridge to heart transplantation — collaboration of three cardiac centres

Jan Kacer?, Michaela Lindovska®, Roman Surovcik?, Ivan Netuka®:, Frantisek Mlejnsky¢, Tomas Grus¢, Jan Belohlavek®

Aim. To highlight an optimal collaborative strategy of three different levels of specialized care cardiac centres.
Background. Refractory cardiogenic shock is a life-threatening condition. A myocardial recovery is not achieved in
many cases despite all efforts and subsequently the heart transplantation remains an ultimate option. Thereby, the use
of extracorporeal membrane oxygenation (ECMO) followed by a ventricular assist device in staged bridging provides
an attractive approach.

Case report. We report on an optimal cooperation of PCl (percutaneous coronary intervention) centre with ELSO (extra-
corporeal life support organization) centre and transplant centre in a patient suffering from refractory cardiogenic shock
due to acute myocardial infarction (RCSMI) complicated by left ventricle free wall rupture with pericardial tamponade.
Conclusion. The interhospital collaboration can be essential in the context of patients with RCSMI. The use of ECMO
enables safe interhospital transport and gains time for further diagnostic and therapeutic steps in such critically ill

patients.
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INTRODUCTION

Cardiogenic shock as a complication of acute myo-
cardial infarction (CSMI) is a life-threatening condition
with high mortality. The last significant progress in the
treatment of CSMI positively influencing the clinical out-
come has been known for 15 years - early reperfusion of
the infarct related coronary artery'. The management of
pharmacological therapy in order to improve the circula-
tion has its limitations. Therefore, mechanical circulatory
support (MCS) is often initiated and is the last possible
solution to prevent an inevitable death?. In many cases,
the utilization of MCS in a treatment of refractory car-
diogenic shock as a complication of myocardial infarc-
tion (RCSMI) does not stop by mere improvement of the
circulation in the acute phase. In the context of RCSMI
we can divide MCS into two consecutive procedures: 1)
improving the circulation in the acute phase - a bridge to
decision (BTD) and 2) the use of a long-term ventricle
assist device (LVAD) as a bridge to transplant (BTT)
(ref.?). The implementation of the latter is in the major-
ity of cases required to reach the final solution in patients
with the inability to be weaned from short-term MCS,
since it is very rare to use ECMO as a bridge to urgent
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heart transplantation (HTX) (ref.¥. We report a case of
a patient suffering from this life-threatening condition re-
quiring both short and long term MCS in order to reach
a definitive solution.

CASE REPORT

A 62-year-old male with no significant previous medi-
cal history presented at the emergency department of
a community hospital with chest pain that began 10 h
earlier for the first time in his life. The pain was dull
and non-radiating. Apart from this, the patient had no
other complaints. After the diagnosis of acute coronary
syndrome (ACS) with ST segment elevation was estab-
lished, the patient was transferred to our PCI centre. He
had been smoking forty to sixty cigarettes a day for more
than thirty years. Upon examination, the patient was over-
weight with the body mass index of 28.09 kg/m2 and ap-
peared well. His blood pressure was 130/85 mmHg and
his pulse was 95/min. An electrocardiogram showed a
sinus rthythm at 95 beats per min, normal axis, Q waves in
leads I, VL, V1-V6, raised ST segments in leads I, VL, V3-
V6, depressed ST segments in lead III (Fig. 1). Laboratory
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Fig. 1. 12-lead electrocardiogram in the patient with extensive anterior STEMI (11 h after onset

of symptoms).

examination demonstrated raised cardiac enzymes lev-
els, remaining laboratory tests were unremarkable (see
Table 1). The patient was given aspirin and clopidogrel
orally and heparin intravenously. Due to ST-elevation
myocardial infarction (STEMI) with ongoing ischemia,
the cardiac catheterization was carried out immediately
with the first-medical-contact-to-balloon time of 60 min
but with the total ischemic time (TIT) of 11 h. Coronary
angiography images showed total thrombotic occlusion of
the proximal segment of left anterior descending coronary
artery (LAD) (Fig. 2). Subsequently, percutaneous coro-
nary intervention (PCI) was performed. The thrombus
was removed by aspiration device and drug-eluting stent
was deployed at the site of 90% stenosis. After PCI, the
TIMI grade flow 2 was achieved in LAD. Considering the
low consumption of contrast media, left ventriculography
(LVG) was performed and it determined large dyskinesia
of the left ventricle apex and akinesia of anterior wall with
severely impaired left ventricle (LV) systolic function with
the ejection fraction (EF) of 25% (Fig. 3). Transthoracic
echocardiography (TTE) was consistent with LVG.
Subsequently, however, despite the proper intravascular
volume, the patient became hemodynamically unstable
and inotropic (dobutamine) and vasopressor (norepineph-
rine) drug therapy was necessary to maintain mean arteri-
al pressure (MAP) of 60 to 70 mm Hg. On the second day
of hospitalization, despite the prior revascularization and
the treatment with high-dose catecholamines, a multiple
organ failure (MOF) began to develop due to low cardiac
output owing to persisting severely impaired contractil-
ity of LV as demonstrated by a TTE. TTE also revealed
pericardial effusion, which, however, did not show signs
of pericardial tamponade (Fig. 4). The patient suffered
from two episodes of short cardiac arrests caused by ven-
tricular fibrillation promptly solved by defibrillations. The
laboratory data revealed slightly elevated lactate, blood
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Fig. 2. Total thrombotic occlusion of proximal segment of left
anterior descending coronary artery (see arrow).

LAD:; left anterior descending coronary artery, RCX; circumflex
artery

urea nitrogen and serum creatinine. Serum minerals were
within the normal limits. A blood gas analysis showed
mild metabolic acidosis. Cardiac enzymes were consist-
ent with major myocardial injury, liver enzymes showed
only mild elevation. Elevated levels of white blood cell
count and C-reactive protein were presumably attribut-
able to the systemic inflammatory response (see Table 1).
Based on a deteriorating status, we decided to contact the
Extracorporeal Life Support Organization (ELSO) centre
to discuss the initiation of short term MCS using extra-
corporeal membrane oxygenation (ECMO). The mobile
ECMO transport team composing of an interventional
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Fig. 3. Left ventriculography (A - diastolic, B - systolic): large dyskinesia of left ventricle apex and akinesia of anterior wall with
severely impaired left ventricle systolic function with the ejection fraction of 25%. Right anterior oblique 30° projection.

AO, aorta; LV, left ventricle.

Fig. 4. Transthoracic echocardiographic images; still frames from parasternal long axis views (A - diastolic, B - systolic): severely
impaired left ventricle systolic function with the estimated ejection fraction of 25%, pericardial effusion.
AO, aorta; LA, left atrium; LV, left ventricle; PE, pericardial effusion; RV, right ventricle.

cardiologist and perfusionist arrived at our hospital within
40 min and venoarterial ECMO was implanted emergent-
ly in the catheterization laboratory using femoro-femoral
access. The distal-perfusion cannula was utilized in order
to prevent limb ischemia. The patient remained awake
during the whole procedure (an awake ECMO approach),
the circulation improved with the possibility to reduce and
subsequently withdraw the inotropes. The anticoagulation
with unfractionated heparin (UFH) was initiated accord-
ing to the anticoagulation protocol of ELSO centre with
the target value of activated partial thromboplastin time
(APTT) of 45-60 s (heparin coated ECMO circuit). We
considered this consecution as a bridge to decision (BTD)
- a decision whether the myocardial function would re-
cover or not and the patient was transferred to the ELSO
centre.
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On the third day of hospitalization, the patient became
suddenly severely hemodynamically unstable, necessitat-
ing mechanical ventilation and vasoactive drug therapy.
The echocardiography revealed cardiac tamponade and
emergent surgical intervention was indicated. The heart
was approached through a sternotomy and 600 mL of
pericardial clots and blood were evacuated from the peri-
cardium. The covered left ventricular free wall rupture
(LVFWR) was detected in the absence of source of ac-
tive bleeding. Subsequently, the patient’s hemodynamic
status improved rapidly with no further need for inotropic
support.

Anticoagulation treatment with UFH was continued
and tightly controlled by APTT values. Mechanical ven-
tilation was withdrawn on the fifth day of hospitalization
and patients remained awake on ECMO. Despite repeated
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Table 1. Patient’s available laboratory parameters.

On Before Before On Outpatient
Reference .. ECMO LVAD discharge medical check-up
Test/Parameter admission . . . .
range implantation implantation (97" day (111" day
(2 day after ACS) (10* day after ACS)  after ACS) after ACS)
Chemistry
Sodium 135-145 mmol/L 139 143 141 133.3 131.7
Potassium 3.5-5.0 mmol/L 3.8 4.6 4.7 4.41 3.93
Chloride 95-105 mmol/L 103 105 96 101 99.2
Creatinine 64-104 umol/L 90 138 100 72.6 71.9
BUN 3-9.2 mmol/L 5.3 10 171 3.3 4.3
Troponin 1 <0.1 pg/L 48.135 205.657
hs-Troponin T <35 ng/L 3070
AST 0.17-0.75 pkat/L 5.31 10.77 3.03 0.36 0.35
ALT 0.17-1.17 mmol/L  1.07 2.24 9.67 0.42 0.44
CRP <5 mg/L 3.7 113.4 125.9 133.7 37.5
Glucose 3.6-5.6 mmol/L 8.2 6.9 5.3 5.54 6.35
Lactate 0.5-2.0 mmol/L 2.3 0.8 1.2
BNP 10-80 ng/L 373 1584.3 124 167
Hematology
WBC count 4-10 x 10°/L 9.8 15.2 10.5 8.3 7.8
RBC count 4.3-5.4x 10"?/L 4.5 4.4 3.21 3.87 4.38
Platelet count 150-400 x 10°/L 224 201 70 278 385
Hemoglobin 130-170 g/L 156 151 99 116 125
Hematocrit 40%-52% 47 44 29 34 37
MCV 80-100 fL 100 100 93.4 87.6
Coagulation
INR 0.8-1.2 1.29 1.38 2.56 3.04
APTT 20-40 sec 180 60.7
Antithrombin III 80-120% 73 61
D-dimer <250 ng/mL 386 6538 374
Arterial blood gas
pH 7.35-7.45 7.324 7.581
Base excess -2 -+2 mEq 5.6 +2.3
pO2 9.9-13.5 kPa 7.3 9.2
pCO2 4.7-6 kPa 4.86 5.19
Oxygen saturation 94-99% 86 97.5
Actual bicarbonate 22-26 mmol/L 19.1 26.2

ACS, acute coronary syndrome; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; CRP, C-reactive protein; INR, international normal-
ized ratio; MCV, mean corpuscular volume; pH, potential of hydrogen; pCO2, partial pressure of carbon dioxide; pO2, partial pressure of oxygen;

RBC, red blood cell; WBC, white blood cell

attempts during the fifth to the eighth day, the patient
could not be weaned from ECMO. His blood tests during
this period of time showed transient impairment of renal
and liver function in relation to MOF. Other laboratory
data were indicative for incipient, non-symptomatic type
of disseminated intravascular coagulation (DIC) as a re-
sult of “ECMO coagulopathy” and systemic inflammatory
response. Arterial blood gas showed metabolic alkalosis
with hypernatremia. The treatment of aforementioned
abnormalities was focused on the proper management
of underlying disease. The results of the latest laboratory
tests carried out in ELSO centre are shown in Table 1 (see
section “before LVAD implantation™). Further echocar-
diographic evaluation of left ventricular systolic function
showed extremely low ejection fraction below 20% and

spontaneous cardiac output (LCO) of approximately 1.4
L per minute. Since no chance for recovery of myocar-
dial function was anticipated, the implantation of a left
ventricular assist device (LVAD) was discussed with the
transplant centre, where the patient was subsequently
transferred. This step was also backed by worries of pos-
sible complications associated with ongoing ECMO sup-
port. However, the complications did not occur with the
exception of aforementioned blood coagulation disorder.

Heart Mate II was implanted on the ninth day of hos-
pitalization as a bridge to transplant (BTT). The surgical
procedure included the removal of intracardiac thrombus
within the apex of the left ventricle and the fixation of
the inflow cannula with a pericardial patch and biologi-
cal glue, as it was placed in the site of necrotic myocar-
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dium stemming from the previous infarction. A reason
for chronic LVAD instead of short-term LVAD cannu-
lated via left atrium have been two pronged: need for a
removal of semi malignant thrombus out of the left ven-
tricle and unstable contained rupture of left ventricular
free wall with a high potential of late bleeding without
reinforcement. After the Heart Mate II was implanted,
the temporary circulatory support with inotropes (mil-
rinon and dobutamin) was necessary. Anticoagulation
with warfarin was initiated and the treatment with hepa-
rin was withdrawn as the effective value of international
normalized ratio was achieved. The patient’s further re-
covery was complicated by Clostridium Difficile infection,
which was successfully treated with metronidazole and
vancomycin. Subsequently, he was placed on the heart
transplant waiting list. The patient was discharged two
months after LVAD implantation. The laboratory results
at the discharge were satisfactory (see Table 1). He ap-
peared well on the first outpatient medical examination
14 days after his discharge from the hospital and his brain
natriuretic peptide levels were almost within the normal
range (see Table 1).

DISCUSSION

When cardiogenic shock, the most severe form of
acute heart failure, appears in the context of STEMI, the
only approach that reduces both short-term and long-term
mortality significantly, is the emergent coronary revascu-
larization'’. The European Society of Cardiology (ESC)
and European Association for Cardio-Thoracic Surgery
(EACTS) recommends emergent reperfusion by means
of PCI or coronary artery bypass grafting (CABG) as a
class I/B in this setting®. In spite of the above mentioned
facts and other advances in the management of CSMI
mortality remains around 50%, which is less compared
to conservative treatment (70% to 80%), however, still
remains high”.

When circulatory blood volume is normal and blood
pressure remains unacceptably low due to LCO caused
by depressed contractility of myocardium, the vasoactive
drugs such as inotropes and vasopressors are used to im-
prove the circulation and the tissue perfusion. However,
these drugs can cause arrhythmia and deepen myocardial
ischemia. Moreover, impact on mortality in this group of
patients remains controversial'®. When pharmacological
treatment fails to maintain the adequate MAP and end-
organ perfusion or when inotropes-related complications
occur such as ventricular fibrillation in our case, the ini-
tiation of short-term MCS should be considered. Intra-
aortic balloon pump counterpulsation (IABP) is widely
available in PCI centres, however, recent data challenged
the beneficial impact of IABP on reducing mortality in
CSMI patients compared to a standard medical therapy.
Therefore, 2014 ESC/EATS guidelines on myocardial re-
vascularization state that “Routine use of IABP in patients
with cardiogenic shock is not recommended” (ref.®!12).
However, it is still being used despite current controversy.

The purpose of MCS initiation is the prevention of
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MOF, stabilization of end organ function and allowing
spontaneous recovery of affected organs. Thus, it can save
time in order to decide on further action or considering
the use of a long-term support system or indications for
organ transplantation'. Considering other devices for
circulatory support, ECMO appears to be most useful in
the setting of RCSMI since it provides the full circulatory
support, the percutaneous insertion of cannulas is quick
and relatively easy and it improves end-organ perfusion.
However, there is a lack of meta-analysis and random-
ized clinical trials proving the positive impact of ECMO
on clinical outcome in the patients with RCSMI (ref.').
Furthermore, despite the adequate density of PCI capable
hospitals in the Czech Republic, ECMO is only available
in a few specialized centres. Nevertheless, the availabil-
ity of a mobile ECMO transport team allows the use of
this method even in hospitals without on-site surgical fa-
cilities. The collaboration with an efficiently organized
ELSO centre and a properly defined ECMO team role
is essential.

It is necessary to define the goal to achieve while using
short-term MCS in the setting of RCSMI: 1/BTD - ob-
taining the time for evaluating and considering further
strategy, 2/a bridge to recovery (BTR) - providing the
time for the recovery of reversible dysfunctional myocar-
dium, 3/a bridge to device - a bridge to long-term MCS if
the weaning from short-term MCS is not successful, 4/a
bridge to further intervention - such as PCI or cardiac
surgery and 5/a bridge to transplant (BTT) (ref.'®). The
latter is, however, very rare in the setting of short-term
MCS due to a shortage of donor organs*. Regarding our
patient, ECMO was implanted due to a severe left ven-
tricle dysfunction resulting in MOF. This was primarily
taken as BTR, nevertheless, we anticipated the difficult
myocardial recovery due to TIT of 11 hours, since this pe-
riod is probably the most important factor in the context
of myocardial recovery®. Simultaneously, prolonged TIT
along with other present features such as the first trans-
mural infarction, no previous angina and the absence of
collateral vessels are the risk factors for the LVFWR as a
complication of acute myocardial infarction, which is the
second most common cause of death next to cardiogenic
shock in this setting'. In one out of three patients, this
mechanical cause of heart failure has a subacute course,
which gains time for emergency surgery as a treatment
of choice. In our case, ECMO support provided also the
bridge to surgery, although it had already been implanted
for another reason'®. During this decision making process,
awake ECMO approach is an optimal way to consult the
further course of treatment with the patient and to incor-
porate him into the multidisciplinary team dealing with
such a severe clinical condition.

The optimal duration of shortterm MCS in RCSMI
is not well defined yet and the decision, whether to dis-
continue the MCS, depends on meeting the conditions of
recovery'. Our patient was not able to be weaned after
six days of ECMO support, therefore, it was decided to
implant LVAD. Nonetheless, generally, the reason to with-
draw ECMO with the transition to LVAD is not only the
very low chance of myocardial recovery based on the TTE
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and clinical findings. It is also the awareness of increasing
risk of occurrence of complications with the extension of
the length of this treatment. The most common complica-
tions of ECMO are bleeding, limb ischemia, thrombosis
of ECMO system, left ventricle overload and “Harlequin
syndrome” (hypoxia of the head and upper extremities)
(ref.'®). In our case, the heparin coated ECMO system
was used in order to prevent bleeding complications, since
the lower levels of APTT were required. The utilization
of distal-perfusion cannula reduces the probability of
the lower limb ischemia. The pathogenesis of coagula-
tion disorders associated with ECMO is multifactorial.
Foreign surface of ECMO circuit can play the key role
in the development of DIC, nevertheless, there are other
causative circumstances in patients in such critical condi-
tion. Careful coagulation monitoring is inseparable aspect
of ECMO management?. Generally, a thorough clinical
observation and repeated inspections of ECMO circuit
are absolutely essential.

The recommendations for LVAD therapy are based
on the ESC guidelines published in 2012 (ref.'®). In
our case, the patient was at the risk of immediate death
from non-reversible left ventricular failure without MCS.
The HeartMate II Left Ventricular Assist System was
implanted in the lowest INTERMACS level 1. The left
ventricle thrombus can cause serious dysfunction of
LVAD and therefore it should be solved simultaneously.
There is, however, little information on this topic in the
literature?'. Our patient met the criteria for HTX, the in-
dication for the LVAD treatment was considered as BTT.
Nevertheless, the patient can become ineligible for HTX
over the course of time and then the intention should be
reconsidered to either bridge to candidacy or destination
therapy?. Also, the lack of donor organs and the growing
incidence of heart failure is another serious problem in
this context®.

CONCLUSION

The interhospital collaboration can play the key role
in the context of patients with RCSMI. The majority of
these patients with or without already expressed heart
failure initially present to the community hospital without
PCI facilities”. The primary PCI should be carried out
as soon as possible in one of the PCI centres, of which
density is adequate concerning the conditions in the
Czech Republic*. Not every hospital performing PCI in
the Czech Republic is able to provide appropriate MCS
in RCSMI. Then, emergently available mobile ECMO
transport team is essential. It is necessary to emphasize
the importance of proper indication and timing of each
step, namely well-timed initiation of ECMO to prevent the
development of MOF and after initial stabilization, the
patients with the inability to be weaned should be assessed
for transition to LVAD, avoiding inappropriate delay. An
awake ECMO approach in this setting represents a unique
way to keep the patient in being an active participant in
this decision making process.
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