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Critical coronary stenosis involving the trunk of the left coronary artery (LCA) is one of the most severe factors of coronary artery disease,
especially in cases of acute myocardial infarction. The lesion of the LCA trunk, often detected by coronary angiography, is the reason for the refusal of
stenting due to the high risk of life-threatening complications, especially in cases of so-called “unprotected” stem lesion (in the presence of occlusion of
the right coronary artery). In this case, an emergency operation of direct myocardial revascularization using the coronary artery bypass grafting is
preferable. However, in the absence of the possibility of emergency coronary artery bypass grafting and/or prohibitive risks of its performance,
percutaneous coronary intervention (PCl) under extracorporeal membrane oxygenation (ECMO) may become the method of choice for the treatment of
acute myocardial infarction in this category of patients.

This article presents two successful clinical cases of stenting of left coronary artery trunk stenosis (one of which is unprotected) with a transition to the
anterior interventricular artery (AIVA) under veno-arterial ECMO in patients with acute myocardial infarction.

We present the data of two patients: a 92-year-old patient with recurrent myocardial infarction, LCA trunk stenosis up to 75%, AIVA stenosis from the
mouth to 95%, and chronic occlusion of the RCA, and a 64-year-old patient with acute myocardial infarction, stenosis in the terminal segment of the left
coronary artery by 90% with transition to the mouth of the left circumflex coronary artery and the AIVA.

The early postoperative period in both patients was uneventful, and the first six months of follow-up were favorable. Stenting of critical lesions of the
LCA trunk in patients with acute myocardial infarction to reduce the risk of intra- and postoperative complications can be effectively and safely performed
in conditions of auxiliary veno-arterial ECMO (VA ECMO).

extracorporeal membrane oxygenation (ECMO), left main coronary artery stenting, unprotected trunk of the LCA, high-risk percutaneous
coronary intervention
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AIVA — anterior interventricular artery EtCO:2 — end-tidal carbon dioxide
APV — artificial pulmonary ventilation HiR PCI — high-risk percutaneous coronary intervention

BP — blood pressure
CA — circumflex artery

HR — heart rate
LCA — left coronary artery

CAG — coronary angiography LDL — low-density lipoproteins

CPK — creatine phosphokinase MAC — minimum alveolar concentration
EchoCG — echocardiography MI — myocardial infarction

ECMO — extracorporeal membrane oxygenation PCI — percutaneous coronary intervention
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RCA — right coronary artery

RR — respiratory rate

SpO: — blood oxygen saturation level
TLBA — transluminal balloon angioplasty

INTRODUCTION

Extracorporeal membrane oxygenation (ECMO)
is a method of complete or partial replacement of the
pumping and oxygenation function of the heart-lung
complex, providing extracorporeal support to
patients with severe respiratory and (or) heart
failure. The  procedure of  veno-arterial
extracorporeal membrane oxygenation (VA ECMO)
involves collecting blood from the central venous
system, oxygenating and returning it to the arterial
circulation. This procedure provides complete or
partial replacement/support of blood circulation and
gas exchange. When performing percutaneous
coronary intervention (PCI), peripheral connection
with cannulation of the femoral artery and vein is
used [1, 2].

According to the Russian Society of ECMO
Specialists, in patients over 60 years of age with
respiratory or heart failure, the proportion of
hospital survival after successful disconnection from
ECMO is 36%, and in the case of simultaneous
cardiac and pulmonary failure - 23.8% [3].

In patients with multivessel coronary artery
disease, the decision to choose between PCI with
transluminal balloon angioplasty (TLBA) and
stenting or coronary artery bypass grafting is made
by a local multidisciplinary team consisting of
cardiologists, anesthesiologists-resuscitators,
endovascular surgeons and cardiac surgeons, who
carefully evaluate the potential benefits and risks
associated with PCI and coronary artery bypass
grafting [4].

Among patients with ischemic heart disease,
there is a cohort of patients for whom the choice of
treatment tactics is extremely difficult. This is due
not only to a severe comorbid background (obesity,
musculoskeletal diseases, chronic cardiac and
respiratory failure, diabetes mellitus, other
endocrine pathologies, coagulopathies, combined
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US — ultrasound examination
VA ECMO — veno-arterial extracorporeal membrane
oxygenation

oncological pathology), but also to other polymorbid
conditions. The combination of the above factors
often limits the possibility of performing both
coronary artery bypass grafting and PCI in these
patients due to the extremely high risks of
perioperative complications, including death.
Conducting PCI in such patients for emergency or
urgent indications is a high-risk intervention (HiR
PCI). To ensure hemodynamic stability, successful
and safe revascularization in such cases, mechanical
circulatory support devices are increasingly used,
which have conventionally been used only in acute
heart failure. According to the work of R.A.
Kornelyuk (2021), in comparison with intra-aortic
balloon counterpulsation, HiR PCI under the
conditions of VA ECMO is accompanied by a lower
incidence and severity of organ damage and multiple
organ failure, i.e. VA ECMO has a better
organoprotective effect [5, 6].

In the PubMed database, a query on the use of VA
ECMO for stenting hemodynamically significant
stenoses of the left coronary artery (LCA) trunk
revealed 14 publications. One of them described 10
patients with occlusion of the LCA trunk and
significant stenosis of the right coronary artery
(RCA). Three patients (33.3%) developed ventricular
fibrillation during PCI, and one patient (10%) had an
episode of asystole. The patients' existing cardiac
rhythm and conduction disorders before
revascularization did not recur after restoration of
coronary blood flow during ECMO [7]. Another
article also presents successful stenting of the LCA
trunk during ECMO [8]. The remaining 12
publications describe the use of ECMO in
combination with intra-aortic balloon
counterpulsation in cardiogenic shock and
congenital heart defects, as well as the use of ECMO
in mechanical obstruction of the LCA trunk in
infective endocarditis.
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We present two clinical cases of successful
stenting of a critical lesion of the LCA trunk (one of
which was unprotected) with the transition to the
anterior interventricular artery (AIVA) under
conditions of using auxiliary VA ECMO in patients in
the acute stage of myocardial infarction (MI).

Clinical observation No. 1

Patient G.,, 92 years old, was admitted to the
emergency department on 12/28/2023  with
complaints of discomfort behind the sternum not
related to physical exertion, a feeling of interruptions
in the work of the heart, rapid heartbeat, shortness of
breath at rest, which increases in a horizontal position.
History: M| without ST segment elevation on July 21,
2023, multivessel coronary artery disease, uncontrolled
arterial hypertension.

During physical examination, attention was drawn
to swelling of the lower extremities, jugular vein
distention, a moderate amount of moist, voiceless,
fine-bubble rales in the lower sections on both sides
during auscultation of the lungs, respiratory rate (RR)
20 breaths per minute, saturation 97%, heart rate (HR)
95 beats per minute, blood pressure (BP) 125/70 mm
Hg, moderate liver enlargement (protruded from under
the edge of the costal arch by 2 cm).

Laboratory examination data: an increase in the
blood level of total cholesterol to 4.14 mmol/l and low-
density lipoproteins (LDL) to 3.03 mmol/L; the content
of troponin | on admission 0.73 (0-1) ng/ml
(hereinafter, the range of normal values is given in
brackets), after surgery - 1.89 ng/ml; lactate on
admission - 2.8 (0.3-1.5) mmol/l, after surgery - 2.4
mmol/L; creatinine - 163.1 (73-120) pmol/L.

According to the instrumental examination data,
electrocardiography (ECG) recorded wide-complex
tachycardia with a HR of 136 beats per minute with
changes in the terminal part of the ventricular complex
(ST elevation in Ill, avR, V1, ST depression in |, Il, avL,
V2-6) (Fig. 1).

During emergency diagnostic coronary
angiography, critical stenosis of the AIVA ostium with
involvement of the LCA trunk (Fig. 2) was revealed
against the background of chronic occlusion of the RCA
(unprotected trunk) (Fig. 3).
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Fig. 1. Clinical observation No 1. Electrocardiogram of patient G.
upon admission

Fig. 2. Clinical observation No. 1. Coronary angiogram of patient G.
at the 5th minute of surgery; 1 — stenosis of the AIVA orifice, 2 —
stenosis of the LCA trunk

Fig. 3. Clinical observation No. 1. Coronary angiogram of patient G.
1 — chronic occlusion of the RCA, 2 — the distal bed of the RCA is
filled through intersystem collaterals
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Taking into account the signs of venous congestion
in the pulmonary circulation and increasing dyspnea in
the horizontal position identified upon admission, an
interdisciplinary consultation was held. The risk of
direct PCI was assessed as extremely high, given the
impossibility of direct open myocardial
revascularization and extremely high (prohibitory) risks
of its performance (log EuroSCORE over 80%). It was
decided to perform AIVA stenting with transition to the
LCA trunk under conditions of auxiliary peripheral VA
ECMO and general anesthesia with artificial pulmonary
ventilation (APV). Anesthesia was induced with
propofol 1.5 mg/kg and fentanyl 0.1 mg, myoplegia
was provided by rocuronium 0.6 mg/kg; anesthesia was
maintained with sevoflurane at 1.8-2 MAC using a
Maquet Flow-i anesthesia and respiratory apparatus in
Volume Control Ventilation mode. The ECMO circuit
was connected via peripheral cannulation of the
common femoral artery on the left - 18 Fr and the
common femoral vein on the right - 24 Fr. The Medos
Deltastream ECMO performance was 1.5 L/min at 1000
rpm.

A JL 4.0 6 Fr guiding catheter was inserted into the
LCA ostium. Two coronary guidewires were inserted
into the distal sections of the circumflex artery (CA) and
the AIVA (Fig. 4). TLBA was performed using a 2.0x20
mm balloon catheter on a clamped guidewire with
stenting of the AIVA ostium and transition into the LCA
trunk using a 3.0x15 mm Xience Alpine stent
(estimated burst pressure 15 atm) (Fig. 5, 6). The
endovascular intervention lasted 75 minutes.

Translated by E.V. Trushina

Fig. 4. Clinical observation No. 1. Coronary angiogram of patient G.
at the 15th minute of surgery

Fig. 5. Clinical observation No. 1. Coronary angiogram of patient G.
at the time of transluminal balloon angioplasty (TLBAP) with
stenting of the LCA trunk

Intraoperative monitoring: BP 110/70-154/102
mmHg, HR 88-124 beats per minute, Sp02 97-99%.
Hemodynamics were stable, without vasopressor and
cardiotonic support. Loading dose of acetylsalicylic
acid was 250 mg, ticagrelor was 180 mg, activated
partial thromboplastin time was 70 seconds. A "sinus
rhythm" on a cardiac monitor. A urinary diuresis of 600
ml via catheter.

During coronary angiography (CAG) and PCl,
irregular heartbeat was recorded twice in the form of
two unstable paroxysms of ventricular tachycardia
lasting 3 and 6 seconds - during balloon angioplasty
of the AIVA ostium with transition into the LCA trunk
and subsequent stent implantation in the same area.
Paroxysms of ventricular tachycardia stopped on their
own, while hemodynamics remained stable, no
increase in ECMO performance was required. An
infusion of 600 mg amiodarone was administered to
prevent the development of life-threatening rhythm
disorders in the future.

After PCl, the ECMO session was completed. Total
duration was 170 minutes, hemodynamic and gas
exchange parameters were unchanged. The arterial
cannula was removed, hemostasis was achieved by
suturing. The venous cannula was removed, hemostasis
was achieved by compression.
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Fig. 6. Clinical observation No. 1. Coronary angiogram of patient G. 1 - A stent was implanted in the LCA trunk with transition to the AIVA

ECG in the early postoperative period: sinus rhythm,
heart rate 65 beats per minute. Deviation of the
electrical axis of the heart sharply to the left. Signs of
blockade of the anterior branch of the left bundle
branch of the His bundle. Intraventricular conduction
delay. Supraventricular extrasystole. Diffuse changes in
the myocardium of the left ventricle (Fig. 7).
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Fig. 7. Clinical observation No. 1. Electrocardiogram of patient G.
one day after stenting of the LCA trunk

The patient was awakened and transferred to
spontaneous breathing 1 hour after the intervention in
the intensive care unit of the cardiology department;
monitoring and intensive care were continued.

EchoCG (1 day after surgery) revealed compaction
of the aorta, aortic and mitral valve cusps, calcifications

i,

in the aortic and mitral valve cusps, limited opening of
the aortic valve without signs of stenosis, left
ventricular myocardial hypertrophy, hypoakinesis of
the anterior and septal walls at the level of the middle
and apical segments, hypokinesis of the inferior wall
along the entire length, apical segment of the lateral
wall of the left ventricle; left ventricular ejection
fraction 34%, grade 3 mitral regurgitation, grade 2
aortic regurgitation, grade 2 tricuspid regurgitation,
grade 2 pulmonary regurgitation, pericardium without
features, moderate pulmonary hypertension.

The patient was observed in the intensive care unit
for 2 days, where he received dual antiplatelet therapy
with acetylsalicylic acid, 100 mg once daily; and
ticagrelor, 90 mg twice daily; diuretic therapy;
monitoring and correction of glycemia, electrolyte
imbalance; preventive antiulcerogenic therapy, early
rehabilitation, breathing exercises using the
inspiratory and expiratory components of the Acapella
respiratory trainer. Then he was transferred to the
cardiology department, and on the 13th day he was
discharged from hospital. ECG (before discharge from
hospital): sinus rhythm with a heart rate of 85 beats per
minute. Deviation of the electrical axis of the heart
sharply to the left. Frequent supraventricular
extrasystole of the bigeminy type. Diffuse changes in
the myocardium of the left ventricle (Fig. 8)
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Fig. 8. Clinical observation No. 1. Electrocardiogram of patient G.
before discharge from hospital

According to the Unified Medical Information
System of the City of Moscow, 6 months after discharge
the patient feels satisfactory, is correctly oriented in
space, place and time, is active within the room, eats
independently, follows the recommended therapy,
denies recurrence of angina pain and clinical signs of
decompensation of chronic heart failure. The patient
was diagnosed with functional class Il heart failure
according to the New York classification.

Clinical observation No. 2

Patient M., 64 years old, was admitted to the Clinic
with complaints of discomfort behind the sternum,
general weakness, dyspnea of a mixed nature, which
arose and worsened over the course of 1 hour. The
patient had a history of type 2 diabetes mellitus,
arterial hypertension; he did not regularly monitor
glycemia and blood pressure levels, and was not
adherent to therapy.

On admission, the patient was conscious.
Auscultation of the lungs revealed harsh breathing
over the entire surface. Respiratory rate 20 breaths per
minute. Sp02 - 97%. Heart rate 60 beats per minute.
Blood pressure 135/85 mm Hg. During the observation
process, a tendency towards arterial hypotension was
noted, in connection with which vasopressor support
with norepinephrine 0.15 mcg/kg/min was connected.

Instrumental examination (echoCG, ultrasound
examination of the lungs, assessment of venous

Translated by E.V. Trushina

congestion using the VExUS protocol) did not reveal
any signs of congestion in the systemic or pulmonary
circulation. According to laboratory tests, the blood
level of troponin | was 18.4 (0-1) ng/ml, lactate was
2.1 (0.3-1.5) mmol/L, AST was 67 IU/L (10-40), and ALT
was 92 1U/L (10-40).

ECG on admission: sinus rhythm with heart rate of
82 beats per minute. Deviation of the electrical axis of
the heart sharply to the left. Intraventricular
conduction delay. No increase in the r wave in leads
V1-V6. ST elevation in aVR. Diffuse changes in the
myocardium of the left ventricle (Fig. 9).

LIRS

Fig. 9. Clinical observation No. 2. Patient M. Electrocardiography
on admission

Taking into account the extremely high risk of
developing fatal intraoperative complications, acute
left ventricular failure, and increasing encephalopathy
with motor excitation according to the Richmond Agit
Sedat Scale (RASS) +1, as well as impossibility of
emergency coronary artery bypass grafting against the
background of extremely high risks of its performing
(log EuroSCORE more than 30%), the council decided
to carry out PCl of the LCA trunk under conditions of
auxiliary peripheral VA ECMO and general anesthesia
with mechanical ventilation. For induction of
anesthesia, propofol at a dose of 1.5 mg/kg and
fentanyl, 0.1 mg, were used; myoplegia - rocuronium,
0.6 mg/kg; maintenance of anesthesia — sevoflurane;
1.8-2 MAC using the Maquet Flow-i anesthesia and
respiratory apparatus in Volume Control Ventilation
mode.
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The ECMO circuit was connected via peripheral
cannulation of the common femoral artery on the left
— 18 Fr, and the common femoral vein on the right —
24 Fr. Cannulation of vessels and positioning of
cannula tips were performed under ultrasound
navigation (Mindray TE7 ultrasound machine was
used), cannula fixation — with a ligature. A distal
perfusion bridge was not inserted due to the expected
short duration of the procedure. On the Medos ECMO
device with a Deltastream Ill centrifuge head and a
HILITE LT oxygenator, the performance was 1.5 | per
minute at 1500 rpm. Diagnostic CAG revealed stenosis
in the terminal segment of the LCA trunk up to 90%
with transition to the CA and AIVA orifices. The AIVA:
stenosis from the orifice to the middle segment with a
maximum value at the orifice and proximal segment of
80%, stenosis in the middle and distal segments up to
75%. The CA: stenosis at the orifice of 60% (Fig. 10).

Fig. 10. Clinical observation No. 2. Coronary angiogram of patient
M. at the 5th minute of surgery. 1 — stenosis of the LCA trunk up
t0 90%, 2 — stenosis of the AIVA up to 80%, 3 — stenosis of the
circumflex artery (CA) up to 60%

The RCA is diffusely altered throughout its entire
length: uneven contours, stenoses in the proximal,
middle and distal segments up to 70%. (Fig. 11).

Translated by E.V. Trushina

Fig. 11. Clinical observation No. 2. Coronary angiogram of patient
M. at the 7th minute of surgery. Arrows indicate RCA stenoses up
to 70%

Under conditions of auxiliary peripheral VA ECMO
with a total duration of 210 minutes, TLBA and stenting
of the LCA trunk with transition to the proximal third
of the AIVA were performed; a Xience Alpine 2.75x23
mm stent was implanted (a rated burst pressure of 16
atm). Proximal optimization of the LCA trunk stent
section was performed using a 3.0x15 mm high-
pressure balloon catheter (a rated burst pressure of 20
atm) (Fig. 12).

Fig. 12. Clinical observation No. 2. Coronary angiogram of patient
M. 1 — implanted stent
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Intraoperative monitoring in the volume: ECG,
invasive blood pressure, respiratory rate, SpO,, EtCO,.

During angioplasty and stenting of the LCA trunk,
we recorded paroxysms of atrial fibrillation with a
heart rate of 140 beats per minute lasting up to 180
seconds, and ventricular fibrillation lasting up to 8
seconds, accompanied by instability of hemodynamic
parameters and requiring an increase in ECMO
performance to 2500 rpm for 30 minutes with its
subsequent decrease to 1500 rpm. We noted
spontaneous restoration of sinus rhythm after the
cessation of manipulations in the area of the LCA trunk.
An intravenous infusion of 600 mg amiodarone was
administered to prevent the development of life-
threatening rhythm disorders in the future.

The endovascular intervention lasted 80 minutes.
Upon completion of the surgery, the ECMO capacity
was gradually reduced to 1 liter per minute, and the
ECMO session was stopped after 30 minutes.
Vasopressor support with norepinephrine  was
minimized to 0.1 mcg/kg/min. Hemodynamic and gas
exchange parameters were maintained within the
reference values. Intraoperatively: 3,400 ml of fluid
were administered intravenously, diuresis was 600 ml,
water balance was +1800 ml. At the end of the
intervention, the arterial and venous cannulas were
removed, arterial hemostasis was achieved by suturing
with a vascular suture, and vein hemostasis was
achieved by applying a pressure bandage.

Post-anesthesia monitoring parameters:
Consciousness - drug sedation, BP 120/70 mmHg with
norepinephrine infusion at a dosage of 0.6 mcg/kg/min,
HR 80 beats per minute, Sp02 99%. The patient was
transported to the cardiac intensive care unit on
extended mechanical ventilation, accompanied by an
anesthesiologist-resuscitator under the supervision of
medical personnel.

ECG in the early postoperative period: sinus rhythm,
heart rate 80 beats per minute; deviation of the
electrical axis of the heart sharply to the left; no
increase in the height of the r wave V1-5; ST elevation
V1-2 (Fig. 13).

Translated by E.V. Trushina
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Fig. 13. Clinical observation No. 2. Electrocardiogram of patient M.
in the early postoperative period

Within 4 hours after surgery, the patient was
extubated and transferred to spontaneous breathing,
SpO2 97%. Consciousness was clear, encephalopathy
symptoms regressed. Sinus rhythm with heart rate of
80 beats per minute. Blood pressure 110/70-100/60
mm Hg; vasopressor support was stopped 6 hours after
the end of surgery. The early postoperative period was
complicated by the development of bilateral lower
lobe pneumonia with grade 1 respiratory failure; signs
of congestion were observed in the pulmonary
circulation; moderate congestion according to
ultrasound of the lungs.

The patient was under observation in the intensive
care unit for 4 days, where triple antiplatelet therapy
was administered: acetylsalicylic acid, 100 mg once
daily; clopidogrel, 75 mg once daily; sodium
enoxaparin, 1 mg/kg twice daily, due to the
intraoperatively developed paroxysm of atrial
fibrillation. Also, diuretic, antibacterial and mucolytic
therapy, monitoring and correction of glycemia,
electrolyte imbalance; preventive anti-ulcer therapy;
early rehabilitation and breathing exercises using the
inspiratory and expiratory components of the Acapella
respiratory trainer were carried out.

During the observation period in the intensive care
unit, angina pain did not recur, rhythm disorders were
not registered, and signs of post-puncture hematomas
were not revealed. The patient was transferred to the
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cardiology department on the 5th day, discharged from
hospital on the 15th day.

ECG before discharge from hospital: sinus rhythm,
heart rate of 62 beats/min, sharp leftward deviation of
the electrical axis of the heart; first degree AV block;
negative T waves in leads |, avVL and V1-V3;
insufficient increase in the height of the R wave in the
chest leads (Fig. 14).
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Fig. 14. Clinical observation No. 2. Electrocardiogram of patient M.
before discharge from hospital

According to the Unified Medical Information
System of the City of Moscow, 1 month after inpatient
treatment the patient feels satisfactory, follows the
recommended therapy, denies recurrence of angina
pain and clinical picture of decompensation of chronic
heart failure. Stenting of the RCA is planned.

DISCUSSION

The article presents two cases of patients for
whom (in our opinion) emergency PCI under
mechanical circulatory support using peripheral VA
ECMO was preferable to emergency coronary artery
bypass grafting due to the following: impossibility of
its performance, as well as the presence of risks (in
the first case, prohibitive, and in the second case,
high) of its performance because of acute stage of
MI, polymorbid background of patients (obesity,
diseases of the musculoskeletal system, chronic

Translated by E.V. Trushina

cardiac and respiratory failure, type 2 diabetes
mellitus, Charlson comorbidity index of more than 5
points). The risk of life-threatening intraoperative
rhythm disturbances was realized at the stage of
manipulations in the area of the LCA trunk in both
clinical cases. These complications were successfully
resolved. Due to hemodynamic support of blood
circulation by VA ECMO, both patients underwent
endovascular intervention and were safely
discharged to the outpatient stage of treatment.

There are currently no randomized clinical trials
devoted to this method of mechanical circulatory
support during HiR PCI. A sufficient number of
multicenter observational studies and individual
reports indicate the high efficiency of the method;
however, at the same time, they note a high
incidence of complications (an increase in the risk of
bleeding by 2.5 times, a 3.5-fold increase in the risk
of ischemic stroke, an increase in the duration of
mechanical ventilation and stay in the intensive care
unit by 2 days) [9-15].

According to D.L. Shukevich et al. [2], the oldest
patient who underwent stenting of the LCA trunk
under ECMO conditions was 69 years old. Our
observations show that in older (92 years, clinical
observation No. 1) and comorbid patients with
multivessel coronary disease, even in the case of an
unprotected trunk, successful stenting is possible
under conditions of mechanical circulatory support
using the peripheral VA ECMO method.

CONCLUSION

Percutaneous coronary intervention for acute
myocardial infarction in patients with severe
multivessel coronary disease involving the left main
coronary artery trunk, especially in cases of the
unprotected trunk, is advisable and safe to carry out
under conditions of mechanical circulatory support
using venoarterial extracorporeal ~membrane
oxygenation in order to reduce the risk of intra- and
postoperative complications, including fatal ones.
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