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Background: This study aims to investigate the curative effect of synthetic treatment for refractory acute
myocardial infarction (AMI).

Methods: A total of 76 patients with coronary AMI accompanied by shock, who were treated with
combined therapy from August 1999 to April 2017, were included into this study. Sixty patients received
emergency percutaneous coronary intervention (PCI). Among these patients, 39 patients received intra-
aortic balloon counterpulsation (IABP), eight patients had failed PCI underwent emergency off-pump
coronary artery bypass (E-OPCAB), and eight patients were treated by hybrid cardiac surgery.

Results: All patients were successfully rescued. However, two patients died afterward due to postoperative
complications.

Conclusions: For AMI patients complicated with shock, especially when emergency PCI fails or is difficult
to perform, PCI + IABP, emergency E-OPCAB and hybrid cardiac surgery should be carried out, in order to

achieve a good outcome and improve the success rate of rescue for this group of patients.

Keywords: Acute myocardial infarction (AMI); emergency percutaneous coronary intervention (PCI); intra-aortic

balloon counterpulsation (IABP); emergency off-pump coronary artery bypass (E-OPCAB); hybrid cardiac surgery

Submitted Oct 18, 2017. Accepted for publication Feb 01, 2018.
doi: 10.21037/jtd.2018.03.09
View this article at: http://dx.doi.org/10.21037/jtd.2018.03.09

Introduction counterpulsation (IABP) has a specific curative effect on

o ) ) o critical heart disease. Its main technical principle is that it can

Acute myocardial infarction (AMI) is a condition that .
; dial ischemn ) L by thromb increase the blood flow of the coronary artery, reduce the front
refers to myocardial ischemic necrosi rom . .
eters to myocardial ischemic necrosis caused by thrombus and back load of the heart, decrease heart rate, increase urine

that completely blocks the coronary artery. The mortality volume and improve blood pressure, helping the failed heart to

rate of AMI with shock can reach as high as 50-80% (1).
Therefore, this has become a major concern for patients
with coronary heart disease.

For AMI patients complicated with shock, percutaneous
coronary intervention (PCI) is presently the most direct
and effective means of opening the obstructed coronary
arteries, due to its advantages of small trauma, high blood

flow rate and good short-term effect (2). Intra-aortic balloon
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undergo circulation, weather the crisis, and thereby obviously
increase the success rate of rescue for AMI patients (3). When
emergency PCI fails or is not performed smoothly, it is often
referred to as refractory AMI. For these patients, the following
synthetic approaches were used: (I) PCI + IABP; (II) emergency
off-pump coronary artery bypass (E-OPCAB), which is one
of the most effective methods to rescue patients when PCI
fails (4); (III) hybrid cardiac surgery, namely, minimally
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invasive direct coronary bypass grafting (MIDCAB)
combined with PCI for the treatment of multivessel
coronary artery disease (5). For AMI patients in whom the
culprit vessel is the left anterior descending (LAD), when
PCI failure and severe stenosis in the other branches of the
coronary artery occurs, one-stop hybrid cardiac surgery
should be carried out; that is, PCI would be carried out
for other coronary branches with severe stenosis, while
MIDCAB would be carried out for the anterior descending
branch (6). Intraoperative coronary flow measurement
brings a quantified indicator for the effect of bypass
grafting (7). Intraoperative or postoperative IABP can improve
the therapeutic effect. For AMI patients in whom the culprit
vessel is not LAD, when severe stenosis occurs in the LAD
after a successful emergency PCI, multi-stop hybrid cardiac
surgery with minimally invasive bypass grafting can improve
its long-term curative effects (8,9).

From a developmental perspective, the authors consider
that hybrid cardiac surgery for AMI would likely to be one
of the important treatments for AMI in the future.

Methods
General information

This study was approved by the Ethics Committee of
the First People’s Hospital of Lanzhou (N0.19960603).
Written informed consent was obtained from the patient for
publication of this manuscript and any accompanying images.
The data of 76 patients with coronary AMI accompanied by
shock, who were treated with combined therapy from August
1999 to April 2017, were included into this study. Among these
patients, 62 patients were male and 14 patients were female.
The youngest patient was 32 years old and the oldest patient
was 74 years old. Sixty patients received emergency PCIL.
Among these 60 patients, 39 patients received IABP, eight
patients underwent PCI, but failed and turned to E-OPCAB,
and eight patients were treated by hybrid cardiac surgery.
Among these eight patients, four patients received “one-stop”
procedure, while the remaining four patients received “multi-
stop” procedure. Transthoracic ultrasonography: a total of
46 patients were examined before surgery, and all patients
were examined at the intensive care unit (ICU) and ward after
surgery. Furthermore, all patients were successfully rescued.
However, one patient failed in PCI and turned to E-OPCAB
but died due to intractable low cardiac output syndrome at day
4, while another 74-year-old patient underwent percutaneous
transluminal coronary revascularisation (PTCR) + IABP and
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died of acute renal failure at day 11.

Comprebensive measures

PCI + IABP: for patients suffering from severe shock, IABP
was carried out for lifesaving before PCI, and was IABP
continued after PCI until the circulation became stable.
After PCI, IABP was immediately carried out when shock
was not corrected.

Stent placement through the internal mammary artery
(IMA) graft and the LAD branch of the coronary artery was
carried out to rescue AMI patients after bypass grafting.

When PCI failed, E-OPCAB was immediately carried
out, in which intraoperative coronary flow measurement led
to a quantified indicator of the effect of E-OPCAB.

One-stop hybrid cardiac surgery: When the culprit vessel
was LAD, PCI failed and other coronary branches were
severely narrowed, PCI was carried out for other coronary
branches with severe stenosis, and E-MIDCAB was carried
out for the LAD branch.

Multi-stop hybrid cardiac surgery: For patients who
had a successful PCI for the culprit vessel and had severe
stenosis in the non-culprit vessels, MIDCAB was carried
out after the disease was stabilized.

Results

All patients were successfully rescued. However, two
patients died in the perioperative period. Among these two
patients, one patient failed in PCI and turned to E-OPCAB
but died of refractory low cardiac output syndrome on day 4,
while the other 74-year-old patient was died of renal failure
on day 11 after PCI + IABP.

Typical cases

Case 1

Xiao, male, 62 years old. This patient was diagnosed with AMI
in the Emergency Department of Gaolan County Hospital
and transferred to the Heart Research Institute at 2:00 p.m. on
March 6, 2017. Emergency blood test and electrocardiogram
examination were performed, and the patient was sent to
the catheterization room for emergency PCI. Coronary
angiography revealed the following: segments after LADG6
were 100% occluded, antegrade thrombolysis in myocardial
infarction (TIMI) blood flow was grade 0, left circumflex
(LCX) was 100% occluded, antegrade TIMI blood flow
was grade 0, the right coronary artery (RCA)2 segment
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Figure 1 Coronary angiography of emergency PCI. (A) Before PCI; (B) after PCI; (C) after 11 days IABP. PCI, percutaneous coronary

intervention; IABP, intra-aortic balloon counterpulsation.
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Figure 2 With acute myocardial infarction after coronary artery bypass graft, coronary angiography of emergency PCI. (A) 90% stenosis of
the LAD; (B) 90% stenosis of the LCX; (C) implantation by LIMA stent; (D) LAD distal stent implantation. PCI, percutaneous coronary
intervention; LAD, left anterior descending; LCX, left circumflex; LIMA, left internal mammary artery.

narrowed by 60%, the endometrium was unsmooth, and
antegrade TIMI blood flow was grade 2 (Figure 1A4).

The patient was scheduled to undergo PCI in the LAD
and LCX. A guidewire was inserted and passed through
the LAD, the narrowed segment in LAD6 was repeatedly
dilated with a 1.5 mm x 1.5 mm balloon, but it failed, and
500,000 units of urokinase was injected. After 10 minutes,
angiography revealed a small blood flow at the distal end of
the LAD and LCX (Figure 1B). PCI was planned to continue
to place the stent. However, heart rate increased (170 bpm)
and blood pressure decreased (60/40 mmHg). Hence, the
patient was transferred to Intensive Medicine for rescue.

After the patient was transferred to Intensive Medicine,
TABP was carried out at 18:30 and 1:1 counterpulsation was
initiated, which was assisted by the micro pumping of renal
and suprarenal hormones, dopamine and nitroglycerin. Due
to ecphysesis (35/min) and decreased oxygen saturation
(80%), respiration was controlled using are spirator at 19:40.
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After 9 days, the respirator was removed (March 15), and the
TABP was removed 11 days later. After removal, coronary
angiography revealed the following: the distal blood flow of the
LAD and LCX significantly improved (Figure 1C). On March
24, OPCAB was carried out. At 11 days after the surgery, the
patient recovered and was discharged from the hospital.

Case 2

Wei, male, 69 years old. This patient was admitted in the
hospital at December 3, 2014 due to AMI with shock.
This patient underwent coronary artery bypass grafting
3 years ago. PCI was carried out immediately after
admission. Left internal mammary angiography revealed
90% stenosis at the distal anastomotic end of the LAD
branch, and 85% stenosis at the LCX branch (Figure 24,B).
One stent was implanted in the circumflex branch, while
one stent was implanted through the LAD branch of the left
IMA (Figure 2C,D). After the operation, IABP was placed,
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Figure 3 Bilateral internal mammary artery bypass graft via infrasternal small incisions in 2 weeks after emergency PCI. (A) Reduction of

bilateral internal mammary artery bypass with small sternotomy; (B) postoperative coronary CTA. PCI, percutaneous coronary intervention;

CTA, computed tomographic angiographic.

and the patient’s condition of shock gradually improved.
The patient recovered and was discharged at day 7.

Case 3

Hou, male, 59 years old. This patient was admitted in the
hospital at December 14, 2014 due to AMI with shock.
Emergency PCIL: 90% stenosis of the LAD, 90% stenosis
of the RCA and 85% stenosis of the LCX were observed.
Blood pressure decreased and heart rate increased when
stents were planned to be placed during balloon dilatation
at the LCX, 500,000 U of urokinase was rapidly injected
at the LAD, and PCI was ended. Then, the patient was
transferred to Intensive Medicine for rescue. The patient
gradually recovered. After 2 weeks, the patient underwent
MIDCAB at the bilateral internal mammary arteries, in

which small incisions were performed under the sternum
(Figure 34,B).

Discussion

IABP has a special curative effect on critical heart disease,
and the reasonable use of IABP can significantly improve
the rescue success rate of AMI patients (10). For patients
with AMI accompanied by shock, who require emergency
PCI, the timing of IABP (before or after PCI) should
depend on the condition of the patient. If the condition of
the patient is relatively stable, PCI can be initially carried
out. If shock progressively exacerbates, IABP can be initially
placed combined with a micro pump. Then, PCI would be
carried out when a relatively stable condition is achieved.
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If the circulation is unstable during PCI and the stent is
difficult to implant, too much time should not be spent in
placing the stent, PCI should be ended in time and turned
to IABP, and the patient should be transferred to the ICU.
After the condition of the patient becomes stable, OPCAB
or PCI should be carried out.

Coronary angiography should be carried out in time
when patients present with AMI after E-OPCAB, in order
to determine the site of the culprit vessel. If infarct or
stenosis occurs at the distal end of the anastomosis, PCI can
be performed through the IMA graft to get through to the
culprit vessel (11).

At present, emergency PCI remains as the most direct
and effective means of opening infarcted coronary vessels.
However, when emergency PCI fails, the mortality rate
of AMI considerably increases. E-OPCAB is one of the
most effective methods to rescue patients when the above
methods fail, which can improve the success rate of rescue
for AMI.

Hybrid cardiac surgery is the combination of MIDCAB
and PCI in the treatment of multivessel coronary artery
disease (12). Its advantage is that it has the benefits
of IMA-anterior descending branch bypass grafting
(one part of the coronary artery bypass surgery) and takes
the advantage of the feature of small trauma of PCI in the
treatment of lesions in other coronary arteries, making the
greatest clinical benefit for patients (13). In the present
study, the hybrid cardiac surgery approach was used to
treat multivessel coronary artery disease and rescue AMI
patients, improving the success rate. Hybrid cardiac surgery
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in the treatment of coronary AMI has advantages of small
trauma, fast recovery, and a satisfactory medium- and long-
term curative effect, making this suitable for coronary
AMI patients in whom the culprit vessel was the anterior
descending branch and PCI has failed, patients with severe
stenosis in the anterior descending branch in whom the
culprit vessel was not the anterior descending branch and
PCI has succeeded, and patients with multivessel disease
who failed to achieve a satisfactory outcome through
surgery alone or catheter intervention alone.

“One-stop” hybrid cardiac surgery in the treatment of
AMLI: for the patients in whom the culprit vessel is the LAD,
PCI has failed and the other coronary branches have severe
stenosis, PCI was carried out for other coronary branches
with severe stenosis and E-MIDCAB was carried out for the
anterior descending branch (14,15).

Left internal mammary artery (LIMA) and anterior
descending branch bypass grafting have been considered
as the gold standard for coronary revascularization (16).
Interventional catheter and vein transplantation cannot
achieve the same treatment effect (17). Hybrid surgery
simultaneously combines the advantages of interventional
and surgical treatment, providing a new pathway for the
treatment of patients with multivessel disease (18). Hybrid
surgery in the treatment of AMI, especially when the
culprit vessel is the LAD and PCI has failed. The use of
one-stop hybrid cardiac surgery of PCI and MIDCAB in
the same period leads to effective myocardial reperfusion
in the infarcted region and reduces the mortality rate of
AMI patients. This technique simultaneously deals with
the pathological changes of the culprit vessel and stenotic
vessels and has a good long-term effect.

“Multi-stop” hybrid cardiac surgery in the treatment of
AMI: for AMI patients in whom the culprit vessel is not the
LAD, the LAD with severe stenosis undergoes MIDCAB
step by step after successful emergency PCI, or if the culprit
vessel is LAD, emergency MIDCAB is carried out after
PCI fails, and PCI is carried out for the other diseased
branches. The “multi-stop” hybrid cardiac surgery reflects
the principles in rescuing AMI patients, that is, “emergency
first, followed by radical cure”. PCI is performed for the
culprit vessel first, and other severe vessels with stenosis are
treated when the condition becomes stable. This method is
safe and reliable (19).

In “multi-stop” hybrid cardiac surgery, when the
condition permits, bilateral IMA OPCAB can be adopted
by performing a small incision under the sternum, allowing
the left and right coronary arteries to completely become
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arteries through small incisions, and achieving a satisfactory
long-term curative effect (20).
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