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Emergent cardiac surgery in patients with acute coronary syndrome (ACS)

is always a challenging task for surgeons, anesthesiologists and patients.

As “time is muscle,” early revascularization by percutaneous coronary

intervention (PCI) has been largely advocated to salvage myocardial ischemic

cells. In cases judged not suitable for PCI, on-pump coronary artery

bypass grafting (CABG) is indicated with cardioplegic arrest and eventually

anesthetic preconditioning to enhance myocardial protection. In these high-

risk emergent procedures, adjuvant interventions to cardioplegic arrest are

aimed to maximize the chance of cardiac functional recovery. Although

the infusion of glucose-insulin-potassium (GIK) has demonstrated interesting

cardioprotective e�ects in animal models of myocardial ischemia and in

patients undergoing elective cardiac surgery, this cardioprotective strategy

has not yet been adopted largely and has been ignored so far in emergent

myocardial revascularization procedures. In this case series, we describe the

e�ects of GIK on left ventricular performance assessed by transesophageal

echocardiography in four patients with ACS who required emergent CABG

surgery. The GIK solution of 20g glucose, 20 UI insulin and 10 mEq potassium

chloride was infused twice over 30min, first after anesthesia induction and

later after aortic unclamping. The systolic performance was assessed after

anesthesia induction and after each GIK infusion using the 3D left ventricular

ejection fraction, as well as the global longitudinal and circumferential strain.

The diastolic function was assessed based on mitral inflow patterns (E-and

A-waves) as well as flow propagation velocity.
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Introduction

In patients with acute coronary syndromes (ACSs)

presenting with unstable angina, with or without ST-segment

elevation myocardial infarction (STEMI/NSTEMI), cardiac

surgery has been largely replaced by percutaneous coronary

intervention (PCI) as the primary reperfusion therapy [1–3].

Currently, emergent coronary artery bypass grafting (CABG) is

performed in less of 10% of patients with ACS [4]. According

to the European Society Cardiology (ESC) and European

Association of Cardio-Thoracic Surgery (EACTS) guidelines,

CABGS should be performed in cases of ongoing ischemia

or hemodynamic instability, particularly in patients with

complex multivessel coronary artery disease (CAD) or left

main coronary disease (LMCA) with the infarct-related artery

considered unsuitable for PCI. So far, the optimal timing and

the best surgical revascularization strategy are a matter of vivid

debates [5].

Compared with elective CABG surgery, emergent

procedures are associated with larger blood losses due

to anti-thrombotic treatment and with larger myocardial

injuries resulting in heart failure requiring mechanical

circulatory assistance as well as reduced long-term survival

and quality of life [6, 7]. Hence, besides standard perioperative

cardioprotective measures including hypothermic cardioplegic

arrest and anesthetic preconditioning [8], innovative

interventions such as the intravenous administration of

glucose-insulin potassium (GIK) solutions may contribute

to improve outcomes in patients with ACS undergoing

CABG surgery. Indeed, GIK administration has demonstrated

cardioprotective effects in experimental models of myocardial

ischemia and in elective on-pump cardiac surgery, however,

the variability of protocols and heterogeneity of results have

precluded its wider clinical application [9, 10].

Herein, we describe the effects of GIK on left ventricular

performance using transesophageal echocardiography (TEE) in

four patients with ongoing myocardial ischemia and their early

clinical outcome after emergent CABG.

Case description

Standardized perioperative management of patients

undergoing emergent CABG included combined general

anesthesia (propofol, sufentanil, dexmedetomidine

supplemented with inhaled isoflurane), cardiopulmonary

bypass (CPB), aortic cross-clamping and arrested heart with

antegrade cardioplegia (Cardioplexol R©). Inhaled isoflurane was

used from anesthesia induction until the start of CPB as the

main anesthetic agent (0.8–1.2 MAC).

During the weaning process from CPB, a protocolized

approach was guided by TEE to optimize ventricular

performances by adjusting cardiac preload with fluids,

afterload with vasoactive agents and,–eventually-, ventricular

contractility with inotropes [11]. A 60ml solution of GIK (20 g

glucose, 20 UI insulin and 10 mEq potassium chloride) was

infused over 30min twice, first after anesthesia induction and

later following aortic unclamping and myocardial reperfusion.

This GIK regimen was selected based on favorable results

achieved in a randomized controlled trial including moderate-

to-high risk patients undergoing valvular or coronary artery

bypass surgery [12]. A comprehensive TEE examination was

performed at three time periods (EPIQ Philips Healthcare): (1)

before GIK administration and after anesthesia induction, (2)

10min after the end of the GIK infusion and before starting

CPB, (3) after completion of the second GIK infusion and

weaning from CPB. A TEE examination before the second GIK

infusion was not performed as the patient’s circulation was still

supported by bypass machine.

Left ventricular (LV) systolic function was assessed with the

QLAB 3D-advanced quantification software package to compute

3D left ventricular ejection fraction (LVEF) as well as global

longitudinal strain (GLS) and global circumferential strain

(GCS) using speckle tracking imaging. To assess LV diastolic

function, the mitral inflow was analyzed in terms of early and

late filling (E-and A-waves) as well as flow propagation velocity

(Vp) using color M-mode. All TEE exams were performed

by the same experienced operator, limiting therefore the risk

of interobserver variability. The results are summarized in

Figure 1. Patient’s data were collected and extracted from the

electronic hospital data management system. At the University

Hospital of Geneva, a “general consent form” was implemented

since 2014 which allows the use of routinely collected health-

related data/samples for future unspecified research projects

and for its storage in databases and biobanks. All four patients

reported herein agreed that their anonymous data could be used

for research purpose and publication. The local ethics committee

waived the need to submit a research protocol as the case series

did not exceed 5 patients.

Case 1

A 58-year old caucasian female with a history of

hypertension and dyslipidemia was admitted to the emergency

department (ED) with chest pain at rest, shortness of breath and

pulsed oxygen saturation (SpO2) of 90% on room air. The ECG

revealed non-ST elevation myocardial infarction (NSTEMI).

A low left ventricular ejection fraction (LVEF), estimated at

25–30% was documented by transthoracic echocardiography

(TTE) and laboratory tests showed elevated plasma levels

of high-sensitivity cardiac troponin T (hs-TnT 180 ng/ml).

Coronarography demonstrated an occluded circumflex artery

(CxA), critical stenosis of the LMCA as well as 70–90% stenoses

of the right coronary artery (RCA) and first diagonal artery (D1).

Continuous positive airway pressure (CPAP) and intravenous
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FIGURE 1

Assessment of left ventricular function by transesophageal echocardiography in four patients receiving glucose-insulin-potassium (GIK) before

and after cardiopulmonary bypass (CPB); pre-GIK �; post-GIK ; post-CPB �.

nitroglycerin were started and an intra-aortic balloon pump

(IABP) was implanted to support the failing LV and improve

gas exchanges. In this patient with severe three-vessel disease

and an EuroScore-II of 20.9%, the decision was taken to proceed

with emergent CABG.

Following the first infusion of GIK, TEE examination

showed increases in 3-D LVEF (from 25 to 34%), GLS (from

−8.8 to −9.8%), GCS (from −6.2 to −6.9%), Vp (from 20.8 to

24.4 cm/s) and E/A (from 0.5 to 0.8). Coronary revascularization

was achieved using the left internal mammary artery (LIMA) to

bypass the LAD artery and 3 venous grafts on the RCA, CxA

and D1. Aortic cross-clamp and CPB durations were 70min and

129min, respectively. After aortic unclamping and verification

of adequate flow in all coronary grafts with Doppler ultrasounds,

weaning from CPB proceeded uneventfully with low doses of

norepinephrine (0.02 mcg/kg/min) and optimal cardiac filling.

TEE examination confirmed further improvements in 3-D LVEF

(54%), GLS (−11.4%), GCS (−8.8%) and Vp (29.1 cm/s).

The patient was transferred to the intensive care unit (ICU),

extubated 8 h postoperatively and the IABP was removed with

no need for inotropic support. Seven days after surgery, she

was discharged to a rehabilitation center with medical treatment

including ticagrelor, metoprolol, enalapril and atorvastatine.

Case 2

A 79-year man, active smoker, with a history of

hypertension, diabetes mellitus and dyslipidemia was

transferred to our hospital with persisting chest pain at

rest, hypoxemia (SpO2 88%) and documentation of ST

segment elevation in the inferior ECG leads. Apical and lateral

hypokinesia with a LVEF at 35% was reported on TTE. Under

analgo-sedation, non-invasive ventilation was initiated and

an IABP was inserted to maintain blood pressure. Plasma

levels of hs-TnT were increased at 330 ng/ml. Coronarography

demonstrated an occluded RCA, critical stenoses of the

proximal CxA and the mid LDA including D1. Given the

administration of a loading dose of prasugrel for STEMI and

the risk of bleeding, CABG was delayed for 72 h in this patient

with STEMI in compensated hemodynamic status and an

EuroScore-II of 23%.
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Before CPB and following the administration of GIK, TEE

examination showed increases in 3-D LVEF (from 32 to 42%),

GLS (from −11.5 to −11.9%), GCS (from −5.5 to −10.5%), Vp

(from 17.4 to 18.8 cm/s) and E/A (from 0.9 to 1.1). A quadruple

coronary bypass was performed using the LIMA to the LAD and

D1 artery as well as venous grafts on the marginal artery RCA,

CxA andD1. Aortic cross-clamp and CPB durations were 56 and

80min, respectively. After aortic unclamping and verification

of adequate flow in all coronary grafts, weaning from CPB

proceeded under norepinephrine infusion (0.03 mcg/kg/min),

optimal cardiac filling and atrio-ventricular electrical pacing.

Sinus rhythm resumed spontaneously and TEE examination

confirmed sustained improvements in 3-D LVEF (49.2%), GCS

(−11.7%), Vp (22.2 cm/s) and E/A (1.2) whereas GLS was

unchanged (-11.9%). The patient was transferred to the ICU,

he was extubated 16 h thereafter and the IABP was removed on

the 2d day after surgery. In the surgical ward, atrial fibrillation

was treated with amiodarone and pneumonia required antibiotic

therapy. Eighteen days after surgery, the patient was discharged

home with medical treatment including aspirin, metoprolol,

enalapril, metformin, insulin and atorvastatin.

Case 3

A 71-year man with a history of lung cancer, IHD,

hypertension, diabetes mellitus, dyslipidemia and peripheral

vascular disease was admitted to the ED with chest pain

refractory to sublingual nitrate. In 2013, he had presented a

STEMI requiring an emergent PCI with a drug-eluting stent in

the RCA. On admission, plasma levels of hs-TnT were above

the upper limit (44 ng/ml) and ECG recordings showed elevated

and inverted T waves on precordial leads (V3–V6). Moderately

decreased LVEF (45%) and severe hypokinesia onmid- and basal

inferior segments were reported by TTE. Coronary angiography

showed a marked progression of coronary atheromatic lesions

with occlusion of the stent in the RCA, critical stenosis of the

LMCA, the marginal branch of the LDA and the interventricular

posterior artery (IVPA). The long stenotic coronary lesions

appeared best accessible to surgical revascularization with

minimal delay given the persisting chest pain and the raising

levels of hs-TnT. The calculated EuroScore-II was 24.2%.

Following pre-bypass GIK infusion, TEE examination

showed increases in 3-D LVEF (from 36 to 44.5%), GLS (from

−9.9 to −10.9%), and GCS (from −6.5 to −7.9%) whereas

Vp and E/A were unchanged. A quadruple coronary bypass

was performed using the LIMA to the LAD, the RIMA to

the left marginal artery, as well as sequential venous grafts to

the interventricular posterior artery. Aortic cross-clamp and

CPB durations were 79min and 102min, respectively. After

aortic unclamping and verification of adequate flow in all

coronary grafts, CPB was discontinued, cardiac filling was

optimized with no need to administer inotropes and TEE

reported further improvement in LV function (3-D LVEF 49%,

GLS −11.2%, GCS −11.9%, Vp 42.5cm/s and E/A ratio 1.1).

The patient was transferred to the ICU and extubated 12 h

thereafter. Postoperatively, bleeding at the femoral venous site

required surgical hemostasis and drainage with red blood

cells transfusion. Twelve days after surgery, the patient was

discharged home with his usual medications.

Case 4

A 42-year-old woman with a known uterine myoma and

repeated gynecological bleeding, consulted our ED because of

recurrent and severe chest pain irradiating in her left arm at

rest. The ECG showed sinus tachycardia (94 beats/min) and

abnormal T waves (V1–V4). Lab tests revealed raised hs-TnT

(297 ng/ml) and low hemoglobin levels (80 g/L). TTE showed

severe hypokinesia in the apical, antero-septal and anterior

segments with a LVEF estimated at 45%. A single critical stenosis

of the proximal LDA was visualized on coronary angiography.

Surgical myocardial revascularization was advocated in this

young patient with single-vessel disease, EuroScore-II at 4% and

NSTEMI triggered by acute anemia due to uterine bleeding.

Following GIK infusion in the pre-CPB period, TEE

examination showed slight increases in 3-D LVEF (from 44.2 to

48.5%), GLS (from −17.7 to −18.7%), and GCS (from −12.4 to

−14.6%) whereas Vp and E/A remained unchanged. A single

coronary bypass graft was performed using the LIMA to the

LAD. Two units of red blood cells were given to maintain the

hemoglobin level above the threshold of 90 g/L. Aortic cross-

clamp and CPB durations were 19 and 32min, respectively.

After aortic unclamping and verification of adequate flow in

the arterial graft, CPB was discontinued under low doses of

norepinephrine (0.02 mcg/kg/min). TEE examination before

sternal closure ascertained a satisfactory ventricular function (3-

D LVEF of 50.3%, GLS of −19.3%, GCS of −19.2%, Vp of 52

cm/s and E/A ratio of 1.4. Within 1 h after the end of surgery,

the patient was extubated and norepinephrine infusion was

discontinued. The postoperative time course was uneventful, the

patient being discharge home 7 days after surgery on aspirin and

beta-blocker treatment.

Discussion

In these four patients with ACS, pre-bypass administration

of GIK resulted in immediate improvement in LV systolic and

diastolic function as assessed by 2-D and 3-D TEE imaging

that suggested the effectiveness of GIK in optimizing circulatory

conditions. In contrast, after weaning from CPB, sustained or

further improvement in LV followed by progressive withdrawal

of pharmacological and mechanical circulatory support could be
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FIGURE 2

Mechanism of glucose-insulin-potassium (GIK) protection in

myocardial cells. ATP, adenosine triphosphate; eNOS,

endothelial nitric oxide synthase; FFA, free fatty acids; Akt,

protein-kinase B/Akt signaling pathway.

attributed to the effects of myocardial revascularization, GIK-

inducedmyocardial protection or a combination of these factors.

In recent prospective cohort studies, emergent surgical

revascularization represented 2–6% of all CABG procedures

with an operative mortality ranging between 3 and 25%,

accounting for more than 20% of all death after CABG [13–16].

Besides preexisting comorbidities, the presence of circulatory

shock, elevated logistic EuroScore-II and raising blood levels of

hs-TnT as well as prolonged aortic clamping time are strong

predictors for postoperative cardiovascular complications and

in-hospital mortality. Documentation of LV dysfunction in

patients with ACS has significant implications regarding risk

stratification and peri-procedural revascularization by PCI or

CABG surgery [6]. Therefore, intraoperative TEE represent

an unique tool to evaluate the effectiveness of potential

cardioprotective interventions in patients undergoing CABG

surgery [17].

All four patients presented refractory myocardial ischemia,

three had EuroScore higher than 20% and two of them showed

circulatory shock requiring IABP implantation, vasoactive

infusions and non-invasive ventilatory support. In such critical

hemodynamic conditions, early surgical revascularization was

aimed to salvage ischemic cardiomyocytes and to limit further

extension of myocardial injuries [18]. As an adjunct to this

guideline-directed approach, pretreatment with GIK was aimed

to enhance the tolerance to myocardial ischemia, to improve

ventricular function through lesser energy demanding pathways

and activate cellular pro-survival systems (Figure 2) [19].

In the failing heart and the early phase of ACS, a

metabolic vicious circle involving low cardiac output, ongoing

myocardial ischemia, chest pain and respiratory distress

activates the sympathetic nervous system which in turn,

aggravates myocardial damage via tachycardia and hypoxemia

as well as indirectly by increasing free fatty acids (FFA) and

glucose levels [20]. From animal studies, there is strong evidence

that GIK infusion slows the progression of ischemia-reperfusion

injuries by inhibiting FFA production and promoting more

efficient glucose utilization to generate high-energy phosphate

compounds [19]. The timing and dosage of such metabolic

therapy is crucial and has resulted in contrasting clinical

outcomes. Indeed, in randomized controlled trials involving

patients with ACS, GIK infusion initiated within 2 h after

the onset of symptoms was associated with lower in-hospital

mortality [21] whereas later GIK infusion failed to improve

survival and to limit the progression ofMI [22]. Likewise, among

patients undergoing emergent CABG for ACS and pretreated

with GIK, the results of four small RCTs have demonstrated a

lower release of cTnT/I [23], modulation of the inflammatory

response [24, 25], as well as better hemodynamics and earlier

discharge from the ICU and the hospital [26].

Our echocardiographic and clinical observations lend

support to these experimental and clinical data. For the

first time, we were able to quantitate improvements in LV

function in patients with ongoing myocardial ischemia, using

new imaging modalities, namely, three-dimensional LVEF

measurements and speckle tracking analysis for LV myocardial

strain. Preoperatively, moderate-to-severe systolic and diastolic

impairment in LV function was reflected by low 3-D LVEF (25–

35%), low LV GCS/GLS (−6–11%) and decreased Vp (< 40

cm/sec) in three patients with multiple-disease CAD whereas

minor contractile alterations of the LV were associated with a

single critical stenosis of the LAD in the last patient. Using full-

volume acquisition, 3-D TEE has been shown to yield more

reproducible volume measurements compared with 2-D TEE

and it is therefore more suitable for serial evaluations. As the

subendocardial longitudinal muscle fibers are more vulnerable

to ischemia, GLS enables the clinicians to precisely evaluate the

functional consequences of acute myocardial ischemia and the

response to a potential protective therapy [27]. Regarding LV

diastolic function, the easily performed and highly reproducible

color M-mode derived Vp measurements are less dependent

on loading conditions and heart rate and therefore, they best

reflect the spatio-temporal distribution of LV relaxation and

flow generated by atrio-ventricular pressure gradient in the early

diastolic time [28].

In summary, metabolic preconditioning of the heart with

GIK infusion is a promising cardioprotective adjunct to standard

hypothermic arrest in patients with ACS undergoing emergent

surgical revascularization. Although we provided preliminary

evidence for GIK-induced enhancement of LV function based

on TEE imaging, this evidence remains limited as it is based on

a case series. Well-designed and powered clinical trials should

be conducted to establish the effectiveness, the appropriate

timing and dose regimen of GIK therapy in patients with acute

myocardial ischemia.
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