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Almost three decades after the description of

improved left ventricular function caused by chronic

impaired coronary perfusion, and the rise of the term

‘‘Hibernation,’’ finding that hibernating myocardium is

still a challenge for cardiologists.

Mortality rates among patients with ischemic car-

diomyopathy remain high; the 10-year mortality rate

reaches 70% in medically treated patients and is down to

60% in the surgically treated patients.1 Despite the

improvement in surgical techniques, early post-surgical

mortality rates are still high and reach as high as 8%.1

Therefore, tailoring the proper medical or interventional

management strategy in this group of patients is crucial.

Several studies have examined the benefit of

revascularization versus medical management in

patients with ischemic cardiomyopathy using viability

testing prior to clinical decision making. Surgical

against medical treatment studies in patients with

ischemic cardiomyopathy including the STITCH trial2

and the long-term follow-up of STITCH1 did not show

significant difference between the two treatment arms.

STITCH however had several limitations, most impor-

tantly, viability testing based on clinician’s decision

leading to biased results. On the other hand, PARR-23

and the Ottawa FIVE4 studies showed that viability

testing with FDG-PET can assist clinicians in decision

making and improving patient’s outcome when adhering

to the scan recommendations. In addition, adherence to

PET guided therapy according to amount of hibernating

myocardium also led to improved quality of life.5

Viability studies are usually reserved for patients

with moderate to severe left ventricular systolic dys-

function with ejection fraction B 35%, a viability study

usually begins with the assessment of myocardial per-

fusion using either PET or SPECT studies. While

evaluating viability, a perfusion defect in a stress/rest

study that matches an area of hypocontractility indicates

a viable myocardium. An area with rest perfusion defect

that is not aggravated by stress usually indicates an area

of either transmural or non-transmural scar or a viable

myocardium, and this is where viability testing is usu-

ally indicated for instance to predict functional left

ventricular recovery after revascularization.6

Abnormalities in a PET viability study are divided

in four groups: (1) Viable myocardium (mismatch),

normal glucose uptake corresponding to an area with

either normal or reduced perfusion. (2) Non-transmural

scar (match), reduced glucose uptake corresponding to a

hypoperfused area. (3) Transmural scar (match), absence

of myocardial glucose uptake corresponding to an area

with the absence of perfusion. (4) Reverse mismatch,

reduced myocardial glucose uptake in the presence of

normal perfusion.

As in all fields of medicine, one considers the

benefit versus risk in a treatment strategy. Many centers

adapted the decision making for whether revasculariza-

tion or medical treatment based on the amount of viable

myocardium and extension of scar.
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Cardiac PET viability studies rely on the metabolic

adaptation of myocytes to stress conditions such as

ischemia. The heart is adapted to utilize various metabolic

substrates and able to tightly control its substrate utiliza-

tion during ischemic conditions, changes in substrate

supply or according to circulating hormone levels. Under

normal conditions, myocytes rely on less than 25% of its

energy demand on glucose; most of the energy is derived

from free fatty acid. Despite that the heart switches its

metabolic demand to glucose during ischemia.

The main glucose transporters in the heart are GLUT-

1 and GLUT-4. The overall expression of those trans-

porters and their relative distribution on plasma membrane

determine the rate of glucose transport in the heart.

Myocardial ischemia increases GLUT-1 mRNA and

protein level in both ischemic and non-ischemic regions

of the heart in several animal studies.7,8 GLUT-4

secretion and translocated into the cellular membrane is

stimulated by stress conditions such as ischemia and

causes a net effect of an increase in the maximal velocity

of glucose transport into the cell resulting in a 10–20-

fold increase in glucose uptake.9,10

As mentioned previously, the challenge is deter-

mining which patients are going to benefit from

revascularization, whether by improving left ventricular

ejection fraction, treatment of angina, reducing the risk of

sudden cardiac death, and improve quality of life. So far,

there is no cut off or threshold where a clinician can rely

on in decision making. In this issue of the journal, Kuan-

Yin et al. took us one step closer to quantifying

myocardial glucose uptake by quantifying glucose uti-

lization using the list mode counts.11 Their results

represent both the physiological and pathophysiological

pathways in cell glucose uptake. While transmural and

non-transmural scar areas had lower myocardial utiliza-

tion rates, mismatch and reverse mismatch segments had

higher glucose utilization rates, resembling the physio-

logical glucose uptake pathway. On the other hand,

studies have shown that statins do interfere in cell glucose

uptake. A 30 to 40% decrease in LDL is associated with a

13% increased risk for diabetes, one proposed mechanism

is the interference with the function of GLUTs.12–14

Furthermore, hyperlipidemia represented by increased

levels of free fatty acids affect gene expression of GLUT-

4 at the level of transcription, leading to a reduced level of

the transporter.15 These conflicting factors were translated

in this study to actual values, showing reduction in glu-

cose utilization in match transmural segments in patients

with hyperlipidemia and in patients treated with statins.

The interesting result in the study was also the

negative correlation between anti-diabetic treatment

with dipeptidyl peptidase-4 inhibitors (DDP-4i) and

glucose utilization. While DDP-4i is known to upregu-

late GLUTs and is supposedly cardioprotective16,17 and

we are supposed to see an improvement in glucose uti-

lization, results here are contradicting, especially that

this trend was seen in all four patterns of glucose uptake.

Whether this is attributed to the reduction in GLUT-1 in

all regions and not exclusive for ischemic areas needs to

be further investigated.

Following myocardial infarction, cardiac fibroblasts

are activated and lead to the expansion of the extracellular

matrix causing myocardial remodeling and eventually

fibrosis. This might explain a lower survival probability

in patients with transmural scar with increased values of

myocardial glucose utility, and might be due to a con-

tinuous process of myocardial remodeling and activation

of fibroblasts. While little is known about the exact

mechanism and the consequences of the normal perfu-

sion-hypo-metabolized myocardium-reverse mismatch,

some studies showed that reversed mismatch represents a

viable myocardium, while others indicated its association

with severe disease and non-transmural infarction.18–21

The balance of myocardial metabolism is tightly regu-

lated and depends on multiple factors including

availability of nutrient, myocardial pathology, circulating

hormones, and insulin resistance. Adequate shifting of

myocardial metabolism from free fatty acid to glucose

should be considered when interpreting a viability study,

particularly in the present study and the applied protocol.

The results in the current study divided patients with

reverse mismatch into two groups with lower and higher

glucose utilization. The group with a higher glucose uti-

lization had a worse outcome and was also similar to the

increased glucose utilization in the presence of scar

probably due to the activation of myocardial fibroblasts.

Whether reverse mismatch was in the septum is

unknown, because that can be attributed to reduced glu-

cose metabolism due to left bundle branch block.

Currently, management of moderate to severe

ischemic cardiomyopathy is still complex. Adding the

rate of myocardial glucose uptake to conventional

myocardial metabolism-perfusions patterns on PET

maybe helpful for better prognostic prediction of car-

diovascular risks, but be aware of conflicting factors.

Further research in cardiac metabolism is needed to

make decision making more clinically applicable.
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