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P A R T I C H A P T E R

In patients with ST-segment

elevation myocardial infarction

with cardiogenic shock treated

with percutaneous coronary

intervention, admission 

glucose level is a strong 

independent predictor 

for 1-year mortality 

in patients without a prior

diagnosis of diabetes 

Am Heart J. 2007;154(6):1184-90
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A B S T R A C T

B AC KG RO U N D

Primary percutaneous coronary intervention (PCI) reduces mortality in patients

with ST-segment elevation myocardial infarction (STEMI) complicated by cardio-

genic shock (CS). Despite PCI, mortality in CS is still approximately 50%.

Admission glucose concentration is an independent predictor of mortality in

patients with STEMI and is associated with the occurrence of CS. Whether admis-

sion glucose is also a predictor of mortality in CS patients treated with primary

PCI is unexplored. We therefore assessed the relation between admission glucose

concentration and 1-year mortality in patients with STEMI with CS without a

prior diagnosis of diabetes on admission and treated with PCI.

M ET H O D S A N D R E S U LTS

We investigated a cohort of 208 consecutive patients with STEMI without a prior

diagnosis of diabetes with CS on admission. Patients were classified according to

glucose levels at admission: <7.8 mmol/L (group I, n = 57), 7.8 to 11 mmol/L

(group II, n = 71), and >11.0 mmol/L (group III, n = 80).

The overall 1-year mortality was 38%. One-year mortality was 21%, 27%, and 60%

in groups I, II, and III, respectively (P < 0.01). In a multivariate logistic regression

analysis, the odds for mortality increased by 16% for every 1 mmol/L increase in

plasma glucose concentration (OR 1.155, 95% CI 1.070-1.247), after adjustment for

left ventricular ejection fraction <40%, age older than 75 years, male sex, and

thrombolysis in myocardial infarction 3 flow after PCI.

CO N C LU S I O N

In patients with STEMI with CS and without a prior diagnosis of diabetes under-

going primary PCI, admission glucose concentration is a very strong independent

predictor for 1-year mortality. Further studies are warranted to determine whether

concomitant glycometabolic regulation in patients with STEMI treated with PCI,

particularly those with CS, will improve clinical outcome.

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION

P A R T I B IOCHEM ICAL PARAMETERS IN CARD IOGEN I C SHOCK
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I N T R O D U C T I O N

Cardiogenic shock (CS) approximately occurs in 10% of the patients with ST-seg-

ment elevation myocardial infarction (STEMI) and remains the most common

cause of death for hospitalized patients with STEMI.1-3 Reperfusion therapy has

improved survival of patients with STEMI markedly. Primary percutaneous corona-

ry intervention (PCI) is the optimal reperfusion therapy for patients with STEMI,

especially for those presenting with CS.2-4 A recent subanalysis of the SHOCK trial

and registry report showed this to be equally true for both delayed CS patients and

CS on admission patients,5 the latter being the subgroup of CS patients with the

highest mortality. However, despite optimal reperfusion therapy, inhospital mortali-

ty rate for CS patients is still approximately 50%. The identification of risk predic-

tors of mortality is important to direct the search for concomitant therapeutic

approaches that can further improve outcome in CS patients. High admission glu-

cose levels are shown to be a strong predictor of adverse outcome in diabetic as well

as in nondiabetic patients with STEMI.6,7 In addition, hyperglycemia at admission is

associated with the occurrence of CS.8 However, whether admission glucose holds

prognostic information on mortality for patients with STEMI complicated by CS is

unknown. Therefore, the purpose of this study was to determine the prognostic

value of admission glucose concentration in patients with STEMI with CS and wit-

hout a prior diagnosis of diabetes on admission and treated with primary PCI.

M E T H O D S

ST U DY P O P U L AT I O N

From January 1997 through March 2005, all consecutive patients with STEMI trea-

ted with primary PCI in our hospital were entered in a dedicated database (n =

3038). All patients prospectively registered by the attending cardiologist as being in

CS at hospital admission were selected (n = 292). From the selected cohort, the

patients with preadmission diabetes mellitus (n = 45), and the patients without avai-

lable laboratory data (n = 39) were excluded, resulting in a study cohort of 208

patients. Subsequently, patients were classified according to plasma glucose levels at

admission: <7.8 mmol/L (group I), 7.8 to 11.0 mmol/L (group II), and >11.0 mmol/L

(group III). These cutoff levels were selected according to the guidelines from the

American Diabetes Association and the Euro Heart Survey on coronary artery

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION
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disease patients with abnormal glucose regulation.9,10 Both the fasting glucose ≥7.8

mmol/L and/or the 2-hour postglucose load level of 11.1 mmol/L are associated

with a higher prevalence of microvascular complications, specific for diabetes, in

patients without a prior diagnosis of diabetes.

DATA CO L L E C T I O N

Admission glucose concentration and baseline characteristics of the study cohort—

including patient, myocardial infarction, and angiographic characteristics—were

retrieved from the prospectively built STEMI database. Left ventricular ejection

fraction (LVEF) was usually assessed within the first week after admission by either

echocardiography (transthoracic or transesophageal) or nuclear scintigraphy.

D E F I N I T I O N S

ST-segment elevation myocardial infarction was defined as myocardial infarction

with ST-segment elevation of >0.1 mV in 2 or more contiguous leads. Similar to the

SHOCK trial,11 CS was defined as a systolic blood pressure equal or below 90 mm

Hg for at least 30 minutes or vasopressors required to maintain blood pressure >90

mm Hg, evidence of end-organ hypoperfusion (eg, urine output <30 mL or cold/dia-

phoretic extremities or altered mental status), and evidence of elevated filling pres-

sures (eg, pulmonary congestion on examination or chest radiograph). Treatment of

CS was at the discretion of the attending cardiologist and included fluid resuscitati-

on, endotracheal intubation, and placement of an intraaortic balloon pump and

catecholamine administration. No reflow was defined as angiographic determined

thrombolysis in myocardial infarction (TIMI) <3 flow after PCI.

E N D P O I N T

The primary end point was all-cause mortality at 1 year.

STAT I ST I C A L A N A LYS I S

Differences between the 3 admission glucose groups in categorical variables were

tested by χ2 test. Age (older than 75 years) and LVEF (<40%) were dichotomized

according to classical data from literature for analysis. Cumulative survival curves

for the 3 admission glucose groups and for tertiles of glucose concentration were

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION
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constructed according to the Kaplan-Meier method, and differences were tested for

significance by the log-rank statistic. Multivariate logistic regression analysis was

performed to assess the relationship between admission glucose concentration and

1-year mortality, including all significantly different distributed baseline characteris-

tics in the model. In this analysis, admission glucose concentration was used as a

continuous variable. Interaction and multicolinearity were investigated. All tests

were 2 tailed, and a P value of <0.5 was considered statistically significant. The

Statistical Package for the Social Sciences (version 11.0.1; SPSS Inc, Chicago, IL) was

used for statistical analysis.

R E S U L T S

B A S E L I N E C H A R AC T E R I ST I C S

The study cohort of 208 patients with STEMI with CS and without a prior diagno-

sis of diabetes on admission treated with primary PCI consisted of 68% males, and

the mean age was 63 ±13 years.

Baseline characteristics for the total study cohort are detailed in TABLE 1 and for the

study cohort according to admission glucose concentration group in TABLE 2 . The

mean glucose concentrations at admission were 6.5 ± 0.9, 9.2 ± 1.0, and 17.1 ± 4.7

mmol/L for groups I, II and III, respectively. The patients of the 3 groups did not

differ in clinical characteristics, except for family history of coronary artery disease

and current smoking status. The patients in the group with the highest glucose con-

centrations (group III) were less likely to have a family history of coronary artery

disease and were less likely to be current smokers. No reflow (or not achieving TIMI

3 flow) occurred more often in group III patients (P < 0.01). The frequency of LVEF

<40% significantly increased across the 3 consecutive admission glucose groups

(F IGURE 1 ). 

O U TCOM E

The overall 1-year mortality in the total cohort of 292 patients with CS on admissi-

on was 42%. In the described cohort of 208 patients, the overall 1-year mortality was

38%.

Mortality at 30 days was 18%, 24%, and 54% (P < 0.01), and 1-year mortality was

21%, 27%, and 60% in groups I,II and III respectively (P < 0.01) (F IGURE 1 ). This

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION
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TABLE 1 Baseline characteristics of the 208 non-diabetic patients with STEMI 
with CS on admission

Variables study cohort

n=208

C L I N I C A L C H A R A C T E R I S T I C S A N D R I S K F A C T O R S

Age >75 years (%) 39 (18.8)

Male gender (%) 142 (68.3)

Body mass index >25.0 (%)a 80 (38.5)

Family history of cardiovascular disease (%) 55 (26.4)

Hypertension (%) 46 (22.1)

Current smoker (%) 73 (35.1)

Hypercholesterolemia (%) 31 (14.9)

Previous myocardial infarction (%) 42 (20.2)

Previous coronary angioplasty (%) 15 (7.2)

Previous coronary artery bypass grafting (%) 14 (6.7)

A N G I O G R A P H I C C H A R A C T E R I S T I C S

LAD related infarction (%) 146 (70.2)

Multivessel disease (%) 103 (49.5)

TIMI flow in culprit artery before intervention

TIMI 0 (%) 155 (74.5)

TIMI 1 (%) 17 (8.2)

TIMI 2 (%) 20 (9.6)

TIMI 3 (%) 16 (7.7)

TIMI flow in culprit artery after intervention

TIMI 0 (%) 20 (9.0)

TIMI 1 (%) 5 (2.4)

TIMI 2 (%) 33 (15.9)

TIMI 3 (%) 150 (72.1)

No reflow or not achieving TIMI 3 flow (%) 58 (27.9)

Left ventricular ejection fraction <0.40 (%)b 127 (61.1)

O U T C O M E

30-day mortality (%) 73 (35.1)

1-year mortality (%) 78 (37.5)

LAD=Left anterior descending coronary artery; BMI=body massindex. aBMI was measured in 149 patients (72%).
bLeft ventricular ejection fraction was measured in 169 patients (81%).
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TABLE 2 Baseline characteristics of the study cohort according to admission 
glucose concentration group

Glucose <7.8 Glucose 7.8-11.0 Glucose >11.0 P

mmol/L mmol/L mmol/L value

Variables Group I (n=57) Group II (n=71) Group III (n=80)

C L I N I C A L C H A R A C T E R I S T I C S A N D R I S K F A C T O R S

Age >75 years (%) 10 (17.5) 10 (14.1) 19 (23.8) 0.304

Male gender (%) 39 (68.4) 45 (63.4) 58 (72.5) 0.486

Body mass index >25.0 (%)a 19 (33.3) 27 (38.0) 34 (42.5) 0.147

Family history of cardiovascular disease (%) 16 (28.1) 29 (40.8) 10 (12.5) < 0.001

Hypertension (%) 14 (24.6) 18 (25.4) 14 (17.5) 0.445

Current smoker (%) 22 (36.8) 32 (45.1) 20 (25.0) 0.034

Hypercholesterolemia (%) 8 (14.0) 13 (18.3) 10 (12.5) 0.592

Previous myocardial infarction (%) 12 (21.1) 15 (21.1) 15 (18.8) 0.919

Previous coronary angioplasty (%) 6 (10.5) 5 (7.0) 4 (5.0) 0.467

Previous coronary artery bypass grafting (%) 7 (12.3) 3 (4.2) 4 (5.0) 0.143

A N G I O G R A P H I C C H A R A C T E R I S T I C S

LAD related infarction (%) 37 (64.9) 46 (64.8) 63 (78.8) 0.103

Multivessel disease (%) 27 (47.4) 32 (45.1) 44 (55.0) 0.443

TIMI flow in culprit artery before intervention

TIMI 0 (%) 39 (68.4) 55 (77.5) 61 (76.3) 0.457

TIMI 1 (%) 5 (8.8) 6 (8.5) 6 (7.5) 0.959

TIMI 2 (%) 8 (14.0) 5 (7.0) 7 (8.8) 0.388

TIMI 3 (%) 5 (8.8) 5 (7.0) 6 (7.5) 0.932

TIMI flow in culprit artery after intervention

TIMI 0 (%) 5 (8.8) 3 (4.2) 12 (15.0) 0.079

TIMI 1 (%) 1 (1.8) 1 (1.4) 3 (3.8) 0.600

TIMI 2 (%) 4 (7.0) 9 (12.7) 20 (25.0) 0.012

TIMI 3 (%) 47 (82.5) 58 (81.7) 45 (46.3) < 0.001

No reflow or not achieving TIMI 3 flow (%) 10 (17.5) 13 (18.3) 35 (43.8) < 0.001

Left ventricular ejection fraction <0.40 (%)b 26 (45.6) 45 (63.3) 56 (70.0) 0.002

O U T C O M E

30-day mortality (%) 10 (17.5) 17 (23.9) 46 (57.5) < 0.001

1-year mortality (%) 11 (19.3) 19 (26.8) 48 (60.0) < 0.001

LAD=Left anterior descending coronary artery; BMI=body mass index. aBMI was measured in 149 patients (72%);

group I, n=42; group II, n=54, group III n=53.  bLeft ventricular ejection fraction was measured in 169 patients (81%);

group I n=45, group II n=60,  group III n=64
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stepwise decline in survival rates with increasing admission glucose concentration

was also shown by the Kaplan-Meier survival curves for the 3 admission glucose con-

centration groups (F IGURE 2). The almost identical stepwise decline in survival rates

shown by the Kaplan-Meier survival curves for tertiles of glucose concentration

(F IGURE 3 ) justifies the selected cutoff levels for the 3 glucose groups.

Presentation of the results by these groups was therefore chosen for easy compari-

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION

P A R T I B IOCHEM ICAL PARAMETERS IN CARD IOGEN I C SHOCK
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TABLE 3 Independent predictors of one-year mortality

OR 95 %  CI p value Wald

Admission glucose concentrationa 1.155 1.070-1.247 < 0.001 13.624

Left ventricular ejection fraction <0.40 25.110 3.162-199.437 0.002 9.294

Age >75 years 2.710 1.018-7.211 0.046 3.985

No reflow or not achieving TIMI 3 flow 2.280 1.000-5.199 0.050 3.840

Male gender 1.059 0.439-2.552 0.899 0.016

The Nagelkerke R2, a measure of predictive capability, for the model is 41.0. 1-R2is the  proportion of predictive capability

attributable to causal factors not contained in the model, to a different model form and/or random effects.
aFor the continuous variable, admission glucose concentration (mmol/L), the odds ratio is noted per unit of increment.
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son with previous studies. Because the stepwise decline in tertiles reflects linearity,

it was chosen to use admission glucose concentration as a continuous variable in the

multivariate logistic regression analysis.

P R E D I C TO R S O F MO RTA L I T Y

Multivariate analysis showed admission glucose concentration, LVEF <40%, age

older than 75 years, and no reflow (or not achieving TIMI 3 flow) to be independent

predictors of 1-year mortality (TABLE 3 ). According to the Nagelkerke R2, a measu-

re of the predictive capability of a multivariate model, these predictor variables held

41% of the prognostic information for 1-year mortality. The Wald statistic showed

admission glucose concentration to be the strongest independent predictor of 1-year

mortality, followed by LVEF ƒ40%. The odds for mortality increased by 16% for

every 1 mmol/L increase in plasma glucose concentration (OR 1.155, 95% CI 1.070-

1.247).

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION
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glucose <7.8
glucose 7.8-11.0
glucose >11.0

F IGURE 2 Kaplan- Meier Survival curves

for the 208 STEMI patients with CS 

on admission according to admission 

glucose concentration groups 

(log-rank 30.90 p<.0001).

F IGURE 3 Kaplan- Meier Survival curves

for the 208 STEMI patients with CS 

on admission according to tertiles 

of admission glucose concentration 

(log-rank 30.38 p<.0001).
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D I S C U S S I O N

This study reflects a representative population over a long range of years (1997-

2005). A population of patients with STEMI with CS on admission were not known

to have a prior diagnosis of diabetes. The incidence of CS in our database of patients

with STEMI treated with PCI was similar to findings from previous studies.1,2

Although the relation between admission glucose concentration and mortality was

found in patients with STEMI without CS treated with PCI, this has not been repor-

ted before in patients with STEMI with CS.

The main findings of this study are the independent prognostic value of admission

glucose concentration, no reflow (or not achieving TIMI 3 flow), and poor LVEF on

1-year mortality in patients with STEMI without a prior diagnosis of diabetes, with

CS on admission treated by PCI. Admission glucose concentration appeared to be

the strongest independent predictor of 1-year mortality among them. The odds for

mortality increased by 16% for every 1 mmol/L increase in plasma glucose concen-

tration.

Cardiogenic shock is associated with the loss of more than 40% of the contractile left

ventricular myocardium and extensive myocardial destruction.3,12 The findings of

this study support the concept of acute hyperglycemia playing an important role in

the sequence of more extensive myocardial damage through postischemic infarct

extension, greater impaired left ventricular function, and higher mortality in

patients with STEMI with CS.13 Poor early postinfarction LVEF, perhaps not surpri-

singly, is a strong independent predictor of 1-year mortality as well. However, most

prior myocardial infarction studies examined predischarge LVEF or LVEF determi-

ned after the myocardium recuperated from the initial ischemic insult. Early post-

infarction ejection fraction was shown to hold less prognostic information on long-

term mortality, which is explained by the influence of initial myocardial stunning or

hyperkinesis of noninfarcted myocardium.14,15 Notably, these myocardial infarction

studies concerned patients with STEMI in general. This study confirms the results

from a subanalysis of the SHOCK trial, which particularly addressed the prognostic

importance of early postinfarction LVEF in patients with STEMI with CS.16

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION

P A R T I B IOCHEM ICAL PARAMETERS IN CARD IOGEN I C SHOCK
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Several mechanisms are proposed to explain the association of elevated admission

glucose concentration with mortality. First, hyperglycemia is a reflection of relative

or absolute insulin deficiency, which may lead to lack of glycolytic substrate for the

myocardium, to increased lipolysis, and to excess circulating free fatty acids.7,17 Free

fatty acids are toxic to ischemic myocardium, and high concentrations during ische-

mia increase myocardial oxygen demand and reduce myocardial contraction, resul-

ting in arrhythmia and/or pump failure, respectively. The insulin deficiency is

thought to be either associated with diabetes mellitus or impaired glucose toleran-

ce, which is frequently observed in nondiabetic patients with STEMI,10,18 or with the

release of stress mediators such as noradrenaline and cortisol, which antagonize

insulin and promote glycogenolysis and hyperglycemia.

Second, hyperglycemia was recently shown to be associated with the no-reflow phe-

nomenon, which is mainly a manifestation of microvascular dysfunction.19

Experimental studies have reported a direct effect of hyperglycemia on microvascu-

lar function. Hyperglycemia aggravates platelet-dependent thrombosis, increases

circulating adhesion molecules that augment capillary leukocyte plugging, attenua-

tes endothelium-dependent vasodilatation, and reduces collateral blood flow.20-23

Increased microvascular dysfunction is associated with increased myocardial dama-

ge through postischemic infarct extension, resulting in poor left ventricular functi-

on.24 This greatly explains the association of the no-reflow phenomenon with adver-

se outcome.25 The independent prognostic value of no reflow (or not achieving

TIMI 3 flow) on 1-year mortality in our study concerning patients with STEMI with

CS is in concordance to these previous findings. Although no reflow in this study is

an indirect measure of microvascular dysfunction, the significant association

between no reflow and increasing glucose group and the attenuation of the effect of

no reflow by glucose concentration in multivariate analysis suggest the role of acute

hyperglycemia in the pathophysiology of microvascular dysfunction. The possible

important role of the no-reflow phenomenon in CS is supported by the fact that the

adjunctive administration of platelet glycoprotein IIb/IIIa inhibitors to patients

with STEMI with CS treated with PCI was shown to improve outcome.26,27 Finally,

elevated glucose levels may be an epiphenomenon rather than being causally rela-

ted with mortality.

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION
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As detailed above, acute hyperglycemia plays an important role in several mecha-

nisms that may result in more extensive myocardial damage or pump failure and,

consequently, in worse clinical outcome. These mechanisms may play an important

role in patients with STEMI and particularly in patients with STEMI with CS.

Reperfusion therapy has greatly improved survival in CS patients by salvaging

ischemic myocardium at risk and by limiting postischemic infarct extension.

However, concomitant therapies should be aimed at further reduction of the extent

of myocardial damage. Glycometabolic regulation might be beneficial for this pur-

pose. The approaches that have been investigated can be divided into 2 categories

according to their treatment goal; the infusion of glucose-insulin-potassium prima-

rily aimed at optimizing peri- and postischemic myocardial energy metabolism (ie,

suppression of free fatty acids and maximal myocardial glucose uptake) and insulin

treatment regimens aimed at euglycemia. 

Although theoretically promising, the effects of glucose-insulin-potassium infusion

until now could not be demonstrated clearly in patients with STEMI.28,29 The noti-

on rises that glycometabolic support should be primarily aimed at lowering glucose

levels. Concerning diabetic patients with STEMI, the DIGAMI trial showed insulin

infusion to improve long-term survival.30 Moreover, strict glucose regulation by

insulin administration was shown to improve outcome in critically ill patients, inclu-

ding patients with CS, as is current practice also in our institution.31 Hence, glyco-

metabolic support, especially glucose-lowering regimens, may still represent a pro-

mising therapeutic approach for further improvement of survival of patients with

STEMI in the PCI era, particularly for those with CS. Intriguing are the recent stu-

dies from Nikolaidis et al32,33 on glucagon like peptide-1 (GLP-1), which herald a pro-

mising alternative approach for glycometabolic control in patients with STEMI.

L I M I TAT I O N S

There are several important limitations to our study. First, our study is a single-cen-

ter study. However, it reflects a representative population because it concerns a

homogenous population over a large range of years (1997-2005). Second, because

fasting plasma glucose, glucose after oral glucose tolerance testing, or hemoglobin

CARD IOGEN I C SHOCK IN ACUTE MYOCARD IA L INFARCT ION
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A1c was not routinely measured, it was not possible to assess the rate of undiagno-

sed diabetes or impaired glucose tolerance in our study population. In our study, our

risk model only explains 41% of the predictive information. Among others, hemo-

dynamic variables might have raised the predictive information of the risk model.

Finally, selection bias could have played a role in our study because patients without

available admission laboratory data were excluded from the study cohort. This is

most likely because of the fact that, in this group of CS patients, blood sampling did

not have priority or was not performed because of a deplorable state requiring other

actions or early death. This could be partly an explanation for the relatively low

overall mortality (38%) in our study cohort of CS patients opposed to other studies.

However, the mortality figure rather is an expression of the adoption of primary

PCI as the therapy of choice for all patients with STEMI since 1997 in our hospital,

confirming the trend toward improved survival for CS patients with increasing pri-

mary PCI rates.2-4

C O N C L U S I O N

In patients with STEMI with CS treated with primary PCI, admission glucose level

is a strong independent predictor for 1-year mortality in patients without a prior

diagnosis of diabetes. Our study describes this relation for the first time in a large

CS cohort. Further studies are warranted to determine whether concomitant glyco-

metabolic regulation in patients with STEMI treated with PCI, particularly those

with CS, will improve clinical outcome.
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