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Summary

Background: Theroleof diabetesmelitus(DM) in cardio-
genic shock (CS) complicating an acute myocardia infarction
(AMI) isnot well understood. Previous studies have reported
an in-hospital mortality rate for patientswith DM and CS of
about 60%.

Objectives: Thisstudy comparesthe 1-year mortality rates
of patientswith DM and those without (NDM) and evaluates
early revascularization (ERV) compared with initial medical
gahilization (IMS) in patientswith DM and CS.

Methods: Baseline characterigtics, clinical and hemody-
namic measures, and management were compared for 90 pa-
tients (31%) with DM and 198 with NDM (69%) who were
randomized to ERV or IMSinthe SHOCK Tridl.

Results: When compared with NDM, patients with DM
were of similar age but had higher rates of prior MI (44.4 vs.
27.8%, p=0.007) and hypertension (56.2vs. 42.5%, p=0.04).
The DM group had alower rate of fibrinolytic therapy (44.4
vs. 60.1%, p= 0.02). In patients randomized to ERV, patients
with DM had ahigher rate of coronary artery bypassgrafting
(CABG) (50.0 vs. 30.9%, p = 0.03) despite Smilar rates of
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triple-vessd disease. The 1-year mortality ratesin both groups
wereeguivaent (58.9%). One-year mortality wasnot associat-
ed with diabetes (hazard ratio [HR] 1.02, 95% Cl, 0.73-1.42,
p = 0.91). The benefit of an ERV dtrategy was smilar (HR
[DM] 0.62; HR[NDM] 0.75, p = 0.58). Even after adjusting
for theimbaancein CABG rates, 1-year mortality wasnot as-
sociated withDM.

Conclusion: Diabetes mdllitusis not a predictor of 1-year
mortality in CSafter AMI. The benefit from an ERV strategy
issimilar for DM and NDM. The management strategies and
influenceof DM onmortaity in CSdeservefurther evaluation.

Key words: cardiogenic shock, acute myocardia infarction,
outcomes, diabetes, mortality

Introduction

The role of diabetes mellitus (DM) in cardiogenic shock
(CS) complicating acute myocardia infarction (MI) is not
well understood. Impaired fasting glucose has been shown to
beanindependent predictor for developing CSafter acute M1 .1
DatafromtheNationa Registry of Myocardid Infarction sug-
gest that theincidence of CS after acute M1 is stable despite
higher utilization of primary percutaneous coronary interven-
tions(PCl).2 Patientswith diabetesand CShave ahigher mor-
tality compared with patients without diabetes (NDM), with
an in-hospital mortaity rate of >60% in previous reports.3 4
Significant differences between analyses of trid and registry
datahave emerged after the Bypass Angioplasty Revascul ari-
zation Investigation (BARI) program and underscorethechal-
lenges in generdizing findings from clinica trias into red
world practice.

In the large trials of reperfusion therapy in acute M, pa-
tients with DM have experienced relative risk reductionsin
mortality similar to those of NDM patients. In fact, the abso-
luterisk reductionsfor thrombolytic thergpy and PCI arehigh-
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er in the diabetic subgroup.> We andyzed patientsenrolled in
the SHould weemergently revascul arize Occluded Coronaries
for cardiogenic shocK (SHOCK) tria to determinetheimpact
of an early revascularization strategy (ERV) compared with
initial medical stabilization (IMS) on outcomes for patients
with DM and CScomplicating anacute M| andto evaluatethe
relaive efficacy of PCl versus coronary artery bypass graft
(CABG) among thosetreated aggressively.

Methods

The design of the SHOCK trial has been reported previ-
oudly.5 Patients were enrolled at 30 sites from April 1993 to
November 1998. In the trial, 302 patients post MI with CS
were randomly assigned to either astrategy of ERV or IMS.
All patients were recommended to have intra-aortic balloon
counterpulsation (IABC). In the ERV group, PCI or CABG
surgery had to be performed assoon aspossibleand within6h
of randomization (within 18 h of M1 onset). IntheIMSgroup,
the use of fibrinolytic therapy was permitted in patientswith-
out an absol ute contraindication in addition to the usual med-
ical care, and delayed revascularization was permitted a a
minimum of 54 h after randomization. In SHOCK overall, Six
patients in the IMS group (2.7%) violated protocol and
crossed over to revascularization within 54 h. Delayed revas-
cularization was attempted in 32 medical patients (21%) at a
median of 103 hafter randomization. Inthe ERV group, 20 pa-
tients had no revascularization and an additional 10 patients
had no early revascul arization.

Patientsweredigiblefor the SHOCK trid if they had €lec-
trocardiographic evidencefor acute M1 including at least one
of thefollowing: ST-segment el evation, new Q waves, posteri-
or infarction with anterior ST-segment depression, or new left
bundle-branch block. Thediagnosisof cardiogenic shock was
based on acombination of clinical evidence of end-organ hy-
poperfusion with strict hemodynamic criteriacongsting of a
systolic hypotension (blood pressure <90 mmHg or the re-
quirement of supportive measuresto maintain systolic blood
pressure =90 mmHg), pulmonary capillary wedge pressure
>15mmHg, and acardiac index of < 2.21/min/m2. Mgjor ex-
clusion criteriaincluded severe systemicillness, predominant-
ly non-left ventricular (LV) failure causes of CS, and unsuit-
ability for revascularization.

Patientswere classified ashaving diabetesat enrolIment us-
ing acasereport form completed by local coordinators by ab-
stracting datafrom patient records. Thetypes of antidiabetic
medications on entry and during hospitalization as well as
measurements of hemoglobin A1C level swerenot recorded.

All basdline coronary angiograms and two-dimensiona
echocardiograms were interpreted by the Angiographic and
Echocardiographic Core L aboratoriesusi ng prespecified meth-
ods and definitions.” All corelaboratory staff were blinded to
thepatients' clinical detailsand randomization assgnmentsin
the SHOCK tridl.

Vita statusat both 30 daysand 1 year were determined us-
ing telephone contact with patientsdischarged dive.

Statistical Analysis

The primary outcome messurefor thisanaysiswas 1-year
mortality; the secondary endpoint was 30-day mortality. De-
scriptiveatigticsare presented asmeans+ standard deviation
(median and quartiles for skewed variables) for continuous
data, or as percentages for categorica data. P values <0.05
were considered statitically significant. Differencesin DM
and NDM in basdline patient and hemodynamic characteris-
tics were compared using Student’s t-test for normally dis-
tributed continuous variabl es, the Wil coxon rank-sumtest for
non-normally distributed continuous variables, and Fisher's
exact test for categorical variables. Thirty-day mortality was
andyzed by logistic regression and Kaplan-Meier curves
were generated to demongtrate the survival differences. Cox
proportiona hazards regression was also used to analyze 1-
year survival. Analyses were conducted with the Statitical
Analysis System (SAS, Inc., Cary, N.C., USA, version 9.1)
and S-Plus(Insightful Corporation, Sesttle, Wash., USA, ver-
s0n 6.0.3) software.

Resaults

Of the 302 patients randomized in the SHOCK trial, com-
plete data on diabetes status were ascertained in 288 (95%).
Left ventricular failurewasthe predominant etiology for CS.
Ninety patients (31%) were classified ashaving diabetes (Fig.
1). Of the 85 patients with diabetic trestment status known,
77% (n = 66 ps) were treated with oral hypoglycemics and/
orinsulin.

Thebasdline characteristicsand important clinical presen-
tation findings of the cohort divided into patients with and
without diabetesareshownin Tablel. Ingenerd, patientswith
DM and NDM weresimilar with regard to age, gender, histo-
ry of prior revascularization, and history of congestive heart
failure (CHF). Patients with DM were less likely to be Cau-
casian (62.2 vs. 80.8%, p=0.01), and had ahigher rate of hy-
pertension (56.2 vs. 42.5%, p=0.04), peripheral vascular dis-
ease (24.1vs. 11.4%, p=0.03), and prior M| (44.4vs. 27.8%,
p=0.007).

Therewereno significant differencesin M1 location, low-
est systolic blood pressure, LV gection fraction, and cardiac
index between the patientswith DM and NDM. Similar rates
of coronary angiography wereobservedinthe DM and NDM
groups (83.3vs. 81.3%, p=0.743). Diabeteswas not associ-
ated with the presence of triple-vessel disease. However, pa-
tientswith DM were more likely to have more severe coro-
nary disease when the proportion of patients with multiple
non-infarct-related arterieswith > 90% stenoses was consid-
ered (p=0.029).

Similarly, Table Il demonstrates thein-hospital manage-
ment of CSfor patientswith DM and NDM. Although the
two groupswere equally likely to be randomized to an ERV
strategy, the patientswith DM were more likely to undergo
CABG surgery astheir mode of early revascularization (50.0
vs. 30.9%, p = 0.030). Fibrinolytic therapy waslesslikely in
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SHOCK trial patients
n =302

Predominant LV pump failure shock
n=294

Other causes of shock
n=8

Diabetes status unknown

Diabetes status known

n=6 n= 288
Patients without diabetes Patients with diabetes
n =198 n=90
IMS patients ERV patients IMS patients ERV patients

n =104 n=94 n =40 n =50
Neither PCI PCI only CABG (with or Neither PCI PCl only CABG (with or
nor CABG n=52 without PCI) nor CABG n=19 without PCI)

n=13 n=29 n==6 n=25

Fic.1 Flowchart of patient sample. LV = left ventricular, IMS = initial medical stabilization, ERV = early revascularization, PCI = percuta-

neous coronary intervention, CABG = coronary artery bypassgraft.

patientswith DM (44.4vs. 60.1%, p=0.015), despitesimilar
proportions of patients with DM and NDM being assigned
toERV.

AsshowninTablelll and Figure2, the1-year mortdity rate
was not higher for the patientswith DM (58.8 vs. 58.9%, p=
1.000). After adjusting for age, gender, and LV function, dia-
betes was not an independent predictor of 30-day mortality.
The association between DM and 30-day mortality was aso
examined within subgroups defined by CABG and fibrinolyt-
ic therapy (Table V). There was no significant differencein
mortality between patients with DM and NDM within any
subgroup. Thisremained unchanged when adjusted for ahis-
tory of hypertension.

When the 44 patients with DM randomized to the ERV
Strategy wereanalyzed according to their modes of revascular-
ization (Table V), patients treated with PCl alone versus
CABG with or without PCI were similar with regard to base-
linecharacterigtics, clinical presentation, and in-hospitd treet-
ment.8 Of the 25 patientsundergoing CABG, 2 had both PCI
and CABG. Most important, the 30-day and 1-year mortality
rates were not significantly different between the PCI and
CABG ERV-treated groups; however, there was a trend to-
ward better surviva for patients trested with ERV-PCI, fol-
lowed by treatment with ERV-CABG and then followed by
IMS(TableV1).

Using Cox proportional hazards regression in Table VI,
DM was not associated with excessrisk of 1-year mortality
(hazard ratio [HR] 1.02, 95% confidenceinterva [CI] 0.73—
1.42; p=0.91). Themagnitude of thebenefit of an ERV drate-
gy was smilar (p = 0.58) in the DM and NDM groups (HR
[DM] 0.62, 95% Cl, 0.36-1.08; HR [NDM] 0.75, 95% ClI,
0.52-1.09).

Discussion

Although patientswith DM areat anincreased risk of de-
veloping CS complicating acute M, they did not appear in
the SHOCK trial to have excess mortality once shock devel-
ops.2 The benefits of an ERV-based strategy in the diabetic
subgroup of the SHOCK trial at 30 daysand 1 year arecom-
parablewith those experienced by the overall population.8 In
general, patientswith DM are similar to patients with NDM
and CS with regard to baseline characteristics and clinica
presentation. In the SHOCK tria, patientswith DM and CS
weremorelikely to have prior Ml and hypertension and less
likely to be Caucasian.

Therateof fibrinolytic therapy usein acute M| complicated
by CShasprevioudy been shown to belower in patientswith
DM even though they have the potentia to experience a
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TaBLe | Clinical characteristics of patientswith and without diabetes (n = 288) with cardiogenic shock due to predominantly | eft ventricu-
lar failure

Without diabetes With diabetes
n=198 n=90 pVaue
Age(years) 658+11.1 65.7+9.1 0.901
Femal e gender (%) 28.8 37.8 0.135
Racewhite non-Hispanic (%) 80.8 62.2 0.001
Anterior index myocardia infarction (%) 583 65.2 0.230
Prior myocardia infarction (%) 278 444 0.007
Prior coronary bypasssurgery (%) 6.6 56 1
Prior percutaneous coronary intervention (%) 7.6 8.0 1
History of congestive heart failure (%) 51 6.7 0.585
History of hypertension (%) 25 56.2 0.04
History of cigarette smoking (%) 575 452 0.095
Elevated lipids(n = 146) (%) 343 477 0.141
Peripheral vascular disease (n=198) (%) 114 241 0.03
22 ECG leadswith ST eevation (%) 919 92.2 1
New Qwavesin= 2|eads (%) 439 56.7 0.056
New LBBB (%) 9.6 124 0.533
Median highest total creatinekinase (Q1, Q3) 3832 (1621, 6331) 2142 (951, 4461) 0.977
Median timefrom myocardia infarction to shock (h) (Q1, Q) 5.6(2.3,14.0) 6.2(2.5,15.5) 0.71
Lowest systalic blood pressure (mmHg) (n=206) 2 68.7+12.1 66.1+14.8 0.175
PCWP(mmHg) 2 239+73 255+6.8 0.095
Cardiacindex (I/min/m?) @ 18+0.7 18+04 0.676
CPi (wattsm?) (n=241) 2 0.3+0.01 0301 0.999
LV gectionfraction (%) (n=164) 30.8+11.8 29.1+121 0.832
Median creatinine clearance (ml/min) (Q1, Qs) (N=238) 55.8(39.7,79.8) 55.0(37.3,75.7) 0.527
Crestinine clearance <60 ml/min (%) (n=238) 53.6 55.6 0.889
Triple-vessl disease (%) (n=228) 61.5 73.6 0.100
Severedisease: Non-infarct-related arterieswith >90% occlusion
andinfarct artery (%)

1 727 58.9 0.029

2 187 278

3 86 133 0.029

Vauesin parenthesesindicatetheinterquartilerange.

@ Obtained while on support measures.

Abbreviations: ECG = électrocardiogram, LBBB = |&ft bundle-branch block, PCWP = pulmonary capillary wedge pressure, CPi = cardiac pow-
erindex, LV =left ventricular.

TaBLE Il In-hospital trestments of patientswith and without diabetes (n = 288)

Without diagbetes With diabetes
n=198 n=90 pVaue
Pulmonary artery catheterization (%) 975 88.9 0.007
Fibrinolytictherapy (%) 60.1 44 0.015
Intra-aortic balloon pump (%) 84.9 90.0 0.270
Coronary angiography (%) 813 833 0.743
PCI (no coronary bypass) (%) 338 26.7 0.274
Coronary bypass (with or without PCI) (%) 217 300 0.140
Revascularization (PCI or coronary bypass) (%) 55.6 56.7 0.899
Randomizationto ERV (%) 475 55.6 0.253
Typeof revascularization for ERV patients(n=144)
PCI (no coronary bypass) (%) 55.3 380 0.055
Coronary bypasswith or without PCI (%) 309 50.0 0.030
No revascul arization (nonsignificant disesse or desth
prior to revascul arization) (%) 138 12.0 1.000

Abbreviations: ERV = early revascularization, PCI = percutaneous coronary intervention.
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TaBLE Il Mortality rates of patients with and without diabetes
(n=288)
Without With
digbetes  diabetes
n=198 n=90 pVaue
30-Day mortality (%) 51 489 0.800
Higtory of hypertension
(n=132) 50 50 1.000
No history of hypertension
(n=150) 50.5 487 1.000
1-Year mortality (%) 58.9 58.9 1.000
Higtory of hypertension
(n=132) 59.3 60 1.000
No history of hypertension
(n=150) 57.7 56.4 1.000

Diabetesand hypertensioninteraction p=0.9 for bothtimepoints.

greater absoluterisk reduction.* Given thefact that trialspow-
ered to demondtrate differences in the diabetes population
have not been conducted, it ispossiblethat cliniciansare hes-
tant to administer these types of therapiesto patients at high
risk. Theresultsof our analysissuggest that amore aggressive
approachto CSin patientswith DM appearsto be effective.

Numerous secondary anaysesfrom largerandomizedtrias
have demongtrated that diabetesis congistently a strong pre-
dictor of short- and long-term mortality.* 9 10 This has long
been attributed to diabetes-related thrombosi sand progression
of underlying atherosclerotic heart disease.

For patientsin CS, multiple registries have demonstrated
higher mortality inthosewith diabetes. Inthe Olmsted County
registry of 73 patientsthat included 16 patientswith DM, dia-
betes conferred athree-fold increasein therisk of adjusted in-
hospital mortality and atwo-fold increasein therisk of 5-year
mortality.® Diabeteswasindependently associated with hospi-

TaBLE IV Logistic regression modelsfor 30-day mortality (n=288)

Log rank p = 0.911, Wilcoxon p = 0.638
— Diabetic (n = 90)
——— Nondiabetic (n = 198)

Survival (%)
~
o
1

Time from randomization (months)

Fic.2 Oneyear survival for diabetic and nondiabetic patients
(n=288).

tal mortality. Inthe SHOCK Registry, whichincluded patients
with DM, diabeteswasindependently associated with in-hos-
pital mortality with an adjusted oddsratio of 1.5.

Thereare several explanationsfor thelack of ation of
diabetes and mortdity in CS between the SHOCK trid and
previous studies. The use of cointerventions may account for
much of thisdifference. Theuseof |ABC therapy wasprotocol
recommended and almost twice aslikely in the diabetic group
of the SHOCK trid (90%) asintheregistries*8 TheAmerican
College of Cardiology (ACC) and the American Heart Asso-
ciation (AHA) recommendations on the use of IABC in pa-
tientswith shock refractory to pharmacol ogic therapy isbased
onsmal studies, observationsfrom subgroup analysesof large
randomized studies (GUSTO | /IlI), and community reg-
istries®11-14 Smilarly, therate of angiography in patientswith
DM was considerably higher (83.3%) inthe SHOCK tridl. In
addition, overall rates of CABG surgery among patientswith
DM wastwiceaslikely inthe SHOCK trid asintheregigtries,
withratesincreased dmost threefoldinthesubgroup random-
izedtoan ERV strategy. 8 Other therapies, such asthemedical
management of patientswith diabetes, which were not record-

pVaue Oddsretio 95%Cl
Mode 1 (n=288)
Interaction of diabetesand coronary bypass 0.562
Coronary bypass: Diabetesvs. no diabetes 0.74 (0.28,2.00)
No coronary bypass. Diabetesvs. no diabetes 104 (0.58,1.88)
Modd 2 (n=288)
Interaction of diabetesand fibrinolytic therapy 0.919
Fibrinolytic therapy
Diabetesvs. no diabetes 0.86 (0.42,1.77)
Nofibrinolytic therapy
Diabetesvs. no diabetes 091 (0.45,1.84)
Modd 3 (n=288)
Interaction of diabetesand assignment to ERV 0.555
Diabetes ERV vs. IMS 0.73 (0.42,1.27)
Nodiabetes. ERV vs. IMS 054 (0.23,1.24)

Abbreviations: Cl = confidenceinterval, ERV =early revascularization, IMS=initial medical stabilization.
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TaBLE V  Characterigtics of patients with diabetes randomized to early revascularization and treated with percutaneous coronary interven-

tion or coronary bypass (n=44)

PCl only CABGwith or without PCI

n=19 n=25 pVaue
Age(years) 64.9+88 624+9.8 0.399
Female (%) 36.8 280 0.745
White non-Higpanic (%) 57.9 60.0 1.000
Anterior index MI (%) 84.2 56.0 0.058
Prior M1 (%) 421 400 1.000
History of hypertension (%) 57.9 70.8 0521
PVD (%) (n=32) 154 36.8 0.249
IABP (%) 89.5 100 0.181
Pulmonary artery catheterization (%) 895 92.0 1.000
Left main diseese (%) 16.7 292 0473
Triple-vessel disease (%) 722 80.0 0.717

Abbreviations: MI = myocardid infarction, PV D = peripheral vascular disease, |ABP = intra-aortic balloon pump, PCI = percutaneous coronary

intervention, CABG = coronary artery bypassgraft.

TaBLE VI Mortality ratesof patientswith digbetesrandomized to
early revascul arization and treated with percutaneous coronary in-
tervention or coronary bypass (n=44)

CABGwithor
PCl only without PCI
n=19 n=25 pVaue
30-Day mortality (%) 36.8 40.0 1.000
1-Year mortdity (%) 474 520 1.000

ed, may have been different in the SHOCK trial and may have
played arolein the outcomes observed.

The observations from our analysis may beinterpreted as
evidence for treating the diabetic population with CS as ag-
gressively aspossible. Thegreater use of IABC and coronary
angiography may beresponsiblefor making up thedifferences
withtheNDM group. Theother hypothesisisthat once CSoc-
cursafter acuteMI, DM nolonger exertsan independent effect
on short- and long-term mortality.

Itisvery interesting to explore the differencesin outcomes
between the diabetic subgroup inthe SHOCK trial and Reg-
istry inwhich patientsare enrolled in the same centersduring
the sametimeperiod. Thepatientswith DM were much more
likely to have a history of CHF in the registry (30 vs. 15%,
p<0.001) than the patients with NDM.# The SHOCK trial,
however, excluded patientswith ahistory of CHF dueto car-
diomyopathy. Thelength of follow-upinthe SHOCK Regis-
try was limited to an in-hospital period as opposed to the 1-
year periodinthetrial.

In patientsassigned to ERV inthe SHOCK tria, therewas
nosignificant differenceinsurvival at 1 year betweenthosepa
tientswith DM who were selected to undergo PCI aonevs.
CABG. Evidencefromthelarge BARI tria had demonstrated
along-term superiority of CABG over PCl in patients with
DM with multivessel disease who were not in cardiogenic

TasLE VII  Cox proportional hazards modelsfor 1-year survival
for patientswith and without diabetes (n=288)
95%Cl
Hazard  forthehazard
pVaue rato retio
Model 1 (n=288)
Diabetes 0911 102 (0.73,1.42)
Mode 2 (n=288)
Interaction of Diabetesand
assgnment to ERV 0578
Diabetes. ERV vs. IMS 0.62 (0.36,1.08)
Nodiabetes: ERV vs.IMS 0.75 (0.52,1.09)

Abbreviationsasin Tablel V.

shock, and one of our hypotheses was that this trend would
also emergeinthe SHOCK trial 15 Thisanalysis, however, is
consistent with the BARI tria registry, inwhichthe outcomes
of patients with DM were not different between PCI and
CABG whenthedecision asto how to revascularizewasleft to
thediscretion of the attending physician. 16

Limitationsof the Study

Thereareseverd limitationsto the present andlyss. Petients
with DM enrolled in the SHOCK trial may not represent the
overal DM population in CS after acute M. Differences be-
tween the patients with DM in the SHOCK tria and in the
Registry are not dramatic, but the possibility of selection bias
waslikely and should be acknowledged. Thediagnosisof dia
betes was based upon history and is likely underestimated.
There are no data abstracted eval uating glycemic control and
no documentation of antidiabetic therapy administered. Ele-
vated plasma glucose levelsin the intensive care unit setting
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corrate highly with poor outcomes in patients with NDM
and may, in part, explain our study findings. Plasmaglucose
levelswere not collected during the SHOCK trial. Ingenerd,
the odds retio expressed in this analysis have wide Cls and
should beinterpreted with caution. A limitation of the PCl ver-
sus CABG comparisonin patientswith DM undergoing ERV
isthe small sample size (atotal of 44 patients) and the influ-
enceof biasin how patientswere sdected for thetypeof revas-
cularization procedure performed.

Recently, use of an insulin infusion has been shown to re-
ducemortdity intheintensivecareunit.” Itispossiblethat the
diabetic subgroupin the SHOCK trial wastrested with more
aggressive antidiabetic strategies than those observed in the
nonrandomized studies. Theseanaysesareunderpowered de-
spitethehigh event rate. Therefore, inour current andysis, we
cannot exclude small mortality differences between the DM
and NDM subgroups.

Conclusion

Inthe SHOCK trial, DM isnot apredictor of 1-year mor-
tality in CS after AMI. The magnitude of benefit from an
ERV grategy at 30 days and 1 year is similar for DM and
NDM. Newer trestment modalities, including theeffect of in-
tensiveinsulinto normalize el evated serum glucose associ at-
ed with CSin both DM and NDM deservesfurther prospec-
tiveevaluation.
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