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ABSTRACT
Objective : The presence of diabetes mellitus (DM) is highly related to increased mortality in 

patients with ST-segment elevation myocardial infarction (STEMI) ; however, the mechanism(s) un-
derlying the poor prognosis in patients with diabetes is not fully understood.  In addition, although it 
has been reported that myocardial perfusion following primary percutaneous coronary intervention 
(PCI) is worse in patients with diabetes, the possible contribution of distal embolization in patients 
with diabetes is unclear.  In the present study, we hypothesized that myocardial perfusion following 
primary PCI using a distal protection device would be different between patients with and without di-
abetes.  Therefore, we evaluated the effect of DM on myocardial perfusion after primary PCI using 
distal protection devices, as assessed using myocardial blush grade (MBG) and ST-segment elevation 
resolution (STR) as clinical markers.

Methods : Thirty-one patients with diabetes and 51 patients without diabetes, and having STE-
MI treated with primary PCI using distal protection devices within 24 hours (h) from the onset of 
symptoms were examined.  The MBG, STR, peak creatine kinase (CK) level, and left ventricular 
ejection fraction (LVEF) were compared between groups with and without DM.

Results : There was no significant difference in the post-procedural Thrombolysis In Myocardial 
Infarction (TIMI) flow grade 3 between the group with diabetes and that without (100% vs. 100%, 
P=1.0).  However, the DM group had a significantly lower incidence of complete STR and MBG 3 
than the non-DM group (complete STR : 19% vs. 56%, P<0.001 ; MBG 3 : 41% vs. 82%, 
P<0.001).  The LVEF and peak CK levels were similar in the two groups (LVEF 62% vs. 66%, 
P=0.52 ; peak CK levels 3124 vs. 3229, P=0.86).

Conclusions : There was no significant difference in the success rate for reperfusion, infarct 
size, or TIMI flow grade after primary PCI between patients with and without diabetes.  However, 
microvascular perfusion was impaired in patients with diabetes, as estimated using STR and 
MBG.  Compared to patients without diabetes, patients with diabetes had worse myocardial perfu-
sion following primary PCI, even when a distal protection device combined with thrombus aspiration 
was used.� (Jikeikai Med J 2015 ; 62 : 21-32)

Key words : ‌�acute myocardial infarction, diabetes mellitus, reperfusion injury, distal embolization, 
distal protection device
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Introduction

Primary percutaneous coronary intervention (PCI) 

with stent implantation is the standard treatment for pa-

tients with ST-elevation myocardial infarction (STE-

MI)1.  Primary PCI is known to result in better coronary 

reperfusion than thrombolytic therapy.  Therefore, primary 

PCI is recognized to have better outcomes for STEMI pa-

tients2,3. 

Diabetes mellitus (DM) is an independent factor asso-

ciated with acute and chronic prognoses in STEMI pa-

tients.  Patients with DM have an increased mortality rate 

regardless of the use of reperfusion therapy (thrombolysis 

or primary PCI)4.  DM leads to abnormal myocardial perfu-

sion due to reduction in the coronary flow reserve5 isch-

emic preconditioning, and coronary endothelial func-

tion6,7.  Previous studies have suggested that acute 

outcomes of patients with diabetes having STEMI treated 

with primary PCI were superior to those of patients treated 

with thrombolytic therapy8,9.  In addition, myocardial per-

fusion following reperfusion therapy in STEMI was worse 

in patients with diabetes than those without, as estimated 

using ST-segment elevation resolution (STR)10 and myocar-

dial blush grade (MBG)11-13.  However, these previous 

studies used thrombolytic therapy or primary PCI alone and 

did not use distal protection devices11,12.  Distal emboliza-

tion of atheromatous and thrombotic materials is common 

after primary PCI.  The prevention of distal embolization 

enhances myocardial perfusion and reduces infarct size and 

should improve the event-free survival after primary PCI, 

as supported by observational studies14.  Distal emboliza-

tion could be associated with higher mortality in patients 

with diabetes having STEMI treated with PCI15.

We hypothesized that patients with diabetes would 

have worse myocardial perfusion following primary PCI 

even when a distal protection device combined with throm-

bus aspiration is used, as compared to patients without dia-

betes.  Therefore, in the present study, we evaluated myo-

cardial perfusion following primary PCI combined with 

distal protection devices for STEMI, in patients with or 

without DM, as assessed using STR and MBG, which are 

clinical markers of reperfusion.

Methods

Study Population

A total of 82 patients with acute myocardial infarction 

(AMI) admitted to Fuji City General Hospital from January 

2006 to March 2007 were studied.  STEMI was defined as 

symptoms of ischemia with electrocardiographic (ECG) 

signs compatible with AMI (ST-elevation at the J point in 

two contiguous leads with cutoffs : ≥0.1 mV in all leads 

other than leads V2-3 where the following cut points ap-

ply : ≥0.2 mV in men ≥40 years ; ≥0.25 mV in men <40 

years, or ≥0.15 mV in women), and detection of a rise and/

or fall of cardiac biomarker values with at least one value 

above the 99th percentile of the upper reference lim-

it16.  Patients with cardiogenic shock and/or left main coro-

nary artery stenosis >50% in diameter were excluded from 

the present study.  Hypertension was defined as a history 

of systolic blood pressure ≥140 mmHg, diastolic blood 

pressure ≥90 mmHg, or antihypertensive therapy.  Dys-

lipidemia was defined as a fasting low-density lipoprotein 

cholesterol level ≥140 mg/dL, a fasting high-density lipo-

protein cholesterol level <40 mg/dL, a fasting triglycerides 

level ≥150 mg/dL, or the need for antilipidemial thera-

py.  In the present study, patients were considered to have 

DM if their medical records revealed a history of diabetes 

and they were being treated with a drug (insulin or oral hy-

poglycemic agents) or diet, or if they had fasting hypergly-

cemia (plasma glucose level >126 mg/dL) and glycated  

hemoglobin (HbA1c ; National Glycohemoglobin Standard-

ization Program [NGSP])>6.5%17.  We transformed the 

HbA1c (Japan Diabetes Society, JDS) levels to the HbA1c 

(NGSP) levels using the following formula :  NSGP 

(%)=1.02×JDS (%)+0.25%.  Plasma glucose was the non-

fasting glucose level measured at the time of admis-

sion.  Recent studies used 10.0 mmol/L or 11.0 mmol/L (1 

mmol/L=18 mg/dL) of blood glucose levels on admission to 

define admission hyperglycemia18.  Therefore, admission 

hyperglycemia was defined as an admission plasma glucose 

level >200 mg/dL (>11.1 mmol/L) regardless of the diabe-

tes status in the present study.  Of the 82 patients enrolled 

in the study, 31 were diagnosed as having DM.  Informed 

consent was obtained from every patient before the proce-

dures.  This study conformed to the ethics guidelines of 

the 1975 Declaration of Helsinki and was approved by the 

Ethics Committees of our institution (authorization number 
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25-334 7469) and Fuji City General Hospital (authorization 

number 87).

PCI Procedures

Acute coronary angiography was performed, followed 

by PCI to restore blood flow to a Thrombolysis In Myocar-

dial Infarction (TIMI) flow grade of 3 in the infarct-related 

artery19 by using a bare metal stent (BMS) within 24 h from 

the onset of continuous chest symptoms and typical ECG 

changes in STEMI.  We excluded stable and asymptomatic 

patients who were treated more than 12 h after the onset of 

STEMI.  All patients received 100 mg of aspirin and hepa-

rin (5,000 IU) intravenously, as well as nitroglycerin (1 mg) 

as an intracoronary injection before PCI, and were treated 

with a distal embolization protection device (GuardWire® 

Plus system, Medtronic Corp., Minneapolis, Minnesota 

USA) and examined by intravascular ultrasound.  The 

GuardWire® Plus system consists of a guidewire incorporat-

ing a central inflation lumen distally attached to an elasto-

meric balloon.  In brief, the guidewire was introduced into 

the infarct-related artery, and aspiration of any thrombus 

was performed.  Then, an elastomeric balloon was placed 

and inflated distal to the culprit lesion to protect against any 

distal embolization.  A BMS was implanted either immedi-

ately or before dilatation with a small balloon, depending on 

the characteristics of the lesion.  After stent implantation, 

angiographic optimization was performed by balloon dilata-

tion appropriately under distal protection using the Guard-

Wire® Plus system.  Stent implantation was performed 

within 1 h of arrival at the hospital in all patients.  Proce-

dural success was defined as residual stenosis <25% with-

out major complications (i.e., death, repeat PCI or the need 

for emergency coronary artery bypass surgery).  Following 

PCI, left ventriculography (LVG) was performed.  All pa-

tients were treated with dual anti-platelet therapy (aspirin, 

100 mg daily and ticlopidine 200 mg twice daily) for at least 

four weeks after the procedure.  Six months after the pro-

cedure, we performed follow-up coronary angiography and 

an LVG study.

ECG Analysis

A 12-lead ECG was recorded immediately before and 

immediately after the procedure.  The analyses were per-

formed by one observer unaware of the angiographic and 

clinical data.  The sum of the ST-segment elevations were 

measured 20 ms after the end of the QRS complexes.  The 

summed level of ST-segment elevations was calculated for 

an anterior myocardial infarction in V1 to V6, I, and 

aVL.  This value for an inferior myocardial infarction was 

measured in leads II, III, aVF, V5, and V6.  STR was calcu-

lated as the initial sum of the ST-segment elevations minus 

the sum of the ST-segment elevations on the second ECG, 

divided by the initial sum of the ST-segment elevations, 

and was expressed as a percentage value.  STR was classi-

fied as complete (>70%), partial (30% to 70%), or absent 

(<30%)10.  Figure 1 shows a representative example of 

STR.

Visual Assessment of Flow

The perfusion status of the coronary artery was deter-

mined in accordance with the TIMI study classifica-

tion19.  The myocardial blush was graded according to the 

dye density score proposed by van’t Hof et al.11 : MBG 0 to 

1 indicated minimal-to-no myocardial blush or contrast den-

sity (relative to the dye density in uninvolved areas) ; MBG 

2 was moderate myocardial blush and MBG 3 was normal 

blush.  MBG was evaluated immediately after a PCI proce-

dure.  Figure 2 shows a representative example of MBG.

 

Assessment of the Infarct Size

The serum creatine kinase (CK) and creatine kinase 

MB (CK-MB) levels were measured on admission and ev-

ery 3 h until the CK and CK-MB levels peaked, and those 

values were used as enzymatic markers of the infarct 

size.  The LVEF was measured using the area-length 

method in LVG.

 

Statistical Analyses

Continuous data are expressed as mean±SD.  The 

statistical analyses were performed using the chi-square 

test for categorical data and Student’s t-test for continuous 

data.  Multiple logistic regression analysis was performed 

to assess independent predictors of impaired reperfusion.　
Candidate predictors included admission glucose, admission 

hyperglycemia, HbA1c, age, gender, dyslipidemia, diabetes, 

hypertension, smoking history, and body mass index.  We 

used the MedCalc statistical software, version 14.10.2 

(MedCalc Software, Ostend, Belgium).  A value of P<0.05 

was considered statistically significant.
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Fig. 1. ST-segment elevation resolution
	 The 2 panels on the left demonstrate a representative case of complete ST-segment elevation resolution.  The summed 

level of ST-segment elevation (V1 to V6, I, and aVL) before PCI decreased >70% immediately after PCI.  The 2 panels 
on the right demonstrate a representative case of the absence of ST-segment elevation resolution.  The summed level 
of ST-segment elevation before PCI decreased by <30% immediately after PCI.

	 PCI, percutaneous coronary intervention

Fig. 2.  Myocardial blush grade 
	 The upper panel demonstrates a representative result of MBG 3.  Following right coronary angiography (left), contrast 

medium deeply stained the myocardium (middle) and was then quickly washed out (right).
	 The lower panel demonstrates a representative result of MBG 0.  Following coronary angiography (left), contrast medi-

um did not stain the myocardium (middle and right).
	 MBG ; myocardial blush grade.



Diabetes Mellitus and Myocardial Perfusion in ST-segment Elevation Myocardial Infarction 25March, 2015

Results

Baseline Characteristics

The baseline characteristics of the patients are shown 

in Table 1.  There were no significant differences in the 

baseline characteristics of the two groups, except for the 

glycemic profile.  Although the incidence of dyslipidemia 

was lower in the non-DM group, the difference was not sta-

tistically significant.  In terms of the glycemic profile, the 

plasma glucose and HbA1c levels on admission were signifi-

cantly lower in the non-DM group than in the DM group.　
The number of patients with admission hyperglycemia was 

significantly smaller in the non-DM group than in the DM 

group.

Angiographic and Procedural Characteristics

All patients underwent coronary thrombectomy and 

BMS implantation.  The epicardial coronary flow following 

primary PCI was TIMI grade 3 in all patients.  Table 2 

shows the angiographic and procedural characteristics of 

the two groups.  TIMI flow grades  before and after PCI, 

percent diameter stenosis, lesion length, stent size, and 

stent length were similar between the two groups.

ST- Segment Elevation Resolution (STR) and Myocardial 

Blush Grade (MBG)

Table 3 shows a comparison of STR and MBG between 

patients with and without diabetes.  Complete STR oc-

curred in six patients (19.3%) in the DM group and in 29 

patients (56.8%) in the non-DM group (P<0.001).  The in-

cidences of partial STR in patients with and without diabe-

tes were 12 (38.7%) and 15 (29.4%), respectively, while 13 

patients (41.9%) in the DM group and seven (13.7%) in the 

non-DM group showed no STR (P<0.01).

MBG 3 was observed after primary PCI in 13 patients 

(41.9%) in the DM group and in 42 patients (82.3%) in the 

non-DM group (P<0.001).  MBG 2 was present in nine 

patients (29.0%) in the DM group and four patients (7.8%) 

in the non-DM group (P=0.01).  MBG 0 or 1 was present 

in nine patients (29.0%) in the DM group and five patients 

(9.8%) in the non-DM group (P=0.02).

We also analyzed data of STR and MBG in male and fe-

male patients independently (Table 4).  Among male pa-

tients, complete STR occurred in 3 (13.3%) in the DM 

group and 21 (53.8%) in the non-DM group (P<0.01), and 

MBG 3 was observed in 9 patients (39.1%) in the DM group 

and in 32 patients (82.0%) in the non-DM group (P<0.001).　
Among female patients, complete STR occurred in 3 

(37.5%) in the DM group and 8 (66.6%) in the non-DM 

group (P=0.76), and MBG 3 was observed in 4 patients 

(50%) in the DM group and in 11 patients (91.6%) in the 

non-DM group (P=0.03).

We then evaluated the role of admission hyperglycemia 

on myocardial reperfusion.  Table 5 shows differences in 

STR and MBG between patients with hyperglycemia (ad-

mission plasma glucose level>200 mg/dL) and patients 

without hyperglycemia (admission plasma glucose <200 

mg/dL).  In the hyperglycemia group, complete STR was 

observed in a significantly fewer patients and the absence 

of STR was found at a significantly higher rate than that in 

Table 1.　Baseline characteristics of the patients

Non-DM group
(n=51)

DM group 
(n=31) P value

Age (years)   65±10 63±12  0.46

Male, n (%) 39 (76) 23 (76)  0.81

BMI (kg/m2) 23.7±3.5 　　　 24.0±3.8  0.61

Glycemic profile

　Admission plasma glucose (mg/dl) 147±34 249±142 <0.001

　Patients with admission hyperglycemia n (%)    18 (35.2)    1 (3.2) <0.001

　HbA1c (%)   5.9±0.8 8.3±2.7  <0.0001

Coronary risk factors

　Hypertension, n (%) 36 (70) 20 (76)  0.56

　Dyslipidemia, n (%) 28 (54) 23 (74)  0.08

　Smoking, n (%) 26 (50) 16 (51)  0.95

　　BMI, body mass index ; HbA1c, hemoglobin A1c.　Continuous data are expressed as mean±SD.



C. Mori, et al.26 Vol. 62, No. 1

the non-hyperglycemia group.  MBG 3 was significantly 

lower in the hyperglycemia group ; however, MBG 0 or 1 

was not significantly different from the non-hyperglycemia 

group.

We performed multivariable analysis and found that 

DM was an independent predictor of complete STR, while 

DM and admission hyperglycemia were independent pre-

dictors of MBG 3 (Table 6).

Biomarkers and Left Ventriculography data

The LVEF immediately after primary PCI in the DM 

group was similar to that the non-DM group (58%±2% vs. 

Table 2.  Angiographical and procedural characteristics of the patients

Non-DM group
 (n=51)

DM group
(n=31) P value

TIMI flow grade before PCI

　0 31 (60) 18 (58) 0.8

　1   6 (11)   4 (12) 0.87

　2 12 (23)   7 (22) 0.87

　3 2 (4) 2 (6) 0.6

Culprit lesion

　LAD, n (%) 29 (56) 15 (48) 0.45

　LCX, n (%) 2 (4) 2 (6) 0.6

　RCA, n (%) 20 (39) 14 (45) 0.59

ACC/AHA lesion class type

　A, n (%) 1 (1) 0 (0) 0.42

　B1, n (%) 13 (25) 14 (45) 0.06

　B2, n (%) 30 (58) 12 (38) 0.07

　C, n (%)   7 (13)   5 (16) 0.76

Percent diameter stenosis (%)  96±9.4  97±8.4 0.65

Post percent diameter stenosis (%) 4.2±5.6 4.4±5.7 0.83

Lesion length (mm)  14±5.6  16±8.7 0.33

Reference diameter (mm) 2.9±0.4 3.0±0.5 0.34

Stent size (mm) 3.6±0.3 3.6±0.3 0.64

Stent length (mm)  18±4.8  18±5.7 0.85

Stent numbers 1.0±0.1 1.0±0.1 0.87

Binary restenosis, n (%)      8 (15.6)      5 (16.4) 0.95

Angiographically driven TLR, n (%)    5 (9.8)    2 (6.4) 0.59

TIMI, Thrombolysis In Myocardial Infarction study classification ; LAD, left anterior de-
scending artery ; LCX, left circumflex artery ; RCA, right coronary artery ; TLR, Target 
Lesion Revascularization.  Continuous data are expressed as mean±SD.

Table 3.　‌�Comparison of the incidence of ST-segment elevation resolution (STR) and myocardial blush grade (MBG) 
between the non-DM and DM groups

Non-DM group
(n=51)

DM group 
(n=31) P value

ST-segment elevation resolution

　Absent, n (%)   7 (13.7) 13 (41.9) <0.01

　Partial, n (%) 15 (29.4) 12 (38.7)   0.38

　Complete, n (%) 29 (56.8)   6 (19.3)   <0.001

Myocardial blush grade

　0 or 1, n (%) 5 (9.8)   9 (29.0)   0.02

　2, n (%) 4 (7.8)   9 (29.0)   0.01

　3, n (%) 42 (82.3) 13 (41.9)   <0.001
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62%±1%, P=0.52).  The maximum mean serum CK and 

CK-MB levels after PCI in the DM group were also similar 

to those in the non-DM group (CK levels : 3.229±489 vs. 

3.124±358, P=0.86 ; CK-MB levels : 281±34 vs. 298±36, 

P=0.73).  At 6 months after PCI, the LVEF was not signif-

icantly different between the DM and non-DM groups (59% 

±2% vs. 61%±2%, P=0.90).

Restenosis Rate and Target Lesion Revascularization

Restenosis rate at 6 months after PCI was not signifi-

Table 4.　‌�Comparison of gender-related incidence of ST-segment elevation resolution (STR) and myocardial blush 
grade (MBG) between the non-DM and DM groups

Male

Non-DM group
(n=39)

DM group 
(n=23) P value

ST-segment elevation resolution

　Absent, n (%)  6 (15.3) 12 (13.3) <0.01

　Partial, n (%) 12 (30.7)   8 (34.7)    0.74

　Complete, n (%) 21 (53.8)   3 (13.3) <0.01

Myocardial blush grade

　0 or 1, n (%)  6 (15.3)   4 (17.3)    0.83

　2, n (%) 1 (2.5) 10 (43.4)   <0.001

　3, n (%) 32 (82.0)   9 (39.1)   <0.001

Female

Non-DM group
(n=12)

DM group 
(n=8) P value

ST-segment elevation resolution

　Absent, n (%)   1 (8.3)   1 (12.5)    0.19

　Partial, n (%)   3 (25.0)   4 (50.0)    0.25

　Complete, n (%)   8 (66.6)   3 (37.5)    0.76

Myocardial blush grade

　0 or 1, n (%)   0 (0)   2 (25.0)    0.06

　2, n (%)   1 (8.3)   2 (25.0)    0.30

　3, n (%) 11 (91.6)   4 (50.0)    0.03

Table 5.　‌�Comparison of the incidence of ST-segment elevation resolution (STR), myocardial blush 
grade (MBG), and glycemic profile between patients with and without admission hypergly-
cemia

Admission  
Hyperglycemia (－) 

(n=63)

Admission  
hyperglycemia (+)

(n=19)
P value

ST-segment elevation resolution

　Absent, n (%) 10 (15.8) 9 (47.3) <0.01

　Partial, n (%) 21 (33.3) 7 (36.8)    0.77

　Complete, n (%) 32 (50.7) 3 (16.6) <0.01

Myocardial blush grade

　0 or 1, n (%)   9 (14.2) 3 (15.7)    0.95

　2, n (%)   7 (11.1) 7 (36.8) <0.01

　3, n (%) 47 (74.6) 9 (47.3)    0.02

Glycemic profile

　Admission plasma glucose (mg/dl) 144.8±28.6 316.6±135.1 <0.0001

　HbA1c (%)   5.7±0.3 8.9±3.0 <0.0001

　　Continuous data are expressed as mean±SD.
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cantly different between the DM and non-DM groups 

(P=0.95).  Target lesion revascularization (TLR) was also 

found to be similar in both groups (P=0.59 ; Table 2).

Discussion

The present study revealed that patients with diabetes 

have worse myocardial perfusion following primary PCI 

than those without, even when a distal protection device 

combined with thrombus aspiration is used.  The epicardi-

al coronary flow following primary PCI combined with a dis-

tal protection device was TIMI grade 3 in all STEMI pa-

tients.  However, the myocardial reperfusion estimated 

using STR and MBG was significantly disturbed in patients 

with diabetes, irrespective of the baseline TIMI flow or in-

farct artery distribution.  To the best of our knowledge, the 

present study is the first to investigate the correlation be-

tween myocardial perfusion following primary PCI using a 

distal protection device in all patients and specifically in 

those with diabetes.

Previous studies have reported that myocardial reper-

fusion was worse in patients with diabetes than in those 

without.  A substudy from the Controlled Abciximab and 

Device Investigation to Lower Late Angioplasty Complica-

tions (CADILLAC) trial revealed that a significantly higher 

number of patients with diabetes than those without have a 

final MBG 0/1 (56% vs. 47%, P=0.014), although the final 

TIMI grade 3 flow rates were similar between patients with 

diabetes and those without12.  In addition, the Enhanced 

Myocardial Efficacy and Recovery by Aspiration of Liberat-

ed Debris (EMERALD) trial also reported that was signifi-

cantly higher number of patients with diabetes (34%) had a 

final MBG of 0/1 than patients without diabetes (16%) 

(P=0.002)13.  Compared with these two studies, our study 

population revealed a smaller number of patients who had 

final MBG of 0/1 (29% in the diabetic group and 4% in the 

non-diabetic group).  This discrepancy might be because a 

substudy from the CADILLAC trial used stents for only 

50% of all patients, while a substudy from the EMERALD 

trial used distal protection devices for only 31% of DM and 

53% of non-DM cases.  Because we used stent implanta-

tion and distal protection devices in all of our patients, the 

number of patients with final MBG of 0/1 reduced in the 

present study.  In particular, the number of patients with a 

final MBG of 0/1 was much lower in the non-DM population 

in the present study than those in the CADILLACl12 and 

Table 6.　‌�Multivariate predictors of complete ST-segment elevation resolution (STR) and myocardial 
blush grade (MBG) 3

Complete ST segment resolution

Variable Odds ratio 95% CI P value

Diabetes mellitus 0.12 0.03-0.49 <0.01

Dyslipidemia 0.82 0.25-2.67   0.74

Admission glucose 0.99 0.98-1.00   0.59

Admission hyperglycemia 1.68 0.23-11.8   0.60

HbA1c 0.96 0.65-1.42   0.86

Gender 0.39 0.08-1.76   0.22

Age 0.97 0.91-1.02   0.28

Myocardial brush grade 3

Variable Odds ratio 95% CI P value

Diabetes mellitus 0.16 0.03-0.76 0.02

Dyslipidemia 1.71 0.55-5.34 0.34

Admission glucose 1.01 0.99-1.03 0.08

Admission hyperglycemia 0.03 0.00-0.69 0.02

HbA1c 0.97 0.53-1.76 0.92

Gender 1.07 0.26-4.29 0.91

Age 1.05 0.99-1.11 0.91

    CI, confidence interval
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EMERALD trials13.  This result suggests that the combi-

nation of thrombus aspiration and distal protection could 

improve myocardial reperfusion after PCI in STEMI, even 

in the non-DM population.

Distal embolization can occur during reperfusion ther-

apy for AMI due to a thrombus or plaque debris, and can 

lead to mechanical capillary obstruction of the coronary ar-

tery20.  Distal embolization also produces endothelial dys-

function and local inflammation, which worsens myocardial 

reperfusion21.  Mechanical devices, such as distal protec-

tion devices or thrombus aspiration devices, reduce distal 

embolization during primary PCI and increase the success 

rate of PCI22,23.  TIMI myocardial perfusion grade and 

MBG after PCI in AMI patients could be improved using 

distal protection devices alone or combination with intra-

coronary thrombectomy24.  Therefore, these devices can be 

effective in initially restoring coronary blood flow after PCI 

in patients with AMI.

Although the mechanism(s) responsible for a worse 

microvascular injury in patients with diabetes remains to be 

fully elucidated, there have been several reports regarding 

possible reasons for this finding.  For example, microvas-

cular spasm can occur owing to a dysfunction of the coro-

nary endothelial and smooth muscle cells, which is induced 

by a disturbance of nitric oxide bioavailability and increased 

oxidative stress25.  Diabetes promotes prothrombotic and 

antifibrinolytic abnormalities and an inflammatory state, 

leading to leukocyte accumulation and microthrombus for-

mation in the coronary microcirculation25,26.  The acute re-

cruitment of collateral function after recanalization is also 

impaired in patients with diabetes27.

The role of the plasma glucose level at admission on 

mortality and prognosis after AMI has been receiving atten-

tion28.  Experimental and clinical studies have reported the 

possible mechanism underlying poor outcomes resulting 

from hyperglycemia at admission in AMI patients.  Admis-

sion hyperglycemia was reported to induce endothelial 

apoptosis and endothelial dysfunction29,30, to activate plate-

let aggregation and coagulation31,32, and to increase oxida-

tive stress and the production of excessive inflamma-

tion33.  In the present study, the admission plasma glucose 

level in DM group was significantly higher than that in the 

non-DM group, and the number of patients with admission 

hyperglycemia was also significantly higher in the DM 

group than in the non-DM group.  Myocardial perfusion 

estimated using STR and MBG was significantly worse in 

the admission hyperglycemia group compared with the non-

admission hyperglycemia group.  In addition, admission 

hyperglycemia was an independent predictor of MBG 3.　
Therefore, it is possible that admission hyperglycemia is 

also related to reduced myocardial reperfusion in patients 

with diabetes even after distal embolization is reduced.

The impact of gender on the rate of mortality in acute 

coronary syndrome is controversial.  Berger et al.34 sug-

gested that female patients had a higher mortality rate in 

the setting of STEMI.  However, the differences in mortal-

ity rates between patients with and without diabetes were 

independent of gender.  In the present study, myocardial 

perfusion after PCI was different between male and female 

patients.  In particular, complete STR was worse only in 

male patients with DM.  Because manifestation of coro-

nary artery disease can be affected by various risk factors, 

it is necessary to investigate the role of DM and gender dif-

ference on myocardial perfusion in appropriate conditions.

In the present study, LVEF at 6 months after AMI was 

not significantly different between patients with and with-

out diabetes.  A previous report showed an association be-

tween impaired myocardial perfusion after PCI, a larger in-

farction and a poorer prognosis in patients with diabetes 

having AMI13.  However, this study used distal protection 

devices less frequently, especially in the DM population, 

and not all of the patients achieved a final TIMI 3 flow 

(90%).  Because our study provided a final TIMI 3 flow in 

all the patients, the left ventricular function would be more 

likely to be preserved 6 months after AMI, even in patients 

with diabetes.  Previous reports also demonstrated the 

prognostic impact of the peak CK levels and reduced LVEF 

on the clinical outcomes in patients with AMI35,36.  There-

fore, the absence of any differences in LVEF may have been 

due to the lack of differences in the peak CK levels between 

the two populations.  In addition, LVEF at 6 months after 

AMI was not significantly different from the value at base-

line in both patients with and without diabetes.  This might 

also be due to good reperfusion (TIMI 3 flow in all the pa-

tients) and a low level of peak CK value.

Although restenosis rate and TLR at 6 months after 

PCI was almost the same in patients with and without dia-

betes, we do not have enough data on the long-term prog-

nosis, including mortality, in the present study.  However, 

it has been reported that the mortality rate was high in pa-
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tients with diabetes because of diminished microvascular 

perfusion12.  Therefore, disturbance in microvascular re-

perfusion in our patients with diabetes may have adversely 

affected long-term outcomes. 

Limitations

The present study has several potential limitations.  

First, this study used data from patients enrolled about 

7 years ago.  Therefore, there are some discrepancies 

between our management for the treatment of STEMI then 

and our current management.  We used BMS in all of the 

patients in the present study.  Recently, second generation 

drug-eluting stents (DES) are frequently used for PCI in 

ACS.  It has been reported that TIMI grade 3 after the 

procedure was not statistically different between patients 

receiving DES and BMS for STEMI37.  Because structures 

of the stent platform are the same between DES and BMS, 

reperfusion injury just after reperfusion therapy in AMI 

should not be different.  To the best of our knowledge, 

there has not been a previous report comparing STR or 

MBG following PCI for STEMI in groups receiving DES 

and BMS.  Although the long-term angiographic outcome 

was superior in DES, myocardial reperfusion after PCI 

might not be very different between DES and BMS.  Use 

of ticlopidine instead of the newer P2Y12 inhibitors (e.g., 

clopidogrel or prasugrel) is another different factor from the 

current era.  In the present study, we used ticlopidine for 

only 4 weeks after BMS implantation.  The use of P2Y12 

inhibitors would likely not affect our results.  Second, 

some patients included in the non-DM group may have 

had diabetes, but not had a diagnosis of diabetes, because 

we did not perform routine oral glucose tolerance testing 

to diagnose DM in non-diabetic group.  Third, this study 

was a non-randomized, single-center observational study 

performed on a relatively small sample size.  Fourth, we 

do not have enough information regarding the long-term 

prognosis after AMI to analyze the impact on long-term 

outcome.  Therefore, it will be necessary to evaluate long-

term prognosis, and to include a larger number of subjects 

to confirm the present results.  Fifth, one observer 

unaware of the angiographic and clinical data assessed the 

ST resolution visually to minimize the potential for bias 

in the present study.  This might have uncertainty in the 

reproducibility of this measurement.

Conclusion

Myocardial reperfusion was significantly disturbed in 

DM patients with STEMI undergoing PCI using distal pro-

tection devices, irrespective of the baseline TIMI flow or 

infarct artery distribution.  Our results suggest that the 

decreased myocardial reperfusion in patients with diabetes 

may be due to factors other than mechanical capillary ob-

struction.  A future study with an increased number of pa-

tients is warranted to confirm these findings.

Authors have no conflict of interest.

References

1.	 American College of Emergency Physicians ; Society for Car-
diovascular Angiography and Interventions, O’Gara PT, Kush-
ner FG, Ascheim DD, Casey DE Jr, Chung MK, de Lemos JA, 
et al.　2013 ACCF/AHA guideline for the management of ST-

elevation myocardial infarction : executive summary : a re-
port of the American College of Cardiology Foundation/Ameri-
can Heart Association Task Force on Practice Guidelines.  J 
Am Coll Cardiol. 2013 ; 61 : 485-510.

2.	 Keeley EC, Boura JA, Grines CL.  Primary angioplasty ver-
sus intravenous thrombolytic therapy for acute myocardial 
infarction : a quantitative review of 23 randomised tri-
als.  Lancet. 2003 ; 361 : 13-20.

3.	 Kralev S, Krause B, Papavassiliu T, Lang S, Haghi D, Kälsch T, 
et al.  Clinical outcome of patients with diabetes presenting 
with ST-elevation myocardial infarction and treated with con-
comitant use of glycoprotein IIb/IIIa inhibitors.  Cardiol J. 
2009 ;  16 : 234-40.

4.	 Donahoe SM, Stewart GC, McCabe CH, Mohanavelu S, Mur-
phy SA, Cannon CP, et al.  Diabetes and mortality following 
acute coronary syndromes.  JAMA. 2007 ; 298 : 765-75.

5.	 Abdelmoneim SS, Basu A, Bernier M, Dhoble A, Abdel-Kader 
SS, Pellikka PA, et al.  Detection of myocardial microvascular 
disease using contrast echocardiography during adenosine 
stress in type 2 diabetes mellitus : prospective comparison 
with single-photon emission computed tomography.  Diab 
Vasc Dis Res. 2011 ; 8 : 254-61.

6.	 Nahser PJ Jr, Brown RE, Oskarsson H, Winniford MD, Rossen 
JD.  Maximal coronary flow reserve and metabolic coronary 
vasodilation in patients with diabetes mellitus.  Circulation. 
1995 ; 91 : 635-40.

7.	 Ishihara M, Inoue I, Kawagoe T, Shimatani Y, Kurisu S, Ni
shioka K, et al.  Diabetes mellitus prevents ischemic precon-
ditioning in patients with a first acute anterior wall myocardial 
infarction.  J Am Coll Cardiol. 2001 ; 38 : 1007-11.

8.	 Hasdai D, Granger CB, Srivatsa SS, Criger DA, Ellis SG, Cal-
iff RM, et al.  Diabetes mellitus and outcome after primary 
coronary angioplasty for acute myocardial infarction : lessons 



Diabetes Mellitus and Myocardial Perfusion in ST-segment Elevation Myocardial Infarction 31March, 2015

from the GUSTO-IIb Angioplasty Substudy.  Global Use of 
Strategies to Open Occluded Arteries in Acute Coronary Syn-
dromes.  J Am Coll Cardiol. 2000 ; 35 : 1502-12.

9.	 Hsu LF, Mak KH, Lau KW, Sim LL, Chan C, Koh TH, et al.　
Clinical outcomes of patients with diabetes mellitus and acute 
myocardial infarction treated with primary angioplasty or fibri-
nolysis. Heart. 2002 ; 88 : 260-5.

10.	 Schröder R, Dissmann R, Brüggemann T, Wegscheider K, 
Linderer T, Tebbe U, et al.  Extent of early ST segment ele-
vation resolution : a simple but strong predictor of outcome in 
patients with acute myocardial infarction.  J Am Coll Cardiol. 
1994 ; 24 : 384-91.

11.	 van’t Hof AW, Liem A, Suryapranata H, Hoorntje JC, de Boer 
MJ, Zijlstra F.  Angiographic assessment of myocardial reper-
fusion in patients treated with primary angioplasty for acute 
myocardial infarction : myocardial blush grade. Zwolle Myo-
cardial Infarction Study Group. Circulation. 1998 ;  97 :  
2302-6.

12.	 Prasad A, Stone GW, Stuckey TD, Costantini CO, Zimetbaum 
PJ, McLaughlin M, et al.  Impact of diabetes mellitus on 
myocardial perfusion after primary angioplasty in patients 
with acute myocardial infarction.  J Am Coll Cardiol. 2005 ;  
45 :  508-14.

13.	 Marso SP, Miller T, Rutherford BD, Gibbons RJ, Qureshi M, 
Kalynych A, et al.  Comparison of myocardial reperfusion in 
patients undergoing percutaneous coronary intervention in 
ST-segment elevation acute myocardial infarction with versus 
without diabetes mellitus (from the EMERALD Trial).  Am J 
Cardiol. 2007 ; 100 : 206-10.

14.	 Nakamura T, Kubo N, Seki Y, Ikeda N, Ishida T, Funayama H, 
et al.  Effects of a distal protection device during primary 
stenting in patients with acute anterior myocardial infarction. 
Circ J. 2004 ; 68 : 763-8.

15.	 De Luca G, Gibson CM, Bellandi F, Noc M, Dudek D, Zeymer 
U, et al.  Diabetes mellitus is associated with distal emboliza-
tion, impaired myocardial perfusion, and higher mortality in 
patients with ST-segment elevation myocardial infarction 
treated with primary angioplasty and glycoprotein IIb-IIIa in-
hibitors.  Atherosclerosis. 2009 ; 207 : 181-5.

16.	 Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, 
White HD.  Third universal definition of myocardial infarc-
tion. Circulation. 2012 ; 126 : 2020-35.

17.	 The Japan Diabetes Society.  Evidence-based Practice Guide-
line for the Treatment for Diabetes in Japan 2013. 1st ed. 
Tokyo : Nankodo ; 2013.

18.	 Ishihara M.  Acute hyperglycemia in patients with acute 
myocardial infarction.  Circ J. 2012 ; 76 : 563-71.

19.	 The Thrombolysis in Myocardial Infarction (TIMI) tri-
al.  Phase I findings. TIMI Study Group.  N Engl J Med. 
1985 ;  312 : 932-6.

20.	 Fokkema ML, Vlaar PJ, Svilaas T, Vogelzang M, Amo D, Dier-
cks GF, et al.  Incidence and clinical consequences of distal 
embolization on the coronary angiogram after percutaneous 
coronary intervention for ST-elevation myocardial infarction. 
Eur Heart J. 2009 ; 30 : 908-15.

21.	 Skyschally A, Leineweber K, Gres P, Haude M, Erbel R, 

Heusch G.  Coronary microembolization.  Basic Res Cardi-
ol. 2006 ;  101 : 373-82.

22.	 Stone GW, Webb J, Cox DA, Brodie BR, Qureshi M, Kalynych 
A, et al. Enhanced Myocardial Efficacy and Recovery by Aspi-
ration of Liberated Debris (EMERALD) Investigators.  Dis-
tal microcirculatory protection during percutaneous coronary 
intervention in acute ST-segment elevation myocardial infarc-
tion :  a randomized controlled trial.  JAMA. 2005 ;  293 :  
1063-72.

23.	 Svilaas T, Vlaar PJ, van der Horst IC, Diercks GF, de Smet BJ, 
van den Heuvel AF, et al.  Thrombus aspiration during pri-
mary percutaneous coronary intervention.  N Engl J Med. 
2008 ;  358 : 557-67.

24.	 Satoh S, Inoue H, Omura S, Ejima E, Shimozono K, Hayashi M, 
et al.  Comparison of the reperfusion efficacy of thrombus as-
piration with and without distal protection during primary per-
cutaneous coronary intervention in patients with acute ST-

segment elevation myocardial infarction.  Am J Cardiol. 
2013 ;  112 : 1725-9.

25.	 Creager MA, Lüscher TF, Cosentino F, Beckman JA.  Diabe-
tes and vascular disease : pathophysiology, clinical conse-
quences, and medical therapy : Part I.  Circulation. 2003 ;  
108 : 1527-32.

26.	 Biondi-Zoccai GG, Abbate A, Liuzzo G, Biasucci LM.  Ath-
erothrombosis, inflammation, and diabetes.  J Am Coll Cardi-
ol. 2003 ; 41 : 1071-7.

27.	 Werner GS, Richartz BM, Heinke S, Ferrari M, Figulla HR.　
Impaired acute collateral recruitment as a possible mechanism 
for increased cardiac adverse events in patients with diabetes 
mellitus.  Eur Heart J. 2003 ; 24 : 1134-42.

28.	 Bolk J, van der Ploeg T, Cornel JH, Arnold AE, Sepers J, 
Umans VA.  Impaired glucose metabolism predicts mortality 
after a myocardial infarction.  Int J Cardiol. 2001 ; 79 : 207-

14.
29.	 Williams SB, Goldfine AB, Timimi FK, Ting HH, Roddy MA, 

Simonson DC, et al.  Acute hyperglycemia attenuates endo-
thelium-dependent vasodilation in humans in vivo.  Circula-
tion. 1998 ; 97 : 1695-701.

30.	 Risso A, Mercuri F, Quagliaro L, Damante G, Ceriello A.   In-
termittent high glucose enhances apoptosis in human umbili-
cal vein endothelial cells in culture.  Am J Physiol Endocrinol 
Metab. 2001 ; 281 : E924-30.

31.	 Sakamoto T, Ogawa H, Kawano H, Hirai N, Miyamoto S, Taka-
zoe K, et al.  Rapid change of platelet aggregability in acute 
hyperglycemia.  Detection by a novel laser-light scattering 
method.  Thromb Haemost. 2000 ; 83 : 475-9.

32.	 Stegenga ME, van der Crabben SN, Levi M, de Vos AF, Tanck 
MW, Sauerwein HP, et al.  Hyperglycemia stimulates coagu-
lation, whereas hyperinsulinemia impairs fibrinolysis in 
healthy humans.  Diabetes. 2006 ; 55 : 1807-12.

33.	 Esposito K, Nappo F, Marfella R, Giugliano G, Giugliano F, Ci-
otola M, et al.  Inflammatory cytokine concentrations are 
acutely increased by hyperglycemia in humans : role of oxida-
tive stress.  Circulation. 2002 ; 106 : 2067-72.

34.	 Berger JS, Elliott L, Gallup D, Roe M, Granger CB, Arm-
strong PW, et al.  Sex differences in mortality following acute 



C. Mori, et al.32 Vol. 62, No. 1

coronary syndromes.  JAMA. 2009 ; 302 : 874-82.
35.	 Nienhuis MB, Ottervanger JP, de Boer MJ, Dambrink JH, 

Hoorntje JC, Gosselink AT, et al.  Zwolle Myocardial Infarc-
tion Study Group.  Prognostic importance of creatine kinase 
and creatine kinase-MB after primary percutaneous coronary 
intervention for ST-elevation myocardial infarction.  Am 
Heart J. 2008 ; 155 : 673-9.

36.	 Nienhuis MB, Ottervanger JP, Dambrink JH, de Boer MJ, 
Hoorntje JC, Gosselink AT, et al.  Comparative predictive 

value of infarct location, peak CK, and ejection fraction after 
primary PCI for ST elevation myocardial infarction.   Coron 
Artery Dis. 2009 ; 20 : 9-14.

37.	 Kelbaek H, Thuesen L, Helqvist S, Clemmensen P, Kløvgaard 
L, Kaltoft A, et al.  Drug-eluting versus bare metal stents in 
patients with st-segment-elevation myocardial infarction :  
eight-month follow-up in the Drug Elution and Distal Protec-
tion in Acute Myocardial Infarction (DEDICATION) trial.　
Circulation. 2008 ; 118 : 1155-62.


		2015-05-18T16:16:51+0900
	東京慈恵会医科大学




