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Background: Large intracoronary thrombus burden is not rare during primary percutaneous coronary 
intervention (PCI) in patients with acute ST-segment elevation myocardial infarction (STEMI). Stress 
hyperglycemia is independently associated with poor prognosis. However, the underlying relationship 
between stress hyperglycemia and thrombus burden remains unknown. This study aims to investigate the 
association of stress hyperglycemia, evaluated by the combination of acute and chronic glycemic levels, with 
intracoronary thrombus burden in diabetic patients with STEMI.
Methods: We enrolled 227 consecutive diabetic patients with STEMI undergoing primary PCI within  
12 hours after symptom onset. Stress hyperglycemia was estimated using the stress hyperglycemia ratio (SHR), 
which was calculated as admission glycemia divided by estimated average glucose derived from glycosylated 
hemoglobin. Based on reclassified angiographic thrombolysis in myocardial infarction (TIMI) thrombus 
grades, patients were divided into small thrombus burden (STB) group (TIMI thrombus grades <4) and large 
thrombus burden (LTB) group (TIMI thrombus grades 4 or 5). 
Results: Of the entire study population, 77 (33.9%) patients were categorized as LTB group, whereas 150 
(66.1%) patients presented with STB. The mean age was 64.1 years, and 80.6% of the patients were male. 
The SHR levels were significantly higher in patients with LTB than in those with STB [1.31; interquartile 
range (IQR): 1.13–1.48 versus 1.11; IQR: 0.96–1.32; P<0.001]. The predictive performance of SHR for 
LTB was moderate (area under the curve: 0.669; 95% confidence interval: 0.604–0.730; P<0.001), with the 
best cut-off value 1.19 (sensitivity 71.4%, specificity 64.7%). The incidence of LTB with SHR ≥1.19 was 
significantly higher compared with SHR <1.19 (50.9% versus 18.5%; P<0.001). Based on the multivariable 
logistic regression analysis, the high SHR (≥1.19) was found to be an independent predictor of LTB 
following adjustment for baseline clinical confounders.
Conclusions: A high SHR value was independently associated with large thrombus burden and has a 
better predictive value than glycemia at admission in diabetic patients with STEMI undergoing primary PCI. 
Stress hyperglycemia may play an important role on the intracoronary thrombus formation.
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Introduction

In patients with ST-segment elevation myocardial infarction 
(STEMI), large intracoronary thrombus burden is an 
independent predictor of adverse cardiac outcomes and is 
associated with increased risk of unsuccessful angiographic 
reperfusion and distal embolization during primary 
percutaneous coronary intervention (PCI) (1-3). The early 
recognition and appropriate treatment of thrombus burden 
may contribute to the management of STEMI. Admission 
hyperglycemia is common in patients with acute myocardial 
infarction (AMI) and independently associated with poor 
prognosis, particularly in patients without diabetes mellitus 
(DM) (4,5). This emphasizes the importance of an acute 
glycemic rise by stress hyperglycemia rather than the levels 
of glucose at hospital admission. 

The admission glycemia has been used as an index 
of stress hyperglycemia in clinical practice. However, it 
cannot reflect the “true” acute glycemic increase in diabetic 
patients with chronic elevation of glucose levels. Recently, 
the stress hyperglycemia ratio (SHR), which is calculated 
by combining acute (admission glucose level) and chronic 
[estimated by glycosylated hemoglobin (HbA1c)] glycemic 
value, was proposed as a novel index of stress hyperglycemia 
and had a better prognostic value in AMI patients with 
DM (6-8). Besides, a recent study has reported that 
admission hyperglycemia is associated with large thrombus 
burden (LTB) in nondiabetic patients with STEMI (9). 
However, the association between stress hyperglycemia and 
intracoronary thrombus burden in diabetic patients has not 
been evaluated. 

In this study, we aimed to investigate the possible 
association of SHR, as compare with admission glycemia, 
with intracoronary thrombus burden in diabetic patients 
with STMEI treated with primary PCI.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2111).

Methods

Study populations 

This was a retrospective analysis of consecutive STEMI 
patients prospectively enrolled who had undergone primary 
PCI at Tongji Hospital, Tongji University, Shanghai ≤12 hours  
from onset of symptoms. The inclusion criteria were 
STEMI on admission with a diagnose of DM. Exclusion 
criteria included time from symptom onset to balloon  

>12 hours, severe renal diseases, active infection, 
cardiogenic shock, previous coronary artery bypass graft 
surgery and those who underwent planned coronary artery 
bypass graft. This study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). The study 
was approved by ethics board of Tongji Hospital of Tongji 
University (No. KYSB-2014-054) and informed consent was 
taken from all the patients. STEMI and DM were defined 
based on the criteria by the European Society of Cardiology 
and the American Diabetes Association. STEMI was 
diagnosed if a patient had continuous chest pain associated 
with elevation of troponin I level lasting >30 minutes, 
and new ST-elevation at the J-point in two contiguous 
leads with cut-off points: ≥2 mm in men (≥2.5 mm  
in men <40 years) or ≥1.5 mm in women in leads V2-V3 
and/or 1mm in other leads, or as the presence of newly 
developed left bundle branch block (10). The diagnosis of 
DM is based on HbA1c or fasting plasma glucose, and on 
oral glucose tolerance test if still in doubt. DM was defined 
as HbA1c ≥6.5% (≥48 mmol/mol), fasting plasma glucose  
≥126 mg/dL (≥7.0 mmol/L) or 2 h plasma glucose  
≥200 mg/dL (≥11.1 mmol/L) (11). Patients without 
previously known diabetes but with HbA1c ≥6.5% on 
admission were classified as having newly detected DM. 

Clinical data collection 

All data was prospectively collected and entered a central 
database. Measurements of glucose metabolism were 
made in all patients at hospital admission. According 
to the definition used in previous studies (6,12), acute 
hyperglycemia was defined as a blood glucose level at 
admission >198 mg/dL (>11 mmol/L). The average glucose 
levels were estimated by the following formula: [(28.7× 
HbA1c %)-46.7] (13). Stress hyperglycemia was defined by 
the SHR, calculated as acute glycemia divided by estimated 
average glucose. The estimated glomerular filtration rate 
was calculated using the modified Diet in Renal Disease 
equation (14).

Angiographic analysis 

Patients were administered 300 mg aspirin, 180 mg 
ticagrelor, or 600 mg clopidogrel, and 100 IU/kg heparin 
before the interventional procedure. Invasive coronary 
angiography and PCI were performed according to 
standard of care on the basis of local practice. The decision 
for thrombus aspiration in the infarct-related artery during 
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the procedure was at the discretion of the operators. The 
angiographic analysis separately evaluated by 2 experienced 
interventional cardiologists who were blinded to the blood 
glucose levels and clinical data. Intracoronary thrombus 
was angiographically identified by the thrombolysis in 
myocardial infarction (TIMI) thrombus grade and scored in 
5 grades as previous studies reported (15). G0, no thrombus 
present; G1, possible thrombus present, with angiographic 
characteristics suggestive of thrombus but not diagnostic of 
thrombus (i.e., reduced contrast density, haziness, irregular 
lesion contour or a smooth convex meniscus at the site 
of total occlusion); G2, definite thrombus present, with 
greatest dimensions ≤0.5 the vessel diameter; G3, definite 
thrombus present, with greatest linear dimension >0.5 
but <2 vessel diameters; G4, definite thrombus present, 
with the largest dimension ≥2 vessel diameters; G5, total 
occlusion, the size of thrombus cannot be assessed. In 
patients presenting with an occluded IRA (G5), thrombus 
was reclassified after flow achievement with either 
guidewire crossing or a small (diameter 1.5 mm) deflated 
balloon passage or dilation. After reclassification of the G5 
group, patients with reclassified G4 or G5 were defined 
as large thrombus burden (LTB), while G0 to G3 were 
defined as small thrombus burden (STB). TIMI flow grade 
and percent diameter stenosis were routinely evaluated 
at baseline and after the PCI procedure. The number of 
diseased vessels were counted as the number of coronary 
arteries with ≥50% stenosis in the three main branches 
without considering left main artery disease. 

Statistical analysis 

Categorical variables are presented as frequencies and 
proportions and compared between groups using Pearson 
chi-square or Fisher exact test. Continuous variables are 
presented as mean ± SD or medians (interquartile range, 
IQR) and compared between groups using Student t 
tests or Mann-Whitney U test. The diagnostic value of 
SHR for predicting LTB was analyzed using the receiver-
operating characteristic (ROC) curve, with a best cut-off 
value, sensitivity, specificity, areas under curve (AUC), 95% 
confidence intervals (CI), and p value. As an exploratory 
analysis, the predictive value of SHR and acute glycemia 
was analyzed using the ROC curve and compared as 
recommended by DeLong et al. (16). Patients were then 
classified by best SHR cut-off value that maximized the 
sensitivity and specificity for LTB. Univariable logistic 
regression analysis was performed to determine the 

odds ratio and 95% CI for LTB. Multivariable logistical 
regression analysis was used to adjusted for variables that at 
univariable analysis had a P value ≤0.15. A 2-tailed P<0.05 
was considered statistically significant. The statistical 
analyses were performed using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). 

Results

Baseline characteristics 

From January, 2017 to December, 2019, a total of 853 
patients with STEMI who underwent emergency invasive 
coronary angiography at Tongji Hospital, Tongji University, 
Shanghai were prospectively enrolled in this cohort study. 
A total of 227 STEMI patients with DM met the inclusion 
and exclusion criteria were included in the present study 
(Figure 1). Patients’ baseline characteristics of the entire 
population stratified by thrombus burden are presented in 
Table 1. According to the reclassified TIMI thrombus grades 
of the entire study population, 77 (33.9%) patients were 
categorized as LTB group, whereas 150 (66.1%) patients 
presented with STB. The mean age was 64.1 years, and 
80.6% of the patients were male. Overall median estimated 
average glucose level was 172 mg/dL (146–209 mg/dL). 
33.9% (77) of the entire patients were classified as having 
newly detected DM and 9.7% (22) taken insulin treatment. 
Sex, body mass index, prevalence of smoking, hypertension, 
dyslipidemia, and the history of the myocardial infarction 
and PCI were not different between the LTB and STB 
groups. A comparison of the baseline angiographic and 
procedural characteristics of the two groups are shown in 
Table 2. There was a lower rate of initial TIMI flow grade 3 
(P<0.001) and a higher rate of aspiration thrombectomy in 
the LTB group (P<0.001), while no difference was observed 
of rate of TIMI flow grade 3 after procedure. Infarct-related 
vessels with LTB were more frequently encountered in the 
right coronary artery (RCA).

Association between SHR and intracoronary thrombus 
burden 

The levels of acute glycemia [199 (147–263) versus 229 
(176–279) mg/dL, P=0.023] and SHR [1.11 (0.96–1.32) 
versus 1.31 (1.13–1.48), P<0.001] were significantly higher 
in the patients with LTB than in the STB (Figure 2).  
Figure 3 shows the ROC analysis to compare the predictive 
value of SHR and acute glycemia for LTB. The SHR 
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(AUC: 0.669; 95% CI: 0.604–0.730; P<0.001) showed 
greater accuracy than acute glycemia (AUC: 0.592; 95% CI: 
0.525–0.657; P=0.017), the difference of discrimination was 
significant as assessed by DeLong test (difference: 0.077; 
95% CI: 0.026–0.128; P=0.003). The best cut-off value of 
SHR for predicting LTB was 1.19 and the corresponding 
sensitivity and specificity were 71.4% and 64.7%, 
respectively. The frequency of LTB in the entire patients 
stratified according to acute glycemia and SHR is shown 
in Figure 4A. The incidence of LTB increased with the 
increasing tertiles of SHR levels as follows: 15.6% in the 
tertile 1 (<1.06), 35.1% in the tertile 2 (1.06–1.13), 49.4% 
in the tertile 3 (>1.13; P<0.001), while no difference was 
observed in the three acute glycemia tertiles (24.7% versus 
39.0% versus 36.4%; P=0.127). 

Logistic regression analysis 

After stratification into 2 groups according to the cut-
off value of SHR, there were 108 (47.6%) patients with 
a high SHR (≥1.19) and 119 (52.4%) patients with a low 
SHR (<1.19). The rate of LTB was significantly higher in 
patients with a high SHR than those with a low SHR (50.9% 

versus 18.5%; OR: 4.575; 95% CI: 2.518–8.313; P<0.001), 
while there was no significant difference was observed 
in patients with or without acute hyperglycemia(39.4% 
versus 27.0%; OR: 1.756; 95% CI: 0.996–3.096; P=0.051) 
(Figure 4B). Univariable logistic analysis revealed that 
SHR was significantly associated with the presence of LTB 
(unadjusted OR: 4.575; 95% CI: 2.518–8.313; P<0.001). 
Two multivariable models further demonstrated that the 
SHR remained as an independent predictor of LTB (model 
1 OR: 5.962; 95% CI: 2.677–13.275; P<0.001, model 2 OR: 
4.857; 95% CI: 2.304–10.236; P<0.001) (Table 3). 

Discussion

The major findings of the present study are the following: 
first, in diabetic patients with STEMI undergoing primary 
PCI, almost 1/3 of them presented with LTB in infarct-
related artery as evaluated by TIMI thrombus grade based 
on angiographic characteristics. Besides, the SHR levels 
were significantly higher in patients with LTB than in those 
with STB. Second, compared with admission glycemia, 
ROC analysis indicated that SHR may be a better index 
for distinguishing LTB from STB in diabetic patients with 

STEMI patients underwent emergency

coronary angiography

(2017/1–2019/12, N=853)

Patients without diabetes mellitus 

(N=560)

Patients met exclusion criteria (N=52) 

Acute infection (N=10)

End-stage renal disease (N=8)

Symptom to balloon time>12 h (N=15)

Previous CABG (N=5)

Indication for CABG (N=6)

Cardiogenic shock (N=8)

Patients with incomplete data of admission 

glycemia or HbA1c (N=14)

Diabetic patients with STEMI (N=293)

Study population (N=227)

STB group 

(N=150)

LTB group 

(N=77)

Figure 1 Study flow chart. STEMI, ST-segment elevation myocardial infarction; CABG, coronary artery bypass graft; HbA1c, glycosylated 
hemoglobin; STB, small thrombus burden; LTB, large thrombus burden.
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Table 1 Baseline clinical characteristics of the study groups

Variable Total (N=227) STB (N=150) LTB (N=77) P value

Age (years) 64.1±10.8 64.1±10.9 63.9±10.6 0.879

Male 183 (80.6%) 117 (78.0%) 66 (85.7%) 0.164

Body mass index (kg/m2) 24.6±2.8 24.4±2.6 24.9±3.1 0.172

Killip class >1 52 (22.9%) 30 (20.0%) 22 (28.6%) 0.146

LVEF (%) 57 (47–65) 58 (48–65) 59 (50–65) 0.719

Previous history

Smoking 146 (64.6%) 98 (65.8%) 48 (62.3%) 0.609

Hypertension 157 (69.2%) 109 (72.7%) 48 (62.3%) 0.111

Newly detected DM 77 (33.9%) 57 (38.0) 20 (26.1) 0.070

Drug therapy with DM 120 (52.9%) 75 (50.0%) 45 (58.4%) 0.228

Insulin treatment 22 (9.7%) 11 (7.3%) 11 (14.3%) 0.094

Dyslipidemia 85 (37.4%) 60 (40.0%) 25 (32.5%) 0.267

Myocardial infarction 14 (6.2%) 7 (4.7%) 7 (9.1%) 0.308

PCI 23 (10.1%) 11 (7.3%) 12 (15.6%) 0.051

Laboratory values measured at admission

Mean platelet volume (fL) 9.3 (8.7–10.0) 9.2 (8.7–10.0) 9.6 (8.8–10.3) 0.095

Red cell distribution width (%) 12.9 (12.3–13.4) 12.9 (12.4–13.3) 12.9 (12.4–13.4) 0.964

Hemoglobin (g/L) 147 (134–156) 147 (134–156) 145 (134–155) 0.926

C-reactive protein (mg/L) 2.62 (1.16–6.92) 3.24 (1.42–7.04) 2.62 (1.11–4.52) 0.501

Creatinine (μmol/L) 77 (63–94) 77 (63–86) 75 (63–98) 0.175

eGFR (mL/min/1.73 m2) 91.3 (69.9–112.8) 92.5 (74.7–106.1) 90.2 (69.2–112.8) 0.485

NT-pro-BNP (pg/mL) 877.5 (324.4–1,985.5) 849.1 (277.0–1,689.0) 979.2 (356.9–1,326.0) 0.966

Troponin I (ng/mL) 0.70 (0.23–2.66) 0.71 (0.23–2.60) 0.56 (0.26–3.81) 0.860

LDL-c (mg/dL) 3.20 (2.67–3.73) 3.31 (2.8–3.98) 3.13 (2.81–3.67) 0.194

HDL-c (mg/dL) 0.98 (0.84–1.12) 1.03 (0.89–1.16) 0.95 (0.80–1.10) 0.215

Total cholesterol (mg/dL) 4.65 (3.97–5.40) 4.85 (4.25–5.80) 4.67 (4.00–5.34) 0.347

Triglyceride (mg/dL) 1.48 (1.08–2.26) 1.49 (1.07–2.21) 1.48 (1.07–2.21) 0.383

Non-HDL-c (mg/dL) 3.64 (3.04–4.40) 3.80 (3.27–4.61) 3.52 (3.18–4.25) 0.215

Lipoprotein (a) (mg/L) 147 (90–253) 138 (87–215) 129 (90–208) 0.453

Acute and chronic glycemia value measured at admission

Acute glycemia (mg/dL) 212 (154–272) 199 (147–263) 229 (176–279) 0.023

Glycated hemoglobin (%) 7.5 (6.7–8.9) 7.5 (6.7–8.9) 7.6 (6.8–8.6) 0.955

Estimated average glucose levels (mg/dL) 172 (146–209) 169 (146–209) 171 (149–200) 0.955

SHR 1.18 (1.01–1.41) 1.11 (0.96–1.32) 1.31 (1.13–1.48) <0.001

Continuous data are presented as means ± SD or medians (interquartile ranges), and categorical variables are presented as counts (%).
LVEF, left ventricular ejection fraction; DM, diabetes mellitus; PCI, percutaneous coronary intervention; eGFR, estimated glomerular 
filtration rate; NT-pro-BNP, N-terminal pro-B-Type natriuretic peptide; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density 
lipoprotein cholesterol; SHR, stress hyperglycemia ratio. 
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Table 2 Initial periprocedural and angiographic characteristics of the study groups

Variable Total (N=227) STB (N=150) LTB (N=77) P value

Intra-aortic balloon pump 7 (3.1%) 4 (2.7%) 3 (3.9%) 0.919

Onset to balloon time(min) 240 (120–420) 240 (120–420) 240 (120–450) 0.989

Diseased vessels 0.542

1-vessel 31 (13.7%) 18 (12.0%) 13 (16.9%)

2-vessel 81 (35.7%) 56 (37.3%) 25 (32.5%)

3-vessel 115 (50.7%) 76 (50.7%) 39 (50.6%)

Multivessel disease 196 (86.3%) 132 (88.0%) 64 (83.1%) 0.310

Infarct-related artery 0.002

LAD 100 (44.1%) 73 (48.7%) 27 (35.1%)

LCX 36 (15.9%) 29 (19.3%) 7 (9.1%)

RCA 91 (40.1%) 48 (32.0%) 43 (55.8%)

Initial TIMI grade 3 75 (33.0%) 64 (42.7%) 11 (14.3%) <0.001

Final TIMI grade 3 203 (89.4%) 137 (91.3%) 66 (85.7%) 0.192

Aspiration thrombectomy 106 (46.7%) 46 (30.7%) 60 (77.9%) <0.001

Direct stenting 209 (92.1%) 138 (92.0%) 71 (92.2%) 0.956

Stent number 0.559

0 18 (7.9%) 12 (8.0%) 6 (6.1%)

1 168 (74.0%) 108 (72.0%) 60 (77.9%)

>1 41 (18.1%) 30 (20.0%) 11 (14.3%)

Values are expressed as percentages or median (interquartile range). LAD, left anterior descending coronary artery; LCX, left circumflex; 
RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.

Figure 2 Comparison of acute glycemia (A) and SHR (B) levels between small and large thrombus burden groups. STB, small thrombus 
burden; LTB, large thrombus burden.

40

30

20

10

0

P=0.023

A
cu

te
 g

ly
ce

m
ia

 
(m

m
ol

/L
)

S
tr

es
s 

hy
pe

rg
ly

ce
m

ia
 r

at
io

STB
N=150

STB
N=150

LTB
N=77

LTB
N=77

P<0.001
3

2

1

0

A B



6604 Chu et al. Stress hyperglycemia and thrombus burden

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(11):6598-6608 | http://dx.doi.org/10.21037/jtd-20-2111

STEMI. Third, the high SHR (≥1.19) was found to be an 
independent predictor of LTB following adjustment for 
baseline clinical confounders.

Rupture or erosion of the vulnerable coronary plaque 
triggers platelet aggregation and activation of coagulation, 
resulting subsequent formation of thrombus that leads to 
AMI (17). The goals of reperfusion strategy, i.e., primary 
PCI, for patients with acute STEMI are restoring epicardial 
blood flow and achieving microvascular reperfusion as 
early as possible, thus maximum salvage of myocardium. 
However, during primary PCI in patients admitted 
with STEMI, the presence of intracoronary thrombus 
burden has been independently associated with impaired 
myocardial reperfusion, distal embolization and stent 

thrombosis (1,3,18). LTB is present in a sizeable proportion 
of patients with STEMI and associated with the increase 
risk of adverse cardiac events as reported in previous studies 
(1,2). Therefore, the early determination of predictors for 
intracoronary thrombus burden is particularly important 
and may lead us to take appropriate treatment for 
decreasing thrombus grade before and during procedure. 

As reported in several previous studies, increased total 
bilirubin level, intrinsic platelet reactivity and the absence 
of pre-infarction angina were found to be independently 
associated with large angiographic intracoronary thrombus 
burden (19-21).  In a subanalysis  of  the ACUITY 
(Acute Catheterization and Urgent Intervention Triage 
strategY) trial, Goto et al. (18) enrolled 3,267 non-ST-
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Figure 4 Large thrombus burden incidence stratified according to acute glycemia and stress hyperglycemia ratio. ns, no significant; ***, 
P<0.001.

Figure 3 Receiver-operating characteristic curves of acute glycemia and stress hyperglycemia ratio for predicting large thrombus burden.

100

80

60

40

20

0

S
en

si
tiv

ity
 %

0           20          40          60          80         100   
1-Specificity %

Acute glycemia
Stress hyperglycemia ratio
Difference 0.077 [0.026−0.128]
P=0.003



6605Journal of Thoracic Disease, Vol 12, No 11 November 2020

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(11):6598-6608 | http://dx.doi.org/10.21037/jtd-20-2111

segment elevation myocardial infarction and found that 
the independent predictors of pre-procedural thrombus 
formation included baseline reference diameter, Jeopardy 
Score, current smoking and right coronary artery disease. 
In line with this result, the present study revealed that 
culprit vessels with LTB were more frequently encountered 
in the RCA in diabetic patients with STEMI. In a 
very recent study, Sigirci et al. (9) suggested that stress 
hyperglycemia, defined as admission blood glucose level, 
is an independent predictive factor of LTB in nondiabetic 
patients with STEMI. However, the underlying impact of 
stress hyperglycemia on intracoronary thrombus burden in 
STEMI patients with DM is still unclear.

Numerous  pr ior  s tudies  have  es tabl i shed that 
hyperglycemia on admission is frequently observed in 
patients with acute coronary syndrome, particularly in 
the early phase of AMI (4,5). In clinical practice, there is 
no consensus about the definition of stress hyperglycemia 
for patients with AMI. Acute hyperglycemia was typically 
defined as a blood glucose level at admission >198 mg/dL 
as the previous studies reported (6,12). However, in patients 
with prevalent diabetes, the admission glycemia cannot 
able to discriminate the acute hyperglycemia from the 
chronic elevation of glucose levels. Therefore, the SHR was 
proposed by Roberts et al. (8) as a novel index to evaluate 
the relative elevation of glycemia and several studies have 
verified the short-term and long-term prognostic value of 

the SHR in patients with AMI (6,7). To our best knowledge, 
the present study is the first to address the relevance of 
stress hyperglycemia, evaluated by SHR, and thrombus 
burden in diabetic patients with STEMI.

In our study population with DM and STEMI, we 
identified a cutoff value (≥1.19) for the SHR that is able 
to discriminate patients at high risk of large intracoronary 
thrombus burden. Recently, Marenzi et al. (6) analyzed the 
relative hyperglycemia (defined in their study as acute-to-
chronic glycemic ratio) in 1553 AMI patients. They found 
that this ratio is closely associated with in-hospital adverse 
outcomes, including in-hospital mortality, nonfatal acute 
pulmonary edema, and cardiogenic shock. In the entire 
study population, the best cut-point of acute-to-chronic 
glycemic ratio for in-hospital outcomes was 1.3. Differently 
from our study, they included all AMI patients and only 
27% with DM. Moreover, the primary endpoint of their 
study was the combination of in-hospital clinical outcomes. 
In another very recent study, Zhou et al. (22) found in AMI 
patients without diabetes, acute hyperglycemia defined 
as SHR >1.22 had a better predictive value for culprit 
lesion characteristics such as plaque rupture, lipid-rich 
plaque and thin-cap fibroatheroma using optical coherence 
tomography. Thus, the thresholds may be different to define 
acute hyperglycemia depending on the study population 
and endpoints. As currently no uniform definition of SHR 
in the setting of AMI, particularly in patients with diabetes. 

Table 3 Univariable and multivariable logistic regression analyses for large thrombus burden

Variable
Univariable Multivariable

OR (95% CI) P value OR (95% CI) P value

Hypertension 0.623 (0.347–1.117) 0.112 0.709 (0.371–1.358) 0.300

Newly detected DM 0.572 (0.312–1.050) 0.072 0.835 (0.414–1.686) 0.616

Insulin treatment 2.106 (0.869–5.106) 0.099 1.454 (0.526–4.017) 0.470

Previous PCI 2.333 (0.978–5.566) 0.056 2.427 (0.925–6.363) 0.072

Killip class >1 1.600 (0.847–3.022) 0.148 1.471 (0.725–2.985) 0.285

Acute hyperglycemia* 1.756 (0.996–3.096) 0.052 0.580 (0.261–1.287) 0.180

Acute hyperglycemia# 2.000 (1.137–3.517) 0.016 0.855 (0.405–1.805) 0.681

SHR ≥1.19* 4.575 (2.518–8.313) <0.001 5.962 (2.677–13.275) <0.001

SHR ≥1.19# 4.575 (2.518–8.313) <0.001 4.857 (2.304–10.236) <0.001

Multivariable logistic regression analyses adjusted for variables that at univariable analysis had a P value ≤0.15 including hypertension, 
newly detected DM, insulin treatment, previous PCI, Killip class and acute hyperglycemia. *Model 1, acute hyperglycemia was defined as 
a blood glucose level at admission >198 mg/dL. #Model 2, acute hyperglycemia defined as the cut-off value ≥206 mg/dL. DM, diabetes 
mellitus; PCI, percutaneous coronary intervention; SHR, stress hyperglycemia ratio.
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The SHR was calculated by combining admission glucose 
level and average chronic glycemic value estimated from 
HbA1c, we cannot exclude that the index does not fully 
reflect acute glycemic changes. Also, the impact on SHR of 
daily glycemic fluctuations, glucose-lowering treatments, 
coronary atherosclerotic burden and other factors should 
be taken into account as a possible bias. For example, in our 
study, there was a lower rate of initial TIMI flow grade 3 in 
the LTB group which may potentially influence the level of 
SHR. Therefore, further studies are needed to validate our 
findings.

As previous study reported, stress hyperglycemia was 
associated with no-reflow phenomenon and impaired 
microvascular function in the setting of AMI, resulting in 
an increased infarct size and worse functional recovery (23). 
Furthermore, the no-reflow phenomenon and microvascular 
obstruction more frequently occurred in STEMI 
patients with a large thrombus burden after primary PCI. 
However, the clinical relevance of stress hyperglycemia 
and intracoronary thrombus has not been well understood. 
Some studies demonstrated that hyperglycemia leads to 
a prothrombotic state, induces vascular alterations and 
inflammatory response, and results in atherothrombosis 
ultimately (24,25). In an observational study, D'Onofrio  
et al. (25) analyzed coronary thrombi of 273 hyperglycemic 
and 273 normal glycemic patients with STEMI undergoing 
thrombus aspiration during primary PCI. They found the 
coronary thrombi obtained from hyperglycemic patients 
showed higher size and increased levels of microRNA‐33, 
inflammatory and coagulative markers compared to 
normal glycemic patients. Moreover, they suggested that 
the activation of microRNA-33/sirtuin 1 pathways, by 
increasing inflammatory and coagulative processes, might 
be the underlying mechanism for thrombus formation in 
hyperglycemic patients after STEMI.

Patients with LTB have been thought to benefit most 
from the strategies aimed at decreasing thrombus grade 
before stent deployment such as thrombus aspiration. 
However, the largest trial, TOTAL (ThrOmbecTomy with 
PCI vs. PCI ALone in patients with STEMI), demonstrated 
that routine thrombus aspiration does not improve clinical 
outcomes (26). Moreover, a pre-specified subgroup 
analysis of TOTAL trial suggested no benefit of routine 
thrombus aspiration was observed at 1 year in patients 
with LTB (TIMI thrombus grade ≥3). Nevertheless, the 
authors outlined that LTB is an important and independent 
predictor of adverse outcome in STEMI (2). Recently, 
Sardu et al. (27) performed an observational study assessed 

the thrombus aspiration in 959 hyperglycemic patients 
during STEMI, they found a benefit of thrombus aspiration 
for hyperglycemic, but not normoglycemic population. 
This emphasizes the influence of stress hyperglycemia on 
coronary thrombus development during STEMI. 

In line with the previous clinical studies, our observations 
suggested that acute glycemic changes have a better 
predictive value on adverse complications and events 
compared with admission glucose levels in the setting of 
AMI (6,7,9,28). Therefore, it is essential to determine the 
true acute glycemic rise accurately by combing evaluation 
of acute and chronic glycemic levels, especially in diabetic 
patients with an elevation of admission glucose level. 
Moreover, assessment of acute and chronic glycemia in 
diabetic patients may help physicians more early discern 
those at high risk for LTB and take appropriate treatment for 
decreasing thrombus grade and controlling glycemia tightly.

Study limitations 

In this topic, some limitations should be taken into 
consideration. First, as an observational study at a single 
center, the sample size was limited and a cause-effect 
relationship between plasm glucose and intracoronary 
thrombus burden cannot be determined. Second, in our 
analysis, the assessment of intracoronary thrombus burden 
relies on angiography which may be affected by many 
factors. More reliable methods should be considered for 
thrombus burden assessment in future and prospective 
trials, such as optical coherence tomography. Third, 
despite major clinical confounders were adjusted in 
the multivariable model, there were possibly residual 
confounding factors not measured in our study that may 
affect the thrombus burden. Finally, because of rigorous 
inclusion and exclusion criteria, a relatively small number of 
study population enrolled in our study could theoretically 
result in a selection bias. Conclusions drawn from our 
findings cannot be extrapolated to these excluded patients. 
Besides, the impact of stress hyperglycemia and thrombus 
burden on clinical outcomes was not investigated in the 
study owing to the small sample size, future studies should 
make efforts to clarify this causal association.

Conclusions 

To be best of our knowledge, we demonstrated for the first 
time that a high SHR value (≥1.19) was independently 
associated with large thrombus burden and has a better 
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predictive value than glycemia at admission in diabetic patients 
with STEMI undergoing primary PCI. The combined 
evaluation of acute and chronic glycemic levels is helpful 
to improve risk stratification and management for diabetic 
patients with STEMI. In the meantime, our observations 
suggest that stress hyperglycemia may contribute to the 
intracoronary thrombus formation in the setting of STEMI. 
Further studies are required to elucidate the exact mechanism 
of stress hyperglycemia in large coronary thrombus.
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