
Med. J. Cairo Univ., Vol. 89, No. 3, June: 1221-1228, 2021  
www.medicaljournalofcairouniversity.net  

A Novel Angiographic Index Can Independently Predict 1-Year  
Cardiovascular Outcomes after Anterior ST-Elevation Myocardial  
Infarction  

ISMAIL M. IBRAHIM, M.D.; MOHAMED TAHA ELSAID, M.Sc.; MAHMOUD ABDELAZIZ, M.D.;  

MOHAMED I. ALAWADI, M.D. and AHMED EL ZAYAT, M.D.  

The Department of Cardiology, Faculty of Medicine, Zagazig University, Zagazig, Egypt  

Abstract  

Background:  In ST-elevation myocardial infarction (STE-
MI), the association between either the grade or location of  

coronary thrombi with major adverse cardiovascular events  
(MACE) is controversial.  

Aim of Study:  We created a novel index “thrombus score”  
through multiplying the TIMI thrombus grade by a segment  

weighing factor adopted from Gensini score. We hypothesized  
this thrombus score can better reflect the prognostic relevance  

of coronary thrombi.  

Patients and Methods:  We prospectively studied 364  
consecutive patients with anterior STEMI treated by primary  

percutaneous coronary intervention (PCI). Patients were  

followed-up for major adverse cardiovascular events (MACE)  

defined as the composite of repeated myocardial infarction,  
target vessel revascularization, stent thrombosis, stroke; and  
all-cause mortality.  

Results:  47 (12.9%) patients developed MACE. In the  
MACE group, percentage of female patients ( p=0.004), base-
line and peak HsTnT (<0.001; each), thrombus score (p<0.001)  
were significantly higher. Conversely, LVEF at discharge was  

significantly lower in the MACE group (p=0.02). Using Cox  
regression analysis, only thrombus score ( p<0.001) and LVEF  
(p=0.01) were found as independent predictors of MACE. By  

ROC curve analysis, thrombus score at a cutoff value of >!7.5  
was associated with MACE at 1 year with a sensitivity of  

85% and specificity of 90% (AUC: 0.87, 95% CI: 0.83-0.93,  
p<0.001).  

Conclusion:  In STEMI patients treated with primary PCI,  
the novel angiographic “thrombus score” was the strongest  

independent predictor of MACE during the first year. Further  

studies are recommended to better understand and validate  

this novel score.  
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Introduction  

APPLYING  mechanical reperfusion therapy for  
ST-elevation myocardial infarction (STEMI) has  

tremendously improved immediate outcome [1] .  
However, in-hospital and long-term outcomes are  
still poor [2,3] . One of major determinants of clinical  
outcomes associated with STEMI is the final infarct  

size [4] . The latter is determined by the extent of  

myocardium at risk, state of collaterals, and myo-
cardial preconditioning [5] . Intuitively, extent of  
myocardium at risk depends on the magnitude of  
reduction of myocardial perfusion, and the length  

of the ischemic time. Reduction of myocardial  
perfusion depends on, among other factors, degree  

of coronary occlusion (i.e. plaque volume and  

TIMI thrombus grade) and anatomical location of  

the culprit lesion (proximal versus mid versus  

distal).  

Before extensive use of glycoprotein IIb/IIIa  

inhibitors, thrombus burden was found to be asso-
ciated with short and long-term major adverse  
cardiovascular events (MACE) [6-8] . However,  
recent studies failed to show an association between  

thrombus burden and MACE after STEMI [9,10] .  
Likewise, the association between proximity of  

culprit lesion location and MACE after STEMI  

was debatable among studies [11-13] . Therefore,  
we postulated that combining both parameters in  
one index might better reflect the prognostic rele-
vance of coronary thrombi.  

The new angiographic score is calculated  
through multiplyingTIMI thrombus grade by a  
segment weighing factor (adopted from modified  
Gensini score [14] ) (Fig. 1). In our proposed "throm-
bus score", a thrombus of TIMI grade 2, for exam-
ple, corresponds to thrombus score of 5 and 1 in  
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proximal and distal left anterior descending (LAD)  

artery, respectively.  

Patients and Methods  

1- Study population:  We conducted a prospec-
tive, non-randomized studyincluded 364 consecu-
tive patients with their first anterior STEMI involv-
ing LAD artery referred for primary percutaneous  

coronary intervention (PCI) in Zagazig University  
Hospital during the period from July 2018 till July  
2020. Diagnostic criteria for anterior STEMI were  

typical chest pain lasting for more than 30 minutes  
in association with: (1) ST segment elevation at  

least 1mm (2mm for V1-V3) in 2 or more contig-
uous precordial leads or new onset of left bundle-
branch block; and (2) Increasedhigh sensitive  

Troponin T (HsTnT) [15] . Patients with non-
thrombus containing culprits as well as those with  

cardiogenic shock were excluded to avoid the bias  

of outliers (patients with expected low and high  

mortality; respectively).  

2- Clinical examination and laboratory meas-
urements:  Hypertension was defined as prior use  

of an antihypertensive drug or a systolic blood  
pressure >140 and/or a diastolic blood pressure  

>90 during index hospitalization [16] . Diabetes  
mellitus (DM) was defined as use of hypoglycemic  
drugsor HbA 1 C >6.5g/dL during index hospitali-
zation [17] . Hypercholesterolemia was defined as  
prior use of statins or fasting total cholesterol more  

than 200mg/dL. Positive family history of prema-
ture CAD was defined as presence of CAD in a  
close relative (women <65 and men <55 years).  
Smoking during the last month was considered  
current smoking. Drug history was taken from each  

patient. Additionally, admission blood pressure,  
heart rate, Killipclass, pain to balloon time and  

door to balloon time were recorded for each patient.  
Surface electrocardiogram was recorded for each  

patient at admission and at 90 minutes after primary  

PCI to calculate percentage of ST segment resolu-
tion. Baseline and peak HsTnT, baseline creatinine  

as well as HbA1c were measured. Modification of  

Diet in Renal Disease formula was used to calculate  

estimated glomerular filtration rate (eGFR) [18] .  

3- Primary percutaneous coronary intervention  

(PCI):  All patients underwent primary PCI through  
femoral approach by two operators who were blind-
ed to the study design. Before the procedure, pa-
tients were given a loading dose of clopidogrel  
(300mg) and aspirin (300mg). The use of aspiration  
catheters and balloon pre-dilatation were left to  

the discretion of the operators. In case of no-reflow,  

intracoronary (IC) tirofiban was given as a bailout  
therapy.  

Initial thrombolysis in myocardial infarction  
(TIMI) thrombus grade was assessed as previously  

described [19] . After crossing the lesion with a  
guide-wire and/or small balloon dilatation, TIMI  
thrombus grade 5 was re-stratified according to  
the previous scale [15] . The final TIMI thrombus  
grade was used in our score. Additionally, myocar-
dial blush grade (MBG), final TIMI flow as well  
as corrected TIMI frame count (cTFC) were as-
sessed as previously described [20-22] .  

Calculation of thrombus score:  The final TIMI  
thrombus grade was multiplied by a culprit segment  

weighing factor derived from modified Gensini  
score [14]  (Fig. 1). TIMI grades of thrombi located  
in proximal segment of LAD (i.e. before the first  

major septal) were multiplied by 2.5. TIMI grades  
for those located in mid segment of LAD (i.e.  

between the first major septal and extending to the  

point where LAD forms an angle in RAO view)  
were multiplied by 1.5. TIMI grades for those  

located in distal segment of LAD (i.e. distal to  
LAD angle and extending to or beyond the apex)  

were multiplied by 1. In case of thrombi located  

in two contiguous segments, the higher factor was  
used. The score was calculated by two independent  
investigators blinded to patients' history and out-
comes.  

4- Clinical outcomes:  Patients were prescribed  
the maximum tolerated doses of drugs recommend-
ed by the latest guidelines on STEMI [15] . None  
of patients failed to comply with the prescribed  
medications. MACE was defined as the composite  

of repeat myocardial infarction, target vessel revas-
cularization (TVR), stentthrombosis, stroke; and  

all-cause mortality. Thestudy protocol was approved  

by the local ethicscommittee (ZU-IRB #4723/3- 
7-2018). A written informed consent was obtained  

from each patient.  

5- Statistical analysis:  Continuous data were  
presented as mean ±  SD andwere compared using  
the Student's t-test (in case of normality) or Mann-
Whitney U test (in case of non-normality). Cate-
gorical data were presented as frequencies (per-
centages) and were compared using the Chi-square  

or Fisher exact test. The effects of different varia-
bles on MACE were analyzed using Cox propor-
tional regression. Correlation between thrombus  
score and both cTFC and MBG (as indirect indi-
cators of myocardial microvascular function) was  
performed. The best cutoff value of thrombus score  

associated with MACE at 1 year was determined  
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using receiver operating characteristic (ROC) curve  

analysis. A p-value of less than 0.05 was considered  
significant. All tests were performed using SPSS  

version 20 (SPSS Inc., Chicago, IL).  
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Fig. (1): Method of calculation of the new angiographic “thrombus score” through multiplying TIMI thrombus grade* as shown  

in (A) by a culprit segment weighing factor** as shown in (B).  
* TIMI thrombus grade is assessed as classified by Gibson et al. [15] .  
** Segment weighing factor is adopted from Gensini score [14] .  

Results  

1- MACE development:  Of the 364 anterior  
STEMI patients managed with timely primary PCI,  

47 (12.9%) patients developed MACE. Median  

follow-up period (including the in-hospital period  
of the index STEMI) was 11 months (interquartile  
range: 10-14 months). During follow-up; repeat  
myocardial infarction developed in 3 patients  
(0.8%), TVR in 16 patients (4.4%), stentthrombosis  

in 2 patients (0.5%), stroke in 7 patients (1.9%),  

and all-cause mortality in 31 patients (8.5%).  
Patients were classified into MACE group (n=47  

patients) and no MACE group (n-317 patients).  

2- Comparison between baseline characteristics  
of both groups:  Comparison between baseline  
clinical and laboratory findings of both groups is  
shown in Table (1). Percentage of female gender  
was significantly higher in the MACE group  
(p=0.004). Similarly, baseline and peak HsTnT  
were significantly higher in MACE the group  

(p<0.001; each). On the contrary, prevalence of  

>50% ST resolution at 90 minutes was significantly  
lower in the MACE group (p=0.03). Similarly,  
baseline eGFR and left ventricular ejection fraction  

(LVEF) at discharge was significantly lower in the  
MACE group (p=0.04 and 0.02; respectively).  

Comparison between baseline procedural find-
ings of both groups is shown in Table (2). Longer  

pain to balloon time (p=0.01), higher TIMI throm-
bus grade (p=0.02), higher percentage of proximal  

location of culprit lesion (p=0.001) and thrombus  
score (p<0.001) were observed in the MACE group.  
The prevalnce of ICtirofiban administration was  
significantly higher in the MACE group (p=0.01).  
Post-procedural TIMI flow 2-3 and MBG 2-3 were  

observed less frequently in the MACE group  
(p<0.001; each). Significantly higher cTFC was  
found in the MACE group (p<0.001). The prevalnce  
of no-reflow was higher among patients in the  

MACE group (p<0.001).  

3- Cox regression analysis for prediction of  
MACE:  Only thrombus score (p<0.001) and LVEF  
at discharge (p=0.01) were found as independent  
predictors of MACE. On the contrary, neither TIMI  
thrombus grade nor proximal lesion location could  
independently predict MACE (p=0.30 and 0.16;  
respectively) (Table 3).  

4- Correlation between thrombus score and  
cTFC and MBG:  Performing Pearson's correlation  

analysis, significant positive correlation was found  

between thrombus score and cTFC ( r=0.26,  
p<0.001). On the other hand, using Spearman's  
correlation analysis, significant negative correlation  

was found between thrombus score and MBG  

(r=–0.31, p<0.001) (Fig. 2).  
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5- ROC curve analysis to determine the best  
cutoff value of thrombus score associated with  

MACE at 1 year:  Thrombus score at a cutoff value  
of ≥7.5 was associated with MACE at 1 year with  

a sensitivity of 85% and specificity of 90% (area  
under curve: 0.87, 95% CI: 0.83-0.93, p<0.001)  
(Fig. 3).  

6- Intra- and inter-observer agreement:  Two  
blinded interventional cardiologists (IMI and AE)  

evaluated the coronary angiographies of 80 ran-
domly selected patients in order to estimate of  

inter-observer and intra-observer agreements for  

thrombus scorecalculation. Inter-observer variabil-
ity calculated using Bland-Altman test was non-
significant (p=0.56). After 2 weeks, thrombus score  
was re-calculated by one of the 2 interventional  

cardiologists (IMI) and inter-observer variability  
was also non-significant (p=0.93).  

Table (1): Comparison between clinical characteristics of both groups.  

Total  
(n=364)  

No MACE  
(n=317)  

MACE  
(n=47)  

p - 
value  

Age (years)  
Female gender, n (%)  
Hypertension, n (%)  
Diabetes mellitus, n (%)  
Dyslipidemia, n (%)  
Current smoking, n (%)  

56.1 ±7.2  
146 (40.1%)  
246 (67.6%)  
183 (50.3%)  
176 (48.4%)  
238 (65.4%)  

57.5±6.3  
116 (36.6%)  
217 (68.5%)  
158 (49.8%)  
149 (47.0%)  
206 (65.0%)  

55.7±5.8  
30 (63.8%)  
29 (61.7%)  
25 (53.2%)  
27 (57.0%)  
32 (68.1%)  

0.082  
0.004  
0.49  
0.30  
0.27  
0.08  

Family history of premature CAD  57 (15.7%)  48 (15.1%)  9 (19.1%)  0.38  
CHA2DS2-VASC score  2.98± 1.16  2.92±0.96  3.22±0.76  0.06  
ACEI/ARB use before index STEMI, n (%)  138 (37.9%)  122 (38.5%)  16 (32.9%)  0.31  
Beta-blockers use before index STEMI, n (%)  193 (53.0%)  170 (53.6%)  23 (48.9%)  0.62  
Admission heart rate, beat/minute  79.7 (11.4)  78.1 (10.4)  83.2 (16.2)  0.10  
Admission systolic blood pressure, mmHg  147.4 (18.1)  157.0 (24.8)  142.4 (30.2)  0.12  
In-hospital Killip class >1, n (%)  68 (18.7 %)  53 (16.7 %)  15 (31.9%)  0.07  
Baseline HsTnT (ng/L)  738.4±541.5  601.1±474.1  837.6±394.1  <0.001  
Peak HsTnT (ng/L)  22890.4± 13447.4  15023.8± 11763.4  29925.1± 13372.2  <0.001  
HbA1c (g/dl)  7.4 (1.7)  6.4 (1.8)  7.5 (1.9)  0.13  
Baseline eGFR (mL/min/1.73m 2)  95.9±35.7  98.6±33.4  94.6±37.1  0.04  
Number of leads with STE  4.2± 1.5  3.9± 1.7  4.7±2.0  0.08  
>50% ST resolution at 90 minutes  308 (84.6%)  276 (87.1%)  32 (68.1%)  0.03  
LVEF at discharge (%)  55.1 ± 12.0  56.8± 11.9  52.7± 12.3  0.02  

ACEI 
 

: Angiotensin converting enzyme inhibitor. HbA1c.  : Glycosylated hemoglobin. 
ARB 

 

: Angiotensin receptor blocker. HsTnT 
 

: High sensitive troponin T. 
CAD 

 

: Coronary artery disease. LVEF 
 

: Left ventricular ejection fraction. 
eGFR 

 

: Estimated glomerular filtration rate. STE : ST elevation.  

Table (2): Comparison between procedural characteristics of both groups.  

Total  
(n=364)  

No MACE  
(n=317)  

MACE  
(n=47)  

p - 
value  

Pain to balloon time (minutes)  
Door to balloon (minutes)  

171.5±87.9  
31.6± 14.9  

150.3±74.8  
30.2± 13.5  

194.6±89.0  
29.4± 16.8  

0.01  
0.15  

TIMI Thrombus grade  3.3± 1.8  3.3± 1.4  3.7±0.8  0.02  
Thrombus score  5.8±3.7  4.6±2.5  6.9±2.7  <0.001  
Proximal location of culprit lesion, n (%)  98 (26.9%)  76 (24.0%)  22 (46.8%)  0.001  
Multivessel disease, n (%)  41 (11.3%)  35 (11.0%)  6 (12.8%)  0.06  
IC Tirofiban administration, n (%)  171 (47.0%)  134 (42.3%)  37 (78.7%)  0.01  
No of stents  1.42±0.43  1.40±0.45  1.28±0.38  0.52  
Maximum inflation pressure (atm)  14.1±2.1  14.3± 1.8  13.9±2.8  0.45  

Postprocedural TIMI flow:  
0-1  33 (9.1%)  17 (5.4%)  16 (34.0%)  <0.001  
2-3  331 (90.9%)  300 (94.6%)  31 (66.0%)  <0.001  

cTFC  24.8 ±3.4  22.1 ±4.3  28.3±2.8  <0.001  

MBG:  
0-1  42 (11.5%)  21 (6.6%)  21 (44.7%)  <0.001  
2-3  322 (88.5%)  296 (93.4%)  26 (55.3%)  <0.001  

No reflow, n (%)  17 (4.7%)  12 (3.8%)  5 (10.6%)  <0.001  

cTFC: Corrected TIMI frame count. IC: Intracoronary. MBG: Myocardial blush grade. TIMI: Thrombolysis in myocardial infarction.  
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Table (3): Independent predictors of MACE.  

Univariate analysis Multivariate analysis  

HR (95% CI) p HR (95% CI) p 
 

Female gender  

Current smoking  

Peak HsTnT  

Baseline eGFR  

LVEF at discharge  

2.67 (1.36-5.24)  

2.14 (1.1-4.1)  

1.04 (1.0-1.09)  

1.75 (1.13-2.77)  

1.26 (0.92-1.56)  

0.004  

0.024  

<0.001  

0.003  

<0.001  

0.65 (0.29-1.43)  

1.43 (0.66-3.144)  

1.02 (0.96-1.06)  

1.52 (0.93-2.41)  

1.18 (1.06-1.63)  

0.30  

0.36  

0.31  

0.087  

0.01  

Pain to balloon time (minutes)  1.006 (1.001-1.01)  0.01  1.001 (0.996-1.007)  0.76  

TIMI Thrombus grade  1.32 (0.99-1.75)  0.05  0.79 (0.51-1.23)  0.30  

Thrombus score  1.42 (1.23-1.64)  <0.001  1.43 (1.19-1.73)  <0.001  

Proximal location of culprit lesion  1.22 (0.94-1.73)  0.04  1.14 (0.92-1.75)  0.16  

IC Tirofiban administration  0.99 (0.99-1.00)  0.014  0.99 (0.99-1.00)  0.093  

No reflow  1.07 (1.03-1.11)  <0.001  1.04 (0.98-1.10)  0.082  

eGFR 
 

: Estimated glomerular filtration rate. LVEF: Left ventricular ejection fraction.  
HsTnT 

 
: High sensitive troponin T. TIMI : Thrombolysis in myocardial infarction.  

IC : Intracoronary.  

0.0 2.0 4.0 6.0 8.0 10.0  

Thrombus score  

0.0 2.0 4.0 6.0 8.0 10.0  

Thrombus score  

Fig. (2): Correlation between thrombus score and cTFC (A) and MBG (B).  

0.0 0.2 0.4 0.6 0.8 1.0  

1-Specificity  

Fig. (3): ROC curve analysis to define the best cutoff value  

of thrombus score associated with MACE at 1 year.  

Discussion  

Predicting the risk of future MACE after STEMI  

has been, and remains, a subject of great interest.  
Early identification of patients at high risk of future  
MACE is essential to further optimize therapy and  

improve prognosis.  

In the current study, we found that thrombus  

score, together with LVEF at hospital discharge,  

are independent predictors of MACE at 1 year after  

STEMI. Neither TIMI thrombus grade nor proximal  
lesion location could independently predict MACE.  
Despite data from thrombolytic era have suggested  

that proximal culprit lesion location was associated  
with increased mortality [23,24] , this association  
was not found in the primary PCI era. In a primary  
PCI study, Noaman et al., [12]  found that patients  
with proximal LAD culprits presented with higher  
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rates of hemodynamic compromise and in-hospital  
and short-term MACE than patients with non-
proximal LAD culprits. However, after multivariate  

adjustment, lesion location could not independently  
predict MACE. Consistent with these findings, we  

found that proximal lesion location couldn't inde-
pendently predict MACE. Given these findings,  
weassume that the timeliness of mechanical reper-
fusion and the application of guideline–recom-
mended adjunctive pharmacotherapy could atten-
uate the deleterious effect of proximal LAD artery  

culprits.  

In the current study, we found that MACE was  

associated with larger thrombus burden, more use  

of IC tirofiban, and higher incidence of post-PCI  
TIMI 0-1 and no-reflow. The presence of large  
thrombi, per se, has been identified to be the main  

driving force for microvascular dysfunction down-
stream [25] . With the thrombus located proximally,  

the severity and extent of coronary microvascular  

dysfunction, and particularly microvascular occlu-
sion (MVO), is expected to be greater. In our study,  

significant correlation was reported between throm-
bus score and indirect indicators of myocardial  
microvascular function (MBG and cTFC). There-
fore, we assume that high thrombus score is asso-
ciated with higher severity and extent of MVO.The  
latter has been previously proved by cardiac mag-
netic resonance (CMR) studies to be the strongest  

independent predictor of myocardium at risk, final  

infarct size and MACE [26] . This can provide  
supportour finding that thrombus score was the  
strongest independent predictor of MACE in our  
study. Of course, correlation of our novel scoring  

system with CMR indices is recommended for  
better understanding of this new score. If this  
correlation is proven, our angiographic score will  

have the relative advantages of simplicity, availa-
bility and applicability in the setting of primary  
PCI without extra cost.  

Our study has some limitations:  First, it was a  
single center study on a relatively small number  

of patients. Second, we intentionally excluded  
STEMI patients with non-thrombus containing  
culprits and those with cardiogenic shock because  

these patients have expected favorable and poor  

outcomes, respectively. Finally, the difference  

between outcomes of low TIMI thrombus grade in  

a proximal culprit as compared to high TIMI throm-
bus grade in a distal culprit (both would result in  

similar thrombus scores) was not studied.  

Conclusions:  
In STEMI patients treated by primary PCI; the  

novel angiographic “thrombus score”, based on  

TIMI thrombus grade and culprit lesion location,  

was the strongest independent predictor of MACE  

during the first year after STEMI. On the contrary,  

neither TIMI thrombus grade nor proximal culprit  

lesion location could independently predict MACE.  
Further studies are recommended to better under-
stand and validate this new score.  
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