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Abstract: Erythrocytes are involved in a developing thrombus or clot formation. Increased endothelial adherence of red 

blood cells with endothelium by increase adhesive proteins has been observed. The causes that effect EAAT include 

proteins of acute-phase response and changes in the phospholipid composition of erythrocyte membrane especially in a 

case of hyperlipidemia.  The aim is to study erythrocyte aggregation and adhesiveness by a simple slide test in subjects 

with acute ST-elevated myocardial infarction (STEMI) in predicting the outcome within 1week. Fifty patients of acute 

STEMI who came to the ICCU of Government Royapettah Hospital were included in the study.  Subjects with 

onset of chest pain within 6hrs, w i t h  retrosternal chest pain persisting for more than 30 min and with ST segment 

elevation more than 1mm in limb leads and more than 2mm in chest leads in at least two contiguous ECG leads were 

included in the study. Citrated blood was subjected to simple slide test and Stained smears were examined under 

400Χ and graded into four grades. ‘P’ value between the Grades of RBC aggregation and the prognosis of the patients 

with STEMI was < 0.05. EAAT is a simple bedside slide test for erythrocyte aggregation, which indirectly finds out the 

presence and proportion of inflammation. This test also has the potential to assess the prognosis of STEMI patients. It 

can also be used as a screening test for patients with STEMI to find out high-risk individuals so that necessary 

interventions (like PCI) could be adopted. 
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INTRODUCTION                          
Myocardial infarction (MI) is the irreversible 

necrosis of heart muscle due to prolonged ischemia and 

occurs from an imbalance in oxygen supply and 

demand, most often caused by atherosclerotic plaque 

rupture with thrombus formation in a coronary vessel 

[1]. Erythrocyte acts like as a scavenger toward reactive 

oxygen species and nitrogen species under the normal 

physiologic conditions. If the amount of reactive 

oxygen and nitrogen species production is  

beyond the antioxidant capacity of the RBCs, it 

consequently loses its morphological (structural) 

features [2]. This results in increase adhesiveness and 

aggregation of erythrocytes to the vascular 

endothelium, contributing to vascular damage. The 

presence of erythrocyte aggregation is an independent 

risk factor for thrombosis or occlusion both in arterial 

and venous systems. With these properties of 

erythrocyte aggregation would also be identifiable with 

poor circulation in the small capillaries [3]. These 

studies show that erythocyte aggregation is also related 

to occlusion in the vascular network, caused by the 

formation of atheromatous plaques. Erythrocyte 

aggregation is also available indirectly through 

Erythrocyte Sedimentation Rate (ESR) [4]. But ESR 

correlates poorly with erythrocyte aggregation. 

Erythrocyte aggregation can be demonstrated more 

accurately by Myrene Rheometer, Cell flow analyzer 

[CFA], Laser-  assisted  optical  rotation  cell  analyzer  

[LORCA] and INFLAMET as designed in Israel. The 

main disadvantage is that all of these require expensive 

equipments. EAAT (erythrocyte aggregation and 

adhesiveness test) has been put up as a simple bedside 

slide test which is a very feasible, cost effective and fast 

method of directly visualize and assessing the 

erythrocyte-aggregation status to detect internal 

inflammation [5]. 

 

Erythrocyte sedimentation rate 

The erythrocyte sedimentation rate is done by 

Westergren method or Wintrobes method. ESR, is the 

commonest test and it is used for measuring the 

inflammation rate at which Erythrocyte sedimentation 

rate done in a 1 hour. When an inflammation occurs, 
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leads to increase fibrinogen level in the serum that 

causes RBCs to stick to each other. The erythrocytes 

form stacks called rouleaux formation. which settle 

faster [6]. 

 

Table-1: Normal Range of ESR 

Sex Male Female  

50 yrs. old or less 15mm/h 20mm/hr  

Over 50 yrs old 20mm/hr 30mm/hr 

 

Erythrocyte aggregation and adhesiveness test 

(EAAT) 

Erythrocyte aggregation and adhesiveness test 

(EAAT) is a simple bedside slide test. It is a very 

feasible, cost effective, fast method of directly 

visualizing the erythrocyte aggregation status. It is a 

useful biomarker to detect internal inflammation in 

individuals with atherothrombotic risk factors.1. The 

test has the potential to assess the risk of acute MI  

2. It can be used to assess the prognosis in patient with 

STEMI [7]. 

 

MATERIALS AND METHODS 
50 Patients admitted in ICCU with STEMI at 

Government Royapettah Hospital during study period. 

 

Inclusion criteria 

Patients admitted in ICCU with acute STEMI 

Retrosternal chest pain >30 min, within <6 hrs of onset 

and 1 mm ST elevation in atleast 2 contiguous ECG 

leads. 

 

Exclusion criteria 

1. Recent myocardial infarction, 2. Sepsis, 3. 

Infections-any bacterial infection  4. Neoplasms 5. 

Liver failure, ESRD 6. DVT, 7. Patient on antiplatelet 

drugs and  statins. Detailed history of the patient was 

collected and routine examination like both general and 

systemic examination was done. complete history 

including risk factors of the cardio vascular diseases 

were recorded. Blood sample was collected from 

anticubital  vein immediately after admission. 

Subsequently, the subjects were treated according to the 

standard treatment protocol of our hospital. The 

blood samples were and collected from the subjects and 

immediately send to the laboratory and ESR 

(erythrocyte sedimentation rate) by Wintergreen’s 

method and slide test (EAAT) were performed along 

with other investigations. Citrated blood was subjected 

to simple slide test and stained smears were examined 

under 400Χ and graded into four grades. 

 

Slide Preparation 
A single drop of anticoagulant 0.8% sodium 

citrate solution and 3 drops of blood was taken in a 

watch glass and mixed. This anticoagulated blood was 

placed on a slide, which was inclined at 45°. The slide 

was left in that position for 10 seconds during which 

the blood ran down by gravity leaving a fine film. An 

adsorbing paper was used to wipe blood from the 

lowest part of the slide. The slides were dried at room 

temperature in a completely horizontal position.The 

drop size and also the angle at which the slides were 

placed was maintained constant for all the slides. The 

slides were then stained with 5-6 drops of Leishman 

stain and left for 2 minutes. Distilled water poured over 

the slide gently double the amount of Leishman stain. 

We waited for 8 minutes and, the slides were washed 

under the tap water slowly, dried at the room 

temperature and then the slides were examined. First the 

slides were subjectively assessed without diagnosis [7, 

8]. 

 

Analysis of The Slides 

First the slides were subjectively assessed 

without the diagnosis. The slides were studied under the 

microscope at 40× (400×) magnification and searched 

all areas of the slide and grades were subjectively 

assigned grades of erythrocytes aggregation by the 

investigator.  

 

The grading criteria  

Figure 1, grade A, RBCs are discrete with 

uniform distribution throughout with no clear areas in 

between. 

 

 
Fig-1: Grade A 

 

Figure 2, Grade B, RBCs are aggregated in 

some areas of the slide with areas of small clear spaces.  

 

 
Fig-2: Grade B 
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Figure 3, Grade C, Variable sizes of 

erythrocytes aggregates in all the areas of slide with 

small clear spaces. 

  

 
Fig-3: Grade C 

 

Figure 4, Grade D, Large thick RBC 

aggregates with rounded/clear borders and large clear 

spaces.  

 

 
Fig-4: Grade D 

 

Interpretations were done in the microscope 

in oil immersion field of peripheral blood. Standard 

criteria were used in this method for diagnosing 

erythrocyte grades. One week follow-up was done for 

the prognosis of the patient and was observed in 1 week 

follow up period. Prognosis: Good prognosis was 

documented in patients with complete recovery. Bad 

prognosis was documented in patients with recurrent 

chest pain or angina reinfarction, LV failure, 

Cardiogenic shock, Cardiac arrhythmias, VT, VF, AF, 

mortality from  cardiac causes and mmortality from 

non-cardiac causes [8]. 

 

OBSERVATION AND RESULTS 

Table 1 Out of 50 patients males were 38 

females were 12. In out of 100 percentage males were 

76% and females were 24%. Age group more 

commonly came with acute myocardial infarction are 

51-60 years, next age group are 41-50 years then 61-70 

years. 

 

Out of fifty patients mild aggregation Grade A 

are observed in 5(10%) patients, Grade B erythrocyte 

aggregation observed in 19(38%) patients. Grade C 

aggregation observed in 21(42%) patients. Grade D 

aggregation observed in 5(10%) patients.        

 

Out of fifty patients 13 patients STEMI had 

Bad prognosis within one week period of followup. 37 

patients had Good prognosis. Out of fifty patients 12 

patients were female and 7(58.3%) patients had good 

prognosis and 5(41.7%)  patients had bad prognosis. 

38(78.9%) patients were male among this 8(21.1%) 

patients had bad prognosis. Out of fifty patients with 

STEMI 5 showed Grade A RBCs aggregation, all of 

them had Good prognosis (100%). 

 

In patients Grade B RBCs aggregation were 

observed, out of this 17(89.5%) had good prognosis and 

2(10.5%) patients had bad prognosis. Grade C RBCs 

aggregation observed in 21 patients, out of this 14 

patients (66.7%) had good prognosis and 7 patients 

(33.3%) had bad prognosis. Grade D RBCs aggregation 

observed in 5 patients, out of this 4(80%) had good 

prognosis and 1(20%) had bad prognosis. 

 

Table 2 Out of this fifty patients 37(74%) 

patients had good prognosis, 4(8%) patients had 

arrhythmia, 2 patients (4%) had LVF, one patient went 

to cardiogenic shock. Six (12%) patients died from 

STEMI. 

 

Table 1: Distribution and frequency  

 Frequency % Valid % Cumulative % 

Valid 21-30 yrs 2 4.0 4.0 4.0 

  31-40 yrs 5 10.0 10.0 14.0 

  41-50 yrs 15 30.0 30.0 44.0 

  51-60 yrs 16 32.0 32.0 76.0 

  61-70 yrs 8 16.0 16.0 92.0 

  71-80  4 8.0 8.0 100.0 

  Total 50 100.0 100.0   
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Fig-5: Frequency of Erythrocyte aggregates in STEMI patients 

 

 
Fig-6: Erythrocyte aggregation grades Vs prognosis within 1 week 

 

Table 2:    

 Frequency % Valid % Cumulative % 

Valid Nil 37 74.0 74.0 74.0 

  Died 6 12.0 12.0 86.0 

  Arrythmia 4 8.0 8.0 94.0 

  LVF 2 4.0 4.0 98.0 

  Cardiogenic 

Shock 
1 2.0 2.0 100.0 

  Total 50 100.0 100.0   

 

DISCUSSION 
In acute myocardial infarction, many 

inflammatory markers have been studied and have been 

linked to bad prognosis. Neumann et al did a study to 

determine the prognostic significance of altered plasma 

viscosity and erythrocyte aggregation in unstable 

angina[9]. It was a study of 96 patients with unstable 

angina up for six months or until surgical intervention, 

results showed that plasma viscosity and erythrocyte 

aggregation were better predictors of AMI than age, 

gender, fibrinogen levels, ST segment changes. Also, 

Holter monitoring with ST segment analysis showed 

that ischemic episodes were more common in cases 

with high erythrocyte aggregation [10]. Erythrocyte 

aggregation value was studied in  groups  of  patients  

with  Metricell apparatus. The results showed that 

erythrocyte aggregation strongly associated with 

Myocardial Infarction and arteriosclerosis of peripheral 

arteries [11]. A study showing erythrocyte aggregation 

as a cause of slow blood flow in acute coronary 

syndrome. In 1988, the International Committee for 

Standardization in Hematology recommended that ESR 

can be an important test for monitoring chronic 

inflammatory processes Various studies were done and 

ESR was found to have potential predictive importance 
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in Coronary artery disease (CAD) [12].
  

In view of 

various such studies done, of all the parameters 

available, ESR came  out  as  a  cheap,  fast  and  

widely  applicable  inflammatory marker  to  assess 

inflammation and erythrocyte aggregation in patients 

with CAD. But ESR correlates poorly with erythrocyte 

aggregation due to the confounding effects of 

temperature, PCV, albumin, hemodilution by 

anticoagulants. ESR also does not differentiate whether 

erythrocyte   aggregation is because of cellular factors 

or of plasma factors [13].
 
The ESR is a useful test in 

clinical practice also as an indicator of other 

inflammatory processes, infection, trauma or 

malignant disorders, stroke etc. As the age of patients 

prone to coronary artery diseases and other 

inflammatory processes like arthritis, vasculitis etc. is 

common; specificity of the test becomes low. And thus 

arises the need of a test that correlates better to assess 

erythrocyte aggregation in CHD patients [14]. Berliner 

for the first time did a study known as slide test 

showed that erythrocyte aggregation may be a useful 

biomarker showing superiority over other commonly 

used markers to detect inflammation in subjects with 

atherosclerotic heart disease. Erythrocyte aggregation 

can be determined accurately by commercially 

available systems, the Myrene Rheometer and the 

LORCA (Laser-assisted optical rotation cell analyzer), 

which employs light transmission or light scattering to 

obtain indices of erythrocyte aggregation [15]. 

 

A cell flow analyzer (CFA) has been 

developed in the   laboratory   of   Yedgar   for   

monitoring   erythrocyte   aggregation   by   direct 

visualization of the aggregation. It analyzes the 

aggregate size distribution expressed as the number of 

cells per aggregate, as a function of shear stress. 

However, they are very expensive and need a well-

established laboratory with expensive equipment [16]. 

In A  study 50% (15 of 30) of patients of AMI 

belonged to C and D grades. Among the controls, only 

2 of the 30 subjects belonged to grades C and D. In 

our study, 8 patients showed Grade A, 53 patients 

show Grade B, 34 patients showed Grade C and 5 

patients showed Grade D RBC aggregation [17]. 

 

CONCLUSION 

Erythrocyte adhesiveness/aggregation is a 

useful biomarker to detect internal inflammation in 

individuals with atherothrombotic risk factors. In the 

present study, greater erythrocyte aggregation was seen 

in subjects of acute ST elevation myocardial infarction 

and significant correlation was found between grades of 

erythrocyte aggregation and prognosis of the patient. 

Patients with severe grades of erythrocyte aggregation 

C&D are high risk individuals for complications. These 

high risk individuals are candidates for PCI (delayed 

PCI) and hence, referred to higher centre for the same.  

However, this needs further studies. In the present 

study, stained slides were assessed and graded and 

were found to be good prognostic indicators in patients 

with MI. It is a simple bed side procedure and is cost-

effective. Thus, it can be used as a screening test for 

high-risk individuals. In this study, it is concluded that 

slide test showed better correlation with the prognosis 

and aided well to detect the presence of internal 

inflammation in STEMI. 
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