
Vol.:(0123456789)1 3

Indian J Hematol Blood Transfus (2024) 40:281–288 
https://doi.org/10.1007/s12288-023-01703-9

ORIGINAL ARTICLE

Platelet Aggregation Studies and Coagulation Profile in Sickle 
Cell Disease in Symptomatic and Steady State Patients

Vaishali B. Nagose1,2   · Purnima M. Kodate1 · Dinkar T. Kumbhalkar1 · 
Shivanand S. Rathod3 · Suprita P. Nayak1 

Received: 21 February 2023 / Accepted: 4 October 2023 / Published online: 18 October 2023 
© The Author(s), under exclusive licence to Indian Society of Hematology and Blood Transfusion 2023

Abstract  To determine whether there is higher degree of 
platelet and/ or coagulation activation in sickle cell anae-
mia (SS) patients in complications and with clinical risk 
factors. A cross sectional study was conducted at a tertiary 
health care centre in central India with study groups: sickle 
cell disease (SCD): sickle cell anaemia (SS) and sickle cell 
trait (AS) consisting of 100 subjects each and controls (AA) 
with 40 subjects. Platelet aggregation (PA) with ADP, col-
lagen and epinephrine, PT and aPTT were performed in all 
subjects and PA with ristocetin in ten candidates of each 
group. ANOVA and student’s unpaired t test were used to 
compare PA and coagulation profile of the three groups with 
respect to age groups, gender, present diagnosis, history of 
complications, frequency of hospital admissions (high ≥ 3/
year) and frequency of blood transfusion (high > 2/year). 
The max PA% with ADP was significantly less in SS patients 
in steady state, which was even lesser in those having symp-
toms, complications in past/ present, high-frequency hospital 
admission and > 2 blood transfusions per year subgroups, as 
compared to all other groups and subgroups, but not consist-
ently with collagen and epinephrine. The max PA % with 
ristocetin was least in SS with complications. No statisti-
cally significant difference in PT and aPTT values among 
the various clinical risk subgroups and groups was found. 
SCD patients can be monitored by using PA with ADP for 
their timely and better management. PA with ADP, PT and 

aPTT should be added to the workup of these patients for 
improved prognostication.

Keywords  Adenosine diphosphate (ADP) · Collagen · 
Platelet activation · Platelet aggregation (PA) · Sickle cell 
anaemia (SS)

Introduction

Current opinion regarding the pathophysiology of sickle cell 
disease (SCD), a relatively common hemoglobinopathy in 
central India, favors multiple interactions between red blood 
cells (RBCs), platelets, white blood cells (WBCs), plasma 
proteins and the blood vessel wall; and is not just limited 
to the sickled RBCs [1]. The role of platelets is supported 
by findings of the presence of platelet activation in these 
patients [2, 3].

There are varied phenotypic clinical presentations seen 
in SCD. This depends on and vice versa causes multiple 
clinical and hematological parameters to act as risk factors. 
The well-established clinical risk factors including high pain 
rate (> 3 per year), high frequency of emergency depart-
ment (ED) utilizers (> 3 per year), high requirement of blood 
transfusion (> 2 per year) and present/ previous history of 
complications of SCD such as vasooclusive crisis (VOC), 
acute chest syndrome, stroke, priapism may predict poor 
prognosis/outcome [4]. The hematological values estab-
lished as risk factors include high HbS %, decreased HbF 
and highly raised total leukocyte count prominently [4–7]. 
The platelet and coagulation activation has been reported 
to be increased in the steady state of SCD and much more 
increased in the crisis phase [2, 8–10]. Other than the pre-
sent symptomatic stage, these platelet and coagulation 
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parameters have not been studied in relation to the other 
clinical risk factors.

Thus, we sought to determine whether the degree of plate-
let and coagulation activation varies in Sickle cell anaemia 
(SCA) and Sickle cell trait (SCT) patients in crisis and/ or 
with other clinical risk factors as frequent hospital admis-
sions, from those in steady state and controls; by measur-
ing maximum Platelet Aggregation (PA) with Adenosine 
diphosphate (ADP), Collagen, Epinephrine & Ristocetin, 
and Prothrombin time (PT) and aPTT (activated partial 
thrombin time).

Material and Method

The present cross-sectional study was carried out in the 
Department of Pathology, at a tertiary health care center 
after obtaining the ethical committee approval, over a period 
of two years. The hospital of this institute caters to the popu-
lation residing in the adjoining districts in Central India.

The sickle cell anemia and trait subjects attending the 
various outpatient departments and admitted in various 
wards were enrolled in the study after obtaining written 
informed consent from them. They were divided into two 
study groups: A. Sickle cell anaemia—SCA, i.e. SS patients 
(HbSS pattern on hemoglobin (Hb) electrophoresis and 
HbSS homozygous proved by HPLC as well) and B. Sickle 
cell trait patients: AS (HbAS pattern on Hb electrophore-
sis). Also, a control group: C. AA, constituted of healthy 
participants without any clinical complaints (HbAA pattern 
on Hb electrophoresis) was included. None of the patients 
or controls had received transfusions during four weeks 
prior to their blood draws, or therapy with aspirin or other 
non-steroidal anti-inflammatory drugs during the previous 
week, nor were they on hydroxyurea in past six months and 
or receiving routine blood transfusion therapy. Also, cases 
of double heterozygosity with HbS and beta-thalassemia, 
confirmed from family studies also were excluded.

History including age, gender, hemoglobin electrophore-
sis pattern, the presentation of the patients – symptomatic 
or not, in complication or steady state (no complications in 
past six months); complication as present diagnosis or past 
history; hospital admissions per year—high frequency (≥ 3 
admissions per year) or low frequency, history of number of 
crises or pain episodes per year, frequency of blood transfu-
sion < 2 or ≥ 2 per year, and history of hydroxyurea treatment 
was recorded in the case record forms.

Blood samples were obtained for performing platelet 
aggregation studies (PA), prothombin time (PT) and acti-
vated partial thromboplastin time (aPTT) in citrate bulbs 
before pricking the patient for other test samples or admin-
istration of intravenous fluids or medicines; as well as before 
any medicine was administered in casualty or ward. A whole 

blood sample was anticoagulated with 3.2 g% of sodium 
citrate (sodium citrate/whole blood ratio, 1:10) by collecting 
4.5 ml of blood into a plastic polypropylene tube contain-
ing 0.5 ml of anticoagulant, followed by mixing it gently 
by tilting action. Collection, transport and centrifugation of 
samples were performed at room temperature. Hemolysed 
or lipemic samples were not processed to avoid interference 
with the light transmission on the platelet aggregometer, and 
those subjects were excluded from the study.

Platelet-rich plasma (PRP) was obtained by centrifuging 
the anticoagulated sample at 180 g for 10 min at room tem-
perature while platelet-poor plasma (PPP) by centrifuging 
the remaining blood specimen for 20 min at 1200 g. PRP and 
PPP were carefully removed without disturbing the WBC 
and RBC cell layers and placed into clean polypropylene 
tubes with caps. PA was performed using instrument APACT 
4004—four channel thrombocyte function aggregometer of 
LABITec Labor Biomedical Technique Gmbh with reagents 
adenosine diphosphate (ADP), Collagen, Epinephrine and 
Ristocetin of Hart Biologicals Platelet Aggregation Reagents 
as per the standard procedures [11]. The PT and aPTT were 
performed on a semi-automated coagulation analyzer.

Platelet aggregation (PA) studies with adenosine (ADP), 
collagen and epinephrine, PT and aPTT were performed 
in all subjects. Platelet aggregation with ristocetin was 
done in only ten patients of SS, AS and AA each. All the 
tests including PA were completed within 3 h after blood 
collection.

Statistical Analysis

The results of PA with ADP, collagen and epinephrine, PT 
and aPTT of the three groups were compared with respect 
to age groups, gender, present diagnosis, history of com-
plications, high and low frequency of hospital admissions, 
frequency of blood transfusion and high-risk group.

Statistical analysis was done using statistical soft-
ware STATA version 10.0 2009, using ANOVA and stu-
dent’s unpaired t-test. A probability value of p < 0.05 was 
considered significant while p < 0.01 was taken as highly 
significant.

Results

There were 100 SS and AS patients; and 40 AA (control). 
Group A: SS, comprised 49 (49%) children and 21 (21%) 
adults, with age range between two and 42 years.(Fig. 1A) 
Slight female preponderance with 53 (53%) females and 
47 (47%) males was seen.(Fig. 1B) Forty-five subjects 
were symptomatic at presentation and 40 had a high fre-
quency of hospital admissions. (Fig. 2) One of the symp-
tomatic patients of SS had the reading of max PA% with 
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all the agonists being displayed as ‘HIGH NOISE’, thus 
was excluded from the analysis, resulting in 44 patients 
remaining in symptomatic subgroup. Most SS patients pre-
senting with symptoms were diagnosed with VOC (painful 
crisis) (six), anemia (two), or infections (three patients). 
(Table 1).

In Group B: AS, 13 subjects were symptomatic at presen-
tation and five had a high frequency of hospital admissions. 
(Table 2).

In the control group, the max PA% with ADP, col-
lagen, epinephrine, and ristocetin was 93.17 ± 6.07%, 
90.89 ± 5.24%, 87.48 ± 5.78% and 92.50 ± 11.0% 
respectively(Table 2).

The max PA% with ADP was less in SS patients in 
steady state, which was even lesser in those having symp-
toms, complications in past or present, high-frequency 
hospital admission and > 2 blood transfusions per year sub-
groups, as compared to all others in group and subgroup 
analyses. This reduction was statistically highly signifi-
cant as well (p < 0.001). With Collagen and Epinephrine 
similar significant difference was found in SS patients 
with clinical risk factors but not in AS with clinical risk 
factors. Also, the max PA% with ristocetin was least in SS 
(36.833 ± 39.825%) as compared to AS (78.666 ± 26.097%) 
and AA (92.498 ± 10.999%). There was a significant reduc-
tion in the PA with ADP (p value < 0.05) and Ristocetin 
in SS patients with complications as compared with steady 
state patients. (Table 2).

There was no consistent statistically significant differ-
ence in PT and aPTT values of the three groups as well as 
among the various subgroups of SS and AS groups. The 
mean values of PT were prolonged in SS and AS patients. 
However, mean values of PT and aPTT did not show sig-
nificant differences or prolongation in SS and AS patients 
with complication or with other clinical risk factors than rest 
subgroups. (Table 3).

In the SS patients presenting with joint pain (36) the PA 
ADP ranged from 5.98% to 131.90%, with more number 
of patients in > 70% (12), 41–60% (14) and < 30% (eight) 
ranges. (Fig. 3).
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Fig. 1   Demographics of SS patients. A Age-wise distribution of SS 
cases. B Gender-wise distribution of SS cases

Fig. 2   Frequency distribution 
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patients
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Discussion

Large interest has been generated in the possible role of 
platelets and clotting factors in the pathogenesis of compli-
cations of SCD with conflicting reports in most works, pos-
sibly owing to the different settings in which they were done.

Platelet Aggregation Studies

The max PA% in steady state SS has been found to be nor-
mal, values similar to that of control (AA) patients, con-
cordant to previous works [2] and in contrast to others [3, 
8, 12]. Decreased PA in SS during the complication phase 
as compared to steady state is concordant to many previ-
ous works [9]. It has been suggested that there is increased 
in vivo platelet activation and secretion during complica-
tions, as indicated by these findings, leading to depletion of 
platelet granule stores, thus in turn causing reduced respon-
siveness to platelet aggregating agents in vitro [8]. However, 
few researchers have found no significant difference in max 
PA% in these two phases [8].

Also, statistically significant lower values of PA are pre-
sent in SS patients with clinical risk factors: presence of 
complications in the present/past and requiring > 3 hospi-
tal admission/ year. This difference is present with all the 

Table 1   Frequency distribution of complications in SS patients

VOC vasooclusive crisis; LRTI lower respiratory tract infection; AFI 
acute febrile illness; RHD rheumatic heart disease

Complications (n = no. of 
patients)

At presentation (complica-
tion subgroup) (n = no. of 
patients)

In past

Anaemia 02 04
Aplastic anaemia 01 01
VOC (painful crisis) 06 24
Stroke 01 01
Jaundice 01 03
Acute chest syndrome 01 02
Acute abdomen 01 01
Perthe’s disease 01 00
Infections LRTI 01 02

AFI 02 02
RHD 00 01

Cholelithiasis 00 02
Priapism 00 02
Sequestration crisis 00 01
Total 17 46

Table 2   Platelet aggregation studies (maximum Platelet aggregation %) with ADP, collagen, epinephrine and ristocetin in various clinical risk 
factor subgroups of sickle cell disease and control participants

*Values showing statistically significance difference

Clinical features (n = number of patients) PA ADP PA collagen PA epinephrine PA ristocetin

Control (AA) (40) 93.17 ± 6.07 90.89 ± 5.24 87.48 ± 5.78 92.50 ± 11.0
Present symptoms SS Yes (44) 54.8 ± 27.0* 58.5 ± 26.1* 67.5 ± 19.2* 8.13 ± 3.93*

No (55) 77.70 ± 19.9* 78.7 ± 19.7* 78.8 ± 16.7* 86.6 ± 11.8*
AS Yes (13) 67.9 ± 30.3 91.52 ± 7.53* 90.41 ± 7.11 89.28 ± 5.98

No (87) 86.1 ± 14.6 85.4 ± 11.1* 90.51 ± 9.84 74.1 ± 30.5
Complications/symptoms in past/present SS Yes (55) 52.8 ± 25.8* 56.2 ± 25.6* 65.9 ± 18.4* 16.5 ± 25.5*

No (44) 85.91 ± 8.14* 86.61 ± 7.20* 83.7 ± 13.7* 87.3 ± 13.1*
AS Yes (20) 69.1 ± 30.7* 91.0 ± 12.9 92.79 ± 6.21 88.84 ± 6.52

No (80) 87.0 ± 12.3* 85.2 ± 10.2 90.0 ± 10.0 74.3 ± 30.6
‘Complications/steady state’ at present SS Complications (17) 54.5 ± 24.9* 57.5 ± 20.7* 65.6 ± 17.5* 9.40 ± 0.00

Steady State (82) 70.2 ± 25.4* 72.3 ± 24.9* 75.5 ± 18.5* 44.23 ± 41.6
AS Complications (2) 69.13 ± 30.74* 90.98 ± 12.93 92.79 ± 6.21 88.84 ± 6.52

Steady State (98) 87.17 ± 12.38* 85.29 ± 10.25 90.24 ± 9.97 72.60 ± 33.10
Hospital admission frequency SS High (40) 48.6 ± 23.7* 52.5 ± 24.8* 62.1 ± 17.2* 17.3 ± 26.8*

Low (59) 80.3 ± 18.4* 81.4 ± 16.8* 81.7 ± 15.5* 74.3 ± 33.9*
AS High (5) 57.0 ± 21.1* 92.44 ± 5.74 92.3 ± 4.40 96.01 ± 0.00

Low (95) 85.2 ± 17.1* 85.9 ± 11.0 90.4 ± 9.69 76.74 ± 26.91
Blood transfusion frequency SS > 2/year (20) 60.2 ± 32.0 62.2 ± 29.5 72.1 ± 22.5 8.42 ± 3.57*

< 2/year (79) 69.3 ± 23.9 71.6 ± 23.3 74.2 ± 17.7 50.8 ± 42.0*
AS > 2/year (2) 70.8 ± 39.2 92.40 ± 6.51 92.85 ± 5.59 –

< 2/year (98) 84.0 ± 17.9 86.1 ± 10.9 90.45 ± 9.57 78.67 ± 26.1
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agonists including ADP, collagen, epinephrine and Ristoce-
tin. In contrast, AS patients with these clinical risk factors 
have significantly lower values of PA with only ADP, and 
not with collagen and epinephrine. This might be explained 
as:

Adenosine diphosphate (ADP), an intermediate platelet 
agonist (agonist: chemical stimulus whose exposure is rap-
idly followed by platelet activation), requires granule secre-
tion for full irreversible aggregation. The sources of ADP 

are multiple: platelet-dense granules upon platelet activa-
tion and from red blood cells and damaged endothelial cells; 
probably resulting in the consistent finding of decreased PA 
with ADP in almost all studies on this topic, including ours 
and in SS as well as AS patients with various clinical risk 
factors also [13].

Collagen, a strong agonist, can produce aggregation 
independent of platelet granule secretion, rather resulting 
from endothelial damage exposing the extracellular matrix 

Table 3   Coagulation profile 
(PT and aPTT) in various 
clinical risk factor subgroups of 
sickle cell disease and control 
participants

Clinical features (n) PT aPTT

Control (AA) (40) 13.94 ± 1.74 33.45 ± 3.87
Present symptoms SS Yes (44) 16.16 ± 2.69 30.59 ± 3.88

No (55) 15.27 ± 5.52 31.81 ± 8.65
AS Yes (13) 14.80 ± 1.53 26.45 ± 6.01*

No (87) 16.7 ± 12.7 30.68 ± 6.15*
Complications/symptoms in past/present SS Yes (55) 16.43 ± 2.77* 31.66 ± 6.17

No (44) 14.70 ± 2.04* 30.75 ± 7.82
AS Yes (20) 15.17 ± 2.12 29.67 ± 6.52

No (80) 16.7 ± 13.0 30.24 ± 6.25
‘Complications/steady state’ in present SS Complications (17) 16.07 ± 1.99 30.74 ± 4.26

Steady state (82) 15.58 ± 2.75 31.38 ± 7.39
AS Complications (2) 15.17 ± 2.12 29.67 ± 6.52

Steady state (98) 16.75 ± 13.19 30.31 ± 6.24
Hospital admission frequency SS High (40) 16.70 ± 2.78* 31.40 ± 4.13

Low (59) 14.94 ± 2.25* 31.17 ± 8.36
AS High (5) 14.90 ± 1.06 32.36 ± 2.87

Low (95) 16.5 ± 12.1 30.02 ± 6.38
Blood transfusion frequency SS > 2/year (20) 16.40 ± 2.78 31.50 ± 3.20

< 2/year (79) 15.49 ± 2.57 31.20 ± 7.58
AS > 2/year (2) 15.10 ± .70 28.90 ± 4.95

< 2/year (98) 16.4 ± 12 30.16 ± 6.31

Fig. 3   Maximum platelet 
aggregation % with ADP in SS 
patients presenting with joint 
pain

0
1
2
3
4
5
6
7
8
9

0-10%

10-20%

20-30%

30-40%

40-50%

50-60%

60-70%

70-80%

80-90%

90-100%
>100%

No. of pateints

PA ADP in SS pa�ents 
presen�ng with joint pain



286	 Indian J Hematol Blood Transfus (2024) 40:281–288

1 3

protein collagen [14]. In SS patients there might be endothe-
lial damage exposing collagen due to the greater severity 
of complications as compared to AS patients in addition to 
platelets activation degranulation and ADP secretion. This 
might lead to no significant difference in PA with collagen in 
AS patients with and without clinical risk factors, in contrast 
to the SS ones.

Epinephrine is effective only at supraphysiological con-
centrations as it is a weak agonist and requires other agonists 
to induce full platelet aggregation [15]. The platelet aggrega-
tion thus might not have shown a significant decrease again 
in the AS patients with clinical risk factors.

The preliminary result of Ristocetin-induced plate-
let aggregation (RIPA) is decreased RIPA in SS patients 
with complications. The earlier studies were done only in 
SCA patients in steady state, with the RIPA being absent to 
reduced [13, 16, 17]. One of these studies had this finding 
confirmed in the black patients [17], while the other two 
were not mentioning or correlating the findings with race 
and ethnicity [13, 16]. According to all of them, rather the 
differences in RIPA could not be explained by age, gender, 
presence of sickle haemoglobin, or medications. The pos-
sibility of the presence of a plasma inhibitor of RIPA [16], 
or some component competing for available Ristocetin [13], 
was suggested on the basis of the mixing studies done by 
them. As the ethnicity of subjects is different in the present 
work and the sample size for RIPA is too small, it should be 
worked on with larger number of patients.

PT and aPTT

The mean values of PT and aPTT were not showing signifi-
cant differences or prolongation in SS and AS patients with 
complications at presentation when compared with those in 
steady state at present. Also, these parameters were in the 
normal range in all the clinical subgroups. This is in contrast 
to the conflicting reports present on the coagulation profile 
changes in SCA patients [8–10, 18, 19]. Heterogeneity of the 
age of the subjects of the present work along with the clini-
cal features and diagnosis may be few reasons as other works 
were done in either children or adults with VOC. Many have 
documented prolonged PT in a steady state, which has been 
proposed to be the result of chronic consumption of coagu-
lation factors from the enhanced procoagulant activity and 
liver dysfunction from various causes resulting in decreased 
synthesis of these factors [20]. Whereas, the shorter val-
ues in others may be caused due to activated coagulation 
factors along with ongoing subclinical vaso-occlusion with 
attendant thrombosis at the microvascular level, leading to 
a vicious cycle of coagulation [2, 21]. The shorter value 
of aPTT was proposed as the possible explanation for the 
hypercoagulable nature of SCD [9, 19]. The subclinical 
ischemic episodes resulting from the continuous cycle of 

micro-vaso occlusion were suggested to cause a decrease 
in aPTT [19].

PA ADP in Joint Pain

In a previous work lower max PA% in the SS patients pre-
senting in acute phase of VOC was found than the convales-
cence phase and steady state SS patients [3]. The max PA 
% of the convalescence phase and steady state SS patients 
was lesser than AA [3]. In present work, the max PA% in 
SS patients with joint pain is showing clustering of values 
in much lower range in some cases when compared to others 
[ranges: 41–60% (14 patients) and < 10–30% (8 patients)], 
which may in be taken as indicative of VOC rather than other 
causes of pain if the concurrence is drawn with above men-
tioned study. This in turn may help in better and timely man-
agement of the needy patients (with PA ADP < 60%). How-
ever, this hypothesis should be validated with a follow up 
study in such patients as all the joint pain patients were in 
acute phase in current work and/ or by confirming VOC 
diagnosis in them with help of other investigations.

Complications in Past or Present

The comparison subgroup for the SS and AS patients with 
complications (past/ present) was sickle cell patients without 
any complications ever. The values of various parameters 
of the second subgroup (SS and AS patients without any 
complications ever) may become baseline/ reference for 
comparison of all others and for the treatment goals. The 
difference in these two subgroups shows significantly lesser 
value of max PA with ADP in complication (past/ present) 
subgroup of SS and AS groups both, which may suggest 
chronic platelet activation secondary to long term/ constant 
increased concentration of ADP in blood in them.

Scope of Antiplatelet Drugs

Most of the trials did not correlate the in vivo effect of the 
drugs on platelet activation with clinical endpoints, with 
noteworthy drugs studied being eptifibatide and prasug-
rel [22–26]. The trials of prasugrel (platelet P2Y12 ADP 
antagonist) showed non-significant reduction in the rate and 
intensity of pain [27] and no significant difference in the rate 
of the VOC, again indicating the role of other agonists and 
mechanisms causing platelet activation.

Scope of Drugs Inhibiting Coagulation Factors

Various animal studies with blockade of factor Xa or 
thrombin suggest that diminution of coagulation activa-
tion in SCD significantly reduces coagulation activation, 
thrombin-antithrombin complexes (TAT), local tissue 
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inflammation as well as systemic and vascular injury; in 
turn, decreasing end-organ damage [28–30].

Limitations of Present Work

In spite of the considerable sample size, the findings of the 
present study are only suggestive of possibilities, owing to 
its design of being a cross-sectional study, which need to 
be confirmed with follow-up studies.

Conclusion

The consistent statistically significant decrease in PA with 
ADP found in SS and AS patients with complications and 
other clinical risk factors, which was not seen with colla-
gen and epinephrine, may indicate that SCD patients can 
be monitored by using PA with ADP alone for their timely 
and better management. Thus, PA with ADP if added to 
the workup will improve prognostication of these patients. 
The virtually absent RIPA in SS patients with clinical risk 
factors indicates presence of some inhibitor of RIPA in 
plasma, the determination of which may be useful in pre-
dicting the worse outcome. The values of various param-
eters of the SS and AS patients without any clinical risk 
factors found in this study may act as a reference range for 
the treatment goals, as there are almost no works mention-
ing such data from this region.
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