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Abstract:

Background: Sickle cell disease (SCD) is an inherited blood disorder that affects red blood cells. (SCD) is characterized by recurrent vaso-occlusive crisis (VOC).
Material and methods: This was a descriptive cross sectional study conducted through the period from July 2015 to July 2017
in which a total of seventy two blood specimens were collected in 'EDTA' and citrated vacutainers from Sudanese patients
with SCD attending "Fath Elrhman Albasheer" Centre. Both sexes' with different ages were included. Among these samples 49
(68.1%) were in steady state while the remained 23 (31.9%) were in VOC. All samples were tested for coagulation profile
Result: There was increase in fibrinogen and D-dimer levels in most patients 67% and 71%, respectively. Significant increase
in D-dimers was observed in patients with (VOC) compared with steady state (P. value = 0.006). Protein S was significantly increased in males in comparison with females P. value = 0.017. The results of prothrombin time (PT), international normalized
ratio (INR) and thrombin time (TT) were within normal range.
Conclusion: Significant increase in levels of D-dimer during VOC indicating abnormal coagulation and fibrinolysis activation.
Reduced levels of natural anticoagulants proteins C and S can be consider as predictive markers indicate hepatic dysfunction in
patients with SCD.
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Introduction
Sickle cell disease (SCD) is a painful, lifelong hemoglobinopathy withsubstantial morbidities and premature mortality. It is inherited as apoint mutation in the hemoglobin
(Hb) beta-globin gene where glu-tamic acid at position
6 is substituted by valine. This mutation providesresistance to malaria, but, in the homozygous form, results
in SCD, which is characterized by anemia and painful
vaso-occlusive crises (VOCs). The change in molecular
structure allows Hb in the deoxygen-ated state to form
polymers that promote Hb autoxidation, redblood cell
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(RBC) membrane damage, decreased RBC deformability,
intravascular and extravascular hemolysis, inflammation,
vaso-occlusion,and ultimately organ injury1
The complications of this disease are numerous and affected every organ and tissue in the body. Thrombotic
manifestations and organ damage develop since early
infancy because the coagulation system in children with
SCD has been poorly explored. Increased thrombin generation and fibrin dissolution are present in children with
SCD2. The severity in the clinical course of sickle cell
disease is influenced by variety of intracellular and extracellular factors and characterized by variable period of
steady state that is periodically punctuated by vaso-occlusive crisis3. Majority of the sickle cell patients are relatively stable much of the time and are said to be in a steady
state because they achieve a steady state level of fitness.
The steady state may be periodically interrupted by hemolytic crises which may be acute and fatal4.
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The major clinical features of SCD are acute vaso-occlusive manifestations and chronic haemolytic anaemia,
leading to acute and/or chronic tissue damage and organ dysfunction5. Sickle cell disease (SCD) is considered
to be a hypercoagulable state with chronic activation of
coagulation and an increased incidence of thrombotic
events6. The pathogenesis of coagulation activation in
SCD appears to be multi-factorial, with contributions
from ischemia-reperfusion injury and inflammation, hemolysis and nitric oxide deficiency, and increased sickle
RBC phosphatidylserine expression, patients exhibit increased platelet activation, high plasma levels of markers
of thrombin generation, depletion of natural anticoagulant proteins, abnormal activation of the fibrinolytic system, and increased tissue factor expression, even in the
non-crisis "steady state7,8. The objective of current study
was to compare the levels of (Protein C, S, D- dimer,
PTT, PT, INR, TT and fibrinogen) in patients with sickle
cell anemia in steady state and during vaso-occlusive crisis.
Materials and methods
This was a descriptive cross sectional study, which was
conducted in the period from July 2015 to July 2017 in
which a total of 72 participants previously diagnosed
as SCD patients were included from both sexes' with a
different ages. Among these samples 49 (68.1%) were in
steady state while the remained 23 (31.9%) were in vaso-occlusive crisis. The study was approved by the ethi-

cal review committee of the Sudanese ministry of health
and faculty of graduate studies and scientific research.
Informed consent was also obtained from the patients or
their guardians.
Five milliltres of blood was collected aseptically with
minimal stasis from each study participant 2.5 ml into a
tri-sodium citrate tube and 2.5 ml was transferred into
EDTA tube for coagulation profile tests and hemoglobin estimation respectively. Citrated samples were spurn
at 3000 rpm for 15 minutes then plasma was transported into plain tubes containers for fibrinogen, proteins
C and S immediately analyzed or stored at -20 for less
than 2 hours for patch investigations by using fully automated analyzer (Stago STA Compact Max®), however,
Prothrombin time (PT), activated partial thromboplastin
time (APTT) and thrombin time (TT) were determined
by using Stago STart4® Hemostasis Analyzer. While using NycoCard™ system for the D-dimer analysis.
Data was analyzed using SPSS Version 24. The one way
ANOVA test was used. P value less than 0.05 was considered statistically significant.
Results
A total of 72 sickle cell anaemia patients were prospectively enrolled in this study. 40 (55.6%) females and 32
(44.4%) males. Twenty three (31.9%) sickle cell anemia
patients were in vaso-occlusive crisis, while 49(68.1%)
were in steady state with the absence of any clinically features of SCD in the previous 4 weeks (Table 1).

Table
1 Means
of of
hemoglobin
concentration
forfor
allall
patients
groups
Table
1 Means
hemoglobin
concentration
patients
groups
Subject
Subject

Frequency
Frequency

percentage
percentage

Male
Male
Female
Female
Total
Total
Steady
State
Steady
State
Vaso
-occlusive
Vaso -occlusive
Total
Total

3232
4040
7272
4949
2323
7272

44.4%
44.4%
55.6%
55.6%
100%
100%
68.1%
68.1%
31.9%
31.9%
100%
100%

Means of PT, INR, TT, protein c and s were within nor- normal range and the difference was significant in protein
mal ranges for both genders while the means of APTT, S between the male and female groups p. value= 0.017
D-dimer and fibrinogen were increased according to the (Table 2).
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Table 2 Comparison of Coagulation profile in male and female patients
Parameter
(Normal range)
PT
(11-16 sec)
INR
(0.8-1.4)
APTT
(25 – 40 sec)
TT
(14 – 21 sec)
D-dimer
(<0.3 mg/l)
Fibrinogen
(2 – 4 g/l)
Protein C
(70 – 130%)
Protein S
(55 – 135%)

Male
Mean ± SD

Female
Mean ± SD

P. value

13.7±1.9

13.8±1.7

0.924

1.2±0.1

1.2±0.3

0.805

42.7±8.4

44.8±6.4

0.260

15.8±1.3

16.1±1.5

0.514

1.49±0.8

1.53±1.2

0.883

4.35± 0.85

4.17±0.89

0.789

79.4±18.8

70.6±20.8

0.087

71.6±19.7

59.0±14.9

0.017*

*P ≤ 0.05 is significant

The comparison of means of coagulation profile for
steady state and patients with VOC group showed statistical significance as increased D-dimer observed in pa-

tients with (VOC) (P. value = 0.006). PT, INR, APTT,
TT, Fibrinogen level, Protein C and Protein S between
steady and VOC state were not clinically significant. (Table 3).

Table 3 Comparison between the patients with VOC and steady state
Parameter
(Reference
value)
PT
(11-16 sec)
INR
(0.8-1.4)
APTT
(25 – 40 sec)
TT
(14 – 21 sec)
D-dimer
(<0.3 mg/l)
Fibrinogen
(2 – 4 g/l)
Protein C
(70 – 130%)
Protein S
(55 – 135%)

Vaso-occlusive
Steady
State Crisis
Mean ± SD
Mean ± SD

P. value

13.6±1.9

14.1±1.7

0.229

1.1±0.3

1.1±0.1

0.463

43.7±6.7

43.8±6.3

0.764

15.8±1.3

16.0±1.5

0.208

1.14±0.8

2.02±1.5

0.006*

4.17± 0.85

4.54±0.76

0.461

74.1±18.5

71.6±16.3

0.129

65.6±17.4 %

60.7±13.9 %

0.097

**P ≤ 0.05 is significant

P ≤ 0.05 is significant
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Discussion
The level of D-dimer was significantly higher in 71% of
the patients; and significant elevation was observed in patients with VOC when compared with steady state, this
are in keeping with many reports of elevated D-dimer
in SCD9,10,11,12. Elevated plasma D-dimer levels indicate
increased plasmin degradation of cross-linked fibrin, and
are therefore an indirect indication of increased thrombin activity and fibrin formation. Increasing of thrombin
activity and fibrin formation these increasing are features
of steady-state sickle cell disease, and that they further
increase during painful crisis13. With regard to protein C
and protein S, patients with SCD our study reported decreased levels in most of the patients (62% & 81%) respectively with no significant differences according to patients’ state (VOC & Steady).This finding is in agreement
with previous report among SCD patients14,15. Protein C
and S are natural inhibitors proteins and mechanism
of lowered remains unknown but most authors explained
the reduced levels of these natural anticoagulant proteins
in SCD as a result of hepatic dysfunction that can decrease synthesis of protein C and S, in addition consumptive coagulopathy15. However, no significant differences
were encountered in the level of proteins C and S in the
same patients during the steady state and during episodes
of crisis similar to findings by El-Hazmi et al., concluded that the lower protein C and S levels in SCD is either
due to decreased production or increased consumption
though this reduction does not seem to play a role in
producing thrombo- embolic disorders16. The fibrinogen
concentration (FC) in our patients showed within high
level has been observed in 67% of the patients and the
difference between the VOC and steady state groups
was statistically insignificant. This was in agreement to
earlier studies which had reported elevated levels of fibrinogen in SCD patients in steady state, with a further
elevation during crises17,18. Our finding also in contrast
to study conducted by Mauryne et al, reported that the
mean fibrinogen concentration (FC) in patients in steady
state was within our normal reference range19. Our results
showed normal APTT results in 54 % of the cases and
also no significant differences between the steady state
and VOC groups, this finding agreed with prior studies
of SCD patients16,17. The results of PT, INR and TT of
all patients included in this study were withinthe normal
range with no significant differences between the steady
state and VOC groups. This finding was in contrast to
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several studies which had reported elevated levels of PT,
INR and TT in SCD patients in steady state and during
crises18,19,20. Also our finding agreed with others studies
conducted among SCD21,22. Most authors explain the
prolongation of Prothrombin and thrombin time may be
associated with lower levels of Factor V and VII, which
may have been secondary to decreased hepatic synthesis or increased consumption from enhanced procoagulant activity23,24. There are several evidences that prove
the multifactorial pathogenesis of hypercoagulability in
SCD that include disturbing red blood cell phospholipids
membrane asymmetry, abnormal activation of endothelial cells and other blood cells. The hypercoagulable state in
SCD patients could be more complicated in the presence
of inherited and acquired risk factors of thrombosis25.
Limitations
These include the relatively small sample size, and potential markers like those involved in neutrophil and platelets activation, thrombin generation test and quantitative
measuring of coagulation factor especially factor V and
VII which were not included due to shortage in materials
and diagnostic procedures.
Conclusion
Elevated levels of D-dimer with further elevation during
VOC indicating abnormal coagulation and fibrinolysis activation and patients during VOC require increased monitoring of coagulation activation markers testing as they
undergo significant alterations that increase their risk of
developing thrombophilia. Reduced levels of natural anticoagulants proteins c and s observed in our patients can
be consider as further hepatic dysfunction with SCD, in
addition consumptive coagulopathy.
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