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Vaso-Occlusive Crisis
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Abstract

Background: Sickle cell disease is a monogenetic disorder resulting in early mortality and widespread organ damage,
including pulmonary, cardiac, and splenic dysfunction, as well as cerebral infarcts and avascular osteonecrosis. It results
from a single point mutation causing the replacement of the amino acid glutamic acid by valine. Chronic hemolysis can
affect sickled red cells, chronic inflammation, and oxidative stress, which contribute to the occurrences of vasoocclusion.

Objectives: To measure hematological parameters and their relationship to the development of vasoocclusion.

Materials and Methods: This case-control study was conducted on 80 Iraqi subjects, including 40 cases with sickle cell
disease diagnosed previously by hemoglobin electrophoresis. They were collected from Babylon Teaching Hospital
for Maternity and Children when they attended the Hereditary Blood Disease Center in that hospital. Another 40
subject consider as controls. Three milliliters of venous blood were drawn in EDTA tubes, and investigations were
made immediately at the laboratory of this Hospital by use of hematology analyzer.

Results: Mean leukocytes in SCD were (10.10 £ 4.70) and (7.53 % 1.80) for controls, showing a significant difference
(P value 0.002). The mean RBC (3.22 £ 0.97), (4.59 £ 0.58) for patients and control respectively. Mean platelets count
was (358.68 + 135.82), (286.52 + 72.95) for patient and control respectively. The mean PCV (26.48 £ 5.71) for patients and
(37.48 % 5.72) for controls.

Conclusions: There were significant alterations in RBC, WBC, and platelets between SCD patients and controls.
Hematocrit and hemoglobin were lower in patients than in controls, and even lower during crises than in steady states.

Keywords: Sickle cell disease, Steady state, Vasoocclusive crisis, Inflammation

1. Introduction

I n the twenty-first century, people frequently disre-
gard sickle cell illness, a chronic, non-contagious
congenital blood ailment. It includes a set of clin-
ical disorders related to aberrant polymerized de-
oxygenated hemoglobin inside red blood cells. The
children inherited this defective hemoglobin from
their parents, which causes red blood cells to deform
in shape. When two mutant sickle 8-globin subunits
join, they make erythrocytes that look like sickles or

crescents. This is where the name “sickle cell disease"
(5CD) comes from [1, 2].

In their erythrocytes, sickle cell disease patients
have variable levels of hemoglobin S, an aberrant
form of hemoglobin. Sickle cell anemia is caused by
adenine instead of thymine in the glutamic DNA
codon, which results in valine instead of glutamic acid
at position six of the beta globin chain [3].

Sickle-shaped red blood cells (RBCs) lack the flexi-
bility and deformability of normal RBCs due to their
inability to bend and fit into small blood channels.
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This can cause blockages and decrease blood flow.
Usually, SCD is characterized by painful crises that
can appear in any part of the body and have a signif-
icant impact on patients. Both chronic pain, with or
without a nerve injury, and acute, repeated, painful
crises are possible presentations of pain. The four
phases of the painful crises are prodromal, begin-
ning, established, and resolving. It is the primary
reason for hospitalization and emergency care for
SCD [4, 5].

More than 300,000 newborns with SCD are diag-
nosed each year. Sub-Saharan Africa, the Middle East,
and India account for the bulk of cases. The high level
of defense to malaria that the sickle cell trait confers
helps to explain some of this distribution. People of
Mediterranean, Middle Eastern, Caucasian, Indian,
Hispanic, Native American, and other ancestries cur-
rently have a higher prevalence of SCD, which could
be explained by migration [6].

According to epidemiological research, sickle cell
disease patients are concentrated in two regions of
Iraq: among the Arab population in the extreme south
and among the Kurdish population in the extreme
north. These regions account for the majority of sickle
cell disease cases, which pose serious health issues [7].

The pathophysiology of SCD frequently includes
vaso-occlusion and chronic hemolytic anemia, which
are often defined by significant inflammation, leuko-
cytosis, leukocyte activation, and possibly enhanced
leukocyte adherence to the vascular endothelium
[8, 9].

Earlier studies involving SCD patients observed an
increase in total white cell count due to fundamental
mechanisms that result in an elevated number of neu-
trophils in the venous blood of SCD patients. These
events include demargination of intravascular neu-
trophils, increased release from the bone marrow, and
a decrease in the rate at which neutrophils escape the
blood [10, 11].

Additional research also revealed the possibility of
creating an invisible inflammatory response that re-
sults in the release of cytokine mediators, some of
which have the primary purpose of stimulating the
bone marrow’s production of neutrophils [12, 13].

Studies have shown that individuals with SCD
in a steady state have greater platelet counts than
people in the general non-SCD population. This is
because SCD is characterized by persistent hemoly-
sis and vasoocclusion, which cause anatomical and
physiological adaptations [14]. The high difference in
platelet count due to loss of splenic function in adult
patients or due to splenectomy. And also could also be
the result of a negative feedback effect on high-level
erythropoietin release in response to anemia, as it has
structural homology with thrombopoietin [15, 16].

The aim of this study is to measure hematological
markers and their role in the pathophysiology of SCD
during steady state and in painful crisis and compare
them to controls.

2. Materials and methods

This was a case-control study conducted in the
Department of Pathology and Forensic Medicine,
College of Medicine, Babylon University. The study
involved 80 Iraqgi participants, 40 of whom had
been previously diagnosed with SCD by hemoglobin
electrophoresis. They attended the Hereditary Blood
Disease Center in this Hospital for follow-up and to
receive therapy in a period from September 2023 to
February 2024. The patients were divided into two
subgroups, 20 cases in steady state and 20 in VOC. Pa-
tients on antiplatelets, anticoagulants, and antibiotics,
those with chronic liver disease, pregnant women,
and women taking oral contraceptive pills were ex-
cluded from the study as these may interfere with
the actual count of red cells, white blood cells, and
platelets.

The other 40 individuals were disease-free and had
a negative family history of SCD, being considered as
age and sex-matched controls.

Three milliliters of venous blood were drawn from
all participants after obtaining their consent and
placed in EDTA tubes.

The test performed immediately in the labo-
ratory unit of Babylon teaching hospital by us-
ing a hematology analyzer (STEL3 automated ana-
lyzer /3diamentional /Spain/2013)

2.1. Ethical approval

The study was conducted in compliance with the
ethical guidelines outlined in the Helsinki Declara-
tion. Before drawing a sample, verbal and written
consent was taken. The study protocol and the indi-
vidual data, and consent forms were reviewed and
approved by a local ethics committee according to
document number 6-7 on June 25-06-2023 to obtain
this approval.

2.1.1. Statistical analysis

The statistical analysis was conducted using the
Statistical Package for social sciences SPSS version
27. Categorical variables presented as frequencies
and percentages while continuous variables were ex-
pressed as (Means + SD). Pearson’s Chi-square test
and Fisher’s Exact test were utilized to find the
relationship between categorical variables. The Stu-
dent’s t-test was used to compare means between two
groups, Mann-Whitney test was used to compare two
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Table 1. Age comparison between patients and controls.

SCD patients
Age (years)  Steady state VOC Total (N =40) Controls P-value
10-20 years 11 (55.0) 14(70.0) 25 (62.5) 22(55.0)  0.786
20-30 years 6 (30.0) 2 (10.0) 8(20.0) 10 (25.0)
30-40years 1(5.0) 3(20.0) 4(10.0) 5(12.5)
40-50 years 1 (5.0) 1(5.0) 2 (5.0) 2 (5.0)
50-60 years 1 (5.0) 0(0.0) 1(2.5) 1(2.5)
Total 20 (100.0) 20 (100.0) 40 (100.0) 40 (100.0)

groups when variable was not normally distributed
variables. A p-value of < 0.05 was considered statisti-
cally significant.

3. Results

The mean age of patients with SCD was (20.20 &
9.82) years, with the youngest patient being 10 years
old and older patient was 53 years old. The majority
of patients presented with an age group of 10-20 years
(N = 25, 62.5%) while the mean age of the control
group was (20.97 & 9.77) years (Table 1).

The mean differences of complete blood count
RBC (10°/L), WBC (10°/L), Hb (g/dl), PCV (%),
MCH (pg), MCV (fL), Platelet count (10° /L), Granu-
locyte (10° /L) and Lymphocyte (10° /L) are presented
in (Table 2). According to study group including
(sickle cell disease and control group). There was
significant mean differences of study variables (RBC
(10°/L), WBC (10°/L), Hb (g/dl), PCV (%), Platelet
count (10°/L), Granulocyte (10° /L) and Lymphocyte
(10°/L).

The mean differences of RBC (10° /L), WBC (10° /L),
Hb (g/dl), PCV (%), MCH (pg), MCV (fL), Platelet
count (10°/L), Granulocyte (10° /L) and Lymphocyte
(10° /L) between two patient groups including (VOC
and steady state) were presented in (Table 3). There
were significant mean differences of RBC (10° /L), Hb
(g/dl), PCV (%) and Granulocyte (10°/L) between
patients during steady state and VOC.

4. Discussion

In the current study, the mean differences of PCV
and Hb according to the study group were (26.48 £
5.71), (8.83 £ 1.70) in SCD patients and (37.48 &+ 5.72),
(13.26 £ 1.78) in the control group, respectively, with
significant differences between them (p value < 0.001)
for both variables (Fig. 4). The results were compat-
ible with the study of Iwalokun et al. [17] in which
the mean differences of PCV and Hb were lower in
SCD patients compared to the control group, with a
statistically significant difference between them [17]
and study of Omoti in Nigeria [18]. The low PCV and
Hb in SCD explained by excessive red cell hemolysis.

Table 2. The mean differences of complete blood count according to study group (N = 80).

Complete blood count Study group N Mean + SD P-value

RBC (10°/L) Sickle cell disease 40 322 +097 <0.001*
Control group 40 4.59 £0.58

WBC (10°/L) Sickle cell disease 40 10.10 £ 4.70 0.002*
Control group 40 7.53 £1.80

Hb (g/dl) Sickle cell disease 40 8.83 £1.70 <0.001*
Control group 40 13.26 +1.78

PCV (%) Sickle cell disease 40 2648 £5.71 <0.001*
Control group 40  37.48+5.72

MCH (pg) Sickle cell disease ~ 40  28.08 - 4.16 0.103
Control group 40  29.30 +2.09

MCV (fL) Sickle cell disease 40 85.32 £15.17 0.34
Control group 40  82.86+5.65

Platelet count (10° /L) Sickle cell disease 40 358.68 + 135.82 0.004*
Control group 40 286.52 +72.95

Granulocyte (10 /L) Sickle cell disease 40 6.03 £3.14 0.004*
Control group 40 439+142

Lymphocyte (10°/L) Sickle cell disease =~ 40  3.17 £ 1.64 0.013*
Control group 40 2.43 +0.79
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Table 3. The mean differences of complete blood count between two patient groups (N = 40).

Complete blood count Patient group N Mean + SD P-value
RBC (10°/L) VOC 20 2.80 £0.70 0.005*
Steady state 20 3.63 £1.04
WBC (10°/L) VOC 20 11.34 + 4.87 0.094
Steady state 20 8.85 £ 4.28
Hb (g/dl) VOC 20 8.09 +1.45 0.004*
Steady state 20 9.57 £ 1.64
PCV (%) VOC 20 23.82+4.10 0.002*
Steady state 20 29.13 £5.93
MCH (pg) VOC 20 28.78 + 4.06 0.298
Steady state 20 27.39 £4.25
MCYV (fL) VOC 20 85.58 +9.83 0.915
Steady state 20 85.06 4 19.38
Platelet count (10° /L) VOC 20 322.70 £107.70 0.097
Steady state 20 394.65 + 153.43
Granulocyte (10°/L) VOC 20 7.05 + 3.56 0.04*
Steady state 20 5.02+£233
Lymphocyte (10°/L) VOC 20 3.55+1.71 0.14
Steady state 20 2.78 £1.50
While the mean differences of PCV and Hb in 200 RBC (10°97L)
steady state (29.13 + 5.93), (23.82 + 4.10) and in VOC wme s
(9.57 £+ 1.64), (8.09 + 1.45) respectively with signifi- 100
cant differences p-value (0.002) for PCV and (0.004)
for Hb. This result was incompatible with the findings ~ **
of Omoti in Nigeria who found that there were no o
significant differences between steady state and VOC
[18] may be due to variation in study design or differ- 420 =
ences in disease genotypes. +
The mean differences of platelets in our study were 200 o
(358.68 £ 135.82) in the patient group and (286.52 +
7295) in the control group with a Slgnlflcant mean " Sickle cell disease Control group
difference between them p-value (0.004) (Fig. 2). This Study group

finding was similar to the finding of Maha K. Al-
Mishrey (2023) in Iraq found that platelet counts were
higher in patients than the control group, indicating
the activation of platelets as a significant factor in the
pathogenesis and outcome of SCD patients [19]. The
increase in platelet count may be attributed to the
loss of splenic sequestration as a result of functional
asplenia and the effect of pro-inflammatory mediators
[20].

While the mean platelet count in steady state
(394.65 £ 153.43) and in VOC (322.70 £ 107.70) with
the P value was not significant (0.097). There was
some reduction in platelet count in VOC because of
increased consumption at the site of vaso-occlusion,
but this change was not significant. This finding was
similar to the findings of Demagny et al. [21] and the
finding of Omoti [18] but it was incompatible with the
study of Al-Mishrey who found that the platelet count
was higher in VOC [19].

In the present study, the mean RBC count in the
patient group was (3.22 £+ 0.97), which was lower
than the mean of the control (4.59 + 0.58) with a

Fig. 1. The mean differences in RBC (10°/L) and WBC (10°/L) based on
the study group (N = 80).

significant difference between them p value (<0.001)
(Fig. 1). This result was compatible with the study
conducted by Iwalokun et al. [17], and the study of
Antwi-Boasiako et al. [8]. The best explanation is that
hemoglobin S causes abnormal red cell shape and
rheology and hemolytic anemia associated with a
significantly shortened red cell half-life (10-20 days
instead of 120 days) [22].

Additionally, the mean difference in RBC count was
higher in the steady state (3.63 & 1.04) than in VOC
(2.80 £ 0.70) with significant differences between
them p value (0.005). These findings were incom-
patible with the study done by Feugray ef al. [23]
who found that the RBC count was higher in the
steady state with significant differences in p-value
[23]. The best explanation for this finding is that
Vaso-occlusive crisis is characterized by accelerated
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Fig. 2. The mean difference of Platelet count (10°/L) based on the study
group (N = 80).

hemolysis, endothelial damage, and potentially life-
threatening complications [24].

The mean difference in total leukocyte count was
higher in patients (10.10 4+ 4.70) than in controls
(7.53 & 1.80) with statistically significant relationships
(p value 0.002) (Fig. 1). This finding was consistent
with the findings of Akinsegun Akinbami et al. [25]
in Nigeria, who found the mean differences of WBC
in SCD patients was (10.27 £ 3.94) and (5.67 + 1.59)
for controls [25]. The redistribution of the white cells
between the marginal and circulating pools, pain,
nausea, vomiting, and anxiety have been reported to
cause leukocytosis in the absence of infection and may
be due to autosplenectomy or subclinical infection
[25].

While the WBC count was higher in VOC than
in steady state, a statistically significant relationship
could not be established in this study (p value 0.094).
This result was consistent with Qari et al. in Saudi
Arabia [26]. Leukocytes have been shown to play
visible roles in the production of thrombi, in addi-
tion to being mediators of inflammation, according to
growing data. This is not unexpected given the close
relationship between inflammation and thrombosis
and their evolutionary preservation as host defense
mechanisms against infections [27].

In our study, the granulocytes count was higher in
SCD patients than the control group, with statistically
significant differences between them (p value 0.004).
In addition, granulocytes count was more elevated
in VOC than in the steady state, with a significant
difference (p value 0.04) (Fig. 3). This result was con-
sistent with the findings of Gollamudi et al., because
of a state of chronic inflammation in SCD. Neutrophils
also exhibit higher adhesion molecules, which are
heightened during vaso-occlusion and increase the
risk of VOC. NETs are released by neutrophils and
serve as a framework for platelets, RBCs, and fibrin
deposition adherence [28].

[ Granulocyte (10°9/L)
[ Lymphocyte (1079/L)

4.00

6.03]
= ==
200 4.39
3.17)
00
Sickle cell disease Control group
Study group

Fig. 3. The mean differences in Granulocyte (10°/L) and Lymphocyte
(10°/L) based on the the study group (N = 80).

In the current study, the lymphocytes count was sig-
nificantly elevated in SCD as compared to controlss
(3.17 £+ 1.64 for SCD, 2.43 + 0.79 for control) (Fig. 3)
but there was no statistically significant difference be-
tween patients in the steady state and in VOC. These
findings were compatible with the study conducted
by Omoti in Nigeria [18], and Iwalokun et al. [17]. The
result indicated lymphocytes as a marker of chronic
inflammation in SCD. But in contrast to the findings
of Emokpae et al. [29] who found that lymphocytes
did not significantly differ in SCD and controls [29].

In this study, there were no significant differences
in red cell indices (MCV, MCH) between patients and
controls (p values 0.34, 0.103) for MCV and MCH
respectively. Similarly, there was no statistically sig-
nificant relationship between patients in the steady
state and in VOC p-values (0.915, 0.298) for MCV and
MCH respectively.

These findings closely similar to finding of Antwi-
Boasiako et al. [8] who also found no significant

4000 OHb (g/ay
T Oecv (%)
€L

3000

1T
€L
2000
26.48 ==
1000 J—
=5
8.83
oo
SicKkle cell disease Control group
Study group

Fig. 4. The mean differences of Hb (g/dl) and PCV (%) based on the the
study group (N = 80).
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differences among steady state, VOC and controls.
Meshay et al. in Iraq found normal MCV and MCH
in SCD. These findings reflect the normal iron status,
which is the result of accelerated red cell turnover and
frequent blood transfusion in patients with sickle cell
disease [30].

5. Conclusion

The levels of red cell count, Hb, and PCV were
lower in SCD patients compared to controls and
additionally lower in VOC than in patients in a steady
state. The platelet count was significantly higher in
SCD patients compared to controls with no signifi-
cant change during VOC. The white cell count was
significantly increased in SCD patients with higher
elevations occurring during a crisis. Red cell indices
showed no difference between patients and con-
trols or between patient subgroups. The high level
of leukocytes particularly granulocytes was signifi-
cantly linked to thrombosis in SCD.

References

1. Bell V, Varzakas T, Psaltopoulou T, Fernandes T. Sickle cell
disease update: new treatments and challenging nutritional
interventions. Nutrients. 2024;16(2):1-23.

2. Al-Awadhi A, Adekile A, Marouf R. Evaluation of von Wille-
brand factor and ADAMTS-13 antigen and activity levels in
sickle cell disease patients in Kuwait. ] Thromb Thrombolysis.
2017;43(1):117-23.

3. Pauling L, Itano HA, Singer SJ, Wells IC. Sickle cell anemia, a
molecular disease. Science. 1949;110(2865):543-8.

4. Li W, Pucka AQ, Debats C, Reyes BA, Syed F, O’'Brien ARW,
et al. Inflammation and autoimmunity are interrelated in pa-
tients with sickle cell disease at a steady-state condition:
implications for vaso-occlusive crisis, pain, and sensory sen-
sitivity. Front Immunol. 2024;15(10):3389.

5. Bahadoram M, Keikhaei B, Rafie S, Akade E, Nameh Goshay
Fard N, Moghaddar R. Neurological complications as the hall-
mark symptoms of thrombotic thrombocytopenic purpura in
sickle cell disease. Immunopathol Persa. 2023;x(x):e39490.

6. Hardouin G, Magrin E, Corsia A, Cavazzana M, Miccio A,
Semeraro M. Sickle Cell Disease: From Genetics to Curative
Approaches. Annu Rev Genomics Hum Genet. 2023,24:255-75.

7. Al-Allawi NAS, Jalal SD, Nerwey FF, Al-Sayan GOO, Al-
Zebari SSM, Alshingaly AA, et al. Sickle cell disease in the
Kurdish population of northern Iraq. Hemoglobin. 2012;36(4):
333-42.

8. Antwi-boasiako C, Ekem I, Abdul-rahman M, Sey F, Doku A,
Dzudzor B, et al. Hematological parameters in Ghanaian sickle
cell disease patients Hematological parameters in Ghanaian
sickle cell disease patients. ] Blood Med. 2018;9:203-9.

9. Darbari DS, Sheehan VA, Ballas SK. The vaso-occlusive pain
crisis in sickle cell disease: Definition, pathophysiology, and
management. Eur ] Haematol. 2020;105(3):237-46.

10. Ifeanyi OE, Nwakaego OB, Angela IO, Nwakaego CC. Haema-
tological parameters among sickle cell anaemia patients in
steady state and haemoglobin genotype AA individuals at
Michael Okpara, University of Agriculture, Umudike, Abia
State, Nigeria. Int ] Curr Microbiol App Sci. 2014;3(3):1000--5.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Toledo SLDO, Guedes JVM, Alpoim PN, Rios DRA, Pin-

heiro MDB. Sickle cell disease: Hemostatic and inflammator
changes, and their interrelation. Clin Chim Acta. 2019;493:129—
37.

Akinola NO, Stevens SM, Franklin IM, Nash GB, Stuart J. Sub-
clinical ischaemic episodes during the steady state of sickle cell
anaemia. J Clin Pathol. 1992;45(10):902-6.

Lasky LA. Selectins: interpreters of cell-specific car-
bohydrate information during inflammation. Science.
1992;258(5084):964-9.

Musa A, Ndakotsu M. A comparative analysis of platelet pa-
rameters of sickle cell anemia patients during bone pain crises
and in steady states. Iraqi ] Hematol. 2023;12(1):13.

Asafa MA, Ahmed IO, Umar AS. Hematological indices
among young adults with homozygous sickle cell disease in
steady state. Egypt ] Haematol. 2024;48(3):279-83.

Faes C, Sparkenbaugh EM, Pawlinski R. Hypercoagula-
ble state in sickle cell disease. Clin Hemorheol Microcirc.
2018;68(2-3):301-18.

Iwalokun BA, Iwalokun SO, Hodonu SO, Aina AO, Agomo
PU. Serum levels of leptin in Nigerian patients with sickle cell
anaemia. BMC Blood Disord. 2011;11(2):1471-2326.

Omoti CE. Haematological values in sickle cell anaemia in
steady state and during vaso-occlusive crisis in Benin city,
Nigeria. Ann Afr Med. 2005;4(2):62-7.

Al-Mishrey MK. Evaluation of Beta-2 integrin and platelets
roles in sickle cell disease pathogenicity in basrah governorate
patients. Baghdad Sci J. 2023;20(1):7-12.

Ibanga IA. Significance of platelet activation in sickle cell
anaemia. Niger ] Med. 2006;15(2):148-50.

Demagny ], Driss A, Stepanian A, Anguel N, Affo L, Roux
D, et al. ADAMTS13 and von Willebrand factor assessment
in steady state and acute vaso-occlusive crisis of sickle cell
disease. Res Pract Thromb Haemost. 2020;5(1):197-203.
Pecker LH, Little J. Clinical manifestations of sickle cell disease
across the lifespan. In: Sickle cell disease and hematopoietic
stem cell transplantation. Springer, 2018. p. 3-39.

Feugray G, Kasonga F, Grall M, Benhamou Y. Assessment
of reticulocyte and erythrocyte parameters from automated
blood counts in vaso-occlusive crisis on sickle cell disease.
Front Med. 2022;9(April):1-8.

Rees DC, Williams TN, Gladwin MT. Sickle-cell disease.
Lancet. 2010;376(9757):2018-31.

Akinbami A, Dosunmu A, Adediran A, Oshinaike O, Ade-
bola P, Arogundade O. Haematological values in homozygous
sickle cell disease in steady state and haemoglobin pheno-
types AA controls in Lagos, Nigeria. BMC Res Notes. 2012;5:
2-7.

Qari MH, Zaki WA. Flow cytometric assessment of leuko-
cyte function in sickle cell anemia. Hemoglobin. 2011;35(4):
367-81.

Massberg S, Grahl L, Bruehl M luise Von, Manukyan D, Pfeiler
S, Goosmann C, et al. Reciprocal coupling of coagulation and
innate immunity via neutrophil serine proteases. Nat Med.
2010;16(8):887-97.

Gollamudi J, Sarvepalli S, Binf AV, Alin T, Little JA, Nayak L,
et al. Venous thromboembolism in sickle cell disease is asso-
ciated with neutrophilia venous thromboembolism in sickle
cell disease is associated with neutrophilia. Hemoglobin [In-
ternet]. 2021;45(1):56-9. Available from: https://doi.org/10.
1080/03630269.2020.1869565

Emokpae M, Abdu A, Gwaram B. Neutrophil-to-lymphocyte,
platelet-to-lymphocyte ratios and their association with
atherogenic index of plasma in sickle cell nephropathy. ] Appl
Hematol. 2016;7(1):24.

Dede Meshay H, Haseeb Khamees M, Abdalzehra Wadaha H.
Hematological characteristics of a sample of Iraqi patients with
sickle cell anemia and their correlation with age and gender.
Diyala ] Med. 2022;22(1):51-9.


https://doi.org/10.1080/03630269.2020.1869565
https://doi.org/10.1080/03630269.2020.1869565

	Assessment of some Hematological Parameters in Sickle Cell Disease during Steady State and in Vaso-Occlusive Crisis
	How to Cite This Article

	Assessment of some Hematological Parameters in Sickle Cell Disease during Steady State and in Vaso-Occlusive Crisis
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.1.1 Statistical analysis


	3 Results
	4 Discussion
	5 Conclusion

	References

