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					Abstract  

					Background: Sickle Cell Anaemia (SCA) is characterized by a hypercoagulable state due to complex  

					activation of haemostatic pathways involving red cell membrane changes, endothelial injury and cellular  

					activation. Vaso-occlusive crisis (VOC), the most common acute complication in SCA, results from  

					microvascular obstruction leading to tissue hypoxia and pain. This study determined plasma D-dimer levels  

					during Bone Pain Crises (BPC), the steady state, and evaluated its utility as a marker of disease severity in  

					SCApatients.  

					Materials and Methods: Forty-five adult SCA patients were recruited from a Nigerian teaching hospital  

					during bone pain crises (BPC) and reassessed four weeks post-therapy in steady state. Clinical and laboratory  

					parameters, including pain scores, haematological indices, and D-dimer levels were measured. Severity  

					scores werecalculatedbasedon clinicalcomplicationsandlaboratoryvalues.  

					Results: The study findings demonstrated significantly elevated median D-dimer levels during BPC (3.2  

					µg/ml) compared to the steady state (1.8 µg/ml, p = 0.004), consistent with increased fibrinolytic activity  

					during acute crises. Haematocrit decreased (p = 0.002), white cell counts increased (p < 0.0001), and platelet  

					counts decreased (p = 0.005) during VOC, reflecting an acute inflammation response. Males exhibited higher  

					D-dimer levels than females during VOC (6.3 vs. 3.6 µg/ml, p = 0.002). Weak correlations were observed  

					between D-dimer levels and disease severity indices, with no significant correlation overall (ρ = 0.217, p =  

					0.152).  

					Conclusion: This study confirms that BPC in SCA is associated with a hypercoagulable state and increased  

					fibrinolytic activity, as evidenced by elevated D-dimer levels. However, D-dimer may not reliably reflect  

					disease severity during BPC. The findings support the potential role of D-dimer as a biomarker of coagulation  

					activation during VOC and underscore the importance of considering anticoagulant therapies in managing  

					acuteSCAcomplications.  

					Key-words: Anaemia, D-dimer, Fibrinolysis, Sickle Cell, Vaso-occlusive Crisis  

					Introduction:  

					Corresponding Author  

					Sickle Cell Anaemia (SCA) has been described as a hypercoagulable state  

					due to activation of haemostatic mechanisms by exposure of red cell  

					membrane phosphatidylserine, endothelial cell activation by release of cell-  

					free haemoglobin, and exposure of tissue factor by circulating endothelial  

					cells. Similarly, there is activation of reticulocytes, white cells, and platelets,  

					which increase the expression of CD40, CD62P, and thrombospondin. All  

					thesepredisposetoactivationofthehaemostaticpathways.1,2  
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					The most common clinical complication in patients with SCA is vaso-  

					occlusive crisis (VOC), of which the most common form is the bone pain  

					crisis (BPC). Generally, VOC is defined as an “acute illness associated with  

					exacerbation of the signs and symptoms such as pain, anaemia, or  

					jaundice”.3 These crises lead to recurrent hospital visits and admissions,  

					which have a negative impact on the quality of life of SCA patients. The  

					VOC results from a complex interaction between endothelium, white cells,  

					and sickled red blood cells (sRBC), leading to obstruction of the  

					microvasculature. Vaso-occlusion ultimately results in reduced blood flow,  
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					tissue hypoxia, and subsequent tissue necrosis distal to on the electrical impedance (Coulter principle) within  

					theobstruction.4-6  

					four hours of sample collection. The sample in the plain  

					bottle was allowed to stand for one hour, and thereafter  

					However, most of the time, patients with SCA are in a was centrifuged using a universal bench top centrifuge  

					state of relatively good health referred to as the steady (Hettich, Germany) at 3,000 g for five minutes. The  

					state, which is defined as “a point in time when a sickle separated serum was transferred into another plain  

					cell disease (SCD) patient is not experiencing acute bottle and stored at 40C until analysis. The D-dimer  

					painful crises or any change due to therapy”. The levels were determined using platelet poor plasma  

					following criteria must be met; no history of painful within four hours of separation using the OET-N10  

					crises requiring admission in the previous 4 weeks, no nephelometer (Share Sun, Beijing, China). Sickle cell  

					admission before or after the 4 weeks stated earlier, no disease severity scores were computed for each  

					history of blood transfusion in the previous 4 months, participant based on clinical complications of SCD,  

					and no treatment with antibiotics or agents that may haemoglobin (Hb) levels, and white blood cell counts,  

					alterthebloodcounts.7  

					using the method of Okocha et al. 201611,12as depicted in  

					Table1.  

					The fibrinolytic system converts the zymogen  

					plasminogen to the active serine protease plasmin, Data were analysed using SPSS version 20.0. Normally  

					which hydrolyzes fibrin to produce heterogeneous distributed continuous variables were presented as  

					fibrin degradation products (FDPs). The D-dimer means ± standard deviation (SD), while non-normally  

					fraction is used as a marker of the likelihood of venous distributed variables were presented as medians and  

					thrombosis.8-10  

					inter-quartile ranges (IQRs). Severity scores were  

					treated as ordinal variables. Spearman rank correlation  

					This study aimed to determine the D-dimer levels was conducted to determine any correlations between  

					among patients with SCA during bone pain crises severity score and haemoglobin concentration, white  

					(BPC), and steady state, and to determine whether D- blood cell count, D-dimer levels, platelet count, and  

					dimer levels can serve as a reliable marker of disease pain scale. Severity category (mild, moderate and  

					severityduringBPC.  

					severe) was compared with D-dimer levels after  

					dichotomising D-dimer values into <0.5 μg/mL  

					(normal) and ≥0.5 μg/mL(elevated), according to Hedo  

					et al.,12 using the chi square test. Kruskal–Wallis H test  

					was applied to evaluate distribution of D-dimer levels  

					across severity categories, and a p-value ≤ 0.05 was  

					consideredstatisticallysignificant.  

					Materialsand Methods:  

					Following Institutional Ethical Committee approval,  

					forty-five (45) adult (≥18 years) patients with SCA  

					(HbSS genotype) were enrolled from the Haematology  

					Day Care Unit (HDCU) and or the Accident and  

					Emergency (A&E) units of the Ahmadu Bello  

					University Teaching Hospital (ABUTH) Zaria, North-  

					West Nigeria. The participants were enrolled during  

					BPC and reassessed four weeks after completion of  

					therapy (analgesics and antibiotics) for the BPC.  

					Numeric pain scales (0 to 10) were assessed, with 0  

					being the absence of pain and 10 representing the worst  

					pain ever experienced by the patient. Clinical histories  

					of complications such as acute chest syndrome (ACS),  

					chronic leg ulcers (CLU), priapism, avascular necrosis  

					(AVN) of the femoral head, and others were  

					documented. Each participant signed a written  

					informed consent. The identities of all participants  

					were concealed using code numbering, and all data  

					related to the participants were stored in password-  

					protectedsystems.  

					Results:  

					The participants' mean age was 23.4 ± 5.8 years. The  

					mean haematological parameters of haematocrit (L/L)  

					and white cell count (x109/L) in steady state and VOC  

					were 23.7 ± 4.0 vs 22.0 ± 4.1 (p = 0.002) and 11.3 ± 3.0  

					vs 14.7 ± 5.2 (p < 0.0001), respectively. D-dimer levels  

					(μg/mL) expressed as median (interquartile range,  

					IQR)—were 1.8 (2.2) in the steady state and 3.2 (4.9)  

					duringVOC (p= 0.004)(seeTable2).  

					The patients' severity score index and D-dimer levels  

					duringVOC arepresentedinTable3.  

					Discussion:  

					This study indirectly investigated fibrinolytic activity  

					in adult patients with sickle cell anemia (SCA) in the  

					steady state (SS) and during vaso-occlusive crises  

					(VOC) by measuring plasma D-dimer levels. The  

					findings showed that D-dimer levels during VOC were  

					significantly higher than those in the steady state,  

					suggesting increased fibrinolytic activity during acute  

					VOC. This supports the theory that VOC induces a  

					compensatory fibrinolytic response by increasing  

					thrombin production and causing a hypercoagulable  

					Five (5) millilitres of venous blood were drawn from  

					each participant after standard aseptic procedures. Two  

					and a half (2.5) millilitres each of blood were  

					immediately dispensed into EDTA and plain sample  

					containers.The sample in the EDTAcontainer was used  

					to determine haematological parameters using the  

					Swelab-alpha analyser (Kobe, Japan), which operates  
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					Table: 2: Haematological Parameters and D-Dimer  

					Table 1: Disease Severity Scoring Criteria for Sickle Cell Disease  

					level in SS and VOC  

					(SCD) Okocha et al.  

					Parameter  

					Range  

					Score  

					SS  

					VOC  

					P-value  

					0.002*  

					Haemoglobin (Hb)  

					concentration (g/dL)  

					≥ 10  

					0

					1

					2

					3

					4

					0

					1

					2

					3

					Mean± SD  

					23.7±4.0  

					Mean± SD  

					22.0± 4.1  

					≥ 8 to < 10  

					≥ 6 to < 8  

					≥ 4 to < 6  

					≤ 4  

					HCT (L/L)  

					WBC  

					(x109/L)  

					11.3±3.0  

					14.7± 5.2  

					358± 169  

					3.2(4.9)  

					<0.0001*  

					0.005*  

					PLT (x109/L) 437±165  

					White Blood Cell  

					(WBC) count (×10⁹/L)  

					< 11  

					DD (μg/ml)† 1.8(2.2)  

					0.004#  

					≥ 11 to < 15  

					≥ 15 to < 20  

					≥ 20  

					HCT=Haematocrit, WBC=White Blood Cell, PLT=Platelets,  

					SS=SteadyState, VOC=Vaso-OcclusiveCrisis  

					DD = D-dimer, † = non-normally distributed {median (inter-  

					Complications of SCD  

					Each complication present  

					< 3  

					1 per complication  

					quartile range)}  

					Aggregate Score  

					Interpretation  

					Mild  

					3 to 5  

					Moderate  

					Severe  

					> 5  

					Table 3: Spearman Rank Correlations between D-Dimer, Disease Severity Score and  

					Haematological parameters  

					D-dimer  

					levels  

					(μg/ml)  

					0.217  

					Hb concentration  

					WBC count Platelet count  

					(g/dl)  

					Pain  

					Score  

					0.289  

					(x 109/L)  

					(x 109/L)  

					†ρ  

					p

					0.923  

					0.031  

					0.230  

					0.128  

					0.152  

					0.054  

					< 0.001  

					0.840  

					†ρ = Spearman correlation coefficient, p = level of significance  

					state.  

					These changes are indicative of an acute inflammatory  

					The significantly elevated median D-dimer levels response and increased cellular turnover during crises.  

					observed during VOC (3.2 µg/ml) compared to steady Elevated WBC count is a well-documented risk factor  

					state (1.8 µg/ml; p = 0.004) are consistent with previous for VOC and is associated with increased endothelial  

					studies that have reported heightened haemostatic adhesionandmicrovascularocclusion.18  

					activation during crisis in SCApatients13,14. D-dimer, as  

					a degradation product of cross-linked fibrin, is a The study also evaluated correlations between D-dimer  

					sensitive marker of fibrin turnover and thus reflects levels and disease severity of VOC in SCA. Although  

					ongoing activation of coagulation and fibrinolysis. The Spearman correlation analysis showed only weak  

					elevated levels observed duringVOC may be attributed correlations between D-dimer levels and disease  

					to endothelial injury, red cell and platelet activation, severity indices such as haemoglobin levels (ρ = 0.230,  

					and the systemic pro-inflammatory state that p = 0.128) and WBC count (ρ = 0.923, p = 0.0001), a  

					characterisesacutevaso-occlusion.15,16  

					statistically significant correlation was noted with  

					platelet count (ρ = 0.031, p = 0.0840). This strong  

					Interestingly, the study also revealed gender-related association may suggest a close link between  

					differences in D-dimer levels during VOC. Males had thrombocytosis and enhanced fibrinolytic activity  

					significantly higher D-dimer concentrations than during VOC. Platelet activation is known to play a  

					females (6.3 µg/ml vs 3.6 µg/ml, p = 0.002), whereas pivotal role in the pathophysiology of VOC, further  

					levels were comparable in the steady state. This supportingtheobservedassociation.19  

					disparity may reflect gender differences in coagulation  

					pathway activity, hormonal influences, or differences Furthermore, while no statistically significant  

					in disease severity and VOC frequency.17 However, the correlation was found between disease severity of BPC  

					clinical relevance of this gender-based variation and D-dimer levels (ρ = 0.217, p = 0.152), the trend  

					requiresfurtherinvestigation.  

					suggests a possible link between clinical symptom  

					severity and the degree of fibrinolytic activation. The  

					The haematological parameters also showed lack of strong statistical association might reflect the  

					statistically significant changes between VOC and complex, multifactorial nature of BPC pathogenesis in  

					steady state, including lower haematocrit (p = 0.002), SCA, where pain is influenced not only by thrombosis  

					elevated white blood cell counts (p < 0.0001), and but also by ischemia, inflammation, and neurogenic  

					decreased platelet counts (p = 0.005) during VOC. factors.20  
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					8. Lijnen, H. & Collen, D. in Hoffman: Haematology  

					The overall implication of this study is that D-dimer  

					could serve as a useful biomarker for monitoring  

					Basic Principles and Practice (eds. Hoffman, R. et  

					al.)1805-1815 (ChurchillLivingstone, 2000).  

					coagulation and fibrinolytic activity during BPC in 9. Robert, H., Monroe, D. & Hoffman, M. in Williams  

					SCA patients. Its elevation during BPC supports the  

					presence of an activated coagulation system, likely  

					driven by endothelial injury and cellular interactions.  

					Hematology (eds. Beutler, E., Litchman, M.,  

					Coller, B., Kipps, T. & Seligsohn, U.) 145-117  

					(McGraw Hill, 2000).  

					This provides further rationale for exploring anti- 10.Cook, C. et al. The clinical and laboratory spectrum  

					coagulant or anti-platelet therapeutic strategies in  

					managing acute BPC and other forms of VOC in  

					of Hb C [?6(A3)Glu?Lys, GAG>AAG] disease.  

					Hemoglobin37, 16-25(2013).  

					selected SCA patients, especially those with recurrent 11. Okocha, E. C. et al. Serum Ferritin and Severity  

					or severeepisodes.  

					Scores in Sickle Cell Disease Patients in Nnewi (  

					South East Nigeria ). Br. J. Med. Med. Res. 11, 1-7  

					(2016).  

					Limitations:  

					Thestudyis hospitalbased.  

					12.Hedo, C., Akenova, Y., Okpala, I., Durojaiye, A. &  

					Salimonu, L. Acute phase reactants and severity of  

					homozygous sickle cell disease. J. Intern. Med.  

					233, 467-470 (1993).  

					Conclusion:  

					The study confirms increased D-dimer levels during  

					VOC in SCApatients, which supports the presence of a 13. Kabrhel C, et al. Factors associated with positive D-  

					hypercoagulable state during VOC, and highlights the  

					importance of fibrinolytic response as a natural  

					dimer results in patients evaluated for pulmonary  

					embolism.AcadEmergMed. 2010;17(6):589-97.  

					mechanism to limit thrombus propagation. However, 14.Francis RB Jr. Elevated fibrin D-dimer fragment in  

					D-dimer may not serve as a reliable biomarker for  

					assessing diseaseseverityduringVOC.  

					sickle cell anemia: evidence for activation of  

					coagulation during the steady state as well as in  

					painfulcrisis.Am J Hematol. 1989;31(4):265-9.  
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