Association Of Complete Blood Count with Venous Thromboembolism Risk Factors in Hospitalized Patients at the University of Nigeria Teaching Hospital, Enugu Nigeria


ABSTRACT
Background: A dose-dependent increase in the risk of venous thromboembolism (VTE) has been reported with higher monocyte counts and red cell distribution width (RDW) in patients with thrombosis. Although the D-dimer assay remains the most widely used biomarker for VTE assessment, it is limited by a high rate of negative imaging results. Moreover, in resource-limited settings such as ours, there is a need for cost-effective screening strategies for VTE risk assessment.
Objective: To evaluate the association between Complete Blood Count (CBC) parameters, D-dimer, and Lupus Anticoagulant (LA) with VTE risk scores among hospitalized patients at risk of VTE in Enugu State, Nigeria.
Methods: The study population comprised medical patients, surgical patients, and healthy control subjects. VTE risk was assessed using the Caprini Risk Assessment Model (RAM). Ethical approval for the study was obtained from the University of Nigeria Research Ethics Committee.
Results: Among surgical patients, univariate analysis showed no significant association between most assayed parameters and high VTE risk (P > 0.05), except for mean corpuscular haemoglobin concentration (MCHC) (OR: 0.54; 95% CI: 0.30–0.98; P = 0.044). After adjustment for sex, age, body mass index (BMI), and ABO blood group in the multivariate model, the inverse association between MCHC and high VTE risk persisted (OR: 0.39; 95% CI: 0.18–0.86; P = 0.020), alongside a significant association with lymphocyte count (OR: 0.36; 95% CI: 0.30–0.98; P = 0.037). In medical patients, univariate analysis revealed no significant associations between any blood count parameters and high VTE risk (P > 0.05).
Conclusion: This study demonstrates a significant association between MCHC and VTE risk scores among surgical patients. However, larger studies with longitudinal follow-up are required to establish the predictive value of these parameters for the actual development of VTE events.
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[bookmark: _GoBack]Introduction
Venous thromboembolism (VTE) is a multifactorial disease involving interactions between clinical risk factors and predispositions to thrombosis, either acquired or inherited (thrombophilia) (Souto et al., 2000). VTE is one of the leading causes of death among hospitalised patients around the globe. It is the third leading vascular diagnosis after a heart attack and stroke, affecting between 300,000 and 600,000 Americans each year. Its prevalence and associated mortality are high following surgery, pregnancy and postpartum in women in Africa (Danwang et al., 2017). VTE is an important but preventable cause of morbidity and mortality among surgical and medical patients (Kesieme et al., 2016). Thromboembolic conditions have been estimated to account for 1 in 4 deaths worldwide in 2010 (Wendelboe & Raskob, 2016). The global burden of VTE is high, as evidenced by ‘The Global Burden’ project reports, recent systematic reviews and literature on recent studies that measured the incidence, burden, and disability-adjusted life-years. Heit (2015) reported that VTE incidence estimates are higher among the Black populations and lower among the Asian, Asian-American and Native American populations. It was also stated that the incidence of VTE increases with increasing age. However, there is a complex relationship between the incidence of VTE and sex, as it is modified by age.
Venous thrombosis development usually originates in areas with reduced or mechanically altered blood flow, like the pockets adjacent to valves in the deep veins of the leg or the venous sinuses (Stone etflow,(Stone et al., 2017). As the movement of blood slows down, oxygen tension reduces while haematocrit increases. This gives rise to a hypercoagulable microenvironment which plays down some of the antithrombotic proteins that are expressed preferably at the venous valves valves,like thrombomodulin and endothelial protein C receptor (EPCR) (Brooks et al., 2009). Venous thrombosis starts as small fibrin deposits in the areas of reduced blood flow. These fibrin clusters then grow in these areas valves,areas,closing up the vessels and consequently initiating the coagulation cascade (Behravesh et al., 2017). As this cascade ensues, platelets, fibrin and red blood cells come together to form a deposit inside the vein, known as the venous thrombus. Taken together, thrombosis, which is the common underlying mechanism of myocardial infarction, ischemic areas,ischaemicstroke, and venous thromboembolism (VTE), is the leading global cause of mortality ischaemicmortality,with up to 1 in 5 deaths in 1990 (Lozano et al .mortality,.,, 2012).
In the laboratory, the following investigations aid the diagnosis of VTE. They are; Complet., completee blood count (CBC), D-dimer Assay, completeassay, Antiphospholipidassay,antiphospholipid antibody syndrome, Factor V Leiden, Prothrombinantiphospholipidprothrombin 20210A Mutation,prothrombinmutation, Hyperhomocysteinemia,mutation,hyperhomocysteinemia, and a host of others. Clinically examining the signs and symptoms, anhyperhomocysteinemia,symptoms andd associated risk factors of a suspected VTE case carefully, ansymptoms andcarefully andd differentiating them from other medical conditions is, however,carefully and is, however, the basis for accurate VTE diagnosis. The association of complete blood count, D-dimer and lupus anticoagulantcomplete blood count, (LA) with the risk of VTE in hospitalised patients has been reported by some studies. There, however, seem to be uncertainties about this association, which may be partly due to scarcity of data or paucity of information. This highlights the degree to which VTE diagnosis is missed and prophylaxis overlooked for hospitalised patients by carers in resource-limited settings such as ours.

[bookmark: _Toc50459270][bookmark: _Toc50460906][bookmark: _Toc50459271][bookmark: _Toc50460907]MATERIALS AND METHODS
 The population of the Study: The study population consisted of all the patients who met the selection criteria in the medical and surgical wards of ESUTH, Park-lane Enugu South-East Nigeria. This study was commenced in the month of June 2020 and was completed in the month of November, 2020.
[bookmark: _Toc50459274][bookmark: _Toc50460910]SAMPLE SIZE AND SAMPLE COLLECTION
One hundred and thirty-five (135) subjects were enrolled on this study. The consisted of 45 subjects from medical wards, 45 subjects from surgical wards and 45 apparently healthy individuals who served as the control for the study. Seven (7) ml of blood was collected from all subjects and 4.5 ml was transferred into plain tubes containing 500ul of 3.2g/dl trisodium citrate. The remaining 2.5ml was transferred into Ethylene Diamine Tetra Acetic Acid (EDTA) bottles. Preparation of platelet poor plasma : The citrate sample was centrifuged at 2000rpm for 5min to separate the plasma from the red cells. 
[bookmark: _Toc50459277][bookmark: _Toc50460913]A Capriani (2005) questionnaire was used in assessing the risk factors in the hospitalized patients.The EDTA samples are used for full blood count and ABO blood grouping. An automated blood analyser (Mythic 022, Switzerland) was used. The machine is a five-part cell counter. 
[bookmark: _Toc50459278][bookmark: _Toc50460914]D DIMER ELISA TEST: D Dimer test was done using the  kit technozym D Dimer Elisa  The  trisodium citrate sample was used to run D-Dimer test.
Lupus Anticoagulant (LA): The LA was determined by the use of Technoclot LA screen and Technoclot LA confirm which are simplified Dilute Russell’s Viper Venom Test (DRVVT) reagent for LA detection in one stage clotting test. The test was performed using the Mindray C2000-4 semi-auto coagulation analyser.
Lupus Anticoagulant Screening: the TECHNOCLOT LA screen and TECHNOCLOT LA confirm from Technoclone Austria were used according to the manufacture’s instruction. Briefly these are simplified, one stage Dilute Russel’s Viper Venom Time(dRVVT) tests, comprising a complete screening and confirmatory system for the detection of Lupus Anticoagulant

[bookmark: _Toc50459279][bookmark: _Toc50460915]STATISTICAL ANALYSIS: Statistical analysis of the data was performed as follows:
Frequency and percentages was used to indicate the distribution of categorical parameters like gender, ABO blood group, the point risk factors and VTE Risk factor assessment. Chi-Square test or Fisher’s Exact test, where appropriate, was used to estimate association between groups.  One-way Analysis of Variance (ANOVA) was used for comparison of more than two groups and values expressed as the mean ± standard deviations. Statistical software, Statistical Package for Social Sciences (SPSS) Version 23, was used for the statistical analysis. P-value of < 0.05 was considered significant.

RESULTS
	Table 1: Socio-characteristics of study population

	Characteristics
	Medical patients
(n=45) 
	Surgical patients (n=45) 
	Control subjects
(n=45) 

	Age (years) Median (IQR)
	49 (35 – 59)
	49 (37.5 – 62)
	21 (20 – 23)

	Gender
	
	
	

	Male n (%)
	23 (51.1%)
	28 (62.2%)
	15 (33.3%)

	Female n (%)
	22 (48.9%)
	17 (37.8%)
	30 (66.7%)

	Weight (kg) Median (IQR)
	62.0 (59.5 – 69.0)
	59 (52 – 68)
	62 (56 – 68)

	Height (m2) Median (IQR)
	1.51 (1.37 – 1.60)
	1.47 (1.42 – 1.57)
	1.57 (1.47 – 1.62)

	BMI (kg/m2) Median (IQR)
	28.6 (26.0 – 32.9)
	28.7 (25.4 – 30.7)
	26.1 (22.6 – 28.8

	ABO Blood group

	A
	13 (28.9%)
	8 (17.8%)
	6 (13.3%)

	B
	5 (11.1%)
	6 (13.3%)
	9 (20.0%)

	O
	27 (60.0%)
	31 (68.9%)
	30 (66.7%)

	VTE Risk factor assessment 
	
	

	Low risk (Score = 0-2)
	5 (11.1%)
	–
	– 

	Moderate risk (Score=3-4)
	6 (13.3%)
	6 (13.3%)
	– 

	High risk (Score ≥5)
	34 (75.6%)
	39 (86.7%)
	– 

	Laboratory parameters
	Median (IQR)
	
	

	WBC (×109/L)
	6.2 (4.5 – 8.1)
	5.7 (4.2 – 7.8)
	4.8 (4.1 – 6.0)

	HGB (g/dl) 
	11.4 (9.5 – 12.7)
	12.2 (11.0 – 14.0)
	12.3 (11.1 – 13.5)

	PLT (×109/L)
	255.5 (181 – 326)
	220 (166 – 285)
	218 (186.5 – 271)

	MPV (fl)
	8.2 (7.7 – 8.7)
	7.7 (7.4 – 8.7)
	8.6 (8.4 – 9.2)

	PCT (%)
	0.20 (0.17 – 0.26)
	0.18 (0.14 – 0.23)
	0.19 (0.16 – 0.23)

	PDW (fl)
	13.3 (12.1 – 14.5)
	13.0 (11.2 – 14.3)
	14.4 (14.0 – 15.2)

	PLCR (%)
	13.2 (11.2 – 16.2)
	11.3 (7.4 – 18.6)
	16.7 (14.1 – 19.8)

	D-dimer (ng/ml)
	275 (131.9 – 767.7)
	490.2 (133.2 – 881.6)
	117 (78.8 – 164.3)

	LA
	0.52 (0.48 – 0.57) 
	0.48 (0.45 – 0.55)
	 – 


Result reported as Frequency and percentage for qualitative data, Median (IQR – Interquartile range) for quantitative data, * Median difference significant at p≤0.05, a – median significantly different compared with control subject at p≤0.05, b – median significantly different compared with surgical patients at p≤0.05
BMI – Body Mass Index, VTE – Venous thromboembolism, HGB – Haemoglobin, WBC – White blood cell, PLT – Platelet, MPV – Mean platelet volume, PCT – Plateletcrit, PDW – Platelet volume distribution width, PLCR – Platelet larger cell ratio, LA – Lupus anticoagulant

The result revealed that in all the blood count parameters, only median eosinophil had statistically significant difference (p<0.05) whereby the patients with low risk had higher level compared to that of patients with moderate and high risks. As regards d-dimer it was observed that the median value of patients with moderate risk was significantly higher (p<0.05) compared to that of patients with high risk. In addition, the median d-dimer value of patients with low risk was observed to be significantly lower (p<0.05) compared to that of patients with moderate risk. There was no significant difference in lupus anticoagulant (P>0.05).




In order to determine the relationship between the assayed parameters with VTE risk assessment, correlation analyses were carried out (see Tables 1).
For all the patients as shown in Table 1, it was observed that only MCHC at p<0.05 gave a significant inverse relationship with VTE risk (ρ = -0.216, P=0.041).
Considering the medical patient separately (Table 1), MCHC likewise at p<0.05 gave a significant inverse relationship with VTE risk (ρ = -0.352, P=0.018).
On the other hand, the surgical patients separately showed that RBC at p<0.05 had a statistically significant positive correlation with VTE risk (ρ = 0.350, P=0.018) while with haemoglobin it gave significant negative correlation at p<0.01 (ρ = -0.416, P=0.005) (Table 1).
In order to determine the associations of complete blood count parameters, d-dimer and LA in predicting whether the hospitalized patients were at high risk of VTE as against being at low/moderate risk, binary logistic regression analysis was used. Furthermore, multivariate analysis adjusting for socio-characteristics variables, as additional covariates, with complete blood count pa rameters, d-dimer and LA were carried to ascertain if the associations still exist. 
All univariate and multivariate associations of complete blood count parameters, LA and d-dimer with high risk of VTE are given in Tables 2, 3 and 4. 
In the general population (see Table 2), it was observed that all the assayed parameters gave no significant univariate association (P>0.05) with high risk of VTE, except MCHC (OR: 0.54, 95% CI: 0.30 – 0.98, P=0.044). After adjustment for sex, age, BMI and ABO blood group (multivariate model), significant association was also found between MCHC and high risk of VTE (OR: 0.39, 95% CI: 0.18 – 0.86, P=0.020), together with lymphocyte count (OR: 0.36, 95% CI: 0.14 – 0.94, P=0.037).

As shown in Table 3, the univariate associations between all the assayed parameters and high risk of VTE in medical patients, gave significant association (P<0.05) in MCHC (OR: 0.42, 95% CI: 0.19 – 0.92, P=0.030), RBC (OR: 3.01, 95% CI: 1.08 – 8.42, P=0.036) and d-dimer (OR: 1.00, 95% CI: 0.99 – 1.00, P=0.05). Nevertheless, after adjustment for sex, age BMI and ABO blood group (multivariate model), significant association of high risk of VTE was still observed in MCHC (OR: 0.01, 95% CI: 0.01 – 0.71, P=0.022), RBC (OR: 6.09, 95% CI: 1.09 – 34.06, P=0.040) and d-dimer (OR: 1.00, 95% CI: 0.99 – 1.00, P=0.045) as well as in lymphocyte (OR: 0.14, 95% CI: 0.03 – 0.82, P=0.029), PCT (OR: 6.6 x 1012, 95% CI: 4.30 – 1.0 x 1025, P=0.039), and LA (OR: 0.0, 95% CI: 0.0 – 0.59, P=0.046) 
As presented in Table 4, the univariate associations between the assayed parameters and high risk of VTE in surgical patients, gave significant association (P<0.05) only in HGB (OR: 0.61, 95% CI: 0.39 – 0.95, P=0.030). All the assayed parameters gave no significant association (P>0.05) in the multivariate model. 
	Table 2: Association of Haematological profile, D-dimer and Lupus anticoagulant levels with high risk of VTE occurrence in general patients

	
	Univariate Logistic Regression
	Multivariate Logistic Regression

	Parameter
	Odds Ratio 
(95% CI )
	P-value
	Adjusted Odds Ratio (95% CI )
	P-value

	WBC (×109/L)
	1.08 (0.86 – 1.34)
	0.515
	1.10 (0.86 – 1.40)
	0.457

	Neutrophil (×109/L)
	1.09 (0.88 – 1.35)
	0.426
	1.19 (0.91 – 1.54)
	0.203

	Lymphocyte (×109/L)
	0.71 (0.34 – 1.49)
	0.370
	0.36 (0.14 – 0.94)
	0.037*

	Monocyte (×109/L)
	0.43 (0.05 – 4.06)
	0.464
	0.43 (0.04 – 4.17)
	0.466

	Eosinophil (×109/L)
	0.16 (0.02 – 1.70)
	0.130
	0.08 (0.01 – 1.31)
	0.077

	Basophil (×109/L)
	5.72 (0.0 – 6.16 x 107)
	0.833
	0.21 (0.0 – 7.25 x 106)
	0.860

	RBC (×1012/L)
	1.33 (0.72 – 2.48)
	0.365
	1.10 (0.58 – 2.06)
	0.778

	HGB (g/dl) 
	1.03 (0.83 – 1.28)
	0.821
	0.98 (0.78 – 1.22)
	0.831

	HCT (%) 
	1.01 (0.95 – 1.08)
	0.723
	0.99 (0.93 – 1.06)
	0.809

	MCV (fl) 
	1.00 (0.98 – 1.03)
	0.738
	1.00 (0.98 – 1.03)
	0.725

	MCH (pg) 
	0.85 (0.68 – 1.06)
	0.141
	0.85 (0.65 – 1.10)
	0.222

	MCHC (g/l) 
	0.54 (0.30 – 0.98)
	0.044*
	0.39 (0.18 – 0.86)
	0.020*

	PLT (×109/L)
	1.00 (1.00 – 1.01)
	0.562
	1.01 (0.99 – 1.01)
	     0.130

	MPV (fl)
	0.81 (0.47 – 1.39)
	0.445
	0.77 (0.41 – 1.43)
	0.402

	PCT (%) 
	2.30 (0.0 – 1.6 x 103)
	0.802
	287.63 (0.09 – 9.5x105 )
	0.171

	PDW (fl) 
	1.09 (0.84 – 1.41)
	0.526
	1.09 (0.81 – 1.48)
	0.565

	PLCR (%)
	0.99 (0.92 – 1.06)
	0.713
	0.97 (0.90 – 1.05)
	0.482

	D-dimer (ng/ml)
	1.00 (0.99 – 1.00)
	0.235
	1.00 (0.99 – 1.00)
	0.239

	 LA
	0.17 (0.0 – 215.60)
	0.629
	0.02 (0.0 – 386.93)
	0.420


CI: Confidence interval, WBC – White blood cell, RBC – Red blood cell, HGB – Haemoglobin, HCT – Haematocrit, MCV – Mean cell volume, MCH – Mean cell haemoglobin, MCHC – Mean cell haemoglobin concentration, PLT – Platelet, MPV – Mean platelet volume, PCT – Plateletcrit, PDW – Platelet volume distribution width, PLCR – Platelet larger cell ratio, LA – Lupus anticoagulant

	Table 3: Association of Haematological profile, D-dimer and Lupus anticoagulant levels with high risk of VTE occurrence in medical patients

	
	Univariate Logistic Regression
	Multivariate Logistic Regression

	Parameter
	Odds Ratio 
(95% CI )
	P-value
	Adjusted Odds Ratio (95% CI )
	P-value

	WBC (×109/L)
	1.01 (0.79 – 1.30)
	0.069
	1.04 (0.76 – 1.44)
	0.796

	Neutrophil (×109/L)
	1.01 (0.80 – 1.28)
	0.109
	1.13 (0.81 – 1.57)
	0.468

	Lymphocyte (×109/L)
	0.92 (0.37 – 2.32)
	0.867
	0.14 (0.03 – 0.82)
	0.029*

	Monocyte (×109/L)
	0.18 (0.01 – 4.89)
	0.308
	0.65 (0.0 – 120.39)
	0.872

	Eosinophil (×109/L)
	0.17 (0.0 – 21.08)
	0.262
	0.0 (0.0 – 19.96)
	0.118

	Basophil (×109/L)
	0.70 (0.0 – 3.31 x 107)
	0.968
	0.0 (0.0 – 8.54 x 105)
	0.430

	RBC (×1012/L)
	3.01 (1.08 – 8.42)
	0.036*
	6.09 (1.09 – 34.06)
	0.040*

	HGB (g/dl) 
	1.39 (0.98 – 1.98)
	0.062
	1.64 (0.95 – 2.82)
	0.075

	HCT (%) 
	1.04 (0.96 – 1.14)
	0.333
	1.08 (0.94 – 1.24)
	0.287

	MCV (fl) 
	1.00 (0.98 – 1.03)
	0.878
	1.02 (0.98 – 1.07)
	0.331

	MCH (pg) 
	0.848 (0.63 – 1.14)
	0.271
	0.79 (0.50 – 1.26)
	0.321

	MCHC (g/l) 
	0.42 (0.19 – 0.92)
	0.030*
	0.01 (0.01 – 0.71)
	0.022*

	PLT (×109/L)
	1.00 (0.99 – 1.01)
	0.815
	1.01 (1.00 – 1.03)
	0.086

	MPV (fl)
	1.03 (0.56 – 1.88)
	0.927
	0.93 (3.6 – 2.42)
	0.876

	PCT (%) 
	9.31 (0.0 – 4.87 x 104)
	0.609
	6.6 x 1012 (4.30 – 1.0 x 1025)
	0.039*

	PDW (fl) 
	1.39 (0.89 – 2.18)
	0.149
	1.15 (0.69 – 1.90)
	0.596

	PLCR (%)
	1.04 (0.94 – 1.16)
	0.445
	0.98 (0.86 – 1.12)
	0.980

	D-dimer (ng/ml)
	1.00 (0.99 – 1.00)
	0.052*
	1.00 (0.99 – 1.00)
	0.045*

	LA 
	0.03 (0.0 – 28.32)
	      0.454
	0.0 (0.0 – 0.59)
	0.046*


CI: Confidence interval, WBC – White blood cell, RBC – Red blood cell, HGB – Haemoglobin, HCT – Haematocrit, MCV – Mean cell volume, MCH – Mean cell haemoglobin, MCHC – Mean cell haemoglobin concentration, PLT – Platelet, MPV – Mean platelet volume, PCT – Plateletcrit, PDW – Platelet volume distribution width, PLCR – Platelet larger cell ratio, LA – Lupus anticoagulant

	Table 4: Association of Haematological profile, D-dimer and Lupus anticoagulant levels with high risk of VTE occurrence in surgical patients

	
	Univariate Logistic Regression
	Multivariate Logistic Regression

	Parameter
	Odds Ratio 
(95% CI )
	P-value
	Adjusted Odds Ratio (95% CI )
	P-value

	WBC (×109/L)
	1.39 (0.81 – 2.38)
	0.237
	2.31 (0.84 – 6.31)
	0.104

	Neutrophil (×109/L)
	1.46 (0.81 – 2.64)
	0.206
	11.53 (0.89 – 2.59 x 106)
	0.062

	Lymphocyte (×109/L)
	0.50 (0.16 – 1.59)
	0.240
	0.36 (0.05 – 2.45)
	0.296

	Monocyte (×109/L)
	6.18 (0.08 – 506.90)
	0.418
	70.87 (0.05 – 1.05 x 105)
	0.253

	Eosinophil (×109/L)
	0.45 (0.00 – 62.66)
	0.753
	0.48 (0.0 – 8465.01)
	0.993

	Basophil (×109/L)
	2.55 x 1084 
	0.999
	2.70 x 1084 (0.00)
	0.999

	RBC (×1012/L)
	0.34 (0.11 – 1.08)
	0.066
	0.21 (0.02 – 2.88)
	0.240

	HGB (g/dl) 
	0.61 (0.39 – 0.95)
	0.030*
	0.02 (0.0 – 1.43)
	0.073

	HCT (%) 
	0.94 (0.84 – 1.06)
	0.309
	0.22 (0.04 – 1.10)
	0.064

	MCV (fl) 
	1.01 (0.97 – 1.04)
	0.776
	0.00
	0.948

	MCH (pg) 
	0.849 (0.60 – 1.19)
	0.345
	0.60 (0.26 – 1.43)
	0.252

	MCHC (g/l) 
	0.88 (0.32 – 2.47)
	0.810
	0.59 (0.10 – 3.37)
	0.555

	PLT (×109/L)
	1.01 (1.00 – 1.02)
	0.318
	1.01 (0.99 – 1.02)
	0.303

	MPV (fl)
	0.54 (0.23 – 1.26)
	0.154
	0.47 (0.12 – 1.86)
	0.281

	PCT (%) 
	1.92 (0.0 – 1.37 x 105)
	0.909
	46.44 (0.0 – 1.56 x 109)
	0.664

	PDW (fl) 
	0.95 (0.67 – 1.34)
	0.757
	0.99 (0.62 – 1.60)
	0.976

	PLCR (%)
	0.94 (0.85 – 1.04)
	0.247
	0.95 (0.81 – 1.12)
	0.557

	D-dimer (ng/ml)
	1.00 (0.99 – 1.00)
	0.771
	1.01 (1.00 – 1.01)
	0.271

	 LA
	183.8 (0.0 – 4.69 x 108)
	0.489
	9.2 x 1011 (0.0 – 2.07 x 1028)
	0.151


CI: Confidence interval, WBC – White blood cell, RBC – Red blood cell, HGB – Haemoglobin, HCT – Haematocrit, MCV – Mean cell volume, MCH – Mean cell haemoglobin, MCHC – Mean cell haemoglobin concentration, PLT – Platelet, MPV – Mean platelet volume, PCT – Plateletcrit, PDW – Platelet volume distribution width, PLCR – Platelet larger cell ratio, LA – Lupus anticoagulant

DISCUSSIONS
Venous thromboembolism (VTE), a conceptual term for deep vein thrombosis (DVT) and pulmonary embolism (PE), is a frequent avertable complication among patients. The occurrence of this event is greatly variable and is influenced by many factors. In this study, the Complete Blood Count (CBC) as well as D-Dimer and Lupus Anticoagulant (LA) were assessed and associated with the risk of Venous Thromboembolism (VTE) in hospitalized medical and surgical patients. 
The results revealed that white blood cell (WBC) count, neutrophils and monocytes were significantly increased, whereas lymphocytes were found to be decreased in both medical and surgical patients compared to the control subjects. Additionally, multivariate analysis revealed significant association of high risk of VTE with lymphocyte. 
It has been documented that white blood cell count and its differentials, typically show variations at different stages and health conditions of an individual’s life. Previous studies have shown that leukocytosis is a predictor of venous thrombosis during the follow-up of patients (De Stefano et al., 2010, Palandri et al., 2011). Recruited leukocytes start fibrin formation via blood cell–derived tissue factor (TF), which is the decisive trigger for the massive fibrin deposition characteristic of deep vein thrombosis (DVT) (von Brühl et al., 2012, Mansueto et al., 2019). Leukocytes can be induced to express tissue factor and release proinflammatory and procoagulant molecules such as granular enzymes, cytokines, and damage-associated molecular patterns. These mediators can influence all aspects of thrombus formation, including platelet activation and adhesion, and activation of the intrinsic and extrinsic coagulation pathways (Swystun and Liaw, 2016).
Neutrophils have been found to be involved in post-thrombotic remodeling of the vein wall, however their involvement to venous thrombus formation still remains unclear (von Brühl et al., 2012). It has been observed that neutrophils constitute the predominant leukocyte subset recruited to the site of deep vein thrombosis (DVT) (Diaz et al., 2013, von Brühl et al., 2012). Thrombus formation is stimulated by neutrophils via different mechanisms: the neutrophil extracellular traps and platelet–leukocyte aggregation. 
In their study, Nicklas et al., 2020 proposed that in early thrombus resolution, neutrophil influx stabilizes the tissue through NETosis. In the interim, macrophages and intact neutrophils recognize the extracellular DNA by the TLR9 receptor and induce fibrosis, a complimentary stabilization method. Additionally, they stated that at later stages of resolution, pro-inflammatory macrophages police the thrombus for pathogens, a role supported by both T-cells and mast cells. These macrophages transform into their pro-resolving phenotype, on verification of sterility. Endothelial cells both coat the stabilized thrombus, a necessary early step, and can undergo an endothelial-mesenchymal transition, which impedes DVT resolution.
Studies have revealed that the source of tissue factor (TF) in venous thrombus essentially came from leukocytes, primarily monocytes and from monocyte- derived microparticles (von Brühl et al., 2012). Circulating monocytes express TF in response to inflammatory stimuli. As reported by Kamikura et al., 2005, increased monocyte TF, were observed in patients with DVTs compared with control subjects. The case–control MEGA study revealed that a high peripheral monocyte count, even within the reference range, was associated with DVT in a dose–response manner (Rezende et al., 2014). Similarly in this study, significantly high monocyte counts likewise within the reference range in both the medical and surgical patients was observed. The observed reduced lymphocytes count might be due to steroid administration, some types of chemotherapy or malignancies and exposure to radiation by some of the patients. 
According to Byrnes & Wolberg, 2017, multiple mechanisms with respect to understanding the role of RBCs in thrombosis have been proposed, but these remain largely theoretical. However, it is now apparent that RBCs have a variety of important functions and have a substantial influence on blood clotting, haemostasis and thrombosis that is of clinical significance (Weisel & Litvinov, 2019).  In this study, RBC count and some of the indices were observed to be significantly lower in medical patients compared to surgical patients and control subjects. Haemoglobin (Hb) and MCV were both found to be lower in medical patients whereas only MCV was lower in surgical patients. Interestingly, in the general population of the hospitalized patients only MCHC gave an inverse relationship with VTE risk. In the medical patients, MCHC likewise gave an inverse relationship. However, in the surgical patients, RBC count and HGB respectively showed positive and negative associations with VTE risk. Additionally, assessment of the hospitalized patients being at high risk of VTE revealed a significant association with MCHC. In multivariate analysis, association still persisted between MCHC and high risk of VTE. In medical patients, the univariate analysis revealed associations in MCHC and RBC. In surgical patients, the univariate association was observed only in HGB. 
Jimenez et al., 2009 reported that low haemoglobin and haematocrit are associated with low blood viscosity, thus indicating that patients could be prone to thrombosis because anti-thrombotic mechanism in the vessel endothelium does not function properly. These findings thus suggest that low blood viscosity may be the underlying cause of the increase in the incidence of VTE. Lee et al., 2019, in their study recognized a positive association between hemoglobin and the prognosis of acute pulmonary embolism (APE), not including patients with cancer, acute illness hospitalization, and recent surgery, and this might have contributed to the heterogeneity of the results. In assessing patients with polycythemia vera, Folsom et al., 2020, observed that a high hematocrit and hemoglobin in a general middle-aged population sample was associated with increased long-term risk of VTE, particularly provoked VTE.
The observed lower RBC, HGB, MCV in this study might be indicative of acute or chronic blood loss; Iron, vitamin B12, or folate deficiency; or underlying chronic disease especially in the medical patients. According to Irace et al. (2011), anaemia in patients with pulmonary embolism is used as a prognostic factor in terms of survival. Thus, it can be proposed that profound anaemia patients may be predisposed to thrombosis more and thrombotic process develops faster. Conversely, other studies have reported the associations between elevated haematocrit and arterial thrombosis (Danesh et al., 2000, Sabatine et al., 2005). 
It has been stated that the mechanism of MCHC and prognosis of pulmonary embolism is still uncertain. In this present study, MCHC showed an inverse relationship with VTE risk and in addition associated with high VTE risk. This thus suggests that lower MCHC might be a predictor of VTE risk. Ruan et al., 2022 in their study reported that lower MCHC is an independent risk factor for increased mortality in patients with APE. They hypothesized that iron status and nitric oxide (NO) levels may play a partial role. 
MCHC is a common indicator of anaemia and thus a reliable indicator of iron loading, with a sensitivity of 96.1% in identifying iron deficiency (Sultana et al., 2013). Some studies (Liu et al., 2014, Kline et al., 2017) have found that MCHC, is closely related to NO diffusion. It has been reported that reduced NO is an important pathological mechanism in APE. In their work, Liu et al., 2014 documented that low MCHC increases NO clearance by erythrocytes and affects the prognosis of patients with APE. Vasoconstriction abnormalities have been reported to be due to decreased nitric oxide (NO) levels, and other factors such as hypoxia and as such could be the leading cause of death.
Haque et al., 2011 stated that thrombocytopenia theoretically might decrease the risk of VTE, nevertheless it does not eliminate the risk. In this study, the detected reduced mean platelet volume (MPV), platelet volume distribution width (PDW) and platelet larger cell ratio (PLCR) were all within the reference range. In their study, Baelum et al., 2017 reported that patients having thrombocytopenia with VTE seem to be safely treated with anticoagulants without increased occurrence of bleeding. They further stated that increased knowledge about VTE in patients with thrombocytopenia will enable clinicians to identify patients at VTE risk. It has however been documented that an elevated MPV is associated with low-grade inflammation as well as thrombosis. It should also be kept in mind that platelets shape and volume do vary, resulting in changes in MPV, even in healthy persons (Vagdatli et al., 2010).  Platelet size is considered as a marker of platelet function, and various studies have reported that large platelets are more reactive and adhere and aggregate faster ex vivo than small platelets (Handtke et al., 2019). As a result, differences in platelets size possibly will hypothetically expound the relationship between platelet count and major bleeding.  
Given that the absolute risk and potential to prevent major bleeding is highest during the first few months of anticoagulation, D-dimer may have clinical utility for the short-term management of VTE (Johnsen et al, 2019). In both medical and surgical patients, the results revealed that the D-dimer levels of the study populations though within the reference range, were significantly higher compared with that of control subjects. In medical patients, the univariate analysis revealed association of high risk of VTE with d-dimer.
In their study, Lippi et al., 2013 stated that D-dimer lacks specificity for diagnosing VTE, especially in elderly patients on admission with significant co-morbidities. Additionally, they reported that in older patients, elevated values (>1000 ng/mL) are more frequently associated with VTE, so the use of higher cut-offs may be advantageous. Different researchers have reported that false elevation of D-dimer levels can arise from various conditions such as aging, cancer, systemic inflammation and co-morbidities (including heart failure, chronic obstructive pulmonary disease, and atherosclerosis) (Lozano-Polo et al., 2018, Kim et al., 2019, Kim, Yhim & Bang, 2019). Other earlier studies have shown that elevated D-dimer is associated with increased risk of recurrence in patients with unprovoked VTE (Verhovsek et al., 2008, Bruinstroop et al., 2009). Importantly, the evaluation of D-dimer in hospitalized patients might reveal its association with increased Caprini score. Occurrence of venous thromboembolism risk factors might be associated to other factors such as duration of illness as well as duration of hospitalization. 
With respect to Lupus anticoagulant (LA), medical patients had higher level than the surgical patients. In addition, multivariate analysis revealed significant association of high risk of VTE with LA. Although, the actual mechanisms have not been fully elucidated, it has been documented that as a major APA, lupus anticoagulants can increase in many diseases such as SLE, malignancies, infections, and so on (Musiał 2012, Fei et al. 2017). While LA seems to be associated with thrombosis in patients with LA-positive, the pathogenesis is in fact still uncertain. The general hypotheses comprise the interference of LA with protein C axis, disturbance of the annexin-A5 antithrombotic shield on the syncytiotrophoblast, interference of LA with the complement system, and activation of many factors including coagulating factors, platelets, monocytes, and endothelial cells, which consequently may lead to prothrombotic state and likely risk for thrombosis (Musiał 2012).

Conclusion
Evaluating haematologic parameters is simple and inexpensive, thus a convenient way for determining VTE risk as well as for prophylactic treatment. This study found that some haematological parameters may possibly provide prognostic information in hospitalized patients at risk of Venous Thromboembolism (VTE). In the medical patients, MCHC, RBC, lymphocyte, d-dimer and LA showed multivariate association with high risk of VTE. In the surgical patients, however, univariate association was observed only in HGB. Additional data and a follow-up study are needed to elucidate the end-point progression of VTE event in these patients.
The findings also suggests that MCHC could be an independent indicator for VTE patients’ prognosis. Thus being an inexpensive biomarker, should be given attention. 
Further research in larger cohorts is likewise necessary, which would incorporate medical history, age, hospitalization duration of the patients, risk of bleeding symptoms and anthropometric variables as venous thromboembolism (VTE) risk might be related to some of these factors.
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Figure 1 Percentage VTE risk factor points occupied by medical and surgical patients
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