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Changes of coagulation function are associated with acute ischemic stroke after coronavirus disease 2019

HUYAN Meihua”, CHEN Lei”, YUAN Hui, YANG Jie, JIANG Yi, WU Tao, DENG Bengiang, ZHANG Yongwei*
Neurovascular Center, The First Affiliated Hospital of Naval Medical University (Second Military Medical University), Shanghai
200433, China

[ Abstract | Objective To compare the clinical characteristics, inflammatory indexes and coagulation function of
patients with acute ischemic stroke complicated with coronavirus disease 2019 (COVID-19) and those without COVID-19,
and to explore the risk factors of acute ischemic stroke after COVID-19. Methods A single-center retrospective study was
conducted in 187 patients with acute ischemic stroke who were treated in our hospital from Nov. 5, 2022 to Feb. 5, 2023 and
were tested for COVID-19, including 75 patients with COVID-19 (COVID-19 group) and 112 patients without COVID-19
(non-COVID-19 group). The general clinical data, inflammation and coagulation function indexes (neutrophil-lymphocyte ratio

[NLR ] , D-dimer, and fibrinogen [FIB] ) of the 2 groups were analyzed. Multivariate logistic regression was used to analyze
the independent risk factors of acute ischemic stroke after COVID-19 infection. Results NLR (3.62 [2.31, 6.71] vs 2.64 [1.87,
5.04] , P=0.014), D-dimer (0.70 [0.32,2.27] mg/L vs 0.37 [0.27,0.76] mg/L, P=0.001) and FIB (4.21 [3.26,5.17] g/L
vs 3.25 [2.77,3.87] gL, P<0.001) of COVID-19 group were markedly higher than those of non-COVID-19 group, and
lymphocyte count (1.40 [1.03, 1.71] X10/L vs 1.61 [1.09,2.21] X10°/L, P<<0.05) was lower than that of non-COVID-19
group. Multivariate logistic regression analysis showed that the previous stroke history (odds ratio [ OR] =5.430,
95% confidence interval [CI] 1.538-19.175, P=0.009), D-dimer (OR=1.425, 95% CI 1.104-1.840, P=0.007) and FIB
(OR=2.405, 95% CI 1.683-3.437, P<<0.001) were independent risk factors for acute ischemic stroke after COVID-19.
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Conclusion Serum biomarkers of inflammation and coagulation function (NLR, D-dimer, and FIB) are increasesd in patients with

acute ischemic stroke after COVID-19, and the incidence of ischemic stroke after COVID-19 is related to hypercoagulability.
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Tab 1 General information of patients with acute ischemic stroke in 2 groups

Characteristic All patients N=187 Non-COVID-19 N=112 COVID-19 N=75 Statistic P value

Gender, 1 (%) £ =1270 0.260
Male 131 (70.05) 75 (66.96) 56 (74.67)
Female 56 (29.95) 37 (33.04) 19 (25.33)

Agelyear, M (O, Op) 69.00 (60.00, 75.00)  68.00 (60.00, 73.50)  70.00 (62.00, 76.00) Z=—1.827  0.068
BMI/(kgem ), M (O, Op) 24.22 (20.88,26.26)  22.81 (20.83,26.05) 24.49 (21.05,26.56) Z=—0.761  0.370
Hypertension, n (%) 153 (81.82) 90 (80.36) 63 (84.00) 2 =0.401 0.527
Dyslipidaemia, 7 (%) 33 (17.65) 21 (18.75) 12 (16.00) 7=0.234 0.629
Diabetes mellitus, 7 (%) 78 (41.71) 42 (37.50) 36 (48.00) 7 =2.037 0.154
Smoking, n (%) 56 (29.95) 33 (29.46) 23 (30.67) 7 =0.031 0.860
Atrial fibrillation, 7 (%) 24 (12.83) 14 (12.50) 10 (13.33) £ =0.028 0.867
Coronary artery disease, 7 (%) 24 (12.83) 11 (9.82) 13 (17.33) 1 =2.266 0.132
Prior stroke, 7 (%) 16 (8.56) 6(5.36) 10 (13.33) 7 =3.653 0.056
Neutrophil/(L™", X 10%), M (Q,, Ov) 4.65 (3.58, 6.83) 4.52 (3.46, 6.16) 5.06 (3.96, 7.20) Z=—1.821 0.069
Lymphocyte/(L™", X10%), M (Q,, Q)  1.47 (1.07, 2.00) 1.61(1.09, 2.21) 1.40 (1.03, 1.71) Z=—2.156 0.031
NLR, M (0,, Ov) 2.86 (1.98, 5.69) 2.64 (1.87,5.04) 3.62(2.31,6.71) Z=—2462 0014
D-dimer/(mg-L""), M (Q,, Q) 0.44 (0.28, 1.04) 0.37(0.27,0.76) 0.70 (0.32,2.27) Z=—3.206 0.001
Fibrinogen/(g*L "), M (Q,, O,) 3.49 (2.87,4.33) 3.25(2.77,3.87) 4.21(3.26,5.17) Z=-—5.109 <0.001
Multi-territorial infarction, n (%) 14 (7.49) 7 (6.25) 7(9.33) 7=0.617 0.432

COVID-19: Coronavirus disease 2019; BMI: Body mass index; NLR: Neutrophil-lymphocyte ratio; M (Q,, Qp): Median (lower
quartile, upper quartile).
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Tab 2 Multivariate logistic regression analysis of acute ischemic stroke after COVID-19

Variable b SD OR (95% CI) P value
Age —0.130 0.014 0.987 (0.960, 1.014) 0.346
Coronary artery disease 0.214 0.571 1.239 (0.404, 3.797) 0.708
Prior stroke 1.692 0.644 5.430 (1.538, 19.175) 0.009
Neutrophil 0.083 0.107 0.920 (0.745, 1.136) 0.438
Lymphocyte 0.026 0.337 1.026 (0.530, 1.987) 0.938
NLR 0.030 0.070 1.030 (0.897, 1.182) 0.674
D-dimer 0.354 0.130 1.425 (1.104, 1.840) 0.007
Fibrinogen 0.878 0.182 2.405 (1.683, 3.437) <<0.001

COVID-19: Coronavirus disease 2019; NLR: Neutrophil-lymphocyte ratio; b: Regression coefficient; SD: Standard deviation;
OR: Odds ratio; CI: Confidence interval.
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