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tients with hemorrhagic stroke based on coagulation and hemorheological indicators
ZHU Yingying' , HAN Xiaoxiao', LIU Xuechun®, QI Yinliang'

1. Department of Hyperbaric Oxygen, the Second People’s Hospital of Hefei ( Hefei Hospital Affiliated to Anhui Medical Uni-
versity ) , 2. Department of Neurology, No. 901 Hospital of the PLA Joint Logistics Support Force, Hefei, Anhui 230000, China
[ ABSTRACT] Aim  To explore the predictive value of hematocrit ( HCT), plasma D-dimer combined with
fibrinogen (FIB) for the risk of lower extremity deep venous thrombosis (DVT) in patients with hemorrhagic stroke.
Methods Clinical data were retrospectively collected from 210 patients with hemorrhagic stroke admitted to the Second
People’s Hospital of Hefei from January 2023 to June 2025, including 81 patients with DVT (DVT group) and 129 patients
without DVT (non-DVT group). 120 patients with hemorrhagic stroke admitted during the same period were enrolled as
the external validation cohort.  Multivariate Logistic regression was employed to identify influencing factors for DVT in
hemorrhagic stroke, and ROC curves together with calibration curves were applied to establish and validate the predictive
model. Results Patients in the DVT group were older, with higher admission NIHSS scores, longer bedridden dura-

tion, and elevated levels of HCT, FIB and D-dimer compared with the non-DVT group (P<0.05). There was no statisti-
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cally significant difference in other baseline data (P >0.05).

Multivariate Logistic regression analysis showed that

elevated NTHSS scores (OR=1.188, 95% CI. 1.066 ~ 1.324), prolonged bedridden duration (OR=1.569, 95% CI.
1.330 ~ 1. 851) , increased HCT (OR=1.209, 95%CI. 1.088 ~1.343), FIB (OR=2.733, 95% CI; 1.523 ~4.905)
and D-dimer (OR=2.100, 95% CI. 1.219 ~3.617) at admission were independent risk factors for DVT in patients with
hemorrhagic stroke (all P<0.05) ; the combined detection of admission NTHSS score, bedridden duration, HCT, FIB and

D-dimer yielded a higher AUC for predicting DVT than any single indicator, with statistically significant differences (all P<

0.05).

Conclusion Elevated admission NIHSS score, prolonged bedridden duration, and increased HCT, FIB and

D-dimer levels are independent risk factors for DVT in patients with hemorrhagic stroke; the combination of these indicators

presents high predictive efficacy for DVT risk.
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B FE[E B2 =5.2 mmol/L  H = B =1. 7 mmol/L 1K
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& A (hemoglobin , HGB) X i1 /MK ( platelet, PLT) ; {#
A4 B bt 48 B oA O, a3 Bk A I HCT,
3141 28 JE A FR ( mean corpuscular volume , MCV ) F1 3F
21 48 Jig of 21 % & & (mean corpuscular hemoglobin,
MCH) ; £l 4 B 25 £ b %% 2 AT B, Rl 2 X % 48
M7 2 B & & % % B (alanine aminotransferase ,
ALT) | K 4 & B & k% % B¢ (aspartate aminotrans-
ferase , AST) K F, K A th & 3% A 0 & & & (albumin,
ALB) H il = B B8 B B B KCF, R A R b gk
Al D- = RARACF 6 F 4 8 3 % o AT B, R A
B [ A FIB | 3 b 3P 2 ¢ fn vE B B[] (activated
partial thromboplastin time, APTT ) £7 %t i1 B¢ Bt [4]
(thrombin time,TT)
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VM IR A i R A R B DVT By e B K,
B VA 2 A 50 Al A 77 % B ik B F (variance inflation
factor, VIF) ¥F 47 % 3 & M2 B, VIF<10 3 & T ¥
4% M, % H Hosmer-Lemeshow ) 36 3F f 4% AL 31
AL, % P>0.05 R AHEAN S RF, A
Graphpad Prism 8.0 # 4 % A E . KA ROC
VR AR K FE AT X o AR R B DVT oy T
{8, 1t DeLong 16 4o th B BK & AL 55 & B 42 A7
¢ 8h %4 T W fR (area under the curve, AUC) % 7 ;K
Y B % U K A Bootstrap 3% (#EAT 1 000 X F 3+ %4
#l, I 5 & loess T H &, LI TN E 5 5L R A
MAEH —F ., P<0.05 £ FEARITFEXL,
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D- R 5 (3 P<0.05) , HoAx— v kb L
BEF TG AR (P>0.05:% 1),

x1. WA RAERLLE
Table 1. Comparison of general data between the two groups

dEDVT 4 DVT 41

WH (n=129) (n=81) gatE P

SR % 65.12+7.87  67.63+7.74 2.264 0.025
PR/ (1% ) ] 0.086 0.770
L 69(53.49)  45(55.56)

7 60(46.51)  36(44.44)

RESGH/ (kg/m?)  24.28+2.89  24.46x2.78 0.446 0.656
RBIME/[HI(%)]  100(77.52)  58(71.60) 0.934 0.334
WEbRFE/[(F1(% )]  41(31.78)  25(30.86) 0.019 0.889
IR IMLAE/[ B1(% )] 32(24.81) 16(19.75)  0.721 0.396
W KR/ [ (%) ] 45(34.88) 26(32.10) 0.172 0.678
s/ (% ) ] 42(32.56)  26(32.10) 0.005 0.945
Bt NIHSS #7434 12.87+3.89  15.78+4.34  5.045 <0.001
W4 He/ mmHg 157.78+17.28 159.98+18.26 0.879 0.381
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&7 k H/mmHg 92.58+11.23 94.69+11.26 1.324 0.187
L/ (R/5Y) 80.17+9.23  81.89+8.95 1.330 0.185
R AR ]/ 2R 11.1223.08  13.8943.26 6.202 <0.001
WBC/(x10° L) 9.26+2.18  9.59+2.32  1.042 0.299
LY/(x10° L") 1.59+0.43  1.51£0.41 1.336 0.183
NE/(x10° L") 6.98+1.46  7.33x1.67 1.599 0.111

HGB/(g/L.) 133.89+17.12 136.42+17.48 1.034 0.302
HCT/ % 40.25+4.12  43.46+4.26 5.424 <0.001
MCV/1L 92.07+8.42 91.14+7.78 0.802 0.423
MCH/pg 30.37+4.85 29.46+4.78 1.331 0.185
PLT/(x10° L)  226.58+46.76 217.89+42.38 1.358 0.176
ALT/(U/L) 27.34+5.88 28.49+5.17 1.444 0.150
AST/(U/L) 30.35+6.85 31.22+6.98 0.889 0.375
ALB/(g/L) 39.06+5.12  38.34+4.89 1.009 0.314
HiM=EE/(mmol/L) 1.49x0.37 1.54+0.36  0.963 0.337
FHFEEL/ (mmol/L)  4.53+0.89  4.65+0.97 0.918 0.359
FIB/(g/L) 3.68+0.72  4.380.77 6.676 <0.001
APTT/s 29.85+4.67 28.79+4.83 1.580 0.116
TT/s 15.57+3.22  15.29+3.14 0.619 0.536
D-— 4K/ (mg/L) 2.55+0.71  3.26+0.97 6.316 <0.001

2.2 HmERmESEE DVT FIMEZE Logistic
EPEE 2y

PRIAR S8 M I 1 G 4 R DVT & A 15 0 1) T
{EFRER - DVT HI{E R 1,4E DVT HR{E N 0; H
AR A BERT NTHSS 43 EMAR ] HCT  FIB
Ko D- T RARIK T2 LA SE Bk B AE Sy 3% 25 725 5 44
AT, BN E Logistic [0 H7 45 5 WoR | 4F RS |
ABERF NIHSS $¥£43 B REf [E] (HCT  FIB \D- 3R {&
g AR A R DVT (A SE S N & 2 &R
Logistic [l 543 #fr 45 R .7, ABERT NIHSS P73 #5¢
o ENARH 4 HCT FIB K& D-— R AR KP4 5
ok M R 2R B kAR DVT Rk a7 £ 6 PR 3%
(¥JP<0.05;3k 2 F1k 3) . BHE KR BIHFH S, ¥
I AR AR OR (A HE A ARAMRE WE 1, ZHER
Logistic [T /5 K i A2 2K OR (E4HE R
FRMELL DLEL 2, OR<1 iz 3 A H i fik 4
BE R DVT IR R OR>1 FonizH & N il
PR A AR B R DVT IfER IR &
2.3 BXA NBEBT NIHSS #¥43, BbABTE HCT,FIB &
D- Z Rk T3 H M i hmzEsh £ DVT HFNME

A ABE BT NIHSS ¥ 43 B PR B ], HCT |, FIB
Ko D-BAARIKXF iR A A o R DVT #4710
DI AUC B = F BRI ( P<0. 0533 4 A1 3) .

AN
=z

% 2. BEE Logistic EF2#H MIEZEH EE DVT 19
XN EE
Table 2. Univariate Logistic regression analysis of risk
factors for DVT in patients with hemorrhagic stroke

G B SE  Wald P OR 95% CI

AR 0.036 0.019 3.522 0.047 1.036 0.998 ~1.075
é\lifﬁﬁ 0.168 0.039 18.311 <0.001 1.182 1.095 ~1.277
FMARTE]  0.459 0.064 50.801 <0.001 1.582 1.395~1.795
HCT 0.261 0.042 37.826 <0.001 1.299 1.195 ~1.411
FIB 1.027 0.210 23.846 <0.001 2.792 1.849 ~4.215
D-T M 0.833 0.199 17.508 <0.001 2.300 1.557 ~3.397

% 3. ZE X Logistic B3 5347 tH M 4R 2x A B E&
DVT K948 % &0 E =
Table 3. Multivariate Logistic regression analysis of risk
factors for DVT in patients with hemorrhagic stroke

K% B SE Wald P OR 95% CI
SIS 0.043 0.028 2.331 0.127 1.044 0.988 ~1.104
A B
\ 0.172 0.055 9.752 0.002 1.188 1.066 ~1.324
NIHSS P43
BMARRE]  0.450 0.084 28.532 <0.001 1.569 1.330 ~1.851
HCT 0.190 0.054 12.534 <0.001 1.209 1.088 ~1.343
FIB 1.005 0.298 11.350 0.001 2.733 1.523 ~4.905
D-—E{k  0.742 0.278 7.141 0.008 2.100 1.219 ~3.617
TR Estimate P
Age 1.036(0.998~1.075) ¢ 0.047
Admission NIHSS score 1.182(1.095~1.277) io <0.001
Bedridden duration 1.582(1.395~1.795) | +e~ <0.001
HCT 1.299(1.195~1.411) | » <0.001
FIB 2.792(1.849~4.215) i ——e—— <0.001
D-dimer 2.300(1.5657~3.397) | —e— <0.001
T T T T T
0o 1 2 3 4
-

Low risk High risk

B 1. BEZER Logistic Y3547 H M k2 B &
DVT #83< &0 X 2 i FR bk
Figure 1. Forest plot of risk factors for DVT in patients
with hemorrhagic stroke based on univariate
Logistic regression analysis

TE Estimate P
Age 1.044(0.988~1.104) $ 0.127
Admission NIHSS score  1.188(1.066~1.324) jer 0.002
Bedridden duration 1.569(1.330~1.851) | o <0.001
HCT 1.209(1.088~1.343) |& <0.001
FIB 2.733(1.523~4.905) i ——e—— 0.001

D-dimer

2.100(1.219~3.617) i—o—- 0.008
T I T T T

o 1 2 3 4
—_—

-

Low risk High risk

& 2. % EZE Logistic ElJ35#7 Y M4 zE B
DVT HJ48 32 2500 F = FHR
Figure 2. Forest plot of independent risk factors for DVT
in patients with hemorrhagic stroke based on
multivariate Logistic regression analysis
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% 4. BAE N\BTAt NIHSS 14> EMAREFE (HCT FIB & D-Z Bk F 3¢ i Rz oh £ DVT RIFNME
Table 4. The predictive value of combined admission NIHSS score, bedridden duration, HCT, FIB and D-dimer

levels for DVT in patients with hemorrhagic stroke

TiH AUC SE 95% CI P B cu-off i RIBE/% TS/ %
ABEHT NTHSS 3143 0.677 0.039 0.610 ~0.740 <0.001 0.319 >16.229 48.15 83.72
Fi A i i) 0.839 0.029 0.782 ~0. 886 <0.001 0.562 >13.133 74.07 82.17
HCT 0.789 0.033 0.728 ~0.842 <0.001 0.479 >42.007 76.54 71.32
FIB 0.715 0.037 0.649 ~0.775 <0.001 0.365 >4.271 54.32 82.17
D- Rk 0.671 0.040 0.603 ~0.734 <0.001 0.312 >3.645 35.80 95.35
®E 0.926° 0.019 0.881 ~0.957 <0.001 0.743 85.19 89.15
:a y P<0.05, 5IATRN L4, 45 IR ARER
1.0 a3k
- 5iH HETRIZ SRS UEZH Gt P
(n=210) (n=120)
Z 06 WM/ [ (%) ] 71(33.81)  40(33.33) 0.008 0.930
{2 — Admission NIHSS score s/ (%) ] 68(32.38)  32(26.67) 1.181 0.277
& 04 i ten Suration B NIHSS 743/43 13.75+4.28  13.91+4.25  0.328 0.743
02 :E'_%imer W4 I/ mmHg 158.75£16.92 159.46+16.87 0.367 0.714
R ine 3K FE/mmHg 93.48+11.23 94.05+11.14 0.445 0.657
0 o.lz o!4 ofe ol.s 1'_0 DR/ (/51 80.92+9.13  81.23+8.89 0.300 0.765
1-Specificity HNZRINIEIVSN 11.85+3.55 12.08+3.48 0.570 0.569
E 3. BLA RS NIHSS %45 . BbGRE i  HCT FIB £ WBC/(x10° L) 9.46+2.16  9.49+2.17 0.121 0.904
D-= B ok S xe i 1 {4 A 35 R 222 DVT TR LY/(x10° L") 1.55+0.43  1.54x0.44 0.202 0.840
#HMER ROC fh2 NE/(x10° L") 7.06+1.63  7.11x1.70  0.264 0.792
Figure 3. ROC curves for predicting DVT with combined HCB/ (g/L) 134.76+16.27 132.56+15.83 1.193 0.234
admission NIHSS score, bedridden duration, HCT, FIB HET/% 41.68+3.85  41.89+3.90  0.474  0.636
and D-dimer levels in patients with hemorrhagic stroke Mev/AL 91.76x7.26  91.25x6.89  0.625 0.532
MCH/ pg 30.23+3.27 30.46%3.62 0.591 0.555
2.4 AEEILE S SN RIS E IS B b PLT/(x10° L")  222.77+40.85 220.87+42.26 0.401 0.688
I A B k4S8 A i ALT/(U/L) 27.60+5.95 27.94%6.12 0.494 0.622
PR AR > BN AST/(U/L) 30.48+7.13  30.86+7.25 0.463 0.644
NIHSS ¥-53 RN ] B SE 50 3 15 bR S B FAIE ALB/(g/L) 38.77+4.76  38.45+4.53 0.598 0.550
L SERIBAIITEG 22 57 (P>0.05) , RZBASIE  frol=m/ (mmol/L)  1.51£0.35  1.50%0.38  0.242 0.809
FHT AR SNERIGTIE , SO UFLE S B a5 (2 5) BAHEEL/ (mmol/L)  4.55£0.90  4.57+0.86  0.197 0.844
FIB/(g/L) 3.81+0.83  3.84x0.79 0.321 0.748
% 5. EAEEESMERISIEH— ISR LB APTT/s 29.85+4.73 29.43+4.61 0.783 0.434
Table 5. Comparison of general data between the TT/s 15.49+3.24  15.56+3.78  0.178 0.859
D-—Hi/(mg/L)  2.60+0.76  2.63+0.78 0.342 0.733

modeling group and the external validation group

2.5 BT Logistic MPSHigE MMz H EE

DVT % = XU T3t il 51 £ [

5iH [P RIVE:) HMIREIEZH it P
(n=210) (n=120)

R % 66.23+8.35  66.45+8.10 0.233 0.816

PR/ [ % ) ] 0.074 0.786

% 114(54.29)  67(55.83)

& 96(45.71)  53(44.17)

REIEH (kg/m?)  24.15£2.91  24.02+3.08 0.382 0.703
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Figure 4. Nomogram for predicting the risk of DVT in patients with hemorrhagic stroke

based on Logistic regression analysis
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