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Abstract

Objective: To investigate the risk factors of stroke-associated pneumonia (SAP) in patients with in-
tracerebral hemorrhage (ICH) and assess its clinical implications. Methods: Patients with ICH were
admitted to the Department of Neurology at the Second Affiliated Hospital of Anhui Medical Univer-
sity from August 2022 to March 2024. According to whether patients had SAP, they were stratified
into SAP and non-SAP cohorts. Clinical characteristics between these two groups were contrasted,
and univariate and multivariate logistic regression analyses were applied to identify SAP-associ-
ated risk factors. The predictive value of ultra-early hematoma growth (uHG) for SAP was evaluated
using receiver operating characteristic (ROC) curve analysis. Results: Multiple logistic regression
analysis showed that age, length of stay, GCS score and uHG were independent risk factors for SAP
(P < 0.05). ROC curve analysis revealed that the area under the curve predicted by uHG for SAP was
0.778 (P < 0.001) with an optimal cut-off of 4.08, a sensitivity of 81.5% and a specificity of 58%.
Conclusion: uHG was linked to an augmented risk of SAP and 90-day poor outcomes in patients with
primary ICH, and has certain predictive value.
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1. 5|15

HH IfiL 4 i3 25 HH (intracerebral hemorrhage, ICH)/& 55 — K% A2 2R, HURE R SAE TR A B %
[1][2]. Z&HAH IS % (stroke-associated pneumonia, SAP)— i€ X R AR S HUE S 26 h 8%, FE9%
T RAE T d BT I AR G E, A2 ICH e W IR RIEZ —[3]. #HFiRW], SAP B i is
A, FEUEROHE AL RS IEN[4]. SAP W Re 5 2RI ZRAHK, R A E A Az e
e TR I S5 (4] o M4 DR A2 P I L i 26 25 5 1 2 A ) B bR i 2 —, 38 R AR AE RO S BN Y
BN ICH BFE LT MR B R K 2 —[5]. #8 5 HA M P~ K (ultra-early Hematoma Growth, uHG) %€
SOREES AT ENLZ(CT)H 4 R iR, B DA BIEL CT B [E(Z T/, /2 ICH B
— PP G RAF AR AR, HAHBCT MR N2, HoThm S 90m A R WU AHOC[5][6]. BT, uHG
7E SAP T iy PR B AT A A . BRIk, A TSR IR 78071, RGi7 M 2022 4F 8 H & 2024
3 H A 22 BB R R 58 B JB PR Bt 22 N R RIS 1 S e o i R R s . BRI 2 R AT
BT SAP R AE A R TS AT fE B PR 25, HEPPAl uHG 75 T SAP A8 XU B2 T 7 U Hh I R 3R
N RIZIT FRAEEIEAR Y -

2. MMERZE
2.1. HRMKR

BUBE AT 1 2022 45 8 & 2024 4F 3 AAE L HERIR 5 — MR B2 Berh 22 N BHIE 1R S5 A 1R A H
AL 58 PR T 1R BA AT 7T
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PINFRUE: FER =18 &y LKl CT BURELRIAZ Ty H AR LG s AR B 6 /N P i ik
TEUCLETENEERRICT); WK TR, MiUTEIdsE.

HEBRARIE: AR PEN s BEAT 7™ B Ak i B I 2 v J5 J8AE 5 M 5 [ (6 37 T4 Fe A6 vh B2 3% (National In-
stitute of Health Stroke Scale, NIHSS) V¥4 17 5 15 8 70 WA PR A [ A HA B L 4 15 /8 o s T B IR DR A 42 s
HIFMM ARG, MM T2 SRl 3 4N A S e 4 77 B8 ot S IR s AR 2 AN
B RG B TP A T . AR LA IR FE R AR B 2R R s il B A2 5 38 B SRR R A 38 4
A7 A RS F .

2.2. BuR¥&E

BTkl BAERGES . M. BEA S WM S R B R A R R A A

SR A A APER MR B R, A DT E(WBC). 41T E(RBC)%% .

UG ARE: EAS M AL E . % H IfiL(intraventricular hemorrhage, IVH) A7 1E HH P 4 I 258 2 )44
22 2 PAS I AR EHE N 45 A5 2 EHTGG CT B ABC/2 LTS 0 afiy ifi ek A AR, SR J5 43 A R L (=30
ml)FH/N AL (<30 ml) [7] [8]o ML PIALE 73 K RIS GECHR T e ZNIATR ) [9]. 8 B
Jr KR 58 SRR 2R I A AR (m) R BAMEIR HH I BIHT4G CT A 1B BRI ] (/N [6]

IGRE R SAP R ANE LA RS (2 R Rankin X 1F45r >4 47) [10] [11].

2.3. AR MRS

MR 2R 825 SAP, K700y SAP ZLMIEE SAP . SAP SWibriE: MUk, %R ng i
PAERT AR B2 AR IRA Bl 38°C: AMNE I B it B s, BT 4.0 x 1090 5& T 10.0 x
10%/L;  Fifi W 2] [ J2 M85 s i f A% 2 e e (s 9 J 3 AR A B =) [12].

2.4. Gt A

fEE ] SPSS ZEit A 25.0 #XAF(SPSS Inc.Chicago, USA). Hudfi /3 A i) IEAS ME I AT /R L3R - Hok
/R #E F:(Kolmogorov-Smirnov, K-S)A 36 3E 47 43 M o 1 42 T4 A% 545 F S04 (£ hr v 22) 8l Fp A2 (1Y 43+ oz 8] B ) i3t
TG, R EN LG 2 B2 dRZEF o0, SAP 454E SAP HMIESAS E X LR A
MSTAEA t 152 B Mann-Whitney U £555; 7328748 & HBGE IS R 7R 58 B4 Fisher AR 2L 5000, K L [
N PAE <0.05 AR NZAE R, 18 H 32 TI/ERHIEROC) B 28 PPl e AR 4T SAP
pIwe RcEE, PAZE T IAR(AUC) BB TIAS B . PAE < 0.05 BN A A S L.

3. 458
3.1, Bl

YN 159 B B, Pk 102 611(64.2%), IR N 59 £ (51~71). Ho, 47 Bl B3 KA T SAP (29.5%),
53 GlIEEHEHI T ARBUGE(33.3%), 53 SAP 4L, SAP HEHRMHEE M uHG (9.37 ml/h, IQR
5.03~20.06 vs 3.13 ml/h, IQR 1.27~9.51; P < 0.001), MK GCS P53(7, IQR 5~10 vs 14.5, IQR 12~15; P <
0.001) (WL% 1).

3.2. EBRHAMMY KS SAP R9MEX

WEE NIHSS VP78 4ERE . B (ERBEiTE] . FIRREAS . GCS W4, 1A%, SAH F1IVH J5,
uHG (V% J5 (1) L5 HE[aOR]: 1.060; 95% CI1.009~1.114; P =0.020)1/5%% & SAP AR T A 7. b4k,
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Table 1. Comparison of general data between SAP patients and non-SAP patients

1. ZREXREE SIEFEPREXMRBE—RERLE
RN R ARAC PR AN 2 2H

B BHE(N =159) (N 47) (N=112) P
W, % 59 (51.0~71.0) 67 (54~75.5) 57 (51~69) 0.026
PR, BN, %) 102 (64.2) 26 (55.3) 76 (67.9) 0.132
W AE(N, %) 46 (28.9) 9 (19.1) 37 (33.0) 0.078
TRIB(N, %) 77 (48.4) 20 (42.6) 57 (50.9) 0.337
{E B A 16 (11~23) 23 (5~31) 15 (12~19) 0.010
e =y 71 (44.7) 40 (85.1) 31(27.7) <0.001
BEAR 2
5 L (N, %) 118 (74.2) 32 (68.1) 86 (76.8) 0.252
BEPRIR(N, %) 29 (18.2) 11 (23.4) 18 (16.1) 0.275
HZ GCS W5y, PHAIEIQR) 13 (8~15) 7 (5~10) 14.5 (12~15) <0.001
2k NIHSS 155, HF4073(IQR) 12 (6~24) 25 (18~35) 9 (4~14) <0.001
ICH A%, ml, (N, %) 9.32 (5.40~22.50) 22.65 (9.71~32.00) 7.73 (3.76~14.94) <0.001
>30 ml 23 (14.5) 13 (27.7) 10 (8.9) 0.002
<30 ml 136 (85.5) 34 (72.3) 102 (91.1) 0.002
H AL (n, %) 0.092
i - 31(19.5) 13 (27.7) 18 (16.1)
R 128 (80.5) 34 (72.3) 94 (83.9)
IVH (N, %) 44 (27.7) 19 (40.4) 25(22.3) 0.020
SAH (N, %) 12 (7.5) 7 (14.9) 5(4.5) 0.023
SBP, mmHg 178.16 (145.96~210.36) 182.53 (153.65~211.41) 176.33 (142.88~209.78)  0.269
DBP, mmHg 102 (90~115) 104 (83~113.5) 101 (91~115.5) 0.937
uHG,ml/h, FH7E(IQR) 473 (1.81~10.71) 9.37 (5.03~20.06) 3.13 (1.27~9.51) <0.001
RBC, *10'%/L 4.60 (3.95~5.25) 4.49 (3.77~5.21) 4.64 (4.02~5.26) 0.194
WBC, *10°%L, Hhi#(IQR) 7.89 (6.09~11.14) 9.88 (6.27~12.76) 7.83 (6.08~12.72) 0.141
ARG 53 (33.3) 30 (63.8) 23 (20.5) <0.001

DBP, #F5KJE; GCS, Glasgow FikZ:4; IVH, = i Ifi; NIHSS, 35 EE S BAM AP ER; 4401; SAH,
R T R i, SBP, We4i/s: uHG, #EMAMmMAY K WBC, H4iH.

SAP 54E#4(aOR: 1.034; 95% CI: 1.000~1.068; P =0.050) %4k GCS 143 (aOR: 0.688; 95% CI: 0.604~0.738;
P < 0.001) A KA BE R 8] (aOR: 1.066; 95% CI: 1.025~1.109; P = 0.001, W.7¢ 2)Z [MJfF4E . E M. ROC
M2k dr st TR, uHG Filll SAP (2 FTHAN 0.778 (P < 0.001), HAEIGFMEN 4.08, BUEE N
81.5%, 5t 58%.

3.3. BREHMAY XS5FRAENEXM

TERER S, FEA R EE T a5 HIUR & INBE NIHSS ##4(P <0.001). BARH GCS ¥F45
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Table 2. Univariate and multivariate logistic regression analysis of SAP patients and non-SAP patients

2. FREXMRBESEFPELMRBENRLTEMLELE logistic BIVADH

A HE OR 95% CI P

LS
RS 1.026 (1.000, 1.053) 0.046
A, St 1.705 (0.848, 3.429) 0.134
gt 2.083 (0.912, 4.760) 0.082
el 1.399 (0.704, 2.780) 0.338
A Be B 1] 1.041 (1.010, 1.070) 0.008
M B A 14.931 (6.050, 36.850) <0.001
o I 0.645 (0.303, 1.371) 0.254
B PRI 1.596 (0.687, 3.706) 0.277
HZE GCS W5 0.715 (0.643,0.795) <0.001
F 2% NIHSS PF4> 1.120 (1.080, 1.163) <0.001
ICH £ <30 ml 3.900 (1.568,9.701) 0.003
HA IS A (i) 2.114 (0.930, 4.809) 0.074
IVH 2.361 (1.135,4.915) 0.022
SAH 3.745 (1.124, 12.481) 0.032
SBP 1.006 (0.995, 1.017) 0.268
DBP 0.994 (0.977,1.011) 0.482
uHG 1.100 (1.049, 1.153) <0.001
WBC 1.070 (0.994, 1.152) 0.074
RBC 0.701 (0.410, 1.200) 0.195

SRS
G 1.034 (1.000, 1.068) 0.050
A B B 1] 1.066 (1.025, 1.109) 0.001
F 2% GCS o 0.688 (0.604, 0.783) <0.001
uHG 1.060 (1.009, 1.114) 0.020

DBP, #F5kJE; GCS, Glasgow Fik% 2 ; IVH, = Hi I ; NIHSS, 32 EE A PAM IR A P =R L4000; SAH,
WR R T i SBP, Wi E: uHG, #BFHIMMY K, WBC, A4,

(P =0.006) FKMEBEHT[EI(P = 0.046) 47 7L %= AN H L(IVH) (P = 0.002) RIS (P = 0.026) #RMAE T
Jizs L (SAH) (P = 0.002). FFMAFERS(P < 0.001)fi%i - Hi (P < 0.001)A1 uHG JH7&(OR: 1.325; 95% CI:
1.204~1.458; P<0.001). fEH%E NIHSS. GCS ¥F4r IVH. SAH. HMLJHA7 B« A sk . A3 o st i) A0 7 PR o
15J5, uHG 54 RS % VIAH5K(aOR: 1.331; 95% CI: 1.202~1.473; P < 0.001). A R T i HAt 2 7
Rl 2 A HE H M ERAL(P = 0.010) 0= 4 HIfL(P = 0.002) (W7 3).

4. g
AW, R KRGS ICH BE RSB IbRE, BARE SAP IR RS 6t
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Table 3. Univariate and multivariate logistic regression analysis was performed for patients with good prognosis and poor
prognosis

#®3. MERFEHRFARNBERITELEMSTE logistic BYISTHT

Bl OR 95% CI P

LTSN
RS 1.020 (0.995, 1.045) 0.112
o, Bk 1.276 (0.645, 2.523) 0.483
WA 1.613 (0.753, 3.456) 0.218
i 2.162 (1.096, 4.265) 0.026
e 1.028 (1.000, 1.056) 0.046
WA P i 3.781 (1.885, 7.585) <0.001
o IR 0.620 (0.297, 1.292) 0.202
b5 IR v 1.532 (0.671, 3.501) 0311
£ GCS ¥4 0.894 (0.825, 0.969) 0.006
F 2L NIHSS W55 1.064 (1.032, 1.096) <0.001
ICH /41 <30 ml 0.000 (0.000, 0.000) 0.998
HA I B AL () 4.775 (2.062, 11.059) <0.001
IVH 3.103 (1.505, 6.396) 0.002
SAH 12.093 (2.543, 57.503) 0.002
SBP 1.001 (0.991, 1.012) 0.796
DBP 0.996 (0.980, 1.013) 0.996
uHG 1.325 (1.204, 1.458) <0.001
WBC 1.031 (0.959, 1.108) 0.415
RBC 0.680 (0.404, 1.147) 0.149

EAPSEN
HA LA (i) 5.085 (1.467, 17.625) 0.010
PN 5.054 (1.819, 14.040) 0.002
uHG 1331 (1.202, 1.473) <0.001

DBP, #F5KJE; GCS, Glasgow k%4, IVH, s P i Ii; NIHSS, 35 E E S BAMT R AP ER; 2401, SAH,
YRR s i, SBP, WeZEfE; uHG, #EMMmMY K, WBC, A4,

TR o X — KIS FemTaT e — 20 RIS K2 535 M0 3 i A8 T SR A D e A i AU

I O 51 2 BT o A7 2808 AT s i - 44 - B EARB(HPA B, AL T RIBCIRES
P& AR AR 1 FERE TR . IR M R G A S S A S A AE I 7T e 2 4] e D e, BRARCATL A4 xof Sk 4 114 7y
REJT, 03 M IS JE Ak 2 S, AT SAP A XU 38 [ 13

I %S i PRRR B 22 S (reticular activating system) (1 H 38 175 & A E #1225k ) S0 s, i REA,
REPL 4 I8 I (cholinergic anti-inflammatory pathway )il iy E VR G Dh e . [FIRS, 22 M Ay 3
PRFECCUE IR BIERAE S T RE[14] [15]0 jEAL, BRI ML R 23 SRR JORE SR, T H R 20
S SORE RS E A —, R — B, 2RO W BE I A . R 4 e
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HEABGEZ PRI . o, R S B R R 08 N R A SR T, 08 DNA 254452458, T
IR I 2 23 P9 3 R 2 R RO AR s P AT o X P AR S SR A AN 2 5 R A 3, i = 7E N i b Bz 400 v fi
RAC RIS, R0 A BRI RE[16]0 HP MR 20 5P B 1 I 1 R0 s ] S50 i - iz 4 i 1) &5
AR B .. HUCFER, Rkt Bl i) e w2 SR R EAEH, ILEHES) B 2R E RS
R, FEE RS RIS (FE i M S R AR TR 17] [18].

PR, uHG B Rei I 52 e XS B ok Rl 2 R SAP (1R . BRI uHG 5 ICH
BHEBEMIRRS FANSE, XATRES IR . WF R uHG S5/ E A 2 (A% P)MI 5[ 19]. AR ™
HFEEW) V2NN SAP KRN EEIGR 2, M E AR i TG B B8 T B AT e S o S ek Rl
J 5B o3 WA S 2 AR, X AT REPE — e AR FMEIR A 2 1 0 SAP BRUEE[20] [21]6

UbAh, ARFFCIERIL, FERE, (ERERTE], JE28 GCS VP4 BT E 70 R B N R 3% . 53k SAP
AL, SAP 23 LT S P RRAE, ABER A& B B Rk R (GCS) o i AR, $n i A<
IR A E . A, SAP HLEE FE BRI B K . X R IS BRI T AT RS m R A 22].
SAP HHAE WS i K — J5 THI A B T AR 3G i e D RESEIR s 3 — 7T, B4R A VPR 2 Gt Bt b D) BRI SS
IR S SRS, BRI XU 3 N[ 23] GCS M A4S o R B A 1 B, A i TR g B W R
TR 5 UM R YL [23] o X BN FRATE i PR 2 e v LR AR 3 ™ R ) UG 5 SHe SR EUAH L P - T ot o

BATHREFA JUA DB 5, 1ER—T0 R O RTRE M SR R 7T, WF FOm B3 b, KRt 7E
RiEE T RKEARERNZ POUMER T, JREEE KB TTWEE, DA B A ARl S i 28 58 1 s
PRAE s+ P EEAL A S ot S A AR KA TS (52 md o LUk, ASHIF S0 ARG N i I 1 i 4 B R 78 6 /NS
DA I i AR o BB, AT RE S R AR R . S, AREFEERTT T uHG X AR A S i 28 1
WANE, AR 5 AR SFE SR IEC A S, AR BRI 78 R — 25 RN R F R A4

5. &5t

RHFTGE R EoR, A kR S B H IL(ICH) S8 3 55 6 FhAR DE M I 48 (SAP) K% T 7 B Fr gl
SEERRE, BN SAP A4 HA BETWNE L. T, BERRTIEANE LMY S SAP K4 %
JEREAE R BTN LS, NI R T S R TG SRS SR T 7 RIS S8, TGS B kR4 R
£IE AR

WFFCHEAE A I AT T0 2 S E R K2 38 — IR EE A T 28 S ik, 1T Sy YX2024-067. 5
S K855 (S B R M N ) A T R R
& FTEk

BFFE /ST B B R R BB T AR TR S (148 WcaisE: .
S

BATVES TG 2 5T S 5% Mt AR,
2Lk
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