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Abstract

Objective: This study aims to investigate the relationship between blood pressure variability (BPV)
during the hyperacute phase (within 24 hours of onset) and the acute phase (days 2~7) in patients
with spontaneous intracerebral hemorrhage (ICH) and their 90-day functional outcomes. It ana-
lyzes the predictive value of blood pressure fluctuations within different time windows for long-
term prognosis, with the aim of providing evidence-based support for early individualized blood
pressure management in ICH. Methods: This study constitutes a retrospective analysis of a prospec-
tive cohort. A total of 746 consecutive patients with acute intracerebral hemorrhage (ICH) admitted
between July 2022 and December 2024 were initially identified. Following the application of inclu-
sion and exclusion criteria, 138 patients were ultimately enrolled. Based on their modified Rankin
Scale (mRS) scores at 90 days post-onset, patients were categorized into a good prognosis group
(mRS 0~2, n = 46) and a poor prognosis group (mRS 3~6, n =42). Blood pressure data were collected
during the hyperacute phase (at 0, 1, 6, 12, 18, and 24 hours after admission) and the acute phase
(morning and evening daily from days 2 to 7). The standard deviation (SD), coefficient of variation
(CV), maximum-minimum difference (Max-Min), and arithmetic mean (Mean) of systolic blood pres-
sure (SBP) and diastolic blood pressure (DBP) were calculated as BPV parameters. All patients un-
derwent a baseline head computed tomography (CT) within 24 hours and a follow-up CT within 72
hours to evaluate hematoma expansion (defined as an absolute volume increase >6 mL or a relative
increase >33%). A multivariate logistic regression model was utilized to analyze the independent
correlation between BPV and functional prognosis. Results: Multivariable logistic regression anal-
ysis showed that blood pressure variability during the hyperacute phase was significantly associ-
ated with 90-day functional outcome. Specifically, higher SBP Max-Min and DBP CV during the hy-
peracute phase were independently associated with poor 90-day outcome in patients with ICH. In
the acute phase, however, the independent associations between SBP and DBP variability indices
and 90-day functional outcome were weaker and did not demonstrate significant predictive value.
Conclusion: BPV during the hyperacute phase of spontaneous intracerebral hemorrhage serves as
a strong predictor of poor functional prognosis at 90 days. In particular, the SBP range (Max-Min)
and DBP CV offer a predictive value significantly higher than levels observed in the acute phase.
This study suggests that during the very early stages of ICH onset, clinical practice should focus not
only on the absolute target values for blood pressure reduction but also highly prioritize blood pres-
sure stability. Severe fluctuations should be minimized as much as possible to improve the long-
term neurological outcomes of patients.
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1. 518
& 11 H IfiL (Intracerebral Hemorrhage, ICH) 2 25 R BUAE R RIS R i s R 2 —, 29 A 2e
ff) 10%~20% [1]. AERFATHFFORNEIR, LR R HR LN 20~30/10 75 AN4E[2]. H & T H i i &

Ex2Z—, RWFEHE T2 HKEREEZKT[3]. ICH TG AR, 30 KIFEILRL 30%~40%.
o i B RN IALLS , N =02 — R E DRk S, HAR 2B A R M4 D REsi,
M E5RF AT,

S L Th RE TS A R IR IR 2, I B A A A2 B R DB T TR 2 — o e I 2 i
I EEBURF R 2 —, K& LR T S BN/ NBI K OR AR BERAEAS . Tl BkRE T B DA K% I A5 B 5 R i
PR[4], i/ 58 25 5 A6 IR e S s TF ik R AR . W IT SR, 240 70%~80% 1 [ & 4 i e 1fi 5 v fiL & A
Se[5], L AN 2 0t o A 2 ) B G R PR 2, (I A B R L K B DA R R K
THERETH [6]. TEMN H LA 2E J5 , an 5 ifn A Rp b T8 @K1, o] Bt — 0 i i if - S BU bRy K.

BOEAE S M HE I T A I R AP T 2 B SR AR TP M R K PR IR IR K H AR T, A A BIRE T
e FERAER YA R &S MMy K EA RS, AR TP, AR 5 R R H I
T b N | TR

JAE I A8 57 % (Blood Pressure Variability, BPV)-5 i H 1L 7S (1940 G PE CL 3R A N[ 7]-[9], HILTEA[F
R 5] e P9 PRI PR 8 S A B o RS 2 I S5 S 1 BPV 7R BMLA . TR0 AL RE S T T B B2
F[10], HEis= KRG A5 5 —IAR[11]. AHE ST 5 76 B 678 55 5 i S TR R E R, AR
[ s 18 L 08 S P ko S I 25 3 1) 6 34 00U A A b S0 A4

2. &

AHIE TR 73 Hr 2022 4F 8 H 2 2024 4 12 H WIIR) 2B B 58 — MR B BESia 1Y) 746 Sk
Wi, SifEE, MANTFERPM 138 L BT oM. HAPPAREEN: 1) 6 >18 5 2) i
LT RE A O EE SSBHE BRI LR, IF B2 A v ST = 43 4 (Computed Tomography,
CT) s 341 hi % (Magnetic Resonance Imaging, MRIVIESE I 55 . 3) AR BINBIT H] <24 h (6 T8 5 %<
HR R R I D AS B ) AR 3, DASR e N IR B TR BE AR B I (RIS A )5 4) TEFRBAERE iR 7 #2521 th
MARHEATRTT o HEBRPRME: 1) kR PER S i (ELREAEAS BT A0 AR DGt ofiL, Pt e o o N S kR« 30
i M T 8 G At i L 57 5 ) S PTG I, RE BT PR A, R K S AR TR R DG I, BAAZ
FUOBEZGWIRE IR L) s 2) AR BN BRI RS 24 /N 3) KW JEFEZE CT> 24 h BUR G 72h WEHE
T CT HEkk: 4) APt 7 RNARERL A 56 B0 I LR U &5 5) (i i AR BN BB TF 5 (22 10 s ifiL 8 0K H 1) s
6) B U5 Hdm sk o

B N R FITE R G 24 /N 5838 1 IR CT 8 MRI, %51 UCKFEAAZ #4625 8 MRI, H#ii2 Ak
H ML S B SE S CT . g e 3628 CT Ja, ITE 72 /DI R SE KW CT R . SR 2= R RE Jobn
WAL B S, B4 B A B0 G50 I e o B B TS B R B o AR R 4 881 ABCI2 4
ST E, R KZET KR A) x 57B) x ZME(C)/2. # ki Fr 4 F 2 7t 10%, ) e
AR E FAPEBISME . MY K E O B CT M AR L I 4% B > 6 mL Sk 0 L
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15>33%.

AT B AT AN B LR T, B RE: (1) B AR A 0. 1. 6. 12, 18, 24 /NEFN
AN TR P AT MRS s (2) SPER: fERIGEEE 2~7 K, BHE BRma BN 2 A — ki . 1
JEI &R bR AR . BEEN R ZERE 2 5 8. REFIZE, REEE, WEdEPR
FRORIRAS o B3 8 PR, XU AR E, T8 BRI Km0 5 O IR CH O 55K,
AT P 2K b T [F) — /KPS gNALT R BT 2~3 em &b, RAROAMNAT S TE
Jesgpe gt 1~2 IRFH8. BAOMWMEMIR, B0 1~2 280 REXIEEZE R KT 5 mmHg, BT =
I TR o 23 T E SR AN 3 SBP A2 DBP )45 % (Standard Deviation, SD). %% 5 % 4§ (Coefficient
of Variation, CV). Kk - £/N Z{f (Max-Min) K 448 (Arithmetic mean, Mean){E 4 BPV $&#7.

W B F R L, BREmILE. PR SRR J& O OB B 181 R e
T MEAk,  TEGHTC SR R R BN B I TA) TR R, ET- TS AR Bk B TR AN B ) 8, 8 — DA
5 J5 B TSR OE B B (AL SR R L s AT T 5. A ThRe SRR AR B R 36 [ (B 3r AR AL B 2R R
(National Institute of Health Stroke Scale, NIHSS)F1#% 4 #7 5F By 1k vF- 43 (Glasgow Coma Scale, GCS)i#f T =1k
A, 0 TR A 24 /NI 48 /NI K2 HE B HE & NIHSS K2 GCS B 7 B YIMATIE B8 o i) 28 A R
LRI e P €, ORI — B S EE1E . KA B R Rankin &% (modified Rankin Scale, mRS)X}
B BB S 90 RIIIREL: R TIPAl, & X 90 K mRS 0~2 43 & SCHIIRETE, 3~6 7 NTJE A
K.

K H SPSS 25.0 A #AT B Ge i 70 Mo TH R BORE DA A E S DU o3 2 R R [M(P25, P75)13%%75, 2]
ELECR FH Mann-Whitney U £ 55 . tH3050R DUIECRTE 73 Lo [n (%)1367~,  4L1A] ELECR R U7 A B 51 Fisher
WUINERRIE . NI B D RE TS SRS S R 3R, M 2 I3 Logistic [R1JARBEAY . 5 2% AT R 520 I3 i) A
RHATREE SN, P <0.05 NEBEFEAREEREHFRIAZHEEA, KRB EIHERIRL R,
B A5 R DL AR U (OR) e 95% B A5 [X (] (95% CFEon. B Guit et X, AP < 0.05 %A

HG2E L
3. R

ARG LA 138 (%, Hh DAL TS BT 46 5], FUSAS B2 92 (5 1), WL 7EdE Bl A
CERS R 2 RS2

Table 1. Comparison of baseline characteristics between favorable outcome group and poor outcome groups

F 1 REFRESST RIGHE—ARERELR

¥ M4 E(n = 138) W5 RIF(n = 46) WEAR(n=92) P
UNRE:*>73 2 )
C:E 46 (33.3) 13 (28.3) 33(35.9) 0.370
R 59 (52~69) 58 (48~66) 59 (52.5~72) 0.055
W A 43 (31.2) 14 (30.4) 29 (31.50) 0.874
el 47 (34.1) 16 (34.8) 31 (33.69) 0.047*
BRI 5
fErpiINES 118 (85.5) 41 (89.1) 77 (83.70) 0.393
B SR v 29 (21.0) 9 (19.6) 20 (21.74) 0.768
75 Bl 4(2.9) 2 (4.3) 2 (2.17) 0.473
Sk 097 7(5.1) 2 (4.3) 5 (5.43) 0.784

DOI: 10.12677/acm.2026.1641573 3147 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641573

HRRAN 5%

Wa R B

RIRHN IR CT W E (h) 3.3(1.6~8.8) 5.4 (2.5~15.2) 2.8 (1.5~6.1) 0.003*
Bt NIHSS ¥4 14 (8~20) 5.5 (3~10) 18 (12~28.5) <0.001*
A% GCS 14> 13 (8~15) 15 (13~15) 10 (7~13.5) <0.001*

FL 4 180 (160~200) 177 (161~189) 182 (157.5~204.5) 0.447

LR AT K 103 (92~117) 106.5 (95~121) 101.5 (90.5~115.0) 0.274

B MM FR(mL) 31.1(9.3~45.1) 16.1 (3.3~19.5) 38.6 (14.4~53.00) 0.002*
BiiNERN 43 (31.2) 9 (19.57) 34 (36.96) 0.038*
HBE NIHSS 374 7.5 (2~14) 1(1~3) 11 (8~23) <0.001*

CT, Computed Tomography, NIHSS, National Institute of Health Stroke Scale, 3% [E 7. BAM 5t 2 H &%, GCS,
Glasgow Coma Scale k&4 81 8F ik vF4rs h, /d; mL, ZF+; "P <0.05.

FEREAE ST, WO I . BEIRAE . B BRI IR LR ZE R BTG E L. U AR
YR S 5 H RS T U RAF4L(P = 0.047) . TG A R 4L K% BEAT &k CT I 1A B KT Filjs
RL#F4H (P = 0.003).

TEMRAE T RE M EALE B, TG A RAARE NIHSS P72 U1 & & T IR 7E R 4F4H(P < 0.001); 1fi GCS
P B BAR T IhRE TS RIF4L(P <0.001). Bt NIHSS $F2 75 K 44170 B AR (P < 0.001). b4k, Filjs
AN B A L 2 o b AR R R 3 K TR TR RAFZH(P = 0.002). Ik & AR R AE TS AN RAH TR B T+ m (P =
0.038).

FEM SR 2), ThERETIS A R4LA SBP & IiFE bR B3 & T HUs RifH. B S, HEARA
ff) SD. Max-Min #4123 71 % (P < 0.001); H: Mean (P =0.004) )2 CV (P =0.026)78 B & T R 4F4H . tb4h,
TG AN B Min 535K T RIFZP = 0.012). 7€ DBP H, TG ARAEI L HEmssirt, Hsb s
CV ¥ 3 & T 5 R 44 (P <0.001); 1fipi4Lalf¥] DBP Mean. Max & Min Z R340 2% 5 L.

HENBEIS (55 3), TJEAS RATE 2 T & S rEdebs EAL4ERFR =K. 75 SBP J7TH, RETE
ANRAK SD & T BRIFAMBERIEBLG 2R, 1B CV (P =0.033) % Max-Min (P = 0.025)3) & 3 5. il
JEAS B4 Mean (P = 0.044) & %%, 1 Min (P =0.019)% % ¥ k. 7£ DBP i1, WG A RAMERFFR
HCV (P=0.047)2EFm . HAERENRE, 2, B4 R4 DBP Mean (P < 0.001). Max (P =
0.001) &% Min (P < 0.001)¥) & Z (KT 1i)5 RIFdl, I H S5 SRR 5 MRHIE .

Table 2. Comparison of hyperacute phase blood pressure data between the functional outcome and poor outcome groups
2. PEETEEFT RGEESEHANETRE LR

¥ BEEAR(n = 138) FilJa BIF(n = 46) BEARR (N =92) P
SBP

SD 21.7 (17.7~30.3) 19.5 (14.2~23.9) 23.8 (19.0~32.8) 0.006"
Mean 139.5 (131.0~149.3) 135.1 (128.6~143.6) 142.4 (133.6~151.7) 0.004"
CV (%) 15.7 (12.3~20.6) 14.8 (11.4~18.4) 16.2 (13.8~23.5) 0.026"
Max (mmHg) 185 (166~204) 173 (158~191) 191.0 (171~211) 0.001*
Min (mmHg) 124 (115~133) 128 (123~135) 121 (113~131) 0.012
Max-Min (mmHg) 58 (44~78) 42 (33~62) 66 (47~87) <0.001"
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SD
Mean
CV (%)
Max (mmHg)
Min (mmHg)
Max-Min (mmHg)

18.4 (12.3~22.3)
89.5 (78.9~96.0)
20.0 (14.8~26.2)
113 (99~123)
72 (63~78)
41 (21~53)

DBP
14.1 (8.6~19.4)
91.4 (82.7~96.0)
15.7 (9.9~20.5)
109 (97~117)
69 (64~76)
41 (24~50)

19.4 (14.6~25.5)
88.6 (76.7~95.7)
22.7 (16.8~29.5)
114 (101~127)
72 (63~79)
43 (29~56)

<0.001"
0.122

<0.001"
0.100
0.650
0.161

SBP, Systolic Blood Pressure, Wi4i/k; DBP, Diastolic Blood Pressure, 4%ik/%; SD, Standard Deviation, FruEZ;
Mean, Arithmetic mean, ¥J{&; CV, Coefficient of Variation, 287 Z%¥; MAX, Maximum, & K{&; MIN, Minimum,

/ME: P <0.05.

Table 3. Comparison of acute phase blood pressure data between the functional outcome and poor outcome groups
3. EeMEEMT RMGESMIANETRELLR

2H BEAEn =138) )5 RiF(n = 46) FEA B (n=92) P
SBP
SD 13.1 (10.2~16.3) 11.6 (8.8~16.3) 13.6 (11.1~16.3) 0.076
Mean 138.3 (132.3~143.8)  139.9 (135.3~147.9) 136.9 (131.7~142.2) 0.044"
CV (%) 9.4 (7.3~11.8) 8.5 (6.3~11.6) 9.9 (8.2~11.9) 0.033"
Max (mmHg) 162 (152~171) 162 (152~172) 161 (152~170) 0.919
Min (mmHg) 115 (110~124) 120 (113~128) 115 (109~121) 0.019"
Max-Min (mmHg) 43 (33~56) 38 (29~52) 46 (35~57) 0.025"
DBP
SD 9.1(7.3~10.9) 9.3 (7.7~10.6) 9.1(7.1~10.9) 0.629
Mean 78.6 (69.6~88.3) 86.4 (78.4~93.1) 74.9 (66.7~84.6) <0.001"
CV (%) 11.4 (9.2~13.9) 10.5 (9.0~12.4) 11.9 (9.4~14.8) 0.047
Max (mmHg) 97 (85~106) 102 (94~110) 92 (82~103) 0.001"
Min (mmHg) 64 (56~73) 71 (63~76) 60 (52~70) <0.001"
Max-Min (mmHg) 30 (23~36) 30 (27~35) 30 (22~36) 0.595

SBP, Systolic Blood Pressure, Wi4i/k; DBP, Diastolic Blood Pressure, 4%ik/%; SD, Standard Deviation, FruEZ;
Mean, Arithmetic mean, ¥J{&; CV, Coefficient of Variation, 287 Z%; MAX, Maximum, & K{&; MIN, Minimum,
/ME; "P <0.05.

BRI ZK Logistic [0 M 45 BB IR(FE 4), EANDRLTR: PRI FE . TR A O S LK BEAE 7
SRR BE IR D B R RO A T, 5 DR 2R S I AR ) T RE TS S R R H R AR O . TR
LINFEVE 7, ABE NIHSS ¥4 (P < 0.001) & H BE NIHSS ¥4 (P < 0.001) /2 Tl it i 25 sema (R 25,
OR fHI/NT 1, $RIRFIETIREERIER™ 5, IR1F R4 WG AT seEeR(%; i At GCS ¥F4r(P <0.001) 5
RS R IEARDE, SMEBE TG ERAR S BT (4R FR 77 T, F 4 A FA (P < 0.001) R LA 4K
(P = 0.041)% 1ol B A BAHA 0w TOME T o R B8 X CT IR (P = 0.006) 78 s th Gt 2# i X, #R
7 L T R A
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Table 4. Univariate analysis of functional outcome of intracerebral hemorrhage
4. R MINEETUG R R ER 547

¥ OR 95% ClI P
UNRE:2 37
51 1.420 0.657~3.068 0.372
GRS 0.975 0.949~1.001 0.062
MR A 0.910 0.495~1.670 0.760
el 1.339 0.793~2.261 0.275
BEAER 5
iR 1.597 0.542~4.707 0.396
S 0.876 0.363~2.113 0.768
7 Bl 2.045 0.279~15.006 0.482
S Lo 0.792 0.147~4.241 0.784
I PR B
RIRFNE IR CT I [E](h) 1.086 1.025~1.151 0.006"
A% NIHSS #43 0.807 0.746~0.874 <0.001"
ABE GCS ¥457 1.431 1.232~1.663 <0.001"
BLLE 1 B A AR (L) 0.957 0.935~0.981 <0.001"
JiINiETAPN 0.415 0.179~0.964 0.041"
HiBE NIHSS 0.460 0.338~0.625 <0.001"

CT, Computed Tomography, NIHSS, National Institute of Health Stroke Scale, 3%[H [E 37 AE#F 7B 2 HH 83 ; GCS,
Glasgow Coma Scale & Fi {75 &k ¥P4r; h, /M mL, ZJ+; "P <0.05.

FEAE AN [R] I 90 00 P A 57 P8 0L 5 R 20 A8 20 DR 3K 20 o ml i SIS AR 57 5 90 R IDRE Tl
FAETBER AR, NI EAL S 90 RINFETS AHRIER 99 (K 6). o T A U6 S 0 i s A8 5 2
5 90 RIEMUG LA IR &, Kl BPV 80T =703, Wa, MRAEUL o Agit DhaEHiUa i

el (sl 1).

Table 5. Multivariate Logistic regression analysis of blood pressure variability in the hyperacute and acute phases and 3-month
functional outcomes in patients with intracerebral hemorrhage
F5 REMBHFBIMRSSMHNEERES 3 ARG ZE R Logistic B4

SBP DBP
S
OR (95%Cl) P value OR (95%Cl) P value
BatERI(24 h i)

SD 0.985 (0.938~1.035) 0.545 0.937 (0.877~1.001) 0.054

cv 11.001 (0.929~1.079) 0.975 0.936 (0.878~0.998) 0.043"

Max-Min 0.976 (0.955~0.997) 0.026" 0.998 (0.976~1.021) 0.851
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SHEHE-7dR)
SD 0.987 (0.879~1.108) 0.820 1.051 (0.900~1.227) 0.529
cVv 0.981 (0.832~1.157) 0.820 0.966 (0.853~1.094) 0.585
Max-Min 0.977 (0.944~1.012) 0.195 1.012 (0.968~1.057) 0.608

SBP, Systolic Blood Pressure, Wi4i/k; DBP, Diastolic Blood Pressure, 4%ik/%; SD, Standard Deviation, FruEZ;
CV, Coefficient of Variation, 2 5% Z2%(; MAX, Maximum, #K{H; MIN, Minimum, #&/ME; Cl, BE{ZXH; OR,
LA th; "P < 0.05. Logistic BT AREIRIR R, AFG: KWBIHE K CT B, ABE NIHSS 4>+ APFt GCS V¥
gy B MM TR,

70%

70%

70%

P=0.015 P=0.034 [ 58.7% P <0.001
0, L 0, L 0, -
o r o r (L
o o o
E 40% | 32.6% E 40% | 28.3% Ub:g 40% 30.4%
& 30% 19.6% & 30% 23.9% E30%
= 20% f = 20% = 20% | 10.9%
10% | 10% | 10% |
0% 0% 0%
Tl T2 T3 Tl T2 T3 Tl T2 T3
24h SBP SD 24h SBP CV 24h SBP Max- Min
TI =T2 =~ T3 T1 =T2 = T3 TI =T2 = T3
70% P <0.001 70% P <0.001 70% P=0.256
60% F 53.2% 60% F 53.2% 60% |
50% | 50% | 50% |
39.1% 39.1% 0
o o s
2 a0 | 34.8% = 40% | v | 37.0%
2 30% | 2 30% | 2 30% | 23.9%
" 0 0, = 0 " 0
20% 13.0% 20% 8.7% 20%
10% 10% | 10% [
0% 0% 0%
Tl T2 T3 Tl T2 T3 Tl T2 T3
24h DBP SD 24h DBP CV 24h DBP Max-Min
T =T2 = T3 T =T2 = T3 TL =T2 = T3

Figure 1. Proportion of functional outcomes across tertiles of blood pressure variability in the hyperacute phase of intracerebral
hemorrhage
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Table 6. The relationship between blood pressure variability tertiles and 90-day functional outcomes
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