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BT 2) REEL PAREFERNIHSSIFN)FLQMBEVKETRE1ISERES, HRRIHAMEE
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Abstract

Objective: Early identification of patients with acute cerebellar infarction risking neurological de-
terioration remains a clinical challenge. Net Water Uptake Rate (NWU) per unit of brain volume is
a quantitative imaging biomarker of ischemic edema measurable on CT, but this biomarker is
currently only applied to evaluating patients with anterior circulation stroke. We hypothesize that
early NWU in the infarction lesion can predict the occurrence of adverse outcomes in patients with
acute cerebellar infarction. The purpose of this study is to compare NWU in acute cerebellar in-
farction with other common predictors. Methods: Acute cerebellar infarction patients admitted to
the neurology department of the Affiliated Hospital of Qingdao University from March 2013 to Oc-
tober 2022 were continuously collected, and screened according to inclusion and exclusion crite-
ria, and baseline data were retrospectively collected. Patients were divided into a good prognosis
group and a poor prognosis group based on the final outcome during hospitalization. “Good prog-
nosis” was defined as improvement of symptoms after conservative medical treatment. “Poor
prognosis” was defined as meeting one of the following conditions: 1) Death during hospitaliza-
tion; 2) The level of consciousness on the National Institutes of Health Stroke Scale (NIHSS score)
item Ia dropped to 1 point or higher, and no other secondary malignant causes were found; 3) Post-
erior fossa decompression and/or ventricular drainage were performed at admission or during
hospitalization; 4) Neurological deterioration occurred during hospitalization, requiring surgical
treatment, refusal of surgical treatment due to various reasons, and long-term care or end-of-life
care was required at discharge. All subjects were followed up for 30 days after discharge, and
whether death occurred within 30 days after discharge was used as the criterion for evaluation.
SPSS 25.0 statistical software was used for analysis, and multifactorial Logistic regression analysis
was performed to analyze independent risk factors related to the risk of neurological deteriora-
tion. Based on the brain CT within 24 hours of onset, a standardized procedure was used to quan-
tify the water uptake rate (NWU) per unit of early infarction volume, i.e., by measuring the gray
values of the affected side (Dischemic) and the healthy side (Dnormal) using density measure-
ments. Then, the NWU was calculated using the formula: [Net Water Uptake Rate (%) = 1 - Gray
value of the affected side/Gray value of the healthy side]. The average value of each slice was cal-
culated to obtain the final water uptake rate. The characteristics of the two patient groups were
analyzed, and a receiver operating characteristic (ROC) curve was plotted to compare the value of
water uptake rate and other related risk factors (e.g., compression and deformation of the fourth
ventricle, infarction volume on diffusion-weighted imaging (DWI)) in predicting poor prognosis.
The diagnostic efficacy and optimal cut-off value of NWU in identifying patients with poor progno-
sis were analyzed. Results: Among 373 patients with acute cerebellar infarction, 76 patients met
the inclusion criteria, including 48 patients (63.2%) in the good prognosis group and 28 patients
(36.8%) in the poor prognosis group. Among them, 22 patients received surgical intervention, 5
patients died during hospitalization, and 6 patients died within 30 days after discharge. Based on
the ROC curve, the water uptake rate had a good predictive efficacy for poor prognosis in acute
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cerebellar infarction, with an AUC of 0.920, significantly higher than other factors (AUC of infarc-
tion area on DWI and GCS score at admission were 0.894 and 0.224, respectively). The optimal
cut-off value of water uptake rate was 11.50%, indicating that when the water uptake rate was 2
11.50%, there was a high suspicion of poor prognosis, with a sensitivity of 0.893 and a specificity
of 0.875. The optimal cut-off value of infarction volume on DWI was 19.88 cm3, indicating that
when the infarction volume on DWI was 19.88 cm3, there was a high suspicion of poor prognosis,
with a sensitivity of 0.893 and a specificity of 0.812. The GCS score at admission could not predict
the occurrence of poor prognosis. Conclusion: Quantitative measurement of early infarction lesion
water uptake (NWU) based on brain CT is an important predictor of poor prognosis in patients
with acute cerebellar infarction. In addition to the early infarction volume, the measurement of
early lesion NWU helps identify patients with a risk of neurological deterioration, considering
further treatment measures and the need for surgical intervention.
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1. 518

NI B R0 ZEARRT AR, A I8 S /NI R B o [R5 0 0 P i 25 ) 29%~3%  [1], I RREAR AN
A, FEASLE. SR B0, Kk, DEARER] R R IPERA R, SR 2SS K
/AN A BR 8 5 DU = SR MAUK, BT B2 R, e A 3]

21 10%~20%F11 /MK BEAE 8 35 2 I fe Je AR oK i [4] [5] [6] [7]. BRIMAEH 4121 (European Stroke
Organisation, ESO) [8], X 5 & A& i 7K i1 /I8 i AR A 5 35 LR HERE iR iB 18T, DAVRAR K M A 1D o 7 2
N[9], AMRFTTIG T 3 BALES I % 4 51 9 (External Ventricular Drainage, EVD). ®LE T 258 & A
(Suboccipital Decompressive Craniectomy, SDC). /MR FELL IR ARZE[8], X T Hi BRI AL ) K T AR
NI B, BIESS T RRNEBRAYY, BB SET R AL 80% [10]. 2022 45 A [ AT FR v 15 58 A1
BITFR R AR 1], T ol s R UK 1 R, BEE TR T, AH S kR B R TT
BRI 2 o« Rl AR B A8 bR TSR Bl Fa br,  FHARIAS R 105 (/i A A8 £ 2
PR BTk 2 R AT 23 B R = I R 3

I 7 e A2 i 5 A ) A 3 2 A 7 o R T I S L 97 = {1 (10~15 miL 1fiL 7/100g i 5 2 /min) (R Ifr 2= 5
BURESE, JF A SRS 5 KSR HU(NWU) , B0 SEOLINT 2586 (CT) 55 [ B IR 5] (0 6% 1T Ak [12] [13]
5T [ Y AMIFF T [14] [15] [16] EL4RAIESE T, 5 HH993 28 /K B B (NWU) 2 K i 2 ik 6 P A A f 5 3000 415
b, AR ZE ) NWU BT DU AU CT B i R Bl & . BF 7R WA[17] NWU AL AT L
U P 2 R T A T AR B TRD T P, T EL T DS A i A 2 S S K e ) e A [14] [17] BT S A
RAJHIL16], ik A8 o B IR R TS PP SR L E A E B o XTI EESE S, /K30 IR 2
BALATIAS R4 7, IASBARA, FRATMERRE, MIEARAAVER] CT Suq5 B[] 0] B AH 5G ) 5L 3R 8 k-
PRI 7K 30 B (NWU) AT DL TR0 /)~ i 158 5 58 A R PRI R 45 5 o A S0 1) H ) LB B e /NI A E TR NWU
L5 SIS I BT i 2 P e P LAt LT R 3%
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AHTFCH) B A PR e R AN SR L AW 2R S5 5 SR /N IR B R 3 A R iU R A RO 5%
PE, BRAE R BHICR (NWU)FE S T Sk AN I RE A6 68 AN R0 RO AR AE AR SR A 2k, il PR ER
HPHIW UG A R R R, LSRR R G TT RS- S 25 i -

2. MRMREFFZE
2.1. RMR

AHIF TR — TUAE T 5 KB B B B it AT B b O [l B 5 9 A0 AT 7 [P R 56 2013 4 3 A
~2022 4 10 H1ET 5K 8 2= B A0 28 P B B 1) @M S sl /N A A R 3 1 Tkl 2 HE R IR g N FIHERR
FREEAT 108 , ASHIE FOARAGTT 5 K% I = e G 3 22 D e AR B HE , JF 15 I S B 5 i N i R e

B FERIGINFRAE

1) Fi# >18 H %,

A ChE A A Thi2i5 18 2018) 2 Wids#E[18], H AN MRI ) DWI 54 ADC J¢
FIANEAUN CT IF 52y Sk B At/ N i AR BT

3) ATkl ML EME. LR OIEEE. SRR R SRS R

4) hfr DWI 551 Ep kT AR 5 K2 il B K B4R > 3 om 1) B

5) K 24 /NEF R IEAT ARG CT (AR 58 CT)REE, H 24~72 /N N A CT, MG S5 0l

HEBRBRE:

1) G IFRIIEPE BT REAE I 2

2) AR Sk AN S AR R S SO A D e SRR N CT S 45 R R % .

3) AL TEL L BRSSP AR I .

4) FEZ Ui CT $27A i iy gk D% s s e of

5) AHKIEIR GBI 4 S AR BT B RGN, RN PR Al I R

6) BEAEA M8 ¥ 5 8E, 2R Rankin & (MRS)VF4r >2 77

7) KU AR NGB

8) HEALJa Hh %Ak,

2.2. — &R FNIG R R e

1) —MEERl: Y. MR SRR R O EEh. RS KOERERE AL O I AR
SR 2 TR R

2) ABEBTIIGIRRIL, FEAFE LR, . HOWRmt, FEAR. f7EAR. (ERR . H B
] MAMRAERICEE: B, IRE. L5 R,

3) Mkl FFEThEE. MARHAT. MUbE. MM, WIENBTG 24 /NS S BRAS TS

4) B TORMEE:

© iy BAESAK . FEE SRR A Sk A R MRA JEATVRAL[19], Al &b BAtE sl ik A2 i 3l kR
FH R C i 75 [ 20 FH/ B8k 20050 11 S ALIT 2 14 3 52 (CT AV B AT V- AS, M3k 2 % > 50%H 2 XCh3)
JkAE A [21] o HEBNITKAIEAE o Jet (R 00 R0/ 50X A0 %) Pt A R B A 1 B L A8 A B0 7 L 3 PN Bl ke A2 9 35 PN 1 ik £
PP RBP4 B LA A B A

@ SRR KE AN E: B DWI R EA R KZEH, WEHEKER. WERIREEIPIIK
FiiK CT FRS[a];

® MR (em®) = HstHR KER x BifF x 2% x (2 + JZ/E) x 0.5 [22] [23], CT JZ R}
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NEE, FEAARR R R AR AT,

@ WAL A R AR UM R 2 R PR RIME . BRI, 52, A

5) ANBtJavPAt: B P 285 55 I i 28 PN R AR 98 S8 38 W R B2 B HEAT DL R VP4l s A 6 B B 2 T
AT e AR B R (NTHSS) s A B K H B B A 3 817 73 (GCS) WAL I Bt T 0t RN B I F 46 rp e B R
R4 TOAST 73 BLii AT Wi IRl 43 25 [24] :

6) BEV: KA HRIEE TS (ER) WG RS0 B TS 30 RIwIEEETREY, DL FEE 30 RNZR
O RVEHIbRUE o

23. IERSE

A NBEE AT CTIMRI JESEMZE N RHRIX , B 2 BRI VPl NIHSS Y75 S bz i 8F
PWAr(GCS VF4r), Idgss, OEEL MEHL B Thae. bk, BETheg. VR, RS
s MR EH RS LR E VRS, MR PR E T S U B 5697« oV R K L iR
SYIIE NE, 2457 % PTG TT, KAl 26 ST o ok H I K b 1) B8 5 1 KR TT
BB M, 25K @ aE R RS, S 25 R s AR B G = 70 SR o X TR BRI SR T R
#, NIHSS 42, GCS N 3.

Oyl B IRIREE R s i B R RS B e [25],  “ RIFEE R WU NG NRHMRESHRTT , IEIREF
B, MRS AMT RERIRITEUE BRI, 0 “AREGR” #w SUNFFA FAI%&AF2 —: 1) {ERCIAEE
TZ5 2) NIHSS PE 56 la TIE UK PR 1 e, AR AR ARG IR 3) ARy 8ifE Fi
WHRIAT J5 Pl & ek e AR RN BN =2 7 51 RA S FARMREN: © BIKFETFRE GCS W < 12 4, Fi/ak
@ /INITREE 5] 1 i 7K e S5 800D A R/ B BE ZE PR R AR K, 75 S SR I A R JE [26], AR 41
BHEITR o, [F B E T E SR 4) ERRE A TIeB, |TEFARIT, HEMIER
TEATFARIGIT, HHBih f K B/ Im 2 o0 M B 35 [25]

2.4, HEFHRM
2.4.1. BHERE CT 8%

KHEHE GE A 3.0T 8¢ 1.5T @R SUG AT kit & . Wi3LRS4. 1.5T DWI 24Ch: 2B/
JZ[H)#E 5.00/6.50 mm. 3.0T: DWI Z#h: Z)E/Z AR 6.00/7.00 mm.

KH GE Lightspeed 64 Zi5ie CT ZHATHf A, JZMEE & )Z)E3578 5 mm.

242 EgoH

WAVIET NBEfifi CT P4, A AR AEARR 7ok AR R B AR R K S I R (NWU), - RIE S 25
J& I 5 (Dischemic) VAl Fi CT <47 Hh - BV 32 DR S (1% 0o %)

T JcF Imaged BEEFTIT 24 /NI I 3E LR CT, fndksk CT RUIMREEAH B B, i 24~72 /)~
IBEYT CT AN 2 T SR E [15]: $TIT 24~72 /NS CT MM HIJE TR, A e BEAE I T e X3, 76 3
2 CT L Fah/aym AL X 4, H7E 20 ) 80 Hounsfield By 2 [ASREE[16] (4 T HER I AN 454k,
KR, BTGV . ], AR E MatlabR2020a 43 4 J2 T -5 S 8 Uk X 45k P 1 440 2 B A
BV g E 000 A R A, P e R A% e 00 ) IE 2 2R, IR R ) 15 X 35 (RO S [ 3 B AE o)
(Dnormal) () 1E 5 2H 2R, M S P35 A BEAR, o @M A FE B . 4 J5 {56 FH 1 Fh %% 5 3 & (Dnormal A7l
Dischemic) K it & & NWU, WA RKERIE (%) = 1 — B0 AR BEE] [27]: X FEIE &
REFEJZ T /KR, 55 R & R T R E A B B A KGR . 4 1 Bon T —ANE T B m
/B I 7V
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e AEONEGELL, SENEURRXTMIERHL, R4 24~72 /NEF CT Hi@ BTG, 16 24 /N9 3E2% CT
n) ] AR RIS XS, AR B B BEAR HOG E DC, I e 28 H SR A O AR A SR B R

Figure 1. The method of delineating the infarcted area and the contralateral area of the mirror image
B 1. 85X R RGN X SR 2 E 75 %

25 GER*

KH SPSS25.0 Guit A AT Ge it 404, VPAS ABER NWU Al R FI R4 BRI SRR E X - TilE B
IFRTE A R EFETRE ). RHZEE Logistic [EIVAXF 54 &5 AH G fa B R R k47 0 #rs [FIBS 42
#52 R F TAERHE(ROC) 2k, FFiH5h<k T fL AUC.

3. BR

£ 373 B2 /NREE B, AR NH AR AR AE, LGN 76 BIERE, Hh s R4 48 1
(63.2%), THiJ5 AN R 41 28 £1(36.8%), “TH4ERE ~(62.25 + 11.16) %, 51 55 151(72.4%), “ % 21 41(27.6%),
DWI A48 4 A T I #E(0.28~53.20) em®s H A AMRFFEAR T T 22 6, {ERe fARIIGARSET: 5 61, HiBe 30
RFET 6 B

3.1 =/ RETE B E —RBER R IE R aTT RS

Table 1. Comparison of general characteristics, clinical manifestations, and treatment outcomes between the group with
good prognosis and the group with poor prognasis in patients with acute cerebellar infarction
1 M/ NIETE B E TS RFAMTUET RAM—RIHERIRR R ATTIHRA LI

RHE WS RIFHAM=48) FEARLA(n=28) SLSYI=R P1E
R[S (X £5)] 63.1+125 60.7 +8.3 0.915° 0.363
PERI[51(%)] 3.011° 0.083
Eitis 38(79.2) 17 (60.7)
7 10 (20.8) 11 (39.3)

e L5 2[5 (%)] 36 (75.0) 17 (60.7) 1.710° 0.191
B PRI [ (%)] 17 (35.4) 11 (39.3) 0.114% 0.736
ek L (151 (%)] 10 (20.8) 8 (28.6) 0.586° 0.444
W 2 [£51](%)] 17 (35.4) 13 (46.4) 0.898° 0.343
TR S [](%)] 22 (45.8) 13 (46.4) 0.003? 0.960
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LA BB [ (%)] 11 (22.9) 9(32.1) 0.776° 0.378
ABEsk+TET GCS 345

[4, M (P25~P75)] 15 (15, 15) 13 (12, 15) -4.595° P <0.001
S B [151(%)] 47 (97.9) 24 (85.7) 2.529° 0.112
1T EATR[H1(%)] 40 (83.3) 27 (96.4) 1.786° 0.088
LB R [H1(%)] 35(72.9) 17 (60.7) 6.597° 0.034
SA[H(%)] 3(6.3) 1(3.6) 0.000° 1.000
IR = [451(%)] 14 (29.2) 5(17.9) 1.206° 0.272
[fﬁﬁ_}#ﬁ(i’f%] 2.7 (1.82, 3.55) 2.13 (1.84,2.73) -1.122° 0.262
it = [mmol/L, M (P25, P75)] 1.35 (0.91, 1.70) 1.15 (0.80, 1.72) -0.770° 0.442
[?ﬁﬁé%\%&?%} 1.09 (0.96, 1.32) 1.12 (0.87, 1.30) -0.791° 0.429
17 & #E [mmol/L, M (P25, P75)] 6.35 (5.20, 8.75) 7.42 (6.05, 11.64) -1.969° 0.049
H Bt GCS 43[4, M (P25, P75)] 15 (15, 15) 13 (12, 14) -7.686° P <0.001
{EREREL[K, M (P25, P75)] 11.0 (9.0, 15.0) 18.5 (12.25, 24.0) -3.486° P <0.001

P % 2RI A O FUMCSEREA tRGM L S Mann-Whitney U KIGM Z 1, GCS #4r Hehi i ik
W

Xof /NI RE A £ 5 R TS R A AL RN TS AN R 2E 1 — AR RMRTIIG PR R ISR T B AT B R R b, A
BeEk T T AT GCS ¥4y, 1ETiE R IF 4 A $oN[15 (15, 15)]5r, s A RAF M HON[13 (12, 15)145r, M
ZERAGIFE (P < 0.001); HFFRRMIETG RIGFHFAECN[35 (72,9101, FEA RAFAHCH[17
(60.7)], PZHZ A Guit5 (P = 0.034); MU & HE/ETIS R 42 T A1 %0CH[6.3 (5.20, 8.75)] mmol/L, i
JE A B4 H s BN [7.42 (6.05, 11.64)] mmol/L, W2H 2 5 it 22 75 (P = 0.049);

HBE GCS VP4 KA Bt RETE 4 22 F 38 Guih 2 (P < 0.001); 4FEdd. M. @ik BRI o
O DFEIL MV, Sk ATEAR. IRE. S MRS HIER AT ¥ 2R (P > 0.05), WK 1.

3.2. A/ NRESE B E TR RIFEMTER RERGFRRELR

Xof /NI R BT B T R AA R ISR SR AT SR R 404, DWI BESEARFA TS R 4
AR FCA[12.6 (7.0, 19.10)] cm?® FI[33.6 (22.4, 44.45)] cm®; DWI b KEAE, TG BRIFA A 30N
[4.35 (3.78, 4.98)] cm, )5 AN R 41[5.25 (4.9, 5.58)] cm; 55 VUM % 52 KAR I, /15 R 4F24HA 13 $1(27.1%),
TETEA RAF 22 41(78.6%), LA b= AFETEMHZ RH Guil4 = (P < 0.001).

1E TOAST Ji R 22 or Bk, S0 BIIE 4 2 R TEGeit 5 (P > 0.05); MEZNBKIRAELE TG R 474
A 32 171(68.1%), FiJa AN RUA 25 151(92.6%), WL ZEFA G2 (P = 0.016); & a0 ik A3 A 3
ik RGP AEAE M 2 TGt = (P > 0.05);

BT CT HIKEREE, TEG RIF4FIME(8.03 + 3.25)%, TETE A R41-FI{E 7(16.28 +
4.52)%, PHZERA SR S(P <0.001); AKFEHUER/ A/E ) K420 i % [0.83 (0.63, 1.09)]%/h;
TETEAS B2 A7 £ [0.78 (0.63, 1.00)1%/h, P42 53 L Gi i3 (P = 0.722); /KEHCRNog(H [A] + 1)
FETIE RUFH AT EON[7.41 (5.41, 9.81)]1%/log(h), 7ETIGE A R4 H 7 %04[9.76 (7.59, 12.49)1%/log(h), #i
HERAGIFE (P <0.001). W% 2.
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Table 2. Comparison of imaging data between the group with good prognosis and the group with poor prognosis in acute
cerebellar infarction

=2 2B TS RIFEFITIE R RBFEF ZRIELE

RHIE W) RFHAM =310) FEARA(n=63) WE P&
DWI % K Ei4E[cm, M (P, P7s)] 4.35 (3.78, 4.98) 5.25 (4.9, 5.58) -4.718° P <0.001
DWI A8 5E A [em®, M (Pss, P7s)] 12.6 (7.0, 19.10) 33.6 (22.4, 44.45) -5.706° P <0.001
VY fii =8 32 F AR T 4611 (%6)] 13 (27.1) 22 (78.6) 18.870° P <0.001

TOAST 4+ U [1(%)] 7.891° 0.068

KBNS FEREAL T 26 (54.2) 20 (71.4) 2.206° 0.138

oy PR AR 5E 7 (14.6) 5 (17.9) 0.003? 0.706

NS fk P 7 (14.6) 0 (0.0) 2.923? 0.087

oAt A A i A 0 (0.0) 1(3.6) 0.368

N 8 (16.7) 2(7.1) 0.694° 0.405

FLA AR R LB A [, (%)]

MEB kB % 32 (68.1) 25 (92.6) 5.821° 0.016

HE R B ko 4 12 (25.0) 8 (30.8) 0.285° 0.594

MBIk R G 28 (58.3) 11 (40.7) 2.143? 0.143
KRB [%, (X £5)] 8.03£3.25 16.28 +4.52 -8.405° P <0.001
RIFETG CT i ][, M (Pys, P7s)] 9.0 (8.0, 11.0) 19.5 (18, 21) -7.228° P <0.001
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7.41 (5.41,9.81) 9.76 (7.59, 12.49) -4.793° P <0.001

3.3. B/ RIEX B ETE RIFEAMFGEAS R Logistics ZEEEVIRHT

Table 3. Multivariate logistic regression analysis of adverse prognosis in patients with acute cerebellar infarction
=3 AMNERREETRIMERZER Logistics B4

ZE B & BEAMER WaldEHE PMH OR{H  OR/HMK 95% ClI
VU = 2 AT 1.719 1.145 2.256 0.133 5581 0.592~52.605
DWI FEFEAAFR —0.446 0.216 4.262 0.039  0.640 0.419~0.978
b 0.071 0.130 0.299 0.585  1.074 0.832~1.386
S SIS 1.736 0.693 6.268 0.012  5.672 1.458~22.071
HEZN Bk B A= -1.977 1.561 1.603 0.205  0.139 0.006~2.954
LB R -1.015 1.093 0.861 0.353  0.363 0.043~3.089
AP BT HT GCS $F4> -1.279 0.590 4.696 0.030  0.278 0.088~0.885
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Figure 2. Receiver working characteristic curves evaluating the predictive ability of infarct volume, water
uptake rate, and pre admission or pre intervention GCS score on adverse prognosis based on brain magnetic
resonance imaging in DWI
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Table 4. The area below the curve
%= 4 M THARXE

KAg R X5 PR P 95% & {5 X [H]
IR 0.920 0.035 P <0.001 0.851~0.989
DWI FEFEAAFR 0.894 0.039 P <0.001 0.818~0.970
B BT TRAT GCS 143 0.224 0.064 P <0.001 0.099~0.348
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Figure 3. Receiver working characteristic curves evaluating the predictive ability of water uptake
rate and water uptake rate/time, water uptake rate/log(time + 1) for poor prognosis in acute cerebellar
infarction
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Table 5. The area below the curve

5. BT HRIXE

ZE X 1% PR P 95% ¥ B 15 X ]
IR 0.920 0.035 P <0.001 0.851~0.989
s i E S 0.525 0.068 0.722 0.391~0.659
KRR Nlog(HF1A] + 1) 0.831 0.049 P <0.001 0.734~0.928
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