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ABSTRACT

Objective To investigate the functional changes of different brain regions in minimal hepatic
encephalopathy (MHE) by resting-state functional magnetic resonance imaging (fMRI). Methods A
total of 88 patients with liver cirrhosis who were treated in our hospital from February 2017 to May
2022 were selected as the research objects. According to the occurrence of MHE, they were divided
into MHE group (n=45) and non-MHE group (n=43), and healthy people who underwent physical
examination in our hospital during the same period (n=50) were selected as the control group. The
propensity score matching (PSM) method was used to match the three groups according to 1:1:1, with
40 cases in each group. The general data of the three groups were compared. All subjects underwent
rs-fMRI scan, and the functional connectivity (FC) of different brain regions in the whole brain of
the three groups was analyzed and compared by statistical methods. The cognitive function scores
of the three groups were analyzed. Spearman correlation test was used to analyze the correlation
between cognitive function score and FC changes in patients with cirrhosis. Resufts Compared with
the control group, the FC of bilateral postcentral gyrus, bilateral cuneus/superior occipital lobule, left
middle occipital gyrus, left inferior frontal gyrus and right lingual gyrus in MHE group were significantly
lower (P<0.05). Compared with the control group, the NCT-A test results of the MHE group were
higher (P<0.05), and the DST scores were lower (P<0.05). The scores of NCT-A and DST scales were
significantly negatively correlated with FC changes in bilateral cuneus / superior occipital lobule, left
inferior frontal gyrus and left superior temporal gyrus (P<0.05). Conclusion If patients with cirrhosis
have MHE, bilateral postcentral gyrus, bilateral cuneus/occipital lobule, left middle occipital gyrus, left
opercular inferior frontal gyrus and right lingual gyrus have abnormal FC, cognitive dysfunction will
occur. Cognitive dysfunction may be related to FC changes in different brain regions.

Keywords: Resting-state Functional Magnetic Resonance Imaging; Minimal Hepatic Encephalopathy; Brain
Region; Functional Connection

BB BT RS (minimal hepaticencephalopathy, MHE)@—XTIRHKE FHAM
E3HYBT MBI (hepatic encephalopathy, HE)", HIBHFRH. FFELEZETNR, &
Ng%, TEdH20BIHERER#TRE", ERELEED, MHEAEREN
ERE, BAERBEINRGMBEITENSEE". BERHNBMEIENHRE. N
EETHAERBREY,

EEFR, FHEEFRBIR, WEEMIEIRMA % (functional magnetic resonance
imaging, fMR)EBMZRFEFTEITTAR". Hi, BESWERLIRME
(resting-state functional magnetic resonanceimaging, rs-fMRI) 275 ESINREMLE
PR ER M — TR EIRRGER, TERMBZWEED, EMHENHRHBRET
To BEAEFARNESS, HEBRBHARINELER (functional connectivity, FC)FIEERLE
&% (structural connectivity, SC)B¥EERE, HESEHINAEEREERX. A
M, MHEEEARRMX e ZWMERESIANENXRZBaiHAERE. ETIt,
KRR EArs-IMRIZHIMHERRRX BWINEET L, RITMXFCSINAIINEERN X R

1 BESH=E

1.1 —fHER BEVIEER017E28 E2022FE58 FARti2 88 AT IE L B EEAH
AR, HABE436], &41fl, F#430~60%, F9(55.54+10.15)%, RIBRELE
MHE, 93 AMHEZ (n=45)FEMHEZ (n=43), HIMEEXFIERERPTHITHERNBERAR
(n=50)fERXIIRA, KABMEMITHITE (propensity score matching, PSM)i&E#R1L:
1: 1R, S4A%400), XAREEREFZCEZAREZMAE, BERKBHEE
HIBRER.

MNILE: RZIFANIRKRSGFENE, BETHEMHEERRAEE, THE
INKIPERS; R FEZSLI0A(number connection test A, NCT-A). #FRFS L (digit-
symbol test, DST)H{THE ORI ; AIECETERAEROENNR, HbFinE: HEtak
YR, BB SUERSIERTEL, MRARES,; SEAZEFINNDMEAEZEER.
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1.2 \RAZ*

1.2.1 IRFRZERWE SEFEHR. 5. BMI. BRER. BER
. SHEFR. THERE. FFMEEChild-Pughn ™,

1.2.2 HELEFHEXERTM LMArs-IMRIKREFLhER, 84
BIFFRE B E BRI — U EIMEITNCT-A. DSTEXRTH. M
s O ERNIE (psychometrichepatic encephalopathy score,
PHES)¥4); =B MNIA (verbal fluency test, VFT); 54
FI/RINFFEHE R (montreal cognitive assessment, MoCA);
M= B ITIBIZEE S ARSREMLE (block design test, BDT);
ERIBIZM TIEIRIZEE ) IREHF BN (forward digit
span test, FDST); E&EHF EMid(backward digit span
test, BDST),

1.2.3 XREETNE FREFELEEIIETERArs-IMRIKE
F1ANBEERRETERMI. RASYSMEX XE-50002 8
R D NIRRT BERFCNEZEA(albumin, Alb), ¥
BeB8shEMMN(BIT180) KR BE RTINS AEL & (total
bilirubin, TBIL), FA<BIMED KRR ERER TN
MEgEAYE (prothrombin time, PT), REAEFRERNME
(blood ammonia, AMM)& &,

1.2.4 X AHENIEI R ZE EBPhillips Achieva/Intera3.0T
MRAN, TiHELIBELRSBEHRERE, AEISHNZH
ERTFRBAERS, ZHEBLBLUSHEEE. FMAEMAL
TiW. ToW. To-FLAIRFEFI R AR GLT W I LUHERR Al A 28 B 14 7
&, ZERASHATR 2000ms, TE 30ms, EFEMI0°, FOV
240mmX240mmX240mm, %E[E64X64, BE4mm, E#34
B9 E B K - [ FE kR R FIFTIMRI, HEEIAS180%, AT
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1.2.5 B¥iRE MHESEIREJINCT-A. DSTEAREFSEER
MrEESE,

1.3 ST FASPSS 23. 00 #HTHIBN . iTEER
RANPEITEE(x £)RR, RARIRIHITABEIL;
DU (%) TR RRITHOAR, ARLREA xBK; FES
DEHITERE B PAIERM(Ps,Prs) Rz, AEELEFEAMann-
Whitney Ut@38; ERArs-IMRIZUBLIET A B (resting-state fMRI
data analysis toolkit v 1.1), B=AZXERRMXFCH Hl#
TR LN FRIR I EARIGR, HFRREGERFFNRR,
K PearsontBXx QI IAFIIBEREIS SFCER T AR XM, UL
P<0.05 A ERABRITFEN,
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2.1 CRFGIE=ZASRENERIFELR RAPSMZAHITL:
1: 10CF2, HITERMINA0F], RRE=ZHELHIESTSHITE
BN (P>0.05), M&X1,

2.2 —AZRENIRKBR LR tER=4AIRKER AT, MHE
2. IEMHEALIRITHRLAPHESIF Y. NCT-AZRMIALE R, DST
EXRMZER. AMMUKRAIDERYESRITEE N (P<0.05), 5
JEMHEZAABEL, MHEZAPHESTTS UK DSTERMIAERIIFER
(P<0.05), NCT-AE#&. AlbLUIKAMMIYE S (P<0.05); MHEA.
IEMHEA RIS RRAEER. 5. BM. SHBERERIYT
FiHFEREN(P>0.05), MHEBFIIEMHELATERFIIBEChIl-Pughs
HA. TBILLUKPTERHESITEEN(P>0.05), W&,

®1 TR E=4ZRENERBELLR

e USR] TEfE

MHEZA(n=45) 3IEMHEZH(n=43) S$ERLA(n=50) t/x*E P{E MHEZH(n=40) 3IEMHELE(n=40) STERLH(n=40) t/xX& P&
H50[n(%)] 0.196 0.907 0.467 0.792
g 23(51.11) 20(46.51) 24(48.00) 20(50.00) 22(55.00) 19(47.50)
g°8 22(48.89) 23(53.49) 26(52.00) 20(50.00) 18(45.00) 21(52.50)
FH4(%) 52.26+7.13 54.85+7.05 57.69+7.15 1.713 0.090 52.63+6.94  53.74*7.38 56.53%£7.26 0.693 0.490
BMI(kg/m?) 25.26%2.14 25.42+1.38 25.45+2.20 0.415 0.679 2545+2.11  25.06%222 24.32%2.15 0.805 0.423
SERIE R[N (%)] 0.428 0.808 0.721 0.697
B8 42(93.33) 41(95.35) 46(92.00) 37(92.50) 38(95.00) 36(90.00)
KIE 3(6.67) 2(4.65) 4(8.00) 3(7.50) 2(5.00) 4(10.00)
B{EFE[(%)] 0.155 0.925 4378 0.112
R 12(26.67) 10(23.26) 12(24.00) 15(37.50) 10(25.00) 19(47.50)
s 33(73.33) 33(76.74) 38(76.00) 25(62.50) 30(75.00) 21(52.50)
SHEFER(E) 8.29+3.43 8.60+3.12 9.124+1.15 0443 0.659 8.15%3.20 8.38%3.15 8.79%+3.44  0.324 0.747
SHEERE[N(%)] 11.864 0.065 11.748  0.068
INF 14(31.11) 10(23.26) 11(22.00) 10(25.00) 7(17.50) 9(22.50)
il 14(31.11) 7(16.28) 6(12.00) 15(37.50) 9(22.50) 4(10.00)
sH/hE 9(20.00) 16(37.21) 14(28.00) 8(20.00) 14(35.00) 12(30.00)
KFE/KE 8(17.78) 10(23.26) 19(38.00) 7(17.50) 10(25.00) 15(37.50)

£R2 ZARRENIRERFE LR

mB MHEZH (n=40) 3EMHEZR (n=40) STHRLH (n=40) t/x48 PE

FFZhAEChild-Pugh 4 #A[n(%)] 0.535  0.765

A 15(37.50) 12(30.00)

B 14(35.00) 15(37.50)

C 11(27.50) 13(32.50) -

PHESIF43 (43, M(Pas,Pis)] -6(-8, -3) -1(-1, 0) 0(0, 1) 35.620 <0.001

NCT-AZZR(s) 80.25+12.20 31.22+5.14 29.45+9.76 23.423 <0.001

DSTEXR(M) 20.56+6.26 38.35+5.20 42..62%10.06 13.826 <0.001

AMM (umol/L) 70.83+8.34 55.67£6.18 9.237 <0.001

Alb(mg/dl) 37.26+6.18 32.43%6.02 3.541  0.001

TBIL(mg/dl) 38.74+12.44 43.51%12.10 1.738  0.086

PT(s) 15.66+2.12 15.98+2.08 0.681  0.498
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2.3 ZARHETARXINEERER M SHRAML,
MHEARMFRFE MM /L LN ZMLFRE. 2N
HEHTM LRGN ERFCHER, ANES3EMAEN LM
FCEBEF=(P<0.05, AlphaSim#FiE); S5XRAMELL, IEMHE

AAMETE U R AMELREFCEAE T, EM/NNEMURAE
& _EEIFCREF S (P<0.05, AlphaSim#FiE). S3EMHE4HHE
kb, MHEAAAMFRGEIFCAEMRE, AN FEFCHEHS
(P<0.05, AlphaSim#FiE), W&R3IFE L

®3 ZARHERML BT ARXFCAEX S Y

EENENO g EEMX Brodma®X MNI%tR(xy,z) K& tE P{E(AlphaSim¥F1E)
MHEASXERALE  WMAPREE 4/5 44.-25,62 82 -4.420 0.010
AR /4K /N 18/20 20,-90,40 375  -5.045 0.012
EMstAE 20 -30,-65,24 73 -4.460 0.000
AMEZETE 42/48 -55,-6,10 54 -4.432 0.013
aMEE 22 21,-56,-5, 78 -3.885 0.010
EMEEEE 30 -16,-32,-10 66 4.248 0.010
A A 3,-30,8 5 4.766 0.013
JEMHELA SXTERALLER EMETTE] 44/50 -62,3,28 40 -4.649 0.020
AL 40/19 -48,-76,25 45 -3.264 0.033
AN -28,-40,-48 45 3.998 0.025
AL 36/29 -12,10,-28 49 3.526 0.026
MHEZAS3EMHEARLELER BAMARRGE] 3/5 40,-36,68 72 -4.023 0.014
AT 22 62,-9,-35 45 4.622 0.018
o o o

EIA-HI1C A ZREMARAWNFCERWE; AHWEANIERFERT MR PFCRAA R, NEE R REE R TR PFCR AR, BI1A: MIEA -3¢ 4
FC£RMIX; E1B: JEMHEZ-3 BB AFCE RN ; E1C: MHEZI-JEMHEZIFCE RN .

2.4 —ASKEINADEERSIN ZHZTKENCT-AUK
DSTIH D EZRMWERITFENX(P<0.05), S5XEAMELL, MHE
H5IEMHEANCT-AMIRLE RIIFES(P<0.05), DSTHDIHE
£ (P<0.05); 53EMHE4AELL, MHEANCT-ANRERES
(P<0.05), DSTIHNHIEX(P<0.05)s HRTNESWTRITSE
B X(P>0.05), W&4.

R4 ZHARHNENTIAELLER

= MHEZH(n=40) JEMHEZA(n=40) X4BBAH(n=40) & P&
NCT-A  80.25+12.20 31.22+5.14 29.45+9.76  23.423 <0.001
DST 20.56+6.26 38.35+5.20 42.62+10.06 13.826 <0.001
VFT 14224418 16.02+4.72 17.25+3.67 1.806 0.075
MoCA  20.62%5.14 22.74+t4.64 28.09+3.55 1.936 0.056
BDT 28.761+9.26 32.15+8.18 38.74+8.80 1.735 0.087
FDST  7.10+1.34  7.58+1.14 8.52%1.20 1.726  0.088
BDST  452+1.49  508+1.26 575+1.64  1.815 0.073

2.5 INAIThEERER SRIX FC MRS RASpearman
XD T EYEE NN IR SFCREHITOWN, &
8=, NCT-AZRRITFD SR /FL LN AMEERE T [E] L
KEME EEMNFCHTIYE BEMIEX(P<0.05), DSTEXRITSD
SN/ M EMESPERT B LA A MIE EEIRFCER
THEEENERX(P<0.05); HRMXAFCHRZSNCT-AFIDST
ERTDITEXME(P>0.05), WH&K5.

34 -

5 IAHITHREE R S FCR T RAEX DT
[EES FitE INKIZhEE
NCT-A DST
XM R 5] r 0.215 0.375
P(AlphaSim#%fE)  0.100 0.125
SRR /B et 1 -0.653 -0.442
P(AlphaSim#&FiE)  0.001 0.016
A Mk [E] r 0.470 0.560
P(AlphaSim#&FiE)  0.052 0.304
EMEZETE r -0.556 -0.274
P(AlphaSim#&fE)  0.015 0.010
AMEE r 0.256 0.326
P(AlphaSim#FiE) 0.062 0.112
EMEDER r 0.136 -0.432
P(AlphaSim#&FiE)  0.069 0.115
A& r 0.352 -0.258
P(AlphaSim#&fE)  0.156 0.213
ENETE r 0.212 -0.346
P(AlphaSim#FiE) 0.123 0.209
A Mk [E] r 0.476 -0.489
P(AlphaSim#&FiE) 0.054 0.095
bt IUN =iy r 0.520 0.497
P(AlphaSim#&fE)  0.230 0.066
EME LG r -0.352 -0.248
P(AlphaSim#%F1E) 0.012 0.009
A REE r 0.176 0.340
P(AlphaSim#&FiE) 0.127 0.146
AN T r 0.148 0.457
P(AlphaSim#&fiE)  0.324 0.116
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