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[Abstract] Objective To explore the diagnostic accuracy of muscle ultrasound and plasma monocyte
chemoattractant protein-1 (MCP-1) for ICU-acquired weakness (ICU-AW) in patients with sepsis. Methods A
prospective observational study was conducted. Patients with sepsis admitted to the intensive care unit (ICU) of Henan
Provincial People's Hospital from April 2021 to October 2021 were enrolled. The demographic data were collected.
The enrolled patients were evaluated with Medical Research Council (MRC) score every day until discharged from ICU.
During this period, patients with total MRC score < 48 (for two consecutive times and a time interval of 24 hours) were
divided into ICU-AW group, those with total MRC score = 48 were served as non-ICU-AW group. On the 1st, 4th and
7th day following admission into ICU, ultrasound was used to measure the muscle linear thickness of the rectus femoris
(RF-MLT), the cross sectional area of the rectus femoris (RF-CSA) and the muscle linear thickness of the vastus
intermedius muscle (VI-MLT). And meanwhile, the plasmas samples of patients were collected to measure MCP-1
concentration by enzyme-linked immunosorbent assay (ELISA). The difference of each index was compared between
the ICU-AW group and the non-ICU-AW group. The risk factors of ICU-AW in patients with sepsis were analyzed by

binary Logistic regression. Besides, receiver operator characteristic curve (ROC curve) was plotted, the diagnostic value
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of ultrasound parameters and plasma MCP-1 level for ICU-AW in patients with sepsis was analyzed. Results A total
of 99 septic patients were enrolled, with 68 patients in the ICU-AW group and 31 patients in the non-ICU-AW group.
Compared with the patients in the ICU-AW group, the patients in the non-ICU-AW group tended to be older, and had
higher sequential organ failure assessment (SOFA) score, higher acute physiology and chronic health evaluation II
(APACHE II') score, higher rates of septic shock, higher blood lactic acid and lower Glasgow coma score (GCS). Binary
Logistic regression analysis showed that APACHE II score and septic shock were the risk factors of [ICU-AW for septic
patients [odds ratio (OR) and 95% confidence interval (95%CI) were 1.310 (1.138-1.509) and 0.232 (0.072-0.746),
respectively, both P < 0.05]. The RF-MLT, RF-CSA and VI-MLT on the 1st, 4th and 7th ICU day was falling over time.
Compared with the patients in the ICU-AW group, the patients in the non-ICU-AW group had smaller RF-MLT on the
7th day [em: 0.32 (0.22, 0.47) vs. 0.45 (0.34, 0.63), P < 0.05] and higher 7-day RF-CSA atrophy rate [25.85% (10.37%,
34.28%) vs. 11.65% (2.28%, 22.41%), P < 0.05]. According to ROC curve analysis, 7-day RF-MLT had diagnostic value
for ICU-AW of septic patients. Area under ROC curve (AUC) was 0.688 (95%CI was 0.526-0.849); when the cut-off
value was 0.41 cm, the sensitivity and the specificity were 66.7% and 68.4%. The levels of plasma MCP-1 in the [CU-AW
group were significantly higher than those in the non-ICU-AW group on the 1st, 4th and 7th day. ROC curve analysis
showed that the plasma MCP-1 levels on the 1st, 4th and 7th day played a significant role to diagnose ICU-AW for septic
patients, the AUC and 95%CI were 0.732 (0.629-0.836), 0.865 (0.777-0.953), 0.891 (0.795-0.986), respectively. When
the cut-off values were 206.3, 410.9, 239.5 ng/L, the sensitivity was 87.1%, 64.0%, 82.4%, and the specificity was
54.4%, 96.1%, 86.2%, respectively. Conclusion The muscle mass parameters on the 7th day of bedside ultrasound
and plasma MCP-1 levels had certain diagnostic values for [ICU-AW in patients with sepsis.

[Key words] ICU-acquired weakness; Muscle ultrasound; Monocyte chemoattractant protein-1;

Fund program: Henan Provincial Natural Science Foundation of China (202300410458)

Trial Registration: Chinese Clinical Trial Registry, ChiCTR 2100045709

DOI: 10.3760/cma.j.cn121430-20211021-01531

Diagnostic value

e 13 o

BRI 28 % E0RE Wi 9P 57 (intensive care unit,
1CU) WA I E 2R, & R4 1940 1A
A R, b s 1410 5 AL B TR
i AH OCTE R R T T B 5 o0 38, ok B 2 1Y B 1S
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R F AR ICU-AW 2 ; TEIEPEH i B AN A4 .
1.4 WLEHRER ALFEAER M) | P LA B e Iy
(sequential organ failure assessment, SOFA ), 204 L
2E SIS VEERRRILIESY 1T (acute physiology and chronic
health evaluation I, APACHE 1), #5305 B2k PF45
(Glasgow coma score, GCS). C-Jz )W & [ (C-reactive
protein, CRP NS (procalcitonin ,PCT). IMFLER
(blood lactic acid, Lac )., LB . ICU A= g4 [ J& 754 FH
MUBIGE L ICU A Be i ] K B Be i a]

L5 HEARARF 25T AICU 1d(24h ). 4d
FIT d XA B ERAE R (] UMT-500 2 4L
PEAT LA I SR PR AR, T A L, v
PESMGE P I o Ay AR A O TR T S
eE By 13 4b, B Uil i 5 s AR
WY, B EUEE (muscle linear thickness of the
rectus femoris, RE-MLT ) B 5 [ 75 f14 £ 5[] 1) P
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the vastus intermedius , VI-MLT ) BB 1F 7 B[]
UL ) 0P 0 5 R DD P, 9 B EL LA e 22
B B LS #E T A (muscle linear thickness of the vastus
intermedius, VI-MLT; [&] 1), #0785 RS54
HH []—44 FLAT 5 4F P R A 22 56 A4 i R B i S7.
M 3 U, O,

E : A SO R B U, B SO T 7 114
JBerR AL ULISERE , C Sh e DT i 7 )5 UL T 7R

1 MEERENNARSRARR

1.6 I3 MCP-1 450 - 7EA ICU 1,47 d A8
AN, 2 h MBSO BS ISR, —80 CARAE . R MR
A 22 W B 56 (enzyme-linked immunosorbent assay,
ELISA) K 13 MCP-1 7KF-, 48441 £ (27
XY TRABRATD) BT

17 Geiheéorid s W SPSS 21.0 # AR T80 4
Hr, Wi GraphPad Prism 8.0 2 {4 #4745 48 AT 44k
TGO AT IE SRR 7 22 5 A 50, 79 5 IR S5
M UAEL + b (x£s) Fom , 4L TR FH PR
A o KGE s AT IS A I LA A2 8 (08 oA 40
(M(Q,,0Qy) ) Fw , 4l 8] 534K Mann-Whitney U £
Ko PSR RBORIIBUEL (A o3 1) o I o #r
K H Pearson y PR, EE MR VORSR FHEE
T 250 R I Logistic 1153520 B4 £
H R ICU-AW BISERS KR 5 TR 3210 TR
1iE ph & (veceiver operator characteristic curve, ROC ih
2, HE— 250 B LA B 7 2 BORT L MCP-1 X ik
THAE ICU-AW fiZIWi . A P<<0.05 Fm 25 A

geiteraE L
2 # B

2.1 — BB

2.1.1 IR (R 1) G0 99 BilfkERAE i,
FAE ICU-AW 4H 68 #i], ICU-AW 4H 31 fi], ICU-AW
KA 31.31%., MAFW . SOFA P43 . APACHE I
WA, GCS PF43 . M PE IR 52 L8] Je Lac 7K V25 5
IR L ($) P<0.01),

2.1.2 T Logistic M43 (3R 2) : X4 [] bhs 22
SA G U — B GORHIETT 5T Logistic 11
AL )5 /00T S , APACHE [T FcEPER 7 2
JHeFEAE F &R ICU-AW BYSERE IR 2 (1) P<0.05),

*£1 FEICU-AW A5 ICU-AW HARSERE IR R

1l f5i% asits P (1 (%)) SOFA 143 APACHE I {743 GCS PEy ML
- () (%, MQ,0)) B ik (5, M(QL, Q) 4, M(QL, Q)] (43, M(Q, Q) [B1(%))
JEICU-AW 4l 68 58.5(46.0,68.8) 44(64.71) 24(3529)  7.0(4.0, 9.8) 125( 9.2,16.0) 150(142,150) 33(48.53)
ICU-AW £ 31 69.0(52.0,79.0) 15(48.39) 16(51.61) 11.0(6.0,13.0) 17.0(16.0,22.0) 13.0( 8.0,13.0) 19(61.29)
Ul M8 2.804 2.355 3.278 5.282 -5.114 1.390
P1E 0.007 0.125 0.001 <0.001 <0.001 0.238
gl fil%e MeEERTE  CRP (mg/L, PCT (pg/l, Lac (mmol/L, B (mmol/L,  ICUfEBERSE]  EMEEERT ]
- ) (H1(%)) M(Q., Qu)] M0, Q)] M(Q,00))  M(Q,0)) [d,M(Q, 0] [d,M(Qp,0,)]

E ICU-AW 4] 68
ICU-AW 4 31

23(33.82) 124.8(46.2,198.6) 5.8(2.6,19.2)
21(67.74) 104.3(59.6,179.4) 3.2(1.2,13.0)

2.3(1.3,3.1) 9.88(7.40,13.83) 7.0(5.0,11.0)
3.2(2.0,43) 9.10(7.40,13.80) 9.0(5.0,14.0)

19.0(12.0,31.8)
19.0( 7.0,38.0)

XU 9.921 -0.453 -0.970
P1{H 0.002 0.651 0.332

2.690 -0.411 1.230 -0.491
0.007 0.681 0.219 0.624

FE: ICU-AW R ICU KA 2559, SOFA N E e T 30 TE4) , APACHE 1T hy 22 P2 B4 S48 M EEIR I IE 4> T, GCS RS Rl af Sk 74y,
CRP N C- R i4E 1, PCT NS R I, Lac MIMFLER , ICU A HLAE VP95 5
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el R 2% BIE s P ORfH 95%CI
APACHE T34y 0270 0.072 <0.001 1310 1.138~1.509
JHeFEEAR -1.462 0596 0014 0232 0.072~0.746

1 : ICU-AW iy ICU 2RA3MERESS , APACHE 11 Ryt #i2g i
PEEEROIROLIT4 1T, OR RFL, 95%CT g 95% R {5 X [A]
22 LA TOR T
221 EAESHUERED . A ICU 1 d Wk 99 fil ik
FHBFSH, AR ICU-AW 41 68 1], ICU-AW 21 31 f4i];
A ICU 4 d W4E 65 il 35 8 75 281, A 1ICU-AW 41
41 5], ICU-AW 2H 24 f4i] ; A\ 1CU 7 d W4 43 (il
A SEL AR ICU-AW 41 24 5], ICU-AW £H 19 i,
222 BAESEOMT(E 2):%F 1,47 d BRI S
AR Y 43 il s A B R S S T E R
W57 2250 45 R o, BB RF-MLT ., RF-CSA K&
VI-MLT ¥4 i st [] 24 i B A (347 P<<0.05 ).

2.0 F— 4 RF-MLT (cm) —®—RF-CSA (cm?) —#—VI-MLT (cm)
1.68+0.68
L
1.51+0.61
1.5+
1.40+0.60
0.64+0.31 0.61+0.34
_u‘ﬂ 0.23 =
» l“'# +0.18 H,4}Hw,]\l
0 1 J
1 4 7
AICURE (d)

1 ICU S EAE W b5, RE-MLT A E WU,
RF-CSA /B ELWURS AR AR , VI-MLT A e e LS RE
FARNZV K : ¥ P<0.01 ; FARPIXTHLRESS : ¥ P<0.01 ;
FARER KL - #5 P<0.01

2 43 BIMEEAE R A ICU RIFEE] S UL RS S BE S

223 ZH & (F3): 59E ICU-AW 4 41 I,
ICU-AW 41 7 d RF-MLT BH %Ik, 7 d RF-CSA Z4%5
R T, 225 EA G F R L (H) P<0.05),

224 “Jtlogistic [MJ35347:%§ 7 d RF-MLT , RF-CSA
FEFRI T T Logistic [FIHZ A 0] J5 40T s, 7 d

RF-MLT & i 8 iE £ 3 & 2 ICU-AW B fa i P &
(3 F (odds ratio, OR)=0.013,95% A]{Z[X.[7] (95%
confidence interval ,95%CI )5 0.000 ~ 0.986, P=0.049 ],
2.2.5 ROC #H£&43#r (18 3) : 7 d RE-MLT X
ICU-AW E 28, ROC 14k N i FH (area under
ROC curve, AUC) /7 0.688, 95%CI A 0.526 ~ 0.849 ;
I FHE A 0.41 em B, U 66.7%, T8 5% 68.4%.

1.00
0.80 |
0.60 [
g
#
0.40 |
— 7dRF-MLT (AUC=0.688)
0.20 F — %%
1 1 1 1 J
0 0.20 0.40 0.60 0.80 1.00

1—Fe5tfE

1 ICU SHEAE W% B, RE-MLT MR ENURE,
ICU-AW A ICU #AHERESS , ROC A
ZAH TAEFEINZE , AUC i ROC 12 i H

3 A ICU7d LB #5¥5 RF-MLT L ik B
ICU-AW EJ ROC FhZ%

2.3 3¢ MCP-1 %Rt
231 IMHEAEAEEED : A ICU 1 d 44N 99 fil 8
FHMIEFEA AR ICU-AW 4] 68 f41], ICU-AW 24 31 f5i];
A ICU 4 d g0 A 76 il B35 MR AEA 9 ICU-AW 41
51 i, ICU-AW 2H 25 f51] ; A ICU 7 d 44N 46 i
MAEAEAS AE ICU-AW 41 29 4], ICU-AW 41 17 {9,
232 HAIHEE (£ 4)  ICU-AW 4 1.4, 7 d L3
MCP-1 /K78 & & FAFE ICU-AW 41 (¥ P<0.01),
2.3.3  JC Logistic [H1JH047 (3£ 5): XL 3E MCP-1
KT I8 Logistic [IHZ A [0 ]G 00T R, 1.4
7 d MCP-1 4 e f8 35 & 24E ICU-AW 1 FE [
% (¥ P<0.05),

=3 FEICU-AW A5 ICU-AW ARFEEEN ICU AR ESMABESHETLLR (M(Q,, 0y))

1% RF-MLT RF-CSA

, N
L (o)

VI-MLT

RF-MLT 2545 % RF-CSA ZE45% VI-MLT 245 %
(%) (%) (%)

EICU-AW A 1d 68
4d 4

ICU-AW 4 1d 31
4d 24
7d 19

0.54(0.39,0.74) 1.69(1.21,2.18) 0.61(0.48,
0.50(0.38,0.61) 1.58(0.99,2.12) 0.60(0.49,
7d 24 045(0.34,0.63) 1.42(0.91,1.83) 0.56(0.39,
0.50(0.27,0.65) 1.55(1.19,2.05) 0.60(0.31,
0.45(0.28,0.53) 1.37(1.08, 1.95) 0.53(0.40,
0.32(0.22,0.47)* 1.16(0.93, 1.83) 0.51(0.30,

0.89)

0.77) 8.24( -0.36,23.11)
0.81) 15.13( 3.46,25.79) 11.65( 2.28,22.41) 11.43( 5.70,25.46)
0.75)

0.80) 12.08(-13.16,28.65) 14.97( 6.30,20.18)
0.62) 22.95( 10.00,46.00) 25.85(10.37,34.28)" 15.38(-3.23,31.08)

4.18( 0.98,21.01) 8.27( 2.46,18.70)

5.58(-7.40,21.97)

H ICU-AW 2l 1CU ZRAFERTS, 1CU NTEE WYY Dy, RE-MLT B ENUSEE , RF-CSA B S VLS AR AL, VI-MLT R Bl IS B
R = (1 d Bl — 4 d 5L 7 d Bl ) /1 d Bl X 100% 5 5AE ICU-AW 21 [RI3 HL#, 2P << 0.05 5 28 AR T3



0160

FPAEFE TG AR EE S 2022 4F 1 H 45 34 3545 1 8] Chin Crit Care Med, January 2022, Vol.34, No.1

*£ 4 FEICU-AW A5 ICU-AW AREEEEN ICU
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S50

a3 1d 4d 74d
186.7 175.4 153.8

ICU-AW 4

ARct A (128.8, 396.1) ( 94.4, 221.7) (112.8, 219.4)
385.4 540.6 566.3

ICU-AW 4

= (214.4,2068.4) (223.8,1893.0) (242.0,2097.0)
U1H 3.697 5.146 4381
P <0.001 <0.001 <0.001

1 2 ICU-AW N ICU #4555 , ICU Sy ESE Wb b, MCP-1
Sz b A 1 -1 3E ICU-AW 45 ICU-AW HEEAR 1 dH
68 1] .31 4], 4.d Ky 51461, 25 4], 7.d Ky 29 4] 17 14

*®5 ETANICU A[FEHE &ML MCP-1 7K F

BRETE BE & 4 ICU-AW BT Logistic EYF5 47

falH®E B1E & P  ORfH 95%CI

1d MCP-1 0.001 0.000 0.008 1.001 1.000 ~ 1.002
4 d MCP-1 0.004 0.002 0.025 1.004  1.001 ~ 1.007
7 d MCP-1 0.008 0.002 0.001 1.008 1.003 ~ 1.013

W ICU S T W 3706 5, MCP-1 Sy B A% 20 Mo #a Ak 28 1 -1,
ICU-AW N ICU $AGEZESS , OR WL, 95%CT 1 95% A5 X [H]
234 ROC & ir (Fl 453 6):1.4.7dMCP-1
X ERHIE ICU-AW B 2 A, AUC 53514 0.732
0.865.,0.891, Il FHE 43731 4 206.3 . 410.9 ., 239.5 ng/L.

1.00 -

— 1dMCP-1 (AUC=0.732)
—— 4d MCP-1 (AUC=0.865)
0.20 |- — 7dMCP-1 (AUC=0.891)

0 0.I20 04I40 0.I60 O.ISO 1 .IOO
1— e
I ICU S EAE M4 5, MCP-1 S Sz dti ikt -1,
ICU-AW 3 ICU R131EZESS , ROC Mgk szl TR 2
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ICU-AW i) ROC HiZk

* 6 AN ICU A ERTIE = M3E MCP-1 7K

NAREFIE S E ICU-AW B2 E
R T

¥akx AUC 95%C1 P IESE

(%) (%)

1dMCP-1 0.732 0.629 ~0.836 <0.001 2063 87.1 544
4dMCP-1 0.865 0.777~0.953 <0.001 4109 64.0 96.1
7dMCP-1 0.891 0.795~0.986 <0.001 239.5 824 86.2

L ICU S T W 3706 5, MCP-1 B A% 20 i #a Ak 28 11 -1,
ICU-AW 24 ICU ZRMBHETESS , AUC N2 IR0 #% TAERHE 28 T fife,
95%CI } 95% T {5 X i)
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TN, AE IS L SOFA PE4) . APACHE T #E/3 | GCS F
53 JRFEHEARTE | Lac 7E3FE ICU-AW 5 ICU-AW 4]
[ B o3 A AR, 25 55 B Geit=4 5 5 T Logistic
13047 7R, APACHE T1 3P F e dEPE R 72 2 e
FHIEHRH R4 ICU-AW WG R &,

ICU R FAE 5 A 50% ~ 100% 1778 LA 25
a4 MeFERE AR H T 24 25% ~ 75% %= ICU-AW 2,
L0 EAE AR A ROTAS X 2K ICU-AW B
AEEE L, AR SR TH, 51%
Sif CT ., REHARARAE X 28 M Ui 2 WA L, 76
2 WL PR T LA [RDRE A A (L, 3 4ok O A FE
P A A0 2 3 K, RE X HEAE AR EA TR | i Ak
B I 2 BRSSP R
18 5 WLA Py REREfGA D¢, Hot RF-MLT, RF-CSA K&
VI-MLT 5 5 4E £ % MRC W43 5 1IE 4056 (r {853 91
J70.411,0.452.,0.402,3) P<0.05), H. =% T FimE
5 MRC PF4r 2 TR (r {E5391 0 -0.740 . -0.682
~0.734, 31 P<0.05)"""', HHFFEEL I AL
JBE DY Sk LS B K2 RF-CSA AR 4655 LA D RE AR AR AT
TEARSAE S A LA hRE BRG] 5 LR i 4
ST e A AFAE P O UL A o PRk | G
FAFERE B EIINLAZES S ABFSE P ICU-AW
20 7 d RF-MLT %JE ICU-AW 41 B I%, S ki i
KA ICU-AW a2, REIZ T IEEIE ICU-AW,
I FUEH 0.41 em; ICU-AW £ 7 d RF-CSA ZE45 R4
JE ICU-AW 4100 &, 10 P 2 Hofh 28025 7 S 2
T, BRI B LR P 2 B B v ) LR B b
WL FEAEAE ICU-AW 5 ICU-AW BEF A LS, A
W B, MeFEAE ICU-AW 1Y & 4= %N 31.31%, ik
FHIEHH RF-MLT., RF-CSA | VI-MLT 2B {E Bzt i)
FER MRS . PRI, M P B i i 1 1) T
A LA, Dt B3 251 10 2 FR IRy, LA
RBP4 | = LA D BERE AR Y H AR

TEFRGT ICU-AW AR HIL I FE % 8R4 4
A F MR IRSER L S A T
BUAAR ™ A 8 T o A R A L kiR D fig e
TR G PR R 5 THLR R RN R 25
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MCP-1 18 ML 7 CC 5 A B2 — 51, RN
CCL2, RERZFATL R AL . 042 T 40 . W 2R 40
FR AU BURYSRAOL . MCP-1 FEAE S M
973 B S BRI SR NI, 78 RS Z 0 %
IR, G0 1 B AR R A L R AR | S LA
MgTT  RIE I AR | /MBS B A0 A, IR
FPE M 2 5 R R 0 MCP-1 76 B R LA
Uit G it b R EEZE R . MCP-1 B RS20
IF B PR A RN A2 8 A i 22 / L IR ZH R A T 3Rk
WA 1 A R A IR T R 2 LA
BAEAWEAE LA S WL Fbh 208 52, 97 A Rk
-1 5 ZAEAE K R -1 (insulin-like growth factor,
IGF-1) LA BELP A0, MCP-1 93244, B CC
AL IR F3Z 44K 2 (CC chemokine receptor 2,CCR2),
IR ) ELE AR R R R S i s A
SEWUAFRAE R A AR 2 AR R, ICU-AW
HIEFFAE R E A ICU 1,47 d 1% MCP-1 KPR
ICU-AW 21 9 &, 2 R FEE J A kA ICU-AW 19 fi
BRI 2 5 ROC fER AT s, 3K MCP-1 7K-F- X ik
FHAE ICU-AW EAT 5 U HARF RIS e, 1. 4.
7 d I FUE S50 206.3 . 410.9 . 239.5 ng/L.
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A MRC R BRI RAG A, S BOE 55 5 B AN
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ZE ik 3 i I ) LA R S L
W MCP-1 7K X EFEIE ICU-AW BT —E i Wit
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WOT B RFEA T BT E— R LR RR 75 R A6
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RIS AR 2 e
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