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Relationship between ultrasound echo characteristics of the diaphragm and peripheral
skeletal muscles and clinical outcome in mechanically ventilated patients with sepsis
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[Abstract] Objective: To investigate the relationship between changes in ultrasound echo characteristics of the diaphragm and
peripheral skeletal muscles and weaning outcome and prognosis in mechanically ventilated patients with sepsis;, in order to explore the
potential value of muscle ultrasound in guiding the early and accurate assessment of patients with sepsis. Methods: Mechanically
ventilated septic patients admitted to the Department of Critical Care Medicine of Affiliated Hospital of Nantong University from
January 2023 to December 2024 were selected as the study subjects; and the ultrasound images of diaphragm and quadriceps femoris
were consecutively observed and analyzed at the time of admission to the ICU, 48h, and discharge from the ICU. The echogenicity of

diaphragm (EDi)/echogenicity of rectus femoris (ERF) ratio (EDi/ERF) and the thickness of diaphragm (Tdi)/quadriceps muscle layer
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thickness (Q-MT)ratio (Tdi/Q-MT) were calculated. According to the trend of EDi/ERF and Tdi/Q-MT, the patients were categorized
into the group with increasing ratio and the group with decreasing ratio. The weaning success rate, duration of mechanical ventilation,
length of stay, and 28-day survival rate of the two groups were compared separately to evaluate the guiding value of changes in the
ultrasound characteristics of the diaphragm and peripheral skeletal muscles on the clinical outcome of mechanically ventilated patients
with sepsis. Results: A total of 110 patients were enrolled in the study, and the patients in the group with increased EDI/ERF ratio had
a significantly lower weaning success rate (P=0.043), a significantly longer mechanical ventilation time (P=0.019) , and a significantly
lower 28-day survival rate (P=0.008) than those in the group with decreased EDi/ERF ratio. No statistically significant differences in
weaning success rate, duration of mechanical ventilation, and 28-day survival rate were found between the group with increased Tdi/Q-
MT ratio and decreased Tdi/Q-MT ratio (P > 0.05). The Cox proportional hazards model showed that enhanced EDi and increased EDi/
ERF ratio were significant risk factors affecting the 28 -day cumulative weaning success rate (HR=0.306, P=0.045; HR=0.287, P=
0.031, respectively). Conclusion: The early presence of increased echogenicity of diaphragm and increased diaphragm to peripheral

skeletal muscle echogenicity ratio are both associated with lower weaning success rate and poorer clinical prognosis in mechanically

ventilated patients with sepsis.

[Key words] sepsis; mechanical ventilation; muscle ultrasound; echogenicity; weaning; clinical outcome

e BRI A2 — Fh ] S 3 A B 248 DI Re AT 1 4%
Bk MREEREFEIIL RN IERRENUR , 7T %R
SV BRI AR RFEIRAL, SRR UL 22
97, BN EEAE A R SRR AT T R
U B A A R AR I UL 25 i 1 ek B B PR T A
HEIL™ o B N Ak 5 B B2 (1) PR DL, TR UL i B 1
VLA 552 0E, RN AR HE [ 2% B} (intensive care
unit, ICUD MUK 85 o 1)k A2 2, HLAE WL
I SR R AT IR, ™ EE S AR SR ) L 4 )R A
TG Ak, FAE O 230 55 A IR 2 ALK
WA IFFAEIS, = 3b v] R A [RAE R g g LD e
Bt R AL R RES o DRI, Sy MU ) o 5 AT LA
18 SRR ) IR VLAN 4 B B B VLR 2 2 D) e A2 A0 0t
A R I VPl O 2L

W 5 7R P R [ R R RN B, DR 55 1 7 R
B8 22 LA TCU B AR QU FE N o A 4 () JUL PRI 75 AH
IR TR I, - o 75 (] 7 i T AR Ay e i L PR ZHL 23
AR BT AE bR A, HOBE S 8] 75 5 B AT gE 2 L LI R
J5E B R S W L AR P AR AL B U AR B A
(1) /b B A S A 7 I I JULAN &1 J) i L [ st i
8 = S A UBRE U ) AT R i A R
I, LD ] 75 58 B 168 I n] Be 427 & B M UL IR A2
FOO I R &5 SR P AAE VA AR IR AR R

H AT 5 WL [B] 75 58 B2 AR A R AIE 5 R 5 0 AL
T3 <A I PR 45 SR 5% &R IR 9 1 R K 22 IR
o A FUR R M ERE AL ARE <R RIS 4
Je ey i JULAER 75 (] 7 AR A SRR AE AN R B L& )=
TG A Do 8 Bl 75 55 I8 VL% A1 J8 i i LR AT 30

[J Nanjing Med Univ,2026,46(02):231-240]

BRI S B BT RE DA B AE A8 1 1) YT RG
AEVE (G SR AL B 2O A5 B, I 48 T PR 2 T K i
BEAT DRI T

1 MRITTE

1.1 *t%

AHFFE A RTHEE ST FT, AU N 2023 4F 11 H—
2024 4F 12 H 7E B 8 K 7 Bt = B BGE IR 2 % 2
HUBE S e 250 . I NbRiE: DER=18 %,
QFF & Sepsis 3.0 brdEiZ W7 ; @82 A QN IIE <=
48 ho HEBRFRAE: QP2 LB ; @™ EAZ <18
P99 5 (3 M P W JUTL P £ 1140 169 R 50 32 9 C ar i g 348
WAy 1 77 B A B v D s (O EE FE IR B (BMI>
35 kg/m®) s @IT P4 A S M URGE <R YT s @I
M R s DA A @ 1E T TE 24 h NAE T i
H O LS IMAM R E . HRED TERICHEE
T2 A IS BEHEAE 5 : 2023-L141), 3 8 H ik
FE AT N ZETT A5 TH AT R & o
1.2 Fik
1.2.1 FaiuAg B &

AT 5 VL IR 7 0 4 — 3k KR €X50
it 7 1% (Philips Healthcare, 32 5, i 7 il & 3% 75 %)
RPN A I T 240 3 25 50, VR B 3.5 em, B4 TS
50 dB, #F5400.1, PLikTE%00.9. ZFnivt i
KT R = I 7 vkt B B M, B AR
R R AL PR K BT G AT 4 2R 8~10
JUl 1) B DX 3t R LA T 4 2, A v P AL P45 i -
M WL- 18 B = )2 &5 09, 18 UL JE JE (thickness of dia-



46 552 1
20262 A

NEBL E WL & LS IRV E B B LR A (0] 5 AR S e S E A UG R B IR R 45 )5
HIR R ] e L ERIR 2R CH AR B R , 2026, 46(2) : 231-240 ° 233 .

phragm, Tdi) )58 XAy WA 0 11855 1 1B P4 5 2 1)
AIRKERES . R IR REERIIRUE S R LLIPEG A%
R, (8 Image J R 2B 8RR 2o i 7 o] s o
BEATEA . BAROy @ BRI R AN B UL
JE S A 5 B4 e K DX 8 R 3% M B [X 43 (region of inter-
est, ROD, F F 81 A B2 L7 I D RE 73 At ROL F4-F
oy |ml 7 i B AR, B UL [ 75 9 52 Cechogenicity of dia-
phragm, EDD" (] 1),
122 JRv9 kLA B &

SRR FC ST DU Sk R 7 00 ) 7 95
B WM EM, U B H IO, BB KRSt
W RSk BT R IR B DO e DY S L AT 3 4, i

d 4

576x546 pixels; 8-bit: 307 File Edit Image Process Analyze Plugins Window Help

FH 5 /I s 4 R 4 T2 34507 WA 1O J DU Sk LRI
2 % VU Sk WLJE B (quadriceps muscle layer thickness,
Q-MT), Q-MT & Xy« JB B UL 5 Mo 21 i - s 11 e
F6 B B, B B WL Crectus femoris, RF) 5 B A 8] Al
(intermedius, IMD [ 5 J& FE o BT RAR 18 % DY Sk WL
7 EUZ R R F Image J 802U &8 JB UL [0 75 o 2
(echogenicity of rectus femoris, ERF) , ERF & 3 A :
I T BR RV R AN 5 LR K B4 5 1) e oK X 30A
ROT i~ 0] 5 A (T 1D
123 #FrezlLhan

AT TR TR PR 8 250 e e PR = i
AR AL A I = B AT 75 7 A B 3 PR IR R e AR AR

¢ Histo... — O X

300x240 pixels; RGB; 281K

ERF

I 00
0 255

Count: 23845 Min: 0
Mean: 32.716 Max: 157
StdDev: 17.326 Mode: 25 (704)

ﬂ[ B ﬂJ ﬂ] value=132

count=2

Tdi: thickness of diaphragm; EDi: echogenicity of diaphragm: RF: rectus femoris: IM: intermedius; Q-MT: quadriceps muscle layer thickness:; ERF:

echogenicity of rectus femoris.

1 IAEENERES

Figure 1

HE RS VAR 5 S, ASHT T RO A I s A T
183 IR EEE R ML o 5o AL AR B 52 Ok
& )5 48 h A AN 1 7 R SZHLIGE s LR IMOE
SO B IR R MR A 48 h Y i TR
SNBSS WL ZE S E O T IR LB
VO Sk UL JE A i 2 (BN TCU B 1) AR R B
109" LA RT3 9558 SCRIRLIALER P 1223 1m] 75 i

Methodology of muscle ultrasound measurement

PRI AN RGN EE N ICU 48 h FIARIY
Ji& B UL 75 55 B HUAE (EDI/ERF) RV VU Sk LS
FUAR (Tdi/Q-MT) A28 LUAB R A 35, 43 P g N
S5 9 LA e 2H % LB PRI A
1.2.4 MEAGAR

FENEARFR: ML DI 2 o IR EE SRR
MUK R 8] L TCU A3 B i 18] s A B ) 1] . 28 d 4B



° 234 - [T

S NI -

546 5552 1
20262 A

735, AR WS LL R 20 B8 35 TN VG2
1 25055 — Mok DL VLA [R] 75 5 B L LA JE 46
B P Bl A e S o R P R BT TR] SO N ICU B
AICU 48 h 1 ICU B o

125 HAZHHE

15 FH PASS21.0 B AR A B U AT FE A B A 5
R A 5L 791 52 06 1 45 5, EDI/ERF EUAR 1 =7 5 AR 38
T IR A 9 17/11=1.55, K 56 7K #E o £ 0.05,
e FE (1-B) 1 4% 0.80, L XUMI A 46: , TH 545 H
I TRREARE RN TIM] . F RV TRA G
6 DR 3% 1T Bt A PR RE A B, A RO A B LAl
BN 20% 5 B¢ )i sk 75 AN 2 /D 95 515 451 DA ARAIE
FEAREMFE,

13 “%itgs*

{#i Fi§ SPSS26.0+ GraphPad Prism8.0 4t i1 # F i3k
THRIE S 4K iF & 5 RER H Kolmogorov -
Smirnov £ 56 3E4T IEZS 14 20 B, 1E25 50 A i Bds LAY
BabrifE 22 (x + ) Fow, A CEER FH k6560, JEIES
I3 A7 A LA AL B (DY 43 62 0 LM (Pas, Prs) 1387
ZH [8] L 52K F Mann-Whitney U K56 ; THECFE R [n

(%) 137, 41 18] L AR 7 R 56 B Fisher B D1 HE 2
%o RAEEE 28 d BN Z A B AAEEE, K
F Cox Hu A7 XS [ VA A5E 28 43 1) 3 A v e 26255 B AL
G5 SR R AR A7 45 R R LR R A RRAEAE SG KU R 22 o 2K
F 2 B 2 Logistic A1 AE 8L 73 41 5 IR W21 JE & 86 UL
[m] 75 5 B L AP 3 = O A R I RS A R 3R . P <
0.05 NZEFA G E Lo

2 g B

2.1 REAIE—AITTART

BEFCICAAN T 110 1 28 , AR JUL P [l 7 e
LU AR A 35 4 20, o EDIVERT LU AB 3% 1540 56 191
(50.9%) , EDi/ERF LUAE F#ARAH 54 41 (49.19%) . 73t
Xt G AL N DGt 5 IR TR )T S 3 S5 2k
GORE, PYALE A — BUR T T 22 R 35 L i it o+
B X (P> 0.05) . EDI/ERF LUAR 1 4L 83 1 i
HUBEh 2 & (KT EDI/ERF LB KA1 (P=0.043),
BLBSE U ) .3 K T EDVERF L {f W41 =
0.019), 28 d 475 &35 K T EDVERF L fH F# iR 241
(P=0.008,%& 1D

F1 FHBE BRI RBEFESEIEN L3R EDVERF LH{E D 4R)

Table 1 Comparison of baseline characteristics and ultrasound features between the two groups(grouped by EDi/ERF ratio)
Variable Ratio increased group(n=56) Ratio decreased group(n=54) X7 P

Agelyears, M(Pass Pys) ] 78(68,82) 76(69,83) -0.272 0.785
Sex[n(%)] 0.059  0.808

Male 34(60.7) 34(63.0)

Female 22(39.3) 20(37.0)
BMI(kg/m’,x + 5) 23.8+3.2 244 £3.1 -0.988 0.325
APACHE I (x £s) 193+74 185+7.8 0.539 0.591
SOFA(x +5) 9.1+3.7 84+40 0.980 0.329
Septic shock[n(%) ] 0.209 0.648

Yes 35(62.5) 36(66.7)

No 21(37.5) 18(33.3)
Baseline EDi[ M(Pas, Ps5) ] 71.3(62.4,79.0) 76.2(69.3,83.7) 1.794 0.073
Baseline ERFLM(Pas, P+5) ] 55.7(46.6,69.4) 58.2(52.8,68.0) 1.052 0.293
WBCLX10°/L, M(Pas, Ps5) ] 10.4(5.8,16.6) 9.9(6.8,17.2) 0.263 0.792
PCT[ng/mL, M(Pss, P:5) ] 1.07(0.19,3.83) 2.0000.32,6.48) 1.195 0.232
Alb[ /L, M(Pss, P:5) ] 25.2(21.5,28.0) 24.4(20.1,29.1) -0.374 0.709
Duration of MVLh, M(Pas, P35) ] 120.0(72.0,212.3) 66.0(17.8,150.0) -2.342 0.019
ICU length of stay[d, M(Pas, Pss) ] 9.5(6.0, 14.8) 7.5(4.8,20.0) -0.626 0.531
Total length of stay[d, M(Ps, P+5)] 18.0(14.0,25.8) 18.5(12.0,28.0) -0.371 0.711
Success rate of weaning[ n(%) ] 36(62.3) 44(81.5) 4.098 0.043
Survival rate of 28-day[n(%):| 38(67.8) 48(83.3) 7.129 0.008

BMI: body mass index; APACHE I : acute physiology and chronic health evaluation IT1; SOFA: sequential organ failure assessment; EDi: echo-

genicity of diaphragm; ERF: echogenicity of rectus femoris; WBC: white blood cell count; PCT: procalcitonin; Alb: albumin level; MV : mechanical venti-

lation; ICU: intensive care unit.
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Table 2 Comparison of baseline characteristics and ultrasound features between the two groups(grouped by Tdi/Q-MT ratio)

Variable Ratio increased group(n=40) Ratio decreased group(n=70) X7 P

Agelyears, M(Pas, Prs) ] 76.0(70.3,83.0) 77.0€68.0,82.3) 0.060 0.995
Sex[n(%)] 0270  0.604

Male 26(65.0) 42(60.0)

Female 14(35.00 28(40.0)
BMI(kg/m*, x + 5) 243+33 24.0 +3.1 0.500 0.618
APACHE II (x £5) 20.0 £9.1 183+ 6.6 1.136 0.259
SOFA(x £s) 94+43 84+35 1.195 0.235
Septic shock[ (%) ] 0.568 0.451

Yes 24(60.0) 47(67.1)

No 16(40.0) 23(32.9)
Baseline Tdi(em, x = 5) 0.23 +0.05 0.25 £ 0.06 -1.302 0.196
Baseline Q-MT(cm,x + 5) 2.52 +0.53 2.38 +0.50 1.315 0.191
WBC[x10°/L, M(Pss, P>5) ] 9.7(7.0,17.4) 10.4(5.8,15.5) -0.326 0.744
PCT[ng/mL, M(Pss, P35) ] 1.08(0.24,4.58) 1.70€0.25,5.40) 0.566 0.571
AlbLg/L, M(Pss, P35) ] 26.2(22.5,30.4) 24.1(20.1,27.7) -2.212 0.027
Duration of MV[h, M(Pxs, P;s) ] 96.0(30.0,214.5) 95.5(25.8,168.0) -0.401 0.688
ICU length of stay[d, M(Pas, Pss) ] 9.0(5.0,15.0) 9.5(5.0,14.0) 0.016 0.988
Total length of stay[ d, M(Pas, P:s) ] 20.0(11.3,28.8) 18.0(13.0,25.8) -0.016 0.988
Success rate of weaning[n(%) ] 31(77.5) 49(70.0) 0.722 0.396
Survival rate of 28-day[n(%) ] 29(72.5) 57(81.4) 1.190 0.275

EDi Weaning success EDi Weaning failure ERF Weaning success ERF Weaning failure
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EDi: echogenicity of diaphragm; ERF: echogenicity of rectus femoris; P < 0.05; "P < 0.01.
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Figure 2 Comparison of diaphragm and quadriceps echogenicity trends between the two groups
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Tdi: thickness of diaphragm; Q-MT: quadriceps muscle layer thickness; P < 0.01.
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Figure 3 Comparison of diaphragm and quadriceps thickness trends between the two groups
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Table 3 Relationship between muscle ultrasound features and weaning outcome

Variable B SE Wald df P Exp(B) 95.0%CI for Exp(B)
EDi increased -1.183 0.589 4.037 1 0.045 0.306 0.097-0.971
ERF increased 0.213 0.289 0.545 1 0.460 1.238 0.703-2.180
Diaphragm atrophy -0.551 0.438 1.579 1 0.209 0.577 0.244-1.361
Quadriceps muscle atrophy -0.036 0.287 0.016 1 0.900 0.964 0.549-1.693
EDI/ERF ratio increased -1.250 0.581 4.632 1 0.031 0.287 0.092-0.894
Tdi/Q-MT ratio increased 0.071 0.530 0.018 1 0.893 1.074 0.380-3.035

EDi: echogenicity of diaphragm; ERF: echogenicity of rectus femoris; Tdi: thickness of diaphragm; Q-MT: quadriceps muscle layer thickness.

=4
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Table 4 Relationship between muscle ultrasound features and survival outcome

Variable B SE Wald df P Exp(B) 95.0%CI for Exp(B)
EDi increased -0.996 0.344 8.375 1 0.004 0.369 0.188-0.725
ERF increased -0.184 0.287 0.408 1 0.523 0.832 0.474-1.462
Diaphragm atrophy -0.684 0.384 3.177 1 0.075 0.505 0.238-1.071
Quadriceps muscle atrophy 0.121 0.259 0.219 1 0.640 1.129 0.679-1.876
EDI/ERF ratioi ncreased -0.952 0.345 7.618 1 0.006 0.386 0.196-0.759
Tdi/Q-MT ratio increased -0.353 0.402 0.771 1 0.380 0.702 0.319-1.545

EDi: echogenicity of diaphragm; ERF': echogenicity of rectus femoris; Tdi: thickness of diaphragm; Q-MT: quadriceps muscle layer thickness.
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