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[ Abstract ]| Objective To explore the clinical value of skeletal muscle ultrasound gray scale (GS) values and muscle

thickness (TH) in the quantitative diagnosis and post-discharge functional status evaluation of patients with intensive care
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unit-acquired weakness (ICU-AW). Methods A total of 99 ICU patients from Shanghai Fourth People’s Hospital Affiliated
to Tongji University were enrolled. According to the Medical Research Council scale (MRC-ss), patients were assigned to ICU-
AW group (n=52) or non-ICU-AW group (n=47). MRC-ss scoring and ultrasonography were performed on days 1, 3, and
7 after ICU admission, respectively, and the GS and TH of the bilateral biceps brachii and rectus femoris were measured. The
diagnostic performance of GS and TH for ICU-AW was evaluated using receiver operating characteristic (ROC) curve analysis.
Additionally, the Barthel index (BI) at 3 months after discharge was used to evaluate the relationship of GS and TH with post-
discharge functional status. Results In the ICU-AW group, both GS and TH values progressively declined with the duration of
ICU stay. By day 7, GS values of both the biceps brachii and rectus femoris were significantly lower in the ICU-AW group than
in the non-ICU-AW group (both £<<0.001). Rectus femoris TH was also significantly reduced (P<<0.01), while no significant
difference was observed in biceps brachii TH between the 2 groups (>0.05). Pearson correlation analysis indicated that biceps
brachii GS, rectus femoris GS, and rectus femoris TH were positively correlated with MRC-ss scores (all £<<0.05). ROC curve
analysis showed that the area under curve (AUC) values of biceps brachii GS and rectus femoris GS for diagnosing ICU-AW were
0.782 and 0.761, respectively, which were superior to the diagnostic performance of biceps brachii TH (AUC=0.566) and rectus
femoris TH (AUC=0.711). When biceps brachii GS and rectus femoris GS were combined, the diagnostic AUC improved to 0.896.
After the patients were grouped by the ROC cutoff values for diagnosing ICU-AW, BI scores were lower in the low-GS groups
of both biceps brachii and rectus femoris, though the differences were not significant (both >0.05). No significant difference
in BI scores was found between the high and low biceps brachii TH groups (P>0.05), whereas the low rectus femoris TH group
had significantly lower BI scores than the high rectus femoris TH group (P<<0.01). Conclusion GS and TH measurements of
the biceps brachii and rectus femoris may serve as quantitative ultrasound indicators for ICU-AW assessment. GS shows better
diagnostic performance than TH, and the combined use of biceps brachii GS and rectus femoris GS further improves the diagnostic
performance for ICU-AW. Rectus femoris TH also provides a useful reference for evaluating post-discharge functional status.
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Fig1 Transverse two-dimensional ultrasound images
showing the maximum thickness of the biceps brachii
and rectus femoris muscles in ICU patients
Red vertical lines indicate the measurement of maximum

muscle thickness. ICU: Intensive care unit.
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Tab 1 Comparison of general information between 2 groups of patients

Group ICU-AW N=52 Non-ICU-AW N=47 Statistic P value
Agelyear, x s 61.67+£11.47 63.91+14.41 t=0.998 0.320
Male, n (%) 28 (53.85) 25(53.19) 7 =0.004 0.952
ICU length of stay/d, x+s 10.10£1.29 9.49+1.35 1=2.289 0.024

ICU-AW: Intensive care unit-acquired weakness.
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Fig 2 Ultrasonographic changes in biceps brachii and rectus femoris muscles during ICU hospitalization in ICU-AW patients

A-C: Ultrasonographic images of the biceps brachii muscle on days 1 (A), 3 (B), and 7 (C) of ICU admission in ICU-AW patients;
D-F: Ultrasonographic images of the rectus femoris muscle on days 1 (D), 3 (E), and 7 (F) of ICU admission in ICU-AW patients.

ICU-AW: Intensive care unit-acquired weakness; ICU: Intensive care unit.

*2 MABEAREESWNMERI GS X TH HERER

Tab 2 Comparison of mean GS and TH of bilateral skeletal muscles at different time points between 2 groups of patients

x*s

Index ICU-AW n=52 Non-ICU-AW n=47 t value P value

Bilateral biceps brachii GS on day 1 106.10432.52 108.58+30.84 0.505 0.669
Bilateral biceps brachii GS on day 3 98.04+22.71" 103.42+19.12 1.519 0.132
Bilateral biceps brachii GS on day 7 77.67+14377°% 88.81+5.517"" 4.759 <0.001
Bilateral rectus femoris GS on day 1 121.90+36.66 113.92+23.57 1.283 0.203
Bilateral rectus femoris GS on day 3 95.08+17.26" 99.26+13.09" 1.350 0.180
Bilateral rectus femoris GS on day 7 66.36+19.08"4% 82.72412.04™44 5.042 <0.001
Bilateral biceps brachii TH on day 1/cm 2.854+0.21 2.8440.18 0.112 0911
Bilateral biceps brachii TH on day 3/cm 2.50+0.36 2.71+0.68 1.912 0.059
Bilateral biceps brachii TH on day 7/cm 2424051 2.51+0.29" 0.921 0.359
Bilateral rectus femoris TH on day 1/cm 3.23+0.32 3.07%0.60 1.702 0.092
Bilateral rectus femoris TH on day 3/cm 2.804+0.55" 2.9540.44 1.269 0.207
Bilateral rectus femoris TH on day 7/cm 233404677 2.63+0.52"" 2.956 0.004

"P<<0.05, "P<C0.01 vs day 1 for the same index within the same group; “P<<0.05, ““P<C0.01 vs day 3 for the same index

within the same group. GS: Gray scale; TH: Thickness; ICU-AW: Intensive care unit-acquired weakness.

®3 WHEH MRC-ss & BI B LR
Tab 3 Comparison of MRC-ss and BI scores between 2 groups of patients

xts
Index ICU-AW n=52 Non-ICU-AW n=47 t value P value
MRC-ss on day 1 50.87+8.66 52.38+5.13 1.139 0.258
MRC-ss on day 3 47.15+5.77 50.27+6.76 1.523 0.131
MRC-ss on day 7 39.25+3.70 50.15+3.45 8.527 <0.001
BI 3 months after discharge 48.10+8.78 55.98+12.53 3.653 <<0.001

MRC-ss: Medical Research Council scale; BI: Barthel index; ICU-AW: Intensive care unit-acquired weakness.
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0.2} — Biceps brachii TH (AUC=0.566)
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B3 HEFRZSETHN ICU-AW B ROC 4k
Fig3 ROC curves for diagnostic prediction of ICU-AW

using various indicators
" A logistic regression model incorporating biceps brachii GS
and rectus femoris GS. ICU-AW: Intensive care unit-acquired
weakness; ROC: Receiver operating characteristic; GS: Gray

scale; AUC: Area under curve; TH: Thickness.
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