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Assessment of diaphragmatic contractile function using ultrasonography in patients with ischemic stroke
and unilateral limb weakness
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[Abstract]  Objective To investigate the diaphragmatic function in patients with cerebral ischemic
stroke (CIS) complicated by unilateral limb weakness. Methods A total of 50 CIS patients with left-sided
cerebrovascular lesions treated in Hebei General Hospital from March 2023 to March 2025 were selected. Based on the
assessment of bilateral limbs using the Brunnstrom stages of motor recovery, the patients were subdivided into two
subgroups, CIS with weakened muscle strength subgroup (n=33) and CIS with normal muscle strength
subgroup (n=17) , and 20 healthy physical examinees were selected as the control group. Ultrasound was used to
measure diaphragm displacement during quiet breathing (DD) and deep breathing (DD max) , as well as diaphragm
thickness at end-expiration (DTee) , end-inspiration during quiet breathing (DTei) , and end-inspiration during deep
breathing (DTei max). The diaphragm thickening fraction during quiet breathing (DTF) and deep breathing (DTF

max) were calculated accordingly. The diaphragmatic contractile reserve was assessed using the following formulas:
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DD reserve=DD max—DD, DTei reserve=DTei max—DTei, DTF reserve value=DTF max—DTF. The
diagnostic efficacy was evaluated using receiver operating characteristic (ROC) curve and the area under ROC
curve (AUC). Results For quiet breathing, the DD in CIS with weakened muscle strength subgroup was lower than
that in the CIS with normal muscle strength subgroup, and the DD, DTei and DTF were lower than those in the
control group (P<<0.05). The DTei and DTF of the CIS with normal muscle strength subgroup were lower than those
in the control group (P<<0.05). For deep breathing, the DD max, DTei max, DTF max, DD reserve and DTF
reserve in the CIS with weakened muscle strength subgroup were lower than those in the CIS with normal muscle
strength subgroup and those in the control group (P<<0.05) ; the DTei max and DTF max in the CIS with normal
muscle strength subgroup were lower than those in the control group (P<<0.05). The ROC curve showed that the
AUC values of DTF max and DTF reserve were >0.9, the sensitivity were 76.47% and 82.35% respectively, and
the specificity were 100.00% and 96.97% , respectively. The AUC values of DD, DD max, DTei max, and DD were

between 0.7—0.9, and the AUC values of DTee, DTei, and DTF were <0.7. Conclusion Ultrasound is valuable

for assessing diaphragmatic function in CIS patients with weakened muscle strength, and the use of deep breathing to

focus on diaphragmatic reserve contractile function is of greater significance.
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Figure 1 Measurement of diaphragmatic ultrasound parameters

1.3 SEiteEJrik N SPSS 21. 0 48 i #4423 i
Bl A ESSANITTEREL (72 £,
FORCR ST AR AS (A 9 . BRI U5 2290 . LSD-
ek, THETER DL (U0 FRon, BCR Y
K55 12 W p (8 R 2 i TAEHEAE Creceiver
operating characteristic, ROC) €& & h £& F mi
1 (area under the curve, AUC)., P<0.05 857
At rE L.

2 % ES

2.1 34— ARLE  CIS WL Uk 55 7 41 W W 4

K T CISHUIE® WA A R, 25 H 5%
H Y (P<0.05), CISHLJyIE R 20 Foxt B4 22 (7]
WP A0 % 2% S R i 3 L (P>0.05); 341
Bl AR REREER TSI E L (P>
0.05), W#EI1.

2.2 241NW WU S 48 A th g 7 R A X L,
CIS Uy 55 .44 DDA T CIS L IE# W4, H
DD, DDTei, DTF #{K T X M40, 225 A5t
B X (P<0.05; CIS AL J1IE % W 41 DDTei,
DTF ¥ FX 4, ZRA%I¥2E XL (P<
0.05); wRIBALEF 595 22 5 LG IFF=E L (P>



¢ 258 -

e BE R OR % % R

HATE H3I3W

®1 SEH—BHEMER
Tablel Comparison of baseline data among the three groups
P B, 260 I op E 1 1 2%

45 e B L 4 (f;rs%ﬁ ) ﬁi;iﬁ)ﬁ( (ii\‘%ﬁ@iin)
CIS L 9855 7. 41 33 21(63.6) 12(36.4) 61.45+10.69 26.28+3.75 18.70+2.08"
CIS L3 1E % .41 17 8(47.1) 9(52.9) 56.65+14.01 26.22+3.28 17.00+2.78"
papiisei:| 20 7(35.0) 13(65.0) 58.85+11.03 25.3843.56 16.754+2.10

/FAH 4.260 1.003 0.430 5.712

PiE 0.119 0.372 0.652 0.005

*PAH<0.05 5% 4] o
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Table 2 Comparison of ultrasound parameters during quiet breathing among the three groups

(z+s)
4151 1511 %k DD(mm) DTee(mm) DTei(mm) DTF(%)
CIS ML J7 93 55 W 40 33 12.62+3.24" 1.69+0.35 1.97+0.42" 16.70+7.69"
CIS LI IE % 4 17 15.35+£3.25 1.6640.25 2.00+0.33" 20.4245.97"
X HE 20 20 14.98+3.58 1.774+0.22 2.2740.36 28.2849.66
F1H 5.042 0.732 4.222 13.262
P 0.009 0.485 0.019 <0.001
*P{E<0. 055X f41 b4 £PfH<0.055 CIS LT IE# W41 L4 (LSD- 4 56
£3 2ARMSEPEBEIEIRLE
Table 3 Comparison of ultrasound parameters during deep breathing among the three groups
(z+s)
219 1% DD max(mm) DTei max(mm) DTF max( %) DD fiff £ {6 (mm) DTF f#i 4516 (%)
CIS L7 9855 7. 41 33 38.81+12.517 2.4140.517 43.62+19.057 26.194+12.287 26.92+414.087
CIS L7 1E % .41 17 54.924+13.70 3.10+0.63" 86.99+25.08" 39.58+13.91 66.57+26.37
popliskik 20 53.934+11.82 3.6240.55 106.71432.67 38.95+10.67 78.43+34.97
Fii 13.317 31.397 43.521 9.878 31.519
P{H <0.001 <0.001 <0.001 <0.001 <0.001

*PAH<0.05 5% B4 i
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Table 4 ROC curves of various ultrasound parameters

LD WA U (%) S E (%) P{A AUC 95%CI
DD(mm) 15.20 52.94 81.82 0.017 0.708 0.555~0.861
DTee(mm) 1.61 70.59 51.52 0.814 0.520 0.345~0.696
DTeiCmm) 1.88 70.59 0.430 0.569 0.397~0.740
DTF(%) 16.72 88.24 63.64 0.042 0.677 0.526~0.828
DD max(mm) 41.05 94.12 60.61 <0.001 0.811 0.695~0.927
DTei max(mm) 2.99 70.59 84.85 <<0.001 0.808 0.670~0.947
DTF max( %) 76.32 76.47 100.00 <0.001 0.923 0.826~1.000
DD fi# £ {5 (mm) 31.30 70.59 75.76 0.002 0.768 0.634~0.902
DTF i & 1H (%) 51.94 82.35 96.97 <0.001 0.913 0.800~1.000
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Figure 2 ROC curves analysis
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