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Ultrasound diagnosis for weaning critically ill patients from mechanical ventilator and

ultrasonographic assessment of mediastinal displacement

FENG Xiang, WANG Guangying, LI Changqing
Department of Critical Care Medicine, Baogang Hospital of Inner Mongolia, Baotou 014010, China

Abstract: Objective To analyze the effects of ultrasound diagnosis for ventilator weaning and mediastinal displacement assessment
in critically ill patients undergoing mechanical ventilation. Methods A total of 96 critically ill patients who underwent mechanical
ventilation for over 48 h and spontaneous breathing trial were enrolled in the study. Several indexes such as rapid shallow breath
index (RSBI), diaphragm thickening fraction (DTF), diaphragm contraction velocity and maximal right diaphragmatic excursion
(DE) of SBT were detected by ultrasound at different time points. The patients were divided into weaning success group and
weaning failure group according to weaning results. The differences in the above indexes were compared between two groups.
Meanwhile, receiver operating characteristic (ROC) curve was used to evaluate the predictive value of each index and their
combination for weaning success at SBT 30 min. Results There were 62 cases of weaning success and 34 cases of weaning failure,
with a weaning failure rate of 35.42%. At SBT 30 min, RSBI and diaphragm contraction velocity in weaning success group were
lower than those in weaning failure group, while DTF and DE were higher than those in weaning failure group, with statistical
significance (P<0.05). Logistic regression analysis found that the increases of RSBI and diaphragm contraction velocity and the
decreases of DTF and DE were the independent risk factors for weaning failure (P<0.05). The results of ROC curves showed that
the Cutoff values of RSBI, DTF, diaphragm contraction velocity and DE for predicting weaning failure were 74.19 times/min-L"',
35.37%, 1.74 cm/s and 1.61 mm, respectively. The areas under the ROC curve (AUC) of the 4 indexes for predicting weaning failure
were 0.798, 0.809, 0.774 and 0.870, respectively, while the AUC of their combination was 0.951, significantly higher than that
of each index (P<0.05). Conclusion Ultrasound can not only monitor mediastinal displacement by RSBI, DTF, diaphragm
contraction velocity and DE, but also well predict weaning results. Moreover, the diagnostic effect of the combination of RSBI,
DTF, diaphragm contraction velocity and DE is better.
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Tab.1 Comparison of ultrasound indexes of spontaneous breathing trial at different points in two groups (Mean+SD)
RSBI/#X *min! L DTF/% AR LIS 46 3 B fom s ™! DE/mm
21 531] n
Omin 5 min 30 min Omin  5Smin 30 min 0 min 5 min 30 min 0 min 5 min 30 min
HHLAL 60.14+ 60.67+ 63.94= 5637+ 58.25+ 63.42+
62 1.41£0.27 1.52+0.35 1.64+0.48 1.04+0.23 1.58+0.31 1.86+0.34
i 9.27 11.35 18.25 2327 25.19 31.08
EiGIPS 60.42+ 66.83+ 80.07+  56.82+ 51.64+ 23.73+
34 1.424+0.29 1.83+0.41 2.07+0.71 0.99+0.18 1.28+0.29 1.37+0.21
2 9.59 1841 20.71 19.67 2341 6.71
i 0.138 1.868 3.832 0.097 1.260 8.185 0.165 3.771 3.520 1.123 4.634 8.040
P 0.891 0.065 0.000 0.923 0.211  0.000 0.869 0.000 0.001 0.265 0.000 0.000
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Tab.2 Logistic regression analysis between different indexes and

weaning failure

At Bfi SE Walsx2 ORfH 95%CI P
RSBI 026 0.074 6592 1209 1.05~1.40 0.011
DTF -0.09 0.031 843 091 0.86~0.97 0.004
JENMCE R 0.14  0.042  11.11 115 1.05~1.25 0.000
DE -0.06 0017 1246 094 0.91~0.97 0.000

33 i

2l R 7 | AT AGE A D i R A B I
HEBH H IR BE 1E 5 B, N2 3805 % R B pL
B SZHE , R ARG AR ) 6 2% P (] Bk ke £ BB <5 |
KW FERAES AR R 1 LI KA, X R
H YR 1 AR R R BRI W T R AR
2  AELITIZ JUL9E 55 2 7 | S SRR S A AR AR Ji R
O L 55 25 5 R 3 B R BRI . RSBI A JEied
A I R i FH 4 22 1 S oML 85 SR i dR A 2 — L (H
SR, AR R R B . Aol sk
T SBT AS[A] fsf 1] 45 5 RSBI 1Y A8 fb 4% 4, % 2R bifi &
SBT HY#E47 , RSBI 23 Tt iy , 1HL2 Hh BRI L 2K e 4 )
() £ RSBL S+ 711 , IR 42 78 RSBI S 4AL 2 2
A A, ROC 45 5 275 RSBI=74.19 YK /min-L"' 7] fig
LRG3k 5 A AR5 — 3, B RSBL 52
S — R W A B8 A

18 LA A — e o 2 1) P 12 L, 3 3 3 A e UL 2y
RETOMRDLES SR e — A B AR TR . BTG
PRE T X FE LR AR CT S W12
2, o R 55 75 R I BE A% 0 B L SR TR s
SEE R, e DR A FH {100, R 7 e % A 1)
B2 AR TIRNUS B AR 22 S 80k, it
FIIFH DTF FIR AL 4 38 B 1EAN TR LS RE B Ry b2 &

T[] i LA B K A2 #% DE 2 — AN 0 2 % 45
PRt ASHIEGE A A 7 W SBT 0.5, 30 min Fif
DTF & LI 46 58 F DE (92846 55 00, % BBt % SBT
(AT, B WL 446 1 B A1 DE X432 35 71 , (B 2 L
IR I R LS 4 o B S i HL DE AR fb i
FERE /N, [ DTF 2355, ML) 35 DTF i
FTE ML I 2 DTF 538 PR 53 45278 24 i
WURBEAS BB, AT SRLA AR R LR I, v] g Ji A
2 5 LR BT 70 A 5 1 JULSIC B 70 ff =22 [) 2 £, 51 kS
R LI 57 , B R P R e ™ R LA 4 3ok P S T
i, DTF 53 T B, DE A AR08 2 /I, B2 iR PP i iy
.,

Sy ite— L5 UE DTF @ VU4 3 52 F1 DE 3X 3 ~45
o XS HROL 2 T i 0 401 , TR AT TR Logistic 819 1
ROC /MM T IR HR A TN R4 BE , 45 5 B 3 46 b
PSR M & A A O, AR 2 DTF<35.37%.
JE LA 46 3 B >1.74 cm/s \DE<1.61 mm I , $2 71 H %
A BEOPL R . AT AW ST IESE , DTF BEf% B 50 /AR 3
152 571 fif 5 W W JUL 22 ] £ P-4 56 2R, B g e R AR
R M A i PR 5 1 A P 9 DA R T R UL s 4 3R
DE A 728 14 B 57 10 b A B8 1 R LR o [l sk
LTI A 12 B R A% b 25 i i U DL R iy AUC,
X O 5 RIS W ) I A AR 22 E 2 38 2 6 iR
WL RE B 255 40 BT, RE A5 b 25 4 v X JROPL &5 SR 1 73
DAL

g LTI AR 2 W R L) B A G sk
R AT, REE EDULVER S B L) g , RSBL.DTF . Jif
JUMSC 453 35 J3 R DE $8 45 35 BE A% FH 00145 J=) 1 ]
4 RSBI>74.19 ¥X/min-L" . DTF<35.37% . JIf LI 4 i
J#>1.74 cm/s \DE<1.61 mm A} 75 B2 2 15 L 2 I i
Ko

(&% sCik]

[1] ZHANG Z H, GU W J, CHEN K, et al. Mechanical ventilation during



- 306 -

N e

6 37%:

(2]

extracorporeal membrane oxygenation in patients with acute severe
respiratory failure [J]. Can Respir J, 2017. DOI: 10.1155/2017/
1783857.

GADRE S K, DUGGAL A, MIRELES-CABODEVILA E, et al. Acute
respiratory failure requiring mechanical ventilation in severe chronic
obstructive pulmonary disease (COPD)[J]. Medicine, 2018, 97(17):
97(17): e0487.

FARGHALY S, AHASAN A, DEPARTMENT C, et al. Diaphragm
ultrasound as a new method to predict extubation outcome in
mechanically ventilated patients[J]. Chinese Nursing Management,
2017,30(1): 37-43.

SCHEIBE N, SOSNOWSKI N, PINKHASIK A, et al. Sonographic
evaluation of diaphragmatic dysfunction in COPD patients[J]. Int J
Chron Obstruct Pulmon Dis, 2015, 10: 1925-1930.

SMARGIASSI A, INCHINGOLO R, TAGLIABOSCHI L, et al.
Ultrasonographic assessment of the diaphragm in chronic obstructive
pulmonary disease patients: relationships with pulmonary function and
the influence of body composition: a pilot study[J]. Respiration, 2014,
87(5): 364-371.

PAEH, AR A, R, . IR F TR ALRGE AL R A
[J]. 2 EA K 5 F4R, 2016, 51(5): 673-677.

HU S J, ZHOU S S, WU D, et al. The predicting value of diaphragm
ultrasound for wearing [TJ]. Acta Universitatis Medicinalis Anhui,
2016, 51(5): 673-677.

HEUNKS L M, HOEVEN J G. Clinical review: the ABC of weaning
failure: a structured approach[ J]. Crit Care, 2010, 14(6): 245.
SPADARO S, GRASSO S, MAURI T, et al. Can diaphragmatic
ultrasonography performed during the T-tube trial predict weaning
failure? The role of diaphragmatic rapid shallow breathing index[J].
Crit Care, 2016, 20(1): 305-316.

e, R WeE, AT AR, 5L oL S A xPI F A R A
WL B e TR ML T ], 7 &R B, 2016, 37(13): 1963-1968.

SANG L, LIU X Q, HE W Q, et al. The predictive value of breathing
variability for weaning outcome in patients with chronic obstructive
pulmonary diseases[J]. Guangdong Medical Journal, 2016, 37(13):
1963-1968.

[10] FERRARI G, DE FILIPPI G, ELIA F, et al. Diaphragm ultrasound as
a new index of discontinuation from mechanical ventilation[J]. Crit
Ultrasound J, 2014, 6(1): 8-12.

(1] R4, 3, 3R, . EaAF P g 5 £ A SR %8
SRS e E R[], b A B 2 &, 2015, 95(47): 3843-3847.
ZHAO H, WANG X T, LIU D W, et al. Effects of critical ultrasonic
management of Peking Union Medical College Hospital on the
etiological diagnosis of patients with acute respiratory failure[J].
Chinese Medical Journal, 2015, 95(47): 3843-3847.

[12] sRifim, kb, RAE, 5 IGILAL B 35 AR T AURAE 28 F Hithu s R

TR AR5 [T, #T B 3, 2018, 40(9): 919-923.
ZHANG H X, GONG S J, SONG J, et al. Diaphragmatic
ultrasonography in predicting outcome of ventilator weaning in
patients with mechanical ventilation[J]. Zhejiang Medical Journal,
2018, 40(9): 919-923.

[13] DRES M, DUBE B P, MAYAUX J, et al. Coexistence and impact of
limb muscle and diaphragm weakness at time of liberation from
mechanical ventilation in medical ICU patients[J 1.AmJ Respir Crit
Care Med, 2017, 195(1): 57-66.

[14] 7M3%, Lk, F ik, 5 . A 5 JBNE B 52T TR LA A & R AURE A
B AR TR MAELT]. F B E R A E 5, 2017, 29(7):
619-623.

SUN Q, SHAN F, DONG H, et al. Predictive value of ultrasonic
diaphragm thickening fraction on successful weaning for patients with
myasthenia gravis crisis[ J]. Chinese Critical Care Medicine, 2017, 29
(7): 619-623.

(%m3F S5 7 )



