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Application of electrical impedance tomography-guided bundled
respiratory rehabilitation in severe patients undergoing
invasive mechanical ventilation
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[ Abstract] Objective To investigate the effects of electrical impedance tomography (EIT) -guided
bundled respiratory rehabilitation on the duration of mechanical ventilation and prognosis in mechanically
ventilated patients. Methods A total of 144 severe patients who underwent invasive mechanical
ventilation in the Department of Respiratory and Critical Care Medicine, Shanghai Public Health Clinical
Center from May 2023 to Feb 2025 were recruited via convenience sampling. Patients were allocated to
either a control group (n=72) , receiving routine respiratory rehabilitation, or an experimental group (7=
72) , receiving an EIT-guided bundled respiratory rehabilitation program. Outcome measures included
duration of mechanical ventilation, arterial partial pressure of oxygen (PaO,) , oxygenation index (OI) ,
clinical pulmonary infection score (CPIS) , Lovett muscle strength classification, ICU length of stay

(LOS) and hospital LOS. Results Sixty-five patients in the experimental group and 62 patients in the
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control group completed the study. The duration of mechanical ventilation was 223.0 (157.0, 285.5) h in
the experimental group and 261.0 (168.8, 361.8) h in the control group, with the difference being
statistically significant (P<C0.05). The experimental group demonstrated significantly higher PaO,and OT,
and better Lovett muscle strength classification (all P<C0.05). Conversely, the experimental group had
significantly lower CPIS and ICU LOS (all P<C0.05). However, there was no significant difference in
hospital LOS between the two groups. Conclusion EIT-guided bundled respiratory rehabilitation
effectively reduced the duration of mechanical ventilation, improved oxygenation status and muscle
strength grade, and shortened the ICU stay in mechanically ventilated patients. However, it did not
significantly affect the overall hospital length of stay.

[Key words] mechanical ventilation; electrical impedance tomography (EIT); pulmonary rehabilitation;
airway clearance
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Flow diagram of EIT-guided bundled respiratory rehabilitation for mechanically ventilated patients
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A: The EIT image with the patient lying flat at 30° shows poor ventilation in the right upper lung, with ROI 1=17% ,ROI2=10%,ROI 3 =

31%, and ROI 4=37%. B: After changing the patient’ s position,

the EIT image showed no significant change. Following endotracheal

suctioning, the ventilation signal in ROT 2 increased, with ROT 1=17% ,ROI2=16% ,ROI3=26% ,and ROl 4=37%.
2 FEYMEBESEESREREEEIT B

Fig2 EIT images of mechanically ventilated patients before and after airway clearance
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A:EIT image during the patient’s quiet inspiration. B: EIT image during the patient’s deep inspiration, showing an expansion of the light blue

area with a trend toward more balanced distribution.
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Fig 3 EIT images of mechanically ventilated patients during respiratory control training
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Fig4 Flow diagram of the study design
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Tab 1 Comparison of baseline characteristics of patients between the two groups [T +s, M(P,,, P,,)orn( %) ]

Age (y) 68 (56.0, 78.0) 69 (55.0, 77.3) —-0.056 0.956
Male 49(75.4) 51 (82.3) 0.896 0.344
BMI(Kg/m?) 20.1 (17.9, 25.6) 21.3 (17.9, 24.1) —-0.188 0.851
APACHE-II 17 (16.0, 21.0) 17 (15.0, 21.0) —0.422 0.673
Temperature (°C) 37.1+0.5 36.9%0.4 11,953 0.053
Heart rate(beats/min) 85 (72.5, 92.0) 84 (74.8, 95.3) —0.760 0.447
Respiratory rate (breath/min) 17.6+ 1.3 17.8+ 1.6 —0.681 0.497
SpO, (%) 98.3+ 1.3 98.1+t 1.4 0.625 0.533
Mean arterial pressure (mmHg) 78 (75.5, 87.0) 78 (75.8, 87.3) —0.358 0.720
pH 7.3(7.2,7.3) 7.3(7.2,7.3) —0.058 0.954
PaCO, (mmHg) 45.3 (41.5, 52.1) 45.8 (43.8, 51.2) —-0.391 0.696
Lactic acid (mmol/L) 1.8 (1.3, 3.2) 1.8 (1.3, 3.4) —0.142 0.887
FiO, (%) 53.2+5.0 542+ 4.2 —1.284 0.202
PEEP (cmH,0) 6.0+0.8 5.8+0.7 1.158 0.249
Pre-intervention MV duration (h) 38.0 (29.0, 47.0) 36.0 (28.0, 43.3) —-0.923 0.356
Actual ICU rehabilitation days received (within 14 days) 11.0 (9.0, 14.0) 12.0 (10.0, 14.0) —1.856 0.063
Primary cause of admission

Pneumonia 18 (27.7) 19 (30.7)

Acute respiratory distress syndrome (ARDS) 10 (15.4) 7 (11.3)

Obstructive lung diseases (COPD) 9(13.9) 10 (16.1)

Pulmonary tuberculosis 9(13.9) 8 (12.9) 2.036 0.958

Septic shock 7 (10.8) 6 (9.7)

Surgery 6(9.2) 6 (9.7)

Asthma 4(6.2) 2(3.1)

Others 2(2.9) 4(6.5)

FEERERIEE KA B E ILGE S
itk 223.0 (157.0, 285.5) h, & T XF B4 19 261.0
(168.8, 361.8) h, 22 5 A 48 it 2% & X (Z=-2.552,
P=0.011).

RELERIERIEE T HETPHE & TE PaO,,

A G TR E CPIS P4 K UL T 43 90 07 T 1 26 5 ¥ o 4
P . TG, R AW PaO, A & 15 F L

F1 0 ¥ T IR AL, i CPIS WEAM I T % BB 4, 22
SWH Gt L (P<<0.05, % 2. % 3), A,k
¥ 20 HH 1Y TICU AE B ik a) 9 13.0 (10.5, 16.2) K,
T XA 14.8 (1.7, 19.) K, ZRA G %E
M (Z=-2.820,P=0.005), KT, 75 S B s 18] J 1
I LLN 19.0 (17.0, 23.0) K, X BEL18 20.8 (17.4,
25.5) K, 2R G2 L (Z=-1.888,P=0.059),

x2 WHERASHLR

Tab 2 Comparison of oxygenation parameters between the two groups

[M(Py;, Ps5) ]

Experimental group (n=65)  103.68 (93.59, 114.36)

Control group (n=62) 103.53 (94.81, 114.31)
YA —0.178

P 0.858

113.95 (99.65, 125.59)"

121.95 (106.75, 138.80)'"  194.00 (181.00, 202.50)  329.00 (294.00, 353.00)"

193.00 (179.00, 198.25)  301.00 (281.50, 323.00)"

—2.501 —0.601 —2.709

0.548 0.007

‘Y5, Before intervention in this group, P<C0.05.
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Tab 3 Comparison of CPIS and muscle strength between the two groups

[M(P,,, P,,)]

Experimental group (72=65) 7.0 (5.0, 9.0) 1.0 (1.0, 2.0)V 1.0 (0.0, 2.0) 3.0 (2.0, 3.0)""
Control group (n=62) 7.0 (5.0, 8.0) 2.0 (1.0, 4.0)'" 1.0 (1.0, 2.0) 2.0 (2.0, 3.0)"
V/ -1.170 -2.115 -0.059 —2.340
P 0.242 0.034 0.953 0.019

V5. Before intervention in this group, P<C0.05.
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