PRGN B BE S 2025 4F 7 H 45 37 45 71 Chin Crit Care Med, July 2025, Vol.37, No.7 * 657 -

U I X HR T A I i LS BE R A 114
R LR AR VA

AR R KRR MET Ba®k’

'REEAKRFEERSREIF, RiE 300052;° REEAXFEERLFH, RE 300052
koS BRI R T 5 AP E S B Kb 8 SN, K E 300032

W@AZVE A« # 21 %, Email : zhaihongyannihao2009@126.com

EE] BrY NAHENUESEEA B CT 43 Hr B0 M IE AR B A S5 I8 LD BE R At 2 3 A 1% 2 Kl
REFIE, 73k SRARTBEMEBAIIIFFT 5k , 4% 20234F 6 1 2 0 F R LRI K24 BB Be O 1M B SRR A 1422
ZDWEIE H i FAR A N BB VE AT G o3 B AR fiidede RIGHE24 b RJF 7 d ST IRFFIEHUE =
FrAs I SR AUES 3 (DE) | IRIUEEE (DT), F i ARG IE (DTE); 43 5 F AR RS 2EA T IS CT Kt
FE A S AGEIN 2 XU R AL TOT A 2 Bl B0 et (g TS IR U= 28 (DEF ) AREARIR. 7 d B & A IR
FEfs (DE<1 em ) BB 70 WIS /0 BT PR AL B R e A A, 5 LU 21 - B AR AR SR S5 I R B8
Bl R IRZL 67 Bl 2 U MELE TP IT M FAR BB BT, H 24l FAR GRS 24 h ZANRIWITIBE RS 5
ARJG 7 A5 19 B % AL IBHIBHRERAT (AT 28.4%)5 48 Flok &R RERAS: (&5 71.6%)] NEHLE A o,
SR Re it Fe g, IR RE RG24 R FARRD o DE VDI Y78 AS AR 1 ey A2 (TR R o oy d 2,
ARJF 7 d R4 5% X DE(em): K06 +0.77 [ 1.5940%63,DTF: 19.3% (14.8%,21.1%) It 21.3%(18.3%,
26.1%),34 P<<0.05 ) 5 ML AR ] & DT R TeG0 i 2E X | ARIRALEIAE 1545 50U DE J2 DTF Y4B
[ ZE 5L 50 R R E THE a3, R g 7 d KIZZEARHT 1 d KPs JBHLRERRAS 4 XU DE & DTF ¥k W45 i a4l
KA, ARRT 1 d PIGLLE NN DE 22 RS 2ER X ARG 24 h IR TS 7 d, iBNILED A RERs2H M
F 7500 DE 34 5 228 T A M Cem : RIGIRAY 24h 5 0.93+0.72 B 1.45+0.70, RJ5 7 d N 1.06=0.77 11, 1.70+0.92,
¥ P<0.05), RN DT K DTF 28 57 Todti |27 8 3o M CT /g s , 67 BliE & A 40 il( 5 61.2% ) KRG &4
MBS, 26 B (1 38.8% ) A B2 N UEG & ; 2R ] K 20 P9 XUNI DEF 22 5 840 20 S IR PR R
SRR AL RERERGLE Lo A, R LD R el 2o 2 ARG s Bl (s kst e B ARt Je AR L i 4 L (51 5 e
(L) : 36.8%(7/19) L 10.4%( 5/48 ), ISk 5 s : 15.8% (3/19 YL 2.19%( 1/48), it 4R, : 52.6% (10/19) Lt
25.0% (12/48), i % + 73.7% (14/19)\. 45.8% (22/48) 7441 P<0.05 ), HUIE A A1 FRE 4 B (1CU) 1 Bt
A 5K [ HLAGE AR E] (h): 47.0(38.0,73.0) B 24.5(20.0,48.0), 1ICU AE BT [l (K): 69.0(65.0, 117.5) It 60.0(42.3,
90.6), ) P<0.05 ). £5i® OMEIE A IS IR RE R % AL R e, HRHR a8 A S IR e R 10
— PRI, WS K B B AR B KT A4 DAZE OSSR aR R 22 5.0 S B sl | i 3l ik s A
I A 9 S e A s MBS AU 18] B €U A e s [ 4

[&#A)  IRUDhReRER 5, CIRERTTA ;. WIEsIE ; IRIUEES .  ECT

BEETH : P EPREEEAC R 4 288 T O N5 2205 DA L 4 (2022-N-01-18) FE I IR
LR H (2023283)

DOI : 10.3760/cma.j.cn121430-20250¥16-00062

Imaging and clinical features of diaphragm dysfunction after cardiac sternotomy
Zhu Xinyuan', Wu Dawei', Zhang Hao', Lin Chen’, Zhai Hongyan’
'"Department of Cardiac and Vascular Surgery, General Hospital of Tianjin Medical University, Tianjin 300052, China;
*Department of Ultrasound, General Hospital of Tianjin Medical University, Tianjin 300052, China
Zhu Xinyuan is working on the Department of Cardiac and Vascular Surgery, Tianjin Fifth Central Hospital, Tianjin
300032, China
Corresponding author: Zhai Hongyan, Email: zhaihongyannihao2009@126.com

[Abstract] Objective To analyze the imaging and clinical features of diaphragm dysfunction in patients who
underwent selective cardiac sternotomy with diaphragm ulirasound and chest CT. Methods A prospective cohort study
was conducted. The patients undergoing selective cardiac sternotomy in the cardiac and vascular surgery department
of Tianjin Medical University General Hospital from June to September 2023 were enrolled. Bedside ultrasound was
performed on the day before surgery, within 24 hours of extubation, and on the 7th day after surgery to measure diaphragm
excursion (DE) and diaphragm thickness (DT), and to calculate the diaphragm thickening fraction (DTF). The distance from
the diaphragm's apex to the thorax's apex in the chest CT scout view was measured before and after the operation, and the
diaphragm elevating fraction (DEF) was calculated. Patients were divided into two groups based on whether diaphragm
dysfunction (DE < 1 ¢m) occurred on the 7th day after surgery. The change patterns of imaging indicators were analyzed
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in both groups. The clinical data of both groups before, during, and after surgery were compared. Results In total,
67 patients who underwent cardiac sternotomy were enrolled. Among them, 24 patients developed diaphragm
dysfunction within 24 hours after extubation; on the 7th day after surgery, 19 patients (28.4%) still exhibited diaphragm
dysfunction, while 48 patients (71.6%) did not. Ultrasonic examination of the diaphragm revealed that, compared with the
non-diaphragm dysfunction group, patients in the diaphragm dysfunction group exhibited varying degrees of decrease in
DE and DTF before and after surgery, with a more significant decrease on the left side, and the differences were statistically
significant on the 7th day after surgery [DE (cm): 1.06 +0.77 vs. 1.59+0.63, DTF: 19.3% (14.8%, 21.1%) vs. 21.3%
(18.3%, 26.1%), both P < 0.05]. There was no statistically significant difference in DT between the two groups at each time
point. Changes in bilateral DE and DTF revealed that the non-diaphragm dysfunction group experienced early transient
postoperative weakening of diaphragm function, followed by rapid recovery to the preoperative level on the 7th day after
surgery, unlike the diaphragm dysfunction group. There were no significant differences between bilateral DE in the two
groups on the day before surgery, and the left DE was significantly lower than the right DE within 24 hours after extubation
and on the 7th day after surgery in the diaphragm dysfunction group (cm: 0.93 +0.72 vs. 1.45 +0.70 within 24 hours after
extubation, 1.06 = 0.77 vs. 1.70 £ 0.92 on the 7th day after surgery, both P < 0.05) but no significant difference was found
in bilateral DT or DTF. The chest CT scan showed that, the incideneesof postoperative diaphragm elevation was 61.2%
(41/67), and 38.8% (26/67) did not, while no statistically significant difference in'DEF was found between the two groups,
nor within each group on both sides. Analysis of the elinical datarshowed a higher proportion of atrial fibrillation and
pulmonary hypertension before surgery [atrial fibrillation: 36.8% (7/19)-vs. 10.4% (5/48), pulmonary hypertension: 15.8%
(3/19) vs. 2.1% (1/48), both P < 0.05], a higherlincidenée of high-flow oxygenation andprieumonia. during surgery [high-flow
oxygenation: 52.6% (10/19) vs. 25.0% (12/48), pneumonia:73.7% (14/19) vs. 45.8%,(22/48), both P.< 0.05], and a longer
duration of mechanical ventilation and length of intensive care unit(ICU)stay [duration of mechanical ventilation (hours):
47.0 (38.0, 73.0) vs. 24.5 (20.0, 48.0), length ofICU stay (hotirs): 69.0(65.05,117.5) vs:.60.0 (42.3, 90.6), both\P < 0.05] in the
diaphragm dysfunction group as ¢omparedayith'those in/the non-diaphragm dysfunction group. «~Conclusions. There was a
high incidence of diaphragm dysfunction after cardia¢’ sternotomy, which'refleciéd the early transient postoperative weakening
of diaphragm function, followed by rapid recovéry to the preoperativedevelin most patients, predominantly on the lefi side.
Diaphragm dysfunction, which was associated with atrial fibrillation and pulmonary hypertension significantly increased
the incidence of postoperative pneumonia and prolonged the duration of mechanical ventilation and length of ICU stay.

[Key words] Diaphragm dysfunction; | Cardiac sternotomy; ' Diaphragm excursion; Diaphragm thickening
fraction; Chest CT
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