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[ Abstract] Objective To investigate the occurrence of diaphragmatic dysfunction in patients with cardiac insufficiency after acute
Stanford type A aortic dissection( ATAAD) and its impact on ventilator weaning. Methods In this prospective study,43 ATAAD patients
with cardiac insufficiency ( left ventricular ejection fraction < 55% ) who were admitted to Nanjing First Hospital from January 2019 to
September 2021 underwent Sun’ s surgery were enrolled. Diaphragmatic thickening fraction( DTF) and diaphragmatic mobility were measured
by bedside ultrasound. According to DTF ,the patients were divided into normal diaphragmatic function group and diaphragmatic dysfunction
group. The baseline data,surgical indicators and clinical prognostic indicators related to mechanical ventilation were observed and compared
between the two groups. Results A total of 43 ATAAD patients were included in the study, including 29 patients with diaphragmatic
dysfunction(DTF < 20% ) , the incidence was 67. 4% (29/43). Compared with normal diaphragm function group, the mean DTF of
diaphragmatic dysfunction group was significantly lower than normal group(P <0.001) ,and calm end-expiratory mobility and the maximum
end-expiratory mobility were both significantly lower than normal group( P <0.001). There was no statistical difference in the left ventricular
ejection fraction and the application of positive inotropic drugs between the two groups. Compared with normal diaphragm function group, the
time to aorta occlusion( P =0.001) and the time to cardiopulmonary bypass( P =0.002) were longer,but there was no significant difference
in the operation time between the two groups. The duration of mechanical ventilation was longer in the diaphragmatic dysfunction group than in
the normal group( P <0.001). The ICU length of stay in the diaphragmatic dysfunction group was also longer than that in normal diaphragm
function group ( P = 0. 011 ). There was no statistical difference between the two groups in the proportion of non-invasive ventilation,

reintubation and tracheotomy after extubation. Conclusion Diaphragmatic dysfunction is common in patients with left cardiac insufficiency
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after acute Stanford type A aortic dissection,and it is related to the duration of mechanical ventilation and the ICU length of stay. It is simple

and feasible to evaluate diaphragmatic function by ultrasound,and it plays a predictive and guiding role in postoperative ventilator weaning.

[ Key words] Diaphragm;Acute Stanford type A aortic dissection ; Ultrasound

2% Stanford A I F= Bk JZ (acute Stanford type
A aortic dissection, ATAAD) 2 Ilfi & _F —Fh 4% A IX] & )
O MBI, BRI T AR B BRI S BT AR 46
I KA Wk 2D, 2R ATAAD J835 Bl T ARIISE T3
A5k 25% 11 TR N ORI L A8 AL IR R
PR RO | e il A0 B i AR A 22 TR
FTi BAR P GARIR AT 6 20 3 B 55, o 38 AR 5 SR &
W 2R GEAT DT A 185 &, DT 5 S5OHL AW I [i] A2 4
RIS PRIXE T AR JUL 2 B R 6 7T R A2 0 A i 78 43 TA IR
O HE RN Z — o IR WL BE B A5 76 .0 I 2R
AJFH I, RN 10% ~T5% ) AT H 1 1E
T IR UL A PEAL DL ATAAD RJ5G 352208
REAS 42 0 J8 & v IR JULZh RE B e ) & AR 1 00, DA R IR DL
THREXS A R HLBE 2
1 #REHRE
L1 FRMK

K FHRTHEPERF T, 12 2019 41 1 —2021 429 H
NAT P 5t BE R A4 i et B2 B EE B “E BT PN G
TFAREARG G I 220 I REA 4 [ 20 % 5 1 53 %5 (left
ventricular ejection fraction, LVEF) < 55% ] i) ATAAD
B GAAFRUE: (1) HyC R 75 AT S LR 2 555
M2 ATAAD; (2) 448 18 ~65 % {K 50 ~
100 kg;(3)35% < LVEF <55% , HEEEFRE: (1) 53
Ko OB R B AR AT AE7E O E 28 5 (2) )™ 3 Il 3 51
I BERG R BRI 2 E IR (=01 pg-
kg™t -d ™) HERFIL 5 (3) BEAE A FE12 o BH 2 2 fiti
o I it S A PRI R SRR 5 (4) AR AE M
W vy I8 A I AILBRGE TSR 5 (5) B3R (6) ™
JHE SRERE A5 (7) BRAEA #i 2 LA B 5 5 (8) & JF
R AE e S Bl ke )2 3 BOE BEGR I, & IR ERREE . A

WFRAT G AR P2 2K, 28 F R R R 2% [ i e ot
B2 B (e i 22 Dy 234t o (f& P 4 %5 KY20180713-02) , iy
AIBYT AL BRAS B 5B F S E R ) =

L2 #HRAFE

BEARSE A ICU J5 R AT M 37l X
BT HUHOE S, FE P B (BRI TR ) B H ARy
BB E R 80% ~ 120% , MRS K 1F [ ( positive end-
expiratory pressure, PEEP) 5 6 ~10 em H,0, ff B &
AR O 1 T L RE TR 58 TR B4 2 IS B3R 4 h PEA
B H PR EE T, TERENE T iR SR, LUK S5
7N 5E R LT BEAH G A B < 7R PP WAL IS ) Sl R
LT, B LK 8 ~10 em H,0,PEEP 5 ~6 cm
H,0 BT, RELEFFIFIRAR <30 YR/ min, ) it >
6 mL/kg, HICHFI R XER I, RELESF 30 min LA |,
1.3 FRALTHRENE /7%

KM GE VIVID [ i #5208 (4 2235 82 13, Br
A 21 Bk 30 A EML, Hy W] — 7 U A
B SR HAE BE TR (AR BRI 2 5 B i IR
BIHHR)

H AR AIMA 4.0 ~16.0 MHz UL MRk, & T
AR 255 8 ~ 10 [l 18] Bt -5 JRCRIT £ 52 L, 3 1T
B 7R O X O JULAE O 2 s ZE D b i X380 IS
JUVERAL) o R P I 30 S 0 R L, 00
R 2 1) ) B DA R ULV S CAn ] 1) o S A
FAHIRR SR S R )R JUL B e R R e S5 4 B JULJRE B,
A BCF I TR UL R ( diaphragmatic
thickening fraction,DTF) = (Fx KRS KB - SEE I
SRR /- H RIS EE . B DTF =20% 5& LA I
WIEHREIE R, AR REIE 7 2H s DTF <20% 5& X
MWL REREAT , 0 AR L) R et 4

B1 RINEENNERRNEINENNE



DI IER 2022 427 A543 57 M Adv Cardiovasc Dis , July 2022, Vol. 43, No. 7 - 659 -

FATIRILRS Sl (AM) A A (4n &1 1)« fff F A A
2.0 ~5.0 MHz ™ FERSk , BTG5 A MBTE ek
3 SR AR I IR T, A B2 =70 © ()t 5 A8 AR 45 1 32
AR ZHERECT 4R 3 T 00 R R UL, £ T MBS,
R RARLAE BT R UL, 00 AR JULI2 Sl i 2, i MY
A LRI o U852 1l - H 0P 0, AISH IFI6 9
AT B AR LIE S BT, IF TS B S A
FIFEL TR HI R A 22 (L (AM) , T4 =0 O RI(E N
R AR S . U8 2l TR, AR Rk
PR KBTI R RN IR LRSSl
1.4 IR RIS
L4 1 BFEHEARNER

PRI L AR 8 B R 5T i 45 X (body mass index,
BMI) | Wi o 1L 48 T+ AR & B N 3 3 23 ( European
Cardiac ~ Operative  Risk  Evalution,
EuroSCORE) | 2 14 £ B 27 % 48 P 4 e R 00 37 A0 I
(Acute Physiology And Chronic Health Evaluation II,
APACHE 1) ¥-4p R A B SERE R 1R O, BH AR JF A
AEICU LI REFEAR : N A 3 I3 84 I Hij {4 ( N-terminal
pro-brain natriuretic peptide , NT-proBNP) 7K LVEF #
PN 259 RIS O

System  for

PRI AR T B RWAUR R BE (DTF P I
W 3 B R IR RS Bl B
144 GR35 7 F 0PI 55 08 I ) T IR S R5 1 0 K&
KA AT

PEEP Zffik il — Ak 73 e (PaCo, ) A& 15 %K
(Pa0,/Fi0,) .
1.4.5  FZimKREERTEbR

ARG B ARGE B (8] 75 0BRGP
SERE ATEDIIPAR AE ICU WA AE ICU )5
FEZFUE B s
L5 SFitFEHZE

K SPSS 22. 0 it B A T B R g it o i o IF
DO AT VOR A + bR 22 3R0R , 2 AR A R
FHA ST FEAS o R 50 5 THECFER AR [ n (% ) ] 30K, 4
] BRI R O K 3 B Fisher 5 HAHER 2, P <0.05

NAE G
2 #X

2.1 BEWIRKZERRERFMEXT
PWAMFTINRFAR ARG EIH LD 2

) ATAAD 853 43 {5 (FCrp 550 31 3], £tk 12 1))

A4 AE Iy (45. 05 = 10. 47 ) %, BMI (24. 23 = 4.52)

1.4.2  FARMEXM kg/m’*, R B8 I EuroSCORE - 43 (5. 30 + 1. 42) 43,
TR ] A SMIE PRI 8] | 3 2l Bk BEL T 1 ] 145 APACHEIL ¥ 43 (13. 42 = 2. 53) 43, LVEF (48. 02 +
PHERAS ] 4.29) % ;&5 s 34 41, 5 3500 5 ], 5 512 Al
1.4.3  BEMIBILIIREN & BRI 6 i, W1,
F1 BHEMERSE . GKRIERRFRHEXBIRLR
AF ik BE(n=43) JI% LT BB 1E 5 41 (n=14) R L) g 15 21 (n=29) P
e ) % 45.05+10.47 44.00+10.12 45.55+10.78 0.654
eI 1 %) 31/12 10/4 21/8 1.000
BMI/ (kg-m™) 24.23+4.52 23.71x4.11 24.48+4.75 0.607
EuroSCORE 143/ 4% 5.30+1.42 5.07+1.33 5.41+1.48 0.466
APACHE I1 ¥4y / 4% 13.42+2.53 12.79+2.94 13.72+2.30 0.259
PRI / [n(%)] 6(14.0) 1(7.1) 5(17.2) 0.670
#5 1LE / [1(%)] 34(79.1) 11(78.6) 23(79.3) 1.000
S0/ [0(%)] 5(11.6) 2(14.3) 3(10.3) 1.000
PEEP/cm H,0 8.63+2.23 8.36+1.87 8.76+2.40 0.586
Pa0,/Fi0,/mm Hg 190.56+40.42 195.50+42.94 188.17+39.70 0.584
PaCO,/mm Hg 36.98+5.19 37.07+5.33 36.93+5.21 0.935
NT-proBNP/(ng- 1) 1 968.8+2 795.0 1 389.9+802.2 2 248.2+3 342.2 0.352
LVEF/% 48.02+4.29 49.14+3.76 47.48+4.49 0.239
EFHIEE LTI 259 / [n(%)] 33(76.7) 10(71.4) 23(79.3) 0.851
FARE ] /b 6.82+0.87 6.57+1.06 6.94+0.75 0.203
MRAIMIE PRI 8] / min 186.16+27.45 168.57+22.65 194.66+25.74 0.002
=5 3l Bk BELIRT ] 18] / min 111.53+20.46 97.29+12.50 118.41+20.12 0.001




- 660 -

O R 2F R 2022 4E 7 HEE 43 BT Adv Cardiovasc Dis, July 2022, Vol. 43, No. 7

2.2 fRALgEBAENERR

JITA 43 {91 838 R 5 IR L BE Bl P 44 S 3 O
FEAS MU REREAT I A€ , He V- 32 - 5 09 SOR iR LS S
(1.96 £0.20) mm, P KIS AR BIUEE (2.36 +
0.27) mm; -4 DTF #(20.55 £6.38) % , H:4 DTF <
20% (AL RE R AT £ ) 29 9], DTF =20% ( fifa L2 g
B 14 ], R HILI RE it A2 - 67.4% o H

>N

FBelt PRGERE AT HE AL 65 P 5] | 4F 1% . BMI, EuroSCORE
73 APACHE Il #¥-53 \LVEF HIRE BERERE S Y17 D0 , P4
ZIRIPTGE 25, WA 1 A Z e s LT 25 L )
REFEAR , UL 2, IR LD RERE TG 2 F- 2 DTF W1/ T IE
WAL(P <0.001) , i@ UL e e fick 21 P WP I 5% 8 138 I
RIFIRAS B/ N T IEF 41 (P <0.001)

®2 RAESEINEEERILE

S TR REIEH 4l (n =14) TR RERE IR (n =29) PH

SIS R SR/ mm 2.01£0.19 1.93 £0.20 0.248

BRI A JEE /mm 2.56 +0.22 2.26 £0.24 <0.001

DTF/% 27.93 £6.25 16.98 =1.56 <0.001

S IEIE RS B EE/ em 1.89 +0.42 1.40 £0.38 <0.001

VEIEIE RS 212/ em 4.49£0.72 3.35£0.71 <0.001
2.3 IlgRIERREFARISIRIEE A ICH B2, WLk 1.

WL FE ARG LVEF Kb PEL 1 259 i 1 F %
Y g 222 55 SR NLTIRE IE #4140 He, IR Lo s
FErs2H 3 3h Bk RH W Asf1a) [ (118, 41 +20. 12) min vs
(97.29 = 12.50) min, P = 0. 001 ] & 1A 4} 415G 3£ i 7]
[ (194.66 +25.74) min vs(168.57 +22.65) min, P =
0.002 |, 22 SF A G248 3, MW 4l =z [\ (1) F-

2.4 FEIRKLERLILER

A JUL A R P B 2L A9 ML BRI N 1] 482 1 2 A
(P <0.001), HAE ICU B [a) %5 LD RE 1E 413 <
(P <0.05) , BA G422 5 5 L JC G Blod =AY
FOABI) | P B A A 0 BB DL R AT R VTR B B
B, A Z B3 Jogeit o2 5. WAk 3.

®3 FERKRERLE

A TR BEIEH 4 (n =14) TR RERR AT (n =29) P1H
A B HLGE 5 7]/ h 59.79 £8.70 80.90 +21.65 <0.001
LG T T B/ [n(% ) ] 4(28.6) 11(37.9) 0.793
PR/ [n(%) ] 2(14.3) 5(17.2) 1.000
SYITIAR [n(% ) ] 2(14.3) 5(17.2) 1.000
£ 1CU ffA]/d 4.94 +£2.01 8.07 +4.18 0.011

3 itig

AWFFE AL LI PR 55 75 I € ATAAD 5 AR5
TRV RS e DR, & B rb 32 3 ok BHL U8 i ] B 1A Mg
A )-S5 A T R UL BE A2 47 18 A A e 35 AH G i 5
A 69.7% i) ATAAD & IF 2L UIEA BB ARG
BT IR RE A, 558 UL BE I A B AT L
AR WL RE BRI 1 8 & A5 A BB GE T[] L 1ICU
R TR] R HE £

MESMRRA 5 e A 1) R L2 BE B Ak 45 /0 i i PR
P SETE, AT K BRI RE I B2 T RE 5
MR O, A A T AR A O A PN kv T T E
PR MR TR Ve E0 A v i M 2 LR B o AR,
— BRI FE R BT 7K1 JEAE 40 D D 3~ N 2ok 1A 48 AL
IWEECAE R LD B e 0 2 e PR B DR X T B
PROME R A rp 7 A R T P S B0 2 8 ke 14
TR S X . FIl, Moury %57 B IEARGE , 1
WO HETF AR S DTF [ R BE 5 SN SR F T AR+

PARFLE I 8] J8IE o Bk 2 83 IR WL BE
T RIS H RTRGE 0 ATAAD i & R R R i # 5
SRS A AT Il B B DA E 5 Tl i, ik
HEA 5T KA 98 PR R] e - BUIR L) BE 1545 1 A 2 o
EBKRZFARPED T8ROSR R
S [E] AR SMIGER AL A , 7EASBIF ST P WL 1A UL 20 R B
ek 2L 2 B4 S 2 0 I BEL DB R ] % AR S0 37 )
[A] RIS, 327 ] RE -5 IR LD RE AT ) 7 AR A

FOAE B S A IR L) RE B 1) A fi K T
FEHUAGE MM REAE MO FE A2, 10 IR L2 fE 5 £ 11
BRI 8 3R] 2 T BOHUARE I ] HE 4 AL
G A T HEI ST o ARSI FH PR 55
PRI WL REREA T A , AR T 1% G2 i) i JILEh BE DA
T3 VRN LA 22 500 3 A I s I JULAL R ] 45, G
Sy —FRIAE OB 22 4x |l B K R] i S LA B4 A
JULTHREIN 5 J7 125 , BE % WL Sz ke fis JUL F) 76 26 2 i JUL#
ST 81 = B S < S 1 71 i e 7 SO A e = T



DI IER 2022 427 A543 57 M Adv Cardiovasc Dis , July 2022, Vol. 43, No. 7

- 661 -

SRS RS T B R UL R A
H HAT I SORNR IR BE AT AR IE 3, R W IR L
I 1 AR ZE A , S iR ILICAE ) T B T AR UE 2522 19
AR, AT HEBR LA O I WL BE 852, PO LR
3 AR S IR LS RE R A 3 A IR L 4, 30 58
HARE Mg — B, Fe IR D AT B 5 ik 75 0 o g
LS RE MR ARALL , 3= 2l kg J2= iy B 0 B DL 4 B R
E SN I SUIRTE T Dy 3, IR U A IS P 5 5 A
FHBEAS:, (o B UL OX G iy 24 45 3 5 A e, DA B5IE
SR TR

TEAIFTE 25 S v m] DL g UL 2 R e 15 428 5 L AR
A T B (E A AR AROL AR U T U A A AT
SEVIFAR I 05 15 W AL, X — 45 2R T hE
L5l RBRAR AT 00+ U AR O . B B AT 5T
R E A R RE A 220 U BEAS 4, SR AR
Peva e , o Je o R HR PE 25 7 Fy BTGB Bl <R
I7 s FLU, BT REAT T IR LS RE S £, X T B L)
RERRLATH0 8 2, S 301 40 7 M) T IR L 20 Bk A F) 4 i
AL AE AU =Y TR] P T B T2 S RE R, B
WNEFR VB IR M 20T, SO S 0 o R 0 0 | i
S T AR S R S5 A N 2R 4E

ABRFEAATAE — & 1 JR BRI - (1) 1R R B =
S EAR G HLINMEL % 4 T3 I 72 D IREA 2
I/ B P ERP I I8 2R A R B R, s I R
AROFFALIAA T G I 720 REA 2 ) ATAAD 5%,
ABESCWEFT AT ATAAD B85 K 5 3 3k 1Y) ik L2 BE 1S
Do (2) IO T P DAl 8 IR L Eh RE M, B A ) 0
A — A FAE BRI S R, BTG 1 3835 A 0 A A L
THRE , T AR JUL 2 RE Rt £ 1T RE & Ak T SR 00 s XU, [5] ate
ARES MRS R (3) BEHLAE T ] JfE 1CU
IR PR RE S, 8 0 S8 3 e A T IR e P SRR e, g K e
BEAE Y A ] e 2 5 i iR LS RE S AR L iy A, AS B
TR RN EAWAT . S EE R — LY
NS eI TEIS ALDSEN I TS RPN
e

£ LI, IR LD RE B 5 72 ATAAD AR J5 49 72
o IIREAN G 1 SR P R Ak, L5 URRGE U ]
£ 1CU maJAHSE , AR 55 8 A PP I 28 /35 e L
e R A T, I EXA S SHOLRA B R 45 S e

(3]

(4]

(6]

(7]

(9]

[10]

[11]

[12]

[16]

& ¥ 3

Pape LA, Awais M, Woznicki EM. Presentation , diagnosis, and outcomes of acute
aortic dissection: seventeen-year trends from the international registry of acute
aortic dissection[ J].J Vasc Surg,2016,63(2) :552-553.
Erbel R, Aboyans V,Boileau C, et al. 2014 ESC Guidelines on the diagnosis and
treatment of aortic diseases ; document covering acute and chronic aortic diseases
of the thoracic and abdominal aorta of the adult. The task force for the diagnosis
and treatment of aortic diseases of the European Society of Cardiology ( ESC)
[J]. Eur Heart J,2014,35(41) :2873-2926.
Aguirre V], Sinha P, Zimmet A, et al. Phrenic nerve injury during cardiac
surgery : mechanisms , management and prevention[ J |. Heart Lung Circ,2013,22
(11) :895-902.
Lerolle N, Guérot E, Dimassi S, et al. Ultrasonographic diagnostic criterion for
severe diaphragmatic dysfunction after cardiac surgery [ J]. Chest, 2009, 135
(2) :401407.
Tang H, Shrager JB. The signaling network resulting in ventilator-induced
diaphragm dysfunction[ J]. Am J Respir Cell Mol Biol,2018,59(4) :417-427.
Zakkar M, Guida G, Suleiman MS, et al. Cardiopulmonary bypass and oxidative
stress[ J]. Oxid Med Cell Longev,2015,2015:189863.
Moury PH, Cuisinier A, Durand M, et al. Diaphragm thickening in cardiac
surgery :a perioperative prospective ultrasound study[ J]. Ann Intensive Care,
2019,9(1) :50.
Nagareddy P,Smyth SS. Inflammation and thrombosis in cardiovascular disease
[J]. Curr Opin Hematol ,2013,20(5) :457-463.
Petrof BJ. Diaphragm weakness in the critically ill basic mechanisms reveal
therapeutic opportunities| J]. Chest,2018,154(6) :1395-1403.
Dres M, Dubé BP,Mayaux J, et al. Coexistence and impact of limb muscle and
diaphragm weakness at time of liberation from mechanical ventilation in medical
intensive care unit patients[ J]. Am J Respir Crit Care Med,2017,195(1):
57-66.
Zambon M, Greco M, Bocchino S, et al. Assessment of diaphragmatic dysfunction
in the critically ill patient with ultrasound: a systematic review [ J ]. Intensive
Care Med,2017,43(1) ;29-38.
Lee JB, Tse C, Keowm T, et al. Evaluation of a point of care ultrasound
curriculum for Indonesian physicians taught by first-year medical students[ J].
World J Emerg Med,2017,8(4) :281-286.
Rooney KP, Lahham S, Lahham S, et al. Pre-hospital assessment with ultrasound
in emergencies: implementation in the field[J]. World J Emerg Med,2016,7
(2):117-123.
Kim WY, Lim CM. Ventilator-induced diaphragmatic dysfunction: diagnosis and
role of pharmacological agents[ J]. Respir Care,2017,62(11) ;1485-1491.
I, AT, SEDE, A B I A B E S KR ARG R IL RN 4
R SER R B BUG B [T ]. e 2ip R ek, 2018,27(8)
887-892.
Maes K, Stamiris A, Thomas D, et al. Effects of controlled mechanical ventilation
on sepsis-induced diaphragm dysfunction in rats[J]. Crit Care Med,2014,42
(12) :€772-e782.

MAS B #7.2022-01-13



