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Comparison of different diaphragmatic ultrasound functional indices
in predicting pulmonary complications after abdominal surgery
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Abstract: Objective To compare different diaphragmatic ultrasound functional indices, diaphragmatic excursion dur-

ing quiet breathing ( DE-QB) , diaphragmatic excursion during deep breathing ( DE-DB), thickening fraction of dia-
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total of 154 patients scheduled for elective laparoscopic abdominal surgery under general anesthesia were selected.

phragm (TFdi), in predicting postoperative pulmonary complications (PPCs) after abdominal surgery. Methods

DE-QB, DE-DB, and TFdi were measured by bedside ultrasound before and 24 hours after surgery. Postoperative
pulmonary complications were recorded for 7 days. Patients were divided into two groups according to the occurrence of
pulmonary complications: the pulmonary complications group (PPCs group, n=48) and the non-pulmonary complica-
tions group (n-PPCs group, n=106). The differences in diaphragm function indices between the two groups were com-
pared, and those with significant differences were selected to plot ROC curves. The ROC curves were compared to
assess the predictive value of three ultrasound diaphragmatic functional indices for postoperative pulmonary complica-
tions after abdominal surgery. A predictive model for postoperative pulmonary complications was created using Lasso
Logistic regression analysis and compared with individual diaphragmatic functional indices. Results The differences in
preoperative DE-QB, DE-DB, and TFdi between the two groups were not statistically significant ( P>0.05). However,
the postoperative DE-QB, DE-DB, and TFdi in the PPCs group were lower than those in the n-PPCs group, with statis-
tically significant differences ( P<0.001). The areas under the ROC curve (AUC) for postoperative DE-QB, DE-DB,
and TFdi were 0.780, 0.779, and 0.713, respectively, with no significant differences. Patients were divided into high-
risk PPCs and low-risk PPCs groups according to the optimal cut-off value of the ROC curves of the three functional
indices. When patients were differentiated by postoperative DE-QB ( optimal cut-off value of 0.93 cm) , the incidence of
pulmonary complications differed between the high-risk and the low-risk groups (14.1% vs. 61.8%, P<0.001) ; when
patients were differentiated by postoperative DE-DB (optimal cut-off value of 2.41 cm) , there was a difference in the
incidence of pulmonary complications between the high-risk and the low-risk groups (13.3% vs. 56.3%, P<0.001) ;
when patients were differentiated by postoperative TFdi (optimal cut-off value of 0.23), there was a difference in the
incidence of pulmonary complications between the high-risk and the low-risk groups (16.5% vs. 52.4% , P<0.001). By
Lasso Logistic regression analysis, the final risk factors included in the prediction model were age, smoking history,
duration of surgery, DE-QB (postoperative) , and DE-DB ( postoperative ) , and the Lasso Logistic regression model
(AUC=0.851) outperformed any single index of diaphragm function. Conclusion The DE-QB, DE-DB and TFdi
measured at 24h post-operatively alone can predict the occurrence of post-operative pulmonary complications ( PPCs) to
some extent when used individually , however the measurement of diaphragmatic excursion ( DE) provided better predic-
tive value for PPCs than TFdi. The predictive model established by Lasso Logistic regression can better predict the inci-
dence of PPCs than any single diaphragm function index.
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Figure 1

DE measurement method, vertical distance between wave crest and trough

A; quiet-breathing; B deep-breathing.
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Figure 2 Measurement methods for diaphragm thickness and
thickening fraction( 1, 3, 5 represent end-expiratory
diaphragm thickness; 2, 4, 6 represent end-inspira-
tory diaphragm thickness)
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Ye(51%), i A 3K (36. 7%) Fl 2 1k W 0 5 o
(16.3%) %, /™ & & & °& Clavien-Dindo 43 £%'""



A2 My, S5 AN ) IR JUBR 75 T BEFE AR LI BT T i &8 I S A v iy 5000 11 (. 119

I~ %%, PIALEHE T ARFAL L5 BMI,ASA 7
PARFIMELE F RRT 22 57 04

FE X (P>0.05) , B4 WO TFARES R RS A B
A 18] 22 528 G 1277 L(P<0.05) , W3k 1,

R PALBRE—BE O UL

Table 1 Comparison of the general conditions of patients in the two groups

ST 1 PPCs #1(n=48) n-PPCs 2 (n=106) t/Z/x P
TR/ (%) 7.002 0.064
S RE g AR 18(37.5) 23(21.7)
ERZI]ZN 8(16.7) 13(12.3)
ZEBAR 19(39.6) 52(49.1)
HoAh 3(6.3) 18(17.0)
P/ n( %) 0.581 0.446
5 24(50.0) 46(43.4)
& 24(50.0) 60(56.6)
W/ % 64(53, 77) 52(41, 60) -2.988 0.003
BMI 23.5+3.7 23.1%3.5 -0.583 0.561
ASA 73%%/n( %) 5.944 0.051
I % 3(6.3) 23(21.7)
% 31(64.6) 61(57.5)
Mm% 14(29.2) 22(20.8)
ML E/ (g/L) 117(107, 131) 126(117, 134) -1.918 0.055
MM/ (g/L) 39.6+4.6 40.5+3.9 1.351 0.179
W /(% ) 24(50.0) 31(29.2) 6.199° 0.013
T AR} 8]/ min 255(193, 328) 195(115, 255) -3.742 <0.001
P NEYER TN V| 11(9, 15) 8(7, 11) -5.884 <0.001
2 1fi &/ mL 125(50, 300) 200(100, 375) -0.492 0.063
PPCs 25%8Y/n( %)
SPGB 8(16.7) — — —
it 30 e e 25(52.0) — — —
Jie s AR 33(68.7) — — —
i Ak 18(37.5) — — —
R AE R 3(6.3) — — —

22 TWAHABEAFRERAIIEEIEIRIEE

P42 4 R DE-QB \DE-DB | TFdi % 5 G4t
i12# 3 X (P>0.05) ,PPCs 1R )5 DE-QB ,DE-DB
TFdi {6 # 1K F n-PPCs 41, 2 S A GilE 2 L

(P<0.05) ;4H 8] be %8, P40 3 R J5 24 h DE-QB
DE-DB \ TFd ¥H KRR TR, 25 A ST m L (P<
0.001), W2,

2 MHREAFIRILRESE bR AL

Table 2 Comparison of different indicators of diaphragm function between the two groups of patients

AH AJm
AR
DE-QB/cm DE-DB/cm DE-QB/cm DE-DB/cm TFdi

n-PPCs 21 1.61(1.32, 1.94) 4.95(4.20, 6.22) 0.93(0.67, 1.91) 1.36(1.10, 1.73) 3.39(2.36, 4.35) 0.36(0.20, 0.58)
PPCs 4 1.47(1.19, 1.82) 4.65(3.52, 5.92) 0.97(0.65, 1.35) 0.80(0.70, 2.23) 1.82(1.21, 2.51) 0.17(0.11, 0.32)

P 0.057 0.135 0.95

<0.001 <0.001 <0.001

2.3 AERAINEEIEIR T REMEHFLZE ROC H
&Ko
AJi DE-QB .DE-DB TFdi ¥4# PPCs Iif, ROC
2 B A4 B 43 514 :0.93 cm . 2.41 ¢cm ,0.23, AUC
4394 :0.780(95% CI. 0.706~0.843) . 0.779(95%
CI: 0.705~0.842) .0.713(95%CI: 0.635~0.783)

3 FPIEALYIRETE A% ROC MIZE Y AUC #2740
TR X (P>0.05)
2.4 PPCs 5 AHF PPCs {R X AH PPCs £ 4
LB
33 AR5 DE-QB .DE-DB #1 TFdi 1) ROC £k
T AEFUE 53 0K B35 7 4 PPCs = KUES: 4 Fl1 PPCs
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X 4H , LR J5 DE-QB X 43 i, PPCs & XU 2H
(ARJ5 DE-QB <0.93 cm) fili # I & 4E & £\ T
PPCs fRXU%:41 ( R J5 DE-QB>0.93 cm) , 2 5% A 4t
ER L (P<0.05) , LAARJG DE-DB X 43}, PPCs
XS 4H (AR5 DE-DB<2.41 cm) filiv I & & A=

FiE T PPCs R4 (R J5 DE-DB>2.41 cm) , 2%
SAEG ¥ E X (P<0.05), L TR (ARJ5) X4
i, PPCs 15 XU 4H (R J5 TFRdi<0.23) il I KA &
A& E T PPCs IR 41 (R )5 TFdi>0.23) , 2% H
Giit# i L (P<0.05) , L3 3,

# 3 PPCs i KUK FIMIRXUBG 2 PPCs %/ 3 LAY/ n( %)
Table 3 Comparison of the incidence of PPCs between high-risk and low-risk groups for PPCs/n( %)

et H K Rl 1% PPCs/n( %) X’ P
A J5 DE-QB PPCs A& XU 4 >0.93 cm 99 14(14.1)

PPCs 5 U 41 <0.93 cm 55 34(61.8) 37.461 <0.001
A J5 DE-DB PPCs LR 41 >2.41 cm 90 12(13.3)

PPCs 5 KUK 41 <2.41 cm 64 36(56.2) 32.111 <0.001
AJ5 TFdi PPCs IR 20 >0.23 91 15(16.4)

PPCs 25 KU 41 <0.23 63 33(52.5) 22.361 <0.001

2.5 3 FERALINBEIEFRIE K IES T
MR W, R DE-QB 5 R J5 DE-DB
(r,=0.733,P<0.001) R /5 DE-QB 5 R 5 TFdi
A

A JGDE-DB/cm
(] —_ N w2 I W (@)} |

15
AJEDE-QB/cm

3.5

C 20
18
1.6
1.4
12
1.0
0.8}
0.6
0.4t
02+t

AJFTFdi

(r,=0.437,P<0.001) , R J5 DE-QB 5 KR J5 TFdi
(r,=0.575,P<0.001) L IEAIE, WK 3,

2.0
1.8 . o

16 *
14}
12}
1.0
0.8
0.6
0.4
021

AJSTFdi

15
AJEDE-QB/cm

1.0

A JEDE-QB/cm

3 3 PRI RESR AR OG0 Hr

A:RJ5 DE-QB 5 DE-DB #56PE44#7;B . RJ5 DE-QB 5 TFdi 5615471 ; C. RJ5 DE-DB 5 TRdi M54,
Figure 3 Correlation analysis of three diaphragm function indicators
A Correlation analysis between postoperative DE-QB and postoperative DE-DB; B Correlation analysis between postop-
erative DE-QB and postoperative TFdi; C: Correlation analysis between postoperative DE-DB and postoperative TFdi.

2.6 Lassco-logistic [O] Y375 4= & g #432

HR A5 LR 2R A3 T 00 20 0 10 1 A AR sl TR
i iE R J5 DE-QB, AR J5 DE-DB fl RJ5 TFdi 7¢
PPCs 2 Fll n-PPCs 4l Z 0] 22 5 A7 G it B X (P<
0.05) . BLA FAR 4N A Lassco R348 3] [0l 5 5 #2
9 Logit P=1.611+0.046 x4E#% (%) +1.153x W 4

+0.003 x F AW A (min) - 1.760 x & J5 DE-QB
-0.411xAJ5 DE-DB, VWLl 4.5, i 10 #1538 L5
UEIEAS 2 TN R E 66 R 0.79 , Kappa fH R 0.49,
HAPAERS WA S FIAR S DE-QB 2 12245 7Y 5 S 1]
RZE, WK 6, 3T ik Lassco-logistic T3 il 5 7l |
AUC 4 0.851(95%CI:0.784~0.903) , VL& 7,
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Figure 4 Log(\) value and model error (lambda.min; the
value of A when the model error is the smallest;
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