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Abstract

Objective: Patients with severe pneumonia receiving invasive mechanical ventilation are a priority
population for perioperative respiratory management. Standardized criteria for determining the op-
timal timing of airway secretion clearance are lacking. This study evaluated the associations of peak
inspiratory pressure (PIP), peripheral oxygen saturation (Sp0.), and breath-sound characteristics
with sputum mass, aiming to identify practical indicators for suction timing. Methods: A prospective
observational study was conducted, including 10 patients with severe pneumonia who were on inva-
sive mechanical ventilation. The type of respiratory sounds, the increase in airway peak pressure, the
decrease in blood oxygen saturation, and the amount of sputum were recorded before each suctioning
procedure. Pearson/Spearman correlation analysis and restricted cubic spline plots were used to
evaluate the associations between each indicator and sputum mass. Results: Data from 50 suctioning
events were analyzed. Sputum mass per event ranged from 1.10 to 8.90 g (median 3.35 g; IQR 2.60 g;
mean 3.71 * 1.84 g). Breath-sound characteristics showed the strongest positive correlation with spu-
tum mass (r = 0.840, P < 0.0001), with abnormal breath sounds reflecting greater secretion burden.
APIP was also strongly and positively correlated with sputum mass (r = 0.774, P < 0.0001) and demon-
strated a significant nonlinear relationship. By contrast, ASpO, exhibited a weaker correlation (r =
0.423, P = 0.0022). Conclusion: Respiratory sound characteristics are good indicators for determining
the optimal timing of artificial airway secretion clearance. By real-time monitoring of changes in res-
piratory sound characteristics, it is possible to achieve precise early warning of the optimal timing for
airway secretion clearance.
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Table 1. Distribution characteristics of clinical indicators for airway secretion clearance

F# 1. AEISESERIEAIER 2 5T

ION:1 B/MA HALAE SFIME IQR b2 Hor
R (9) 8.90 1.10 3.35 3.71 2.60 1.84
PIP Z{&(cmH20) 11.00 0.00 1.50 2.28 2.00 2.58
SpO2 ZE{H (%) 3.00 -1.00 0.00 0.60 1.00 0.81
IR 5 A

12 - - - - - - 18%

IS - - - - - - 62%

(\VES - - - - - - 20%

W T SpO2 FEAK 1) ZE 1 5 M & 2 [A) 1Y) B JR b AH 5% 22300 0.423 (P =0.0022), KB E 2 B 1E ]
FHORPE 2, Wi L(C)Fm o [AIBS BRI S AR AR R, 38 Z RAIANEAE SR 2R 56 R (P > 0.05), il 1(d),
X F B I T SpO2 FA B 2248 1T LA B e 1 S < PR T AR SR o SRITT . ER T L AR S 1k i 5 A
55, AAKEE SpO2 MK ZE (A v] B TCIEMER FIWr A R = R AEAR B . TRLIG,  B9R SpO: PR ZEME T LAMER
SHEaAR 2 —, (HEE RN T RE AN GO R, 7R B4 & A PR AR AT 455 VAN

Il 35 R AAE 55998 Y 2 1) PR 307 B R A R B0 0.840 (P < 0.0001), HHAW & 2 [a)f74E 3% HARRE
BRE A S, il 1e)Fin. AN SR PR RRAE RE 0% UL S S o I R SR EEFR .
b, WEIRCE AR P VEAS AR 8 H 5 TR, IS S ENRIR S U S . BRI, RPIE REAEAE PPN
TR GEAE T B BOR I R B -

LT, ACBWEE . ISR R R AR Y SR R AR AR — E AR DG, (EEATA B R AT
AR IR e T EAHER R B IAME. 03 2 FioR, SOBWEE BAR SR EA O, (HIH IR
KRR HAGE B S A SRR s A RN B PR 2 ARG R AT P L B, (HAH OGRS B e 58,
BB AN A2 5 T PR 5 A 0 D) L AT 3R (R A 1 (p = 0.840) ey FE 4 127 8 35 (P < 0.0001),  HH: 42k
JRAEHAE NGRS B 2 TP AR o DR, AR FE AN WP 5 R AU AT DA e b S BIL ST 43 W) 1) SR B
L, A BT 58 R e 5 SE 2 WIS BRI AL
4. ¥1ig

AW FRTHEVENLSE T 10 A HRENT 2 B A GINUGE SR, 3k 50 RGBS BR A, IR T
B IE BRAT I ASTE I R ISR R I R AR SR IR R TR AR IO AR, b T e A S R E i AR R
FRPEHIAE G o W F0EE VIR, FHBE T 06 He R AU R B, PR 5 AR AAE 5 8 Rt P R DG A i,
LT DU B R M S W38 S A R B SRR o 3 — R T AT DA I I 8 A 1 W 2 T v
BRI HLH B A BRI R ANME -

XA QNGRS e R, AN TAE WA BOE R ARG B T AN 7% S i
ARG E B VA7) X ERAELEIR R Lo W HL R BN AR PAT, AR PN S B R
e Y A TS S FEACRE AR . BRI, BRI 7 WA BR TR R I R G IE IS BRI L 2 DG 2

WFIR L2 0% BE AT 70 R 4 B8 2 10 SE 70 IS BR PR AE[8] [12] [13], - BEAFE S i e R &
- BRI R REOY . ATE G AU S AR R I B S A s, R A FH 7 AR IR 4 )
K. e - AARER L RHE U 8 B ARTER ) R SR . MRl SZ AL, R A R R
B R 5 i R AV B, HE T E R T E R R . AR T R IR AT 0 T

DOI: 10.12677/acm.2025.15102912 1499 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15102912

WT E

a) 104 b —
@ ( )10'0' P for overall<0.001 0.20
9 . ] P for nonlinear = 0.002
8_
7.51 —
i —/\/ v
— 64 O
()} ~
i oL B
% 51 : E 30 j 0.10 ¥
4 L4 i d
Y
31 .2 2.51 // 0.05
2{ ¥ 2 )
i .
14 H
0.07
NN NI 0 3 12
A SIEIEE (PIP) nmﬁuﬂm;ﬂa
KEERE (PIP) IRERIASEE
©) @
91 ° 8 P for overall = 0.010 03
N . P for nonlinear = 0.946
74 . 6-
6 — / 0.2
— o)
ke ~ o
B 5 I B
£ 4 "
4 K /
31 e 0.1
2_
2_
14 ,7
0 01
N N R -1 0 i 2 3
mEEFE (SpO2) MR MmEEME (Sp02) FEEEE
(e) 9 .
8 .
7- .
6_
5 s
oY
-
8 4
3_
2_
1_

"\:»f'pb‘f»bq,% ’5,,”\',5&,56,5% M

WP 5 2
(a) (b) WERHT PIP TFE5 2208 (c) (d) MR RT SpO2 FRARZEME; (€) WP 287 5 8 VB Fr b e 1k
Figure 1. Association of sputum volume with PIP, SpOz, and breath sound characteristics
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Table 2. Correlation of airway secretion clearance indicators with sputum volume
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