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MG 47 BAL, 23 A BALZL (10014]) F19EBALZL (10241) . R ZH £ logistic [71) 43 H1 5-F8 477 Bl 5275 1)
MPP £ JL17 BAL &k %, RH Rstudio (R4.2.3) BAFHIAETMAIAL, RAHZIKFRAEFFMEMZ (receiver
operator characteristic curve, ROC Hhek) . CHRECRBHEIM LI BERI P TR RE . R ZHRE logistic [A1 543 #T
Won, RMEHER . CRME M. D- RS . & I B S A7 AR il 9245 11 MPP A8 JLAT BAL %5 DI AH G
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Construction of a predictive model for performing bronchoalveolar lavage in
children with Mycoplasma pneumoniae pneumonia and pulmonary consolidation
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Pediatrics, Changzhou No.2 People's Hospital Affiliated to Nanjing Medical University, Changzhou, Jiangsu 213000,
China (Zhang W-B, Email: zwb@stu.njmu.edu.cn)

Abstract: Objective To investigate the risk factors for performing bronchoalveolar lavage (BAL) in children with
Mycoplasma pneumoniae pneumonia (MPP) and pulmonary consolidation, and to construct a predictive model for
performing BAL in these children. Methods A retrospective analysis was performed for the clinical data of 202
children with MPP who were hospitalized in the Department of Pediatrics, Changzhou No. 2 People's Hospital Affiliated
to Nanjing Medical University, from August 2019 to September 2022. According to whether BAL was performed, they
were divided into BAL group with 100 children and non-BAL group with 102 children. A multivariate logistic regression
analysis was used to identify the risk factors for performing BAL in MPP children with pulmonary consolidation.
Rstudio software (R4.2.3) was used to establish a predictive model for performing BAL, and the receiver operator
characteristic (ROC) curve, C-index, and calibration curve were used to assess the predictive performance of the model.
Results The multivariate logistic regression analysis demonstrated that the fever duration, C-reactive protein levels, D-
dimer levels, and presence of pleural effusion were risk factors for performing BAL in MPP children with pulmonary
consolidation (P<0.05). A nomogram predictive model was established based on the results of the multivariate logistic
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regression analysis. In the training set, this model had an area under the ROC curve of 0.915 (95%CI: 0.827-0.938), with
a sensitivity of 0.826 and a specificity of 0.875, while in the validation set, it had an area under the ROC curve of 0.983
(95%CI: 0.912-0.996), with a sensitivity of 0.879 and a specificity of 1.000. The Bootstrap-corrected C-index was 0.952
(95%CI: 0.901-0.986), and the calibration curve demonstrated good consistency between the predicted probability of the

model and the actual probability of occurrence. Conclusions

The predictive model established in this study can be used

to assess the likelihood of performing BAL in MPP children with pulmonary consolidation, based on factors such as

fever duration, C-reactive protein levels, D-dimer levels, and the presence of pleural effusion. Additionally, the model

demonstrates good predictive performance.

[Chinese Journal of Contemporary Pediatrics, 2023, 25(10): 1052-1058]
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fili % SZJEAK  (Mycoplasma pneumoniae, MP) &
gl XAk 15 P il & (community-acquired
pneumonia, CAP) & WLAIRIFIAZ —, 5 LEAIH
DA CAP 1 10%~40%, 1€ ili 5& 3¢ J50 1A il 5
(Mycoplasma pneumoniae pneumonia, MPP) 7t 17 1]
[e) 2 T 5 . MPP 23 A A [ L
AR ASCTE b A A5, ™ o ) S AT R A T
RAEMEReE R ZE, Wit 30% R META TE MPP A7
YR E R W (bronchial mucus plugs, BMPs) J&
% BMPs BUIE AT RES RAE 7. AUAKGR A
PEA K, WA LEHERR, SRBERE
Pk, OEASE . BHEMERER, R
WeEss, T fE KA o CJLEE R 9 S RUA T 98
LIRTER (2023 4R ) FR L, REEA R IR
FEFNIARIME: A 9 1) MPP (B LR R b 4732 R
EREHEEEAR  (bronchoalveolar lavage, BAL), LI
DI RE R BE I & A 0 BT R A R
R IUFAZ 2K HI B MPP S8 LJE 547 BAL, fifiAS 5k
Je U B AT T U — A bR, (HIF2
F71E BMPs {9 MPP 8 LSRR UM 2, B
B ANSRAE S o PR, ] — 26 OB A e PR A2
TR AF A il 52 AE A MPP 8 L& 7547 BAL JE
B, ARWEIE B AR 22 B0 SR bR T R —Fh
A, TR AEAE il 52 A8 1) MPP B L2 75
1T BAL, BRI

1 ARSI

1.1 HRIFH

[ JB P 35 45 2019 4F 8 H—20224F-9 H 7ER 1T [
BFR 22 B M 28 — N R B Be JLRHME BE 19 202 441
MPP LR S . i 2 5 E 17 BAL, 4328
EBALZH (102 ]) FIBALZL (1004) . 48 Abx
. (D) f76 COLEM R SRR 12360 48 1
(20234FER) ) HiZWisifE = (2) ERERIR

fliseAs s (3) AF#e 1~14 % . HEBRFRME: (1) JER
PR . G . ACBIEROR . bl
P . MR PR . SCREIMRE AR . fhi&
REREFARMBINGE; (2) M RIHNELRLY
oG (3) BEAEA R AE LW E B LA AR . 4R
PEIN A8 s HAB ™ B AL G40 ;s (4) I IRBTREA e
AT 5T B AR g At BE R R B N o — KR BE B
AR BRZE B oAt ( [2023] KYO016-01), %5
R Rl
1.2 BT AE

1112 MPP Ji5 B 3~ Bl 47 8 K 10 mg/(kg- d) 241 5
15 mg/(kg- DPURGLAIT, 5 1AI7 R K
7d, 3~4dJEIFHREE 2 AN PR, DR 1 B iRk
3do
1.3 BAL

XF R NBESIUA: R =T d, A R il
PRRIE RS A . AU R AGERZE, s
SR 7 NI N 952 iR o e W= 72 N o S5 I
1T BAL, ARHT7EHER TR A, HEER T AR RIE,
BILE K FZ MR ZES . % ChEDURAT 2
SCREBIARIER (20184F/R) ) ' BRifETE 4 BRI
MHEFTBAL,
1.4 FRpGE

AR LR N T AR iE (AR . MG R
Zy . IREARH . RAARTE O MiSMEERE . L5
FHA (41 (white blood cell, WBC) 114k,
v i NSRS o A AN NG 1| T o AN O - A - |
(C reactive protein, CRP) . F. MRt A i (lactate
LDH) . & & ¥} H H
& N % 5 B (alanine
aminotransferase, ALT) . ZI 4 L[ (erythrocyte
sedimentation rate, ESR) . [&45 2 J7 (procalcitonin,
PCT) . HE M (albumin, Alb) . Il JLEF (serum
creatinine, Scr) . il /R & & (blood urea nitrogen,
BUN) . D- 3Rk (D-dimer, D-D) . £F 4E & (1)

dehydrogenase,

(immunoglobulin, Ig) N
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FEBERS . BRI . SRR ) L IRIT (K
WNBERPUER | BRI ER) 45,
1.5 ZHItESH

iz ] SPSS 26.0 Gi it Ak A T 5 i b 3 . £
B AR E S0 T TR A A7 (D44 5]
#) [P, (Ps, Py) 1 Fow, ZHE LHERH Mann-
Whitney U5, THEC7ER IR H 0% (%)
Fox, HRICECR Kk, 2K % logistic 8114

(fibrinogen, FIB) 4§ | |

BE R TR R  2 oh 52 4 B AR R i £k

(receiver operator characteristic curve, ROC mh<k) 1F
R X3 5 >R ] Bootstrap BAHFEIL AT N
ok, HIVER R E M 2 F 15 C- B LA PP
RIRARCHERE . DL P<0.05 R 22 A et 78 3o

2 #R

2.1 WHEBJLELERILE
WAL LAR RS . PERIR A . IREFE R . &

Gt BAL IOEIR 2, I S A Rsudio (R423) > 1 HBOESRIRGUTERL (P0.05), WK 1
x1 AABILELZEREE
TH AEBALA (n=102) BAL4 (n=100) 1718 PiE
PR (F i, ) 48/54 39/61 1.34 0.247
SRR [P, (Ps, Po), %] 6.0(4.7, 8.0) 7.0(5.0, 9.0) -1.16 0.248
KEIERL [P (P,s, P,o), kg/m?] 15.3(14.3, 17.3) 15.4(13.8,17.2) -0.39 0.699
FIRZETT [1(%)]
# 17(16.7) 19(19.0)
-1 12(11.8) 19(19.0)
4.98 0.289
778 39(38.2) 31(31.0)
£ 34(33.3) 31(31.0)
T: [BAL] XRUEMNAREVEAR .
2.2 FARILIEARERMEIEL R T B R SR IR I TEE AR (P<0.05) o P4

4R BAL4IAH L, BALALABILAR . WE %
A, HORBRTE] . RERINERRSUAE RIGYT

SEILWE B TR I A SR REAR | e A B il
ME L ZE RS L (P>0.05). W2,

*2 WARILIGKRERFEELE
=] AEBALA (n=102) BALZH (n=100) VAL PAE
KA (%)) 87(85.3) 100(100.0) 13.82 <0.001
RARBHI] [Pyy(P,s, Py, d] 4(3,6) 7(6,9) -8.77 <0.001
KREIFA BRI ARSI [Pyy(Py, P,y), d] 7(6, 8) 10(7, 12) -6.45 <0.001
fifi FEB B T A7 [191(%)] 84(82.4) 87(87.0) 0.52 0.471
WE Bz B R IRY T BT IE] [Pyy(Pyss Py, d 43,5) 7(5, 11) -6.35 <0.001
ELEBIEAR [51](%)] 31(30.4) 42(42.0) 2.95 0.086
i B [51(%)] 31(30.4) 14(14.0) 7.84 0.005
B4R [151(%)] 9(8.8) 6(6.0) 0.59 0.444
i A (W /PR 5 AR (4] (9%)] 45(44.1) 52(52.0) 1.26 0.262

T [BAL] SCUEMREHETEAR o

23 MWAHBIILIREWELERILE
BAL 41 58 L I 85 b 40 M i 45 b . ek
UM Sk B 40 M b {s . CRP. LDH. PCT. D-D.

ESR /K FAEBALAH, k=4 & 40 k. Alb
AR TIEBALA, R A G E X (P<0.05),
3,
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#x3 WHBILXBERETERRE [P, (P, Py |

Eitn EBALA (n=102) BALZ (n=100) VAl PIH
WBC 4 (x 10°/1) 7.03(5.61, 8.90) 7.39(5.78, 10.22) -1.08 0.281
HER A E 5 L (%) 57.57(50.90, 67.02) 63.73(55.14, 71.88) 291 0.004
WRELARN & 53 L (%) 32.90(25.25, 39.42) 26.86(19.54, 34.01) -2.89 0.004
NLR 1.77(1.36, 2.70) 2.36(1.65, 3.74) -2.86 0.004
PLT A (x 10°/L) 281.00(214.70, 334.25) 243.00(203.25, 329.00) -1.42 0.157
CRP (mg/L) 7.95(4.65, 14.26) 24.73(12.21, 41.44) -6.54 <0.001
LDH (U/L) 313.90(256.85, 388.70) 354.14(285.20, 457.15) -2.65 0.008
ALT (U/L) 12.00(10.08, 15.40) 13.70(10.00, 19.15) -1.83 0.067
PCT (ng/ml) 0.02(0.10, 0.85) 0.11(0.05, 0.27) -6.22 <0.001
D-D (mg/L) 0.40(0.27, 0.56) 0.99(0.68, 1.96) -8.53 <0.001
FIB (/1) 3.85(3.30, 4.48) 3.69(3.02, 4.51) -1.12 0.263
Alb (g/1) 43.70(42.50, 45.73) 41.95(40.12, 44.07) -4.96 <0.001
IgA (mg/L) 1.24(0.89, 1.50) 1.13(0.84, 1.78) -0.59 0.554
I5G (mg/L) 8.91(7.29, 9.97) 8.51(7.14, 10.35) -0.46 0.646
IgM (mg/L) 1.26(0.97, 1.64) 1.11(0.84, 1.57) -1.70 0.090
Ser (mol/L) 30.15(26.17, 35.67) 32.10(27.50, 39.17) -1.77 0.076
BUN (mmol/L) 3.55(2.90, 4.12) 3.40(2.72, 4.20) -1.09 0.275
ESR (mm/h) 24.00(17.00, 32.50) 31.50(20.00, 42.75) -3.23 0.001

e [BAL] ZAEMEHEVEAR; [WBC] A4UME; [NLR] J PR g Sk i tb(d; [PLT] ii/hi; [CRP] C &M ; [LDH]
AR ENG; [ALT] ANFEN; [PCT] FE45ZE; [D-D] D-T2R{K; [FIB] P45 [Ab] A&EA; [Ig] GEEREM; [Ser] I

JILF; [BUN] MUURFA; [ESR] ZIAMIITRER .

24 WHBILEBGFEREER

P2 BB LR 2 S AEAE I 52 AR, BRAS fii i
Z A il S AR g 22 S e gt e B L (P>0.05) .
BAL A B LB FRHE . iAok . S RAE R &
HRETAEBALY (P<0.05). W4,
25 BALAZSEHRETRU

0), ¥ 2~4 1 P<0.05 A AT Z2 2 logistic 7]
HorHr, a5 RERW, LMEFEE . CRPE . D-D
e A T B RO S A AR i S5 AR 1) MPP R LAT
BAL# VML (P<0.05), WS,

BAL 20 45 £ L SRS B T 4 T A8 437 *4 WMABILBEGEHERREE (6] (%) ]
MEFein, Hob 384l (38.0%) ULBMPsIEML, 174 T vt e DS S
(17.0%) AFRESCTVRBR, 91 (9.0%) ihIAIE PAAN TSR 54(52.9)  47(47.0) 1.60  0.260
BEAZE, 36 B (36.0%) SR A K BB HOR EAN s 48(47.1)  53(53.00 071  0.398
HE, liliaysta 12(11.8)  28(28.0) 838  0.004
2.6 TETERTSEEIRI MPP £ JL1TBALKIZINE = i AR 3 23(225)  38(380) 572 0017
Xl SR 8(7.8) 1919.0) 451 0034

UM BRI i (BAL4L=1,  BALZl= t: [BAL) SCURHREIEEA.

*5 THFEMIEZRMPP EJLEITBALK S E X logistic B35 47
Ar i TkAE EVEEY3 R{ AN Waldy? P OR(95%CI)
R ARBTTE] (d) LA 0.69 0.15 21.96 <0.001 1.99(1.49~2.66)
CRP (mg/L) LA 0.06 0.02 9.30 0.013 1.06(1.02~1.11)
D-D (mg/L) LA 2.12 0.49 18.94 <0.001 8.35(3.21~21.72)
B e B J=0, f=1 1.34 0.60 5.05 0.025 3.82(1.19~12.30)
W -7.46 1.15 42.17 <0.001

. [CRP] CRMEH; [D-D] D- Ak,
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R4 22 K 2 Logistic 23 HT 0 2 H 1) 745 148 2 73
MR (K1) . ARIEIILE, 15 18 T 45 br
XF R B A, KA AR AN B RSy, 5 RS
AEDGT IV F) T ABE 23 Ay il 52 4% MPP 58 JLAT BAL 4 HE
F, filn, 1HMPPEIL, &#8d, CRP30mg/L,
D-D 1.0 mg/L, JohafE Rk, WiZ 8 JILE K 10+
5+45+0=2043, HATBAL KX L4 0.95. ROC i
Lo R wn, NEENIME T (area
under the curve, AUC) & 0.915 (95%CI. 0.827~

0 10 20 30
ME . | .

0.938), R AKEFIRE 52 7351 8 0.826 #10.875, 5
HIEFERY AUC 2 0.983 (95%CI: 0.912~0.996), R4
RN ST B 4331 R 0.879 F111.000, B [X 43 i
R4 (K2). K Bootstrap AL L X AR B HETT
ISR, 45 S R R HE JR ) C-35 B0 0.952
(95%CI: 0.901~0.986), £l (K3) A
BUESE ([E14) i th 2 2 WA ol i 52 5 50
B A A A 2 [B) ) — B0PE R, B A e i Fai)
HERRTE

50 60 70 80 90 100
L L L L L )

KA (d) 0 4 8 12 16

CRP (me/L) - 07750760 ‘90 130

D-D (mg/L) r

T -

" 0.010.1 0.5 0.9 0.99

E1  #2JL17TBALKIFI L& E TR

T T T T T T T 1
60 70 80 90 100 110 120 130

MRS IATINME, MR (JC=041, A=143), KIE, CRP, D-DIj

JSENEL, A3 B ERE R B RAR MR, R A AT AN, SRSy, RIRIAS AR SR Y MPP S LAT BAL AYHER.

1.0
0.8
0.6
i
=
IS
0.4
0.2
— sk
— BiiFdE
0 0.2 0.4 0.5 0.8 1.0

14551

B2 =R R ROC f & I SR AR NI IE 4 5 26
] A% 50 000 A7 7 M 92748 ) MPP 8 ULAT BAL % AUC 43 518 0.915
0.983, HIRBIRIX 43 AT

1.0
08}
B 06f
=
B
ﬂé
{,,K 04F
Rl
— KIEMh
0.2 s P2
0 0.2 0.4 0.6 0.8 1.0
T % MR

B3 IZEEIMRIME & “EARNZ” AR
PERIFNACRE , R INZ” )k IR TL U057 T AR 32 iy
2, “ROEM” NROER EES T it R gk, (ARIILIE
BRI FIARE, 5 “HRARINER” e T BT Y P AL RS
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SRS

T kAR
B4 IGIESEERYRIRME 2 “HAth s ki
ERITRINBRE, AR o LR IEBL R ADLA Hh A T00 AL 4 i
g, “ROEMZR” WROERL B S ARt g, aRsIZA
BEANNFNARE, 5 BRI B T DAY (i PO A BT

3 it

PMATIR G0, MP JEYL 5 i il 5278 12 7
1 LFE Al SR Al 9 v oy S 7, MP gLl
FHUAR G ZE T REZE AL, TR A A F0 9 F 5 3L
BRI EHZI S, TR W LF X T B
W HERR, BRI E, (R 5L AR I
FlASTR I & AR ' AHGERRS % DL BB LE
Gy RAE SRR ZE 2 ARG R R AR I SR
() MPP B LAFIE A 50h 6~7 %, X AT B SR
JLIR 5 R GEAH RS AE 42 LB T A, % MIP Jk e
WAy = A R E RN A e KA Il S AR 1)
MPP B LIGYT A i & S 380G R s AR, J7E
s JLERE ., HET, BALVAYTHiSZAS fyr Ak B
Bz Aey e HLE SR B A AR
Xfac gy, HEA T4 L. BAL W LIRS B HE
R EFRAIE, 3 AR 2 B LI SAE RV
MO IS AR AR AT, [A)EERT LB A i) 45
¥ RIEORE, PrBh2ia g . ARER
GER R, KPEEIK . CRPE . D-DE. &3FH
i FRUR 2 A7 A i 512 7% £ MPP #2 JLAT BAL B9 15 6 I
7, 55U T g,

AWFFE R R s, BALALHE LR EkL
MO 43 E . LDH. Alb, ESR. w20 i 5 ik
CLAEMI LA . PCT KV & = TAEBALAL, (HEZH
& logistic [7] 973 #7145 5 8 7~ X L6 5 45 5 MPP 2L
JEEAT BALJC W AHCHE PR AS gh A 51) 286 [ 7
MRERY . FEEA AT T B, 22k R A 37
T HA B MER T M R IX 4 RE T, R

i, B, AR ITE R TR, YIZER AUC
0915 (95%CI: 0.827~0.938), 7 Filg S i
43 5 A 0.826 £ 0.875, I i 4 ) AUC A 0.983
(95%CI: 0.912~0.996) , R B R FHE 5 5 53 0 hy
0.879 F11.000, PEHHIZMRIEA AT X3 . 1K
P o 2 Pt s A TR T 45 SR 5 S PR 4 SR — Bt R
U, KMEJE Y C-48 03k 0.952 (95%CI: 0.901~
0.986) , VLHHIZIALEAT B0 M ERE o

AWFFEUESE, RINETE] . CRP K. s R
W2 MPP # JLIE B BMPs (G 6 28 400, Bt |
CRP A1 D-D 7K J s B TV A PEAl MPP s 1
PR R AR AR 1 Bi%E B R HUREE] . CRP,
I Js B 4 A ME TS P MPP L TR AR | 2% S b
N, B G H ROC #2619 AUC 4 0.899, R 1§
B R0 5 BE A 9 K 74.0% 1 88.3%, FF A %K
86.6%; Wi HET:BA %I H ROC fh £k i) AUC M 0.875,
TR VR S 5 9 °h 78.3% H186.2%, TH4R N
85.4%. AWML KR, LIAME . CRP. D-D. i
i B Al AT S MPP FR JLAT BAL B fa s I &
CRP. D-DJ&PFAR LR RAE R A (195 T8 bR 17,
CRP J2& J AL 9 5 Fz Iy i TR 2 AR Wik s, 7
et FE NI B ARG, AL R AR Ak iR |
SNSRI, RN CRP K278 T
[ YT 1, MP IR AT TG LR LR R 40, il
D-D /KFFHE, Xl g5 MPP i il 2L 2L fi Bk
A, WEAHSIR TR, BEMAE N, BE
BEI RGN, P RAFERR L
VR K. Rtk NG T80T B g RAIER Y,
568 210 11 fili 50 8 i i 7 SO MR BE 6 R A M
] B 43 I 18 22 5 T8 L BMPs, AIE tE il 51278 %
&, I SCAR A B, R W 44U ki
e E R A, HILEDUR AW ZIR, e
R & EMP By -PERT 2 LT 29K BAL
HOPRNE: )| IREEI N1 N S Sl S Y [ 5 S B = VA
GV R PTAk A7 A6 il 5222 (1) MPP £ LA T BAL 13 X
Bz, L6 TIE 22 BIZ AR R HLAT B4 i TN P g
Xu %5 " HIA KB 2R AR AT A A MPP Lk
B RERIRIT LB T, (HIF R
HE— A BRI IE ST

G2 K 52 2 iy L) R T Ak, AT B 0,
HIGRIEFRA X R, 5 TR, AR TALEN
PRTAER R H o ASBIFFE R R R 37 51 2 (&1 Sl
RRARY 28 PR SRR 76 ) 1X 43 8 A v 44 455 0
ot B2 91 28 RIS R A7 76 il 528 (1) MPP J8 L& &
TR BAL B R RBGE 71 . AR s
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— R PR, WREAS AT L B O [ B £57)
M, TTRESRBGERE NG, s AR e,
ZE LTk, ARG A2 A 51 2k 1] T AR 7R A]
FRAE & $ARE] . CRP. D-D. s BB PEAL £ 1 il
SEAR MPP 2 LAT BAL AOMER,  ELAS AR 75100 354 g

B, B Tim K X MPP & L2747 BAL #47
FLPEAS
FBEFREW: AL FRALA PR

(& % X #]
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