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H ). 2HTT TS B 15280 K 72 {9 #7# (Carbapenem-resistant Klebsiella pneumoniae, CRKP)fii &5 /&%
53RN S IR F 0424 fE (Acute respiratory distress syndrome, ARDS) G FREHE L KA B
Nomogrami®EH . J5ik: BIBEHKRESIETHE - ANRERE2019%01 A ~2022412 A Fr A il &4 s it
HEVE 2 B8 H CRKP I B k1626, H A 716 B & CRKPHTR S5 3 R NARDS, . NARDSH;
91 53 CRKPI 3B B Ye J5 R it FE NARDS, M AFEARDSHL. f#FSPASS 26.08 4% T EE HIIE
R ZEF#AT BRI R P K LogisticE AR, ZR& LIERHE (receiver operator characteristic, ROC)
Bl 28 207 % R AR 2 W CRKP i 57 B e J 3F F& A ARDS F) 5 6 R 28 B AR 280 {8 LA J% Bl 2% F T #H (area un-
der the ROC curve, AUC). FLAAZEMMPMARKM “rms” SR K NomogramiRZE!, B1E L%t
NomogramfERI AT NHKAE, MARKMY “rmda” SHWEREML, HIPMNomogramBEAY i FiMl 2
fB. P < 0.05RERBAITERN. 4R BRERMRR, 5IFARDSHML, ARDSHERE FFR.
LR SE . MR S 121 B 2 M A% (COPD) R BB B /R AR LW 8 21F 4 (Charlson comorbidity
index, CCI). FH B EFE IS (Sequential Organ Failure Assessment, SOFA). Fifik EREEFS
(Pneumonia Severity Index, PSI). APBZ%3KCRPiT%l. CRP/HEAWE(FEIR)F10M I ERYE
Gk %R X (P < 0.05); £ H X LogisticH 151 £oR, 5IEARDSAAH L, ARDSH B 4 #[OR = 1.307,
95% CI (1.005~1.069)]. SOFA¥-4}[OR = 1.376, 95% CI (1.176~1.610)]. CCI¥F4)[OR = 1.268, 95% CI
(1.067~1.507)| BB 4iit%E 7 (P < 0.05), &CRKPHZBEY /53t R NARDSHI L B R HRA
FAH %R AN ELTERITROCH LTI, BEFER. SOFAIES. CCHEAHAUCH H1280.641,
0.710. 0.669; BAENTE S HN67.5%5 . 1.55 3.54r. NomogramMLRU: 1F #i £& K I PRy 28 4 #r -
P ERIRIE £ B 5B 7 TR it 2 )RR e CRKP 5 3 /R JARDS I R C-index50.728 (95% CI: 0.656~0.801),
BIEC-indexA0.717 . Bt 28 Eon MPME S TN AE 2 B — BB . SRMERERER, JARBRE
B3N7E0.367~0.5678F, NomogramiBRUIRALIGIR AW ; 1hAF, NomogramARALIlE PR 2 35 T4F
#. SOFAVE4 CCIE4r. &5 F#(>67.5%). SOFA (>1.54). CCI (>3.5%)2 CRKPi# &L /5 &K
A ARDSHIBST BRI E (P < 0.05). AHFFET AR FINomogramME A Xt F fifi S Bk Yefiti % 72 & A+ A
JERNARDSHIE B2 Mr. FHHTHIRME T EENTRIRE L.
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Abstract

Objective: To analyze the clinical features of progression to acute respiratory distress syndrome
(ARDS) after Carbapenem-resistant Klebsiella pneumoniae (CRKP) lung infection and Nomogram
model was constructed. Methods: A total of 162 patients with CRKP isolated from alveolar lavage
fluid after all lung infections were retrospectively collected in the Second People’s Hospital of He-
fei City from January 2019 to December 2022, of which 71 patients progressed to ARDS after CRKP
lung infection, which is the ARDS group, and 91 patients did not progress to ARDS after CRKP lung
infection, which is the non-ARDS group. Using SPASS 26.0 software, the clinical data collected from
the patients were analyzed by single-factor and logistic multifactorial analysis, and the receiver
operator characteristic (ROC) curves were analyzed to determine the optimal cut-off value of the
risk factors for progression to ARDS after diagnosis of CRKP-resistant lung infections as well as the
area under the ROC curve (AUC). The Nomogram model was constructed using the R software “rms”
package, the calibration curves were used for internal validation of the Nomogram model, and the
decision curve was constructed using the R software “rmda” package, and the predictive efficiency
of the Nomogram model was evaluated. And if P < 0.05, the difference between the Nomogram
models was considered to be statistically significant. Results: Univariate analysis suggested that
compared with the non-ARDS group, patients in the ARDS group differed in 10 indices, including
age, history of hypertension, smoking history, history of chronic obstructive pulmonary disease
(COPD), Charlson comorbidity index (CCI), Sequential Organ Failure Assessment (SOFA), Pneumo-
nia Severity Index (PSI), CRP count on day 3 of admission, CRP/albumin ratio (day 3) and other in-
dicators, were statistically significant (P < 0.05); multifactorial logistic regression analysis showed
that, compared with the non-ARDS group, the age [OR = 1.307, 95% CI (1.005~1.069)], SOFA score
[OR =1.376, 95% CI (1.176~1.610)], and CCI score [OR = 1.268, 95% CI (1.067~1.507)] of the pa-
tients in the ARDS group showed statistically significant differences (P < 0.05), and were indepen-
dent risk factor for progression to ARDS after CRKP lung infection; ROC curve analysis of conti-
nuous variables with statistical significance in the two groups showed that the AUCs of patient age,
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SOFA score, and CCI score were 0.641, 0.710, and 0.669, respectively; and the optimal cutoff values
were 67.5 years old, 1.5 points, and 3.5 points, respectively. Nomogram modeling Calibration
curve and net clinical benefit analysis: internal validation results showed a predicted risk C-index
of 0.728 (95% CI: 0.656~0.801) and a calibrated C-index of 0.717 for progression to ARDS after
CRKP of pulmonary infection. The calibration curves showed good agreement between observed
and predicted values. Decision curve results showed that the Nomogram model provided a net
clinical benefit when the risk threshold fluctuated from 0.367~0.567; in addition, the Nomogram
model net clinical benefit was higher than age, SOFA score, and CCI score. Conclusion: Age (>67.5
years), SOFA (>1.5 points), and CCI (>3.5 points) were independent risk factors (P < 0.05) for the
development of ARDS after CRKP lung infection. The Nomogram model constructed in this study
based on this provides an important guideline for early diagnosis and early intervention for pro-
gression to ARDS after pulmonary infection with Klebsiella pneumoniae.
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1. 3]

Jiti % 50 B A AT B (Klebsiella pneumonia, KPN)) B YL AL A 8 K IFIRIE . IR R4 LA ATH R St5E, LA
WP IR et g D[ 1 ] AR, e AT Bk 75 5 M SR it 28 o B AT B R0 L 3 3 o, 2021 474 [ 48
Vi 245 15 D (CHINET)0 75 27, T 9 o 75 AFTFF B 3 B 300K 14.12%, FCA ] PAY 22 e e e D 35— R Jo T 2]
HE WY 5 N CRKP A tH 208 40% 7245 (3], HEEAN SR EE PR KL B 5 EH, 25
T B E W ea T, o IR gy CRKP 8 TS B 1T o S 1 i v, R Pt e A a
PERPIR FIHEREAE, Y97 RCRZE, SET R [4] (5], IR LA X i 2 [ 55 5% H CRKP SBE IR TT
LA Ge—0bedE, FHHRAE G, Poddt oy ARDS B35 1R IR RERAE, X H2 T & HEA
B, PR, A S ES T CRKP JfifB R gy & 5 ol i 8y ARDS [IE RFRHIE,  [FIN#9 % Nomogram 152
B4R R Im K

2. ENERE
2.1. —RESER

(] B AR BE 2019 4F 1 H~2022 4F 12 H IS 7 55 th CRKP [ &3 3L 162 4], Horh 71 flfiif
T B 07 IS B B i 28 7 TR A AT B AR R 2R ARDS B VE N ARDS 41, FFUEE R 91 Bl ik
BN Bl % o B A FF B R 2EFE Sl ARDS B35 NIE ARDS 4. INFRitE: 1) RFREHT
FERTFRER G HIME R s 2) AFHE B AR £(PaO,/Fi0,) KT 300 mmHg; 3) Flii i ve i L) 2 5 57
R} B 75 8 046 T 8 50 T A AP B8 s HERRARHE: 1) A74E 20RO D) BE 0 J YR MR e S BURSUIIRE s 2) Ml
e Ay 35 5% AR B . FCR S R, HB RN T 5 ik 3) IR % 7R CRKP, (HAR
WEWGAR T, BN EA; 4) IS A7 AR R, o558 il [ O PR S R R s 5) Ry IR
feg o 25 LA i A1 DR R SR ARDS; 6) A Bl 8235 BI2 A ARDS (1)

][l
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22. /&

WA B EIRIR TR, IR, MEAEEIERITUR, CCI W5, SOFA Wi, SfEAE B 518
¥4 (Acute Physiology and Chronic Health Evaluation, APACHE D)% PF4rFEFr. N ui o 44 ik gl 44
(NT-proBNP/BNP). &AL/ Bk I35 B (A (APTT) D- 3Rk, &4 &K JF(PCT)% SL 56 =k & 48 hx .

23. GtFESH

NiFH SPASS 26.0 LA R # AR5 BT AR B AT Ge it et o SRR A W), T R SRS R & RS 4G
WIPA X+ 8 FoR, R e, &0 LAz 80l R D4 ARl EE M(Q25, Q75)% R, KM AESEk At 56
(Mann-Whitney U f45), THEFRI L% ER, KA X B, ZHKSHRA SPASS M It Logistic 4]
A H AL fE G R 2, 5238 L A/ESF1IE (receiver operator characteristic, ROC) B £k 43 #7 %% ¥ b5 12 Wi i
CRKP fifii#fi k4% 5 i3k & 5y ARDS 1S 56 DR 2% e (R A 4 DA A2 #h 45 T T #H (area under the ROC curve, AUC).
RiF R EAF “rms” G Nomogram 4!, #:IE#ZXT Nomogram A EAT N RIS UE, I R 31

“rmda” FLAEVRFHIZE, PP Nomogram BB HIM A AE. P <0.05 NERAGLITHEE L.

3. 458
3.1. BEEST

WL — R L o, 53F ARDS 4 AHEL, ARDS 2H 8835 AR ES « & LR 0% 52 . A s . COPD
. CCI ¥4 SOFA ¥4y PSI ¥4 ABEZE 3 K CRP iH#(. CRP/AHEHALECE 3 K)ZE 10 Tifatn
ERWEG R (P <0.05). FEILE 1.

Table 1. Comparison of clinical data between the two groups

= 1. MEBREIRK AR

Eizt 2 ARDS #l(n=71) 4 ARDS 4(n=91) t. Z/x P i
(%) 80 (73.0, 85.0) 73 (57.00, 82.00) -2.897 0.040
PN/ ZL) [n (%)] 49/22 (69/30) 63/28 (69/30) 0.000 1.000
AL (/75 [0 (%)] 44/27 (61/38) 40/51 (43/56) 4.776 0.029
WERIFGE/R) [n (%)] 22/49 (30/69) 24/67 (26/73) 0.309 0.579
OHEFR /) [n (%)) 22/49 (30/69) 30/61 (32/67) 0.033 0.857
AR 52 2/ 75) [ (%)] 24/47 (33/66) 14/77 (15/84) 6.408 0.011
RIS G/ [0 (%)] 4/67 (5/94) 5/86 (4/95) 0.150 0.698
COPD (/%) [n (%)] 18/53 (25/74) 10/81 (11/89) 4708 0.030
CCI ¥4 5.0 (5.0,9.0) 5.0 (4.00, 6.00) —3.547 0.000
APACHE II #¥4> 17 (9.0, 24.0) 18 (13.00, 24.00) ~1.054 0.292
SOFA ¥4y 3.0 (2.0, 5.0) 5.0 (3.00, 8.00) -4.339 0.000
PSI ¥4 111.13+£27.24 97.93 +31.05 2.692 0.008
HUWOE S (/7)) [n (%)] 58/13 (81/18) 61/30 (67/33) 3.721 0.054
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Continued
NT-proBNP/BNP 569.0 (160.0,2340.0)  706.46 (102.00, 2970.00) -0.192 0.848
APTT 39.2 (33.3, 45.0) 38.0 (34.20, 44.60) —0.043 0.966
D- Rk 1.81 (1.03, 6.21) 2.2 (1.10, 6.20) -0.828 0.207
PCT 0.45 (0.13, 2.20) 0.49 (0.16, 1.98) —0.322 0.747
SE)) 9.9 (7.5, 14.80) 9.99 (7.15, 15.48) -0.371 0.710
SRRE ezl 8.51(5.62, 11.97) 8.2 (5.48, 13.41) -0.131 0.896
PRELAN Y 1.04 (0.47, 1.62) 0.9 (0.54,1.31) —0.428 0.668
PLT 182.0 (140.0, 249.0) 193 (140.00, 268.00) -0.114 0.909
SII (4 & %35 S8R 8 £ 1526.6 (683.13,3996.43)  1606.83 (761.65, 4042.68) -0.124 0.901
AR 3.2 (2.00, 5.70) 3.1 (2.00, 5.50) -0.073 0.941
CRP (3£ 3 K) 54.9 (33.16, 160.0) 83.8 (20.30, 152.54) —0.632 0.527
HEHEE 3 KR) 32.1(27.6, 35.8) 31.4 (26.80, 35.20) -0.235 0.815
CRP/HIEFCE 3 K) 1.789 (0.94, 5.39) 2.65 (0.67, 5.73) -0.516 0.606
CRP (3£ 5 K) 122 (73.5, 187.6) 88.8 (45.95, 146.10) -2.758 0.006
FEACGES R) 29.8 (27.3,31.6) 30.5 (26.30, 33.20) —0.539 0.590
CRP/HEEHEE S K) 4.03 (2.34, 6.75) 2.84 (1.29, 4.89) -2.770 0.006
4 FH IV TR PE Y O2/TS) [n (%)) 58/13 (81/18) 70/21 (77/23) 0.390 0.532
LI HEAE ABUAERZ/R) [n(%)] 42/29 (59/40) 46/45 (50/49) 1.024 0.312
B WD ge i (/) [n (%)] 36/35 (50/49) 27/64 (29/70) 6.594 0.010

7E: APACHE II ¥%%): &thA P 518 MA@ BEVR4>: APTT: JEALEE/ B iGEERS (7], PCT: BA4SEJR; PLT: IL/MR.

3.2. %A% Logistic EI39 4

W BN oM P 2 R ITEARAIN Logistic —JoEAB R, 455 EIR: 5ok ARDS 4IALL, ARDS
HEH TR . SOFA P43 CCIL Wt =Tifetr R A Gt % % (P < 0.05), s& CRKP Mgy 5t e
N ARDS [T GRR 2. L 2,

Table 2. Multivariate Logistic analysis of progression to ARDS after CRKP lung infection
% 2. CRKP Fi#BRERIGHER /I ARDS % EE Logistic 774

AR B {8 SE Wald OR (95% CI) P {H
G 0.36 0.016 5.153 1.307 (1.005~1.069) 0.023
SOFA 0.319 0.080 15.897 1.376 (1.176~1.610) 0.000
CCI 0.238 0.088 7.303 1.268 (1.067~1.507) 0.007

DOI: 10.12677/acm.2023.1392074 14828 I IR = =23t e


https://doi.org/10.12677/acm.2023.1392074

WA %

3.3. ROC Hi&

KA Gt B R ELAE B 71T ROC HiZk 0 #T. 458 BN, F#. SOFA ¥4 CCI ¥E4H
AUC 43724 0.641. 0.710. 0.669; FAEFWI{E AN 67.5 . 1.5, 3.5 7. HERE 3.

Table 3. Results of ROC curve analysis for related variables

52 3. fHXTE ROC Bh&E STER

g AUC Cut-off f Youden ¥4k SE 95%Cl  REUE(%) FFRE(%) P

U 0.641 67.5 0.182 0.047  0.549~0.732  0.887 0.695 0.004
SOFA 0.710 1.50 0.155 0.043  0.626~0.793  0.958 0.197 0.000
CCI 0.669 3.50 0.057 0.045  0.580~0.757  0.93 0.127 0.001

3.4. B BHHA R BRTRHBEREHER AT RS EEAIENIRFFER
Nomogram FRHE R 43E

FFEWE S SOFA PF4r CCI Vo — I fabrfE ke i Nomogram B84 (¥ il Kl ¥, Nomogram BL%Y,

I 1.

0 20 40 60 80 100

Points L 1 1 1 1 1 1 1 1 I 1
>67.5%
age : :
<67.5%
>1.54)

SOFA " A

<1.5%)

>3.54)
CCl " 4
<3.54r

Total ]

Points O 40 80 120 180 240

ARDS ' L L\ L} Al L\ L] A} L] L}
0.05 0.1 0.20.30.40.50.60.70.8 0.9

Figure 1. The Nomogram model
1. Nomogram #&#!

3.5. Nomogram =3V IE B %% K i R WL Es S04

PN R IE 45 SR 2 78 , Nomogram #5528 Tl fifi /8 44 CRKP J5 it & v ARDS 1 XU C-index SN 0.728 (95%
CL: 0.656~0.801), fZIE C-index 4 0.717. ik £ Bom WLME 5 e < [/ — S8, vELE 2.
W as RiEIR, S BIME R SITE 0.367~0.567 i, Nomogram #E R LI R IFI 7 ; b4, Nomogram
BRI I PR IS 25 48 v T AR08 . SOFA $F4r . CCIiF4r. FEILIA 3.
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Figure 2. Nomogram model correction curve

[&] 2. Nomogram #& B4 IE 2k

\
—— nomogram
1 — age
— SOFA
— CClI
N All
- 7 None
T T T T T 1
0.0 0.2 04 0.6 0.8 1.0

High Risk Threshold

1:100 14 2:3 3:2 4:1 100:1
Cost: Benefit Ratio

0.8
I

0.4

0.0

Standardized Net Benefit

Figure 3. Clinical net benefit

B 3. lmpRSEWS s 4T

4. Vg

CRKP Bt WIRTF MRS  JUH 2 B8 Be SRAF 1R i 28 8 WL R0 BR B 2 —, Li [6]58 i 58453, 91 5] CRKP
BT, 81.32%PHPEAR A K IE T I HE Vel . 2 IO Fe 4 th, il 28 5 7 1 AT B e e % 1) S B0k
23.1% [7]. WGIRTAEH &I, 55 i E AL Ml E B v % 77t CRKP FIE S, TEINsR<IEy 8, S5
WRRTT JE S R IR B, AT ERCS R RGO R RYTT, o BRI K R IR, R
kRN ARDS, SET 2w, TR R S A BT IAVECRE (8] (9]0 Al X /3PS /g, Rl v i s 3 DA
J e PUR G T S B MARMEMA, BRSPS S, TGRS & R R A A
AT NE

ARG RER, BERFERE67.5 £). SOFA tF43(>1.5 /7). CCIL I (>3.5 77), 2l gL i ik
TR 2 W AFT B S RN ARDS ML a3 . JEAF TR, CRKP B EZ W T 24 &
H10] [11], Jiao. Y [1215MF7EE NN, R > 65 B &MY CRKP (MG REK, X 540 7t 45
FAL. — A BFEFRIIN, TUAZRE RS HIRITHESCE, PUAHPURERRE TR, 2
EEETE 528 CRKP 1238 5— 7, 4 BHMPRIEF R R E A A Wb Bl
TUEDIRE . B KA BIEZNRE ) TR, B, HEREe ) TR, DRPRIRE R AT PR B T T B,
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KA E N ARDS KAET IR K[13] [14]. Rk, XHF2aEEE, THLERZEIIFEE T
MZEEE, WK FRAZT LLE 2 1) 560

SOFA VP42 il /&Y CRKP JEiEEAN ARDS 15— MO fE e R 3R, 1% 5 EFbRI[15] %23 1T
FER—5. SOFA VFATEIGIK b EEH TIPS AUR G 3 R A A B a0, JF B H AR %
Sl A TS 48 A [16]H A UE A SOFA I qSOFA V75 VFAS il i s £ R 1% ' S A2 %, SOFA V¥4
Fhim ML 7R B H I N, KA L2 B ThRERS S S AR T A tE R K. BRAMAHIF 745 R B, CCI
P (>3.5 ) ARl &Sy CRKP JGit A ARDS (GR35 . CCT P4 BE R U Hh T SEmtis it 25
HHURKIF, FEFEHEH, CCI Wi R BE LT ML BRI T [17]. 24 SOFA 43 & CCI ¥4
mi, BFGE CRKP Y LR, RAELHERNELGAERAT, YRS RA 2V RE R M
NI 51 2 ML/ P9 s 40 DA B v b 5 A B @i e 3, 1R ARDSS ] BB R I, B F I R TR
JTHMEFE R BE 2 B0, SEORIERTFE[18][19]. KRULIGKR _ERZI ST B3 1) SOFA P74y, IR LM
I RE CCLIE . BT LRI RGTT, PIRG4S B Tis .

CRP & — Pk T R SRS S I A IR S 1, =2 R b SR I B 2 75 I e iR bR 2 —[20]
MR, CRP MK mfR B R LA R EMIFEE, B ARDS BFHTSAHIE[21]. PCT & HALAH
RIR C AW — PR AT AR, SR RIE R NAREE 2 IEADR[22] [23]. UHUAE R - SHiR
SRR, WL S R A N2 5 Rl N S 4R PR AR SR 4 vk, $3CRP. PCT 7EAL
WP ZRIE T, T N B A0 A LA B b s 200 B 11 5 1 A 2 Bl o AR, i 0 4 4 4 il o 4 0 ) J5i Al /K
P FE RGN, R M A A T REREAS [24] [25] [26]. 4R1M, XF T CRKP Ml de g, JUILER XTIk AR St
JRGIRTT I BT 5 7 55 05 28 0 9% 5 B AR 1 i S B e FR SR U, ARHHF TR Geit 22 A iR R BI C- ] B
BA. B RES CRKP iYL )E R N ARDS £ B MA LR, — 7% e 5A R 78 & 6 1)
ARG INEM R, 5 IT % E S AR TR REN, FEARRMREE . B8y —
5E IBE SCHF

AHE TR A BRSO fE R R R (R > 67.5 % .SOFA > 1.5 73 CCI > 3.5 7)) AT B &8 T CRKP
il ¥ e J5 1t J S ARDS ) Nomogram #5827, Fdid 36 EE B T i BAE T E R S AT R IX
. SRR R R R, Nomogram B WK Logistic [FI A F 4k A nT AL BT, Ak 2R Bt
A3 T F 65 DR 2 () VP20 SR A4S HH S 43 DL TR0 CRKP il /By f5 1t JiE 2 ARDS (R4 %, BEIE 45 A
IR M.

2 FRTR, RS >67.5 %, SOFA > 1.5 4r. CCI > 3.5 %3 J& CRKP il & J= 3 2y ARDS ST
fERi K2R : Nomogram Bl SR HIZE 45 R R : RS B{E K BN7E 0.367~0.567 I, Nomogram R H2 i
PRI I H Nomogram BRI R 28 25 iy T4E ¢ . SOFA P48 CCLiT4r. RIEASHE 11 Nomogram
THINAE 2 () ST A R T I PR AN D0 2 R A BEAE DG SRR PR 28, DA R T e, A T g oK PR E
HO AR CRKP ik e 5 ikl ARDS HIRAER . SRIMAHE AR AL FEARRN T REERAFE
ANET IR G RE R A AR FR AR R 3R R UCEE K AL R, R 2k — DR R A e, (AL TR A .

SE
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