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Disease burden of pneumonia after coronary artery bypass grafting based

on real-world data: clinical outcomes and cost analysis

ZHAN Yuziao', ZHANG Jian>, YANG Yang', YANG Rui®, ZHAO Hui' (1. Department o f
Healthcare-associated Infection Management; 2. Department of Cardiovascular Surgery;
3. Department of Pulmonary and Critical Care Medicine, The First Affiliated Hospital of
Zhengzhou University, Zhengzhou 450000, China)

[Abstract] Objective To explore the disease burden and impacting factors of postoperative pneumonia (POP) in
patients undergoing coronary artery bypass grafting (CABG) , provide basis for the prevention and control of POP.
Methods Clinical data of 5 566 patients who underwent CABG from January 1, 2020 to November 30, 2024 and
met the study criteria were retrospectively collected. Independent risk factors for severe POP and postoperative 90-
day mortality were analyzed, and differences in medical cost-related indicators among subgroups were compared.

Results Among 5 566 CABG patients, 627 had POP, with an incidence of 11. 3%, out of which 1. 4% (n =76)
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were severe POP. Risk of postoperative 90-day mortality in POP patients was higher than non-POP patients (HR =
4,16, 95%CI ; 2.39—7.26). Univariate and multivariate Cox regression analysis showed that duration of surgery,
red blood cell transfusion, multidrug-resistant organism (MDRO) infection, and mixed bacterial infection were
associated with the occurrence of severe POP; Mixed bacterial infection and duration of controlled mechanical venti-
lation were independent risk factors for postoperative 90-day mortality. The median length of hospital stay, median
length of intensive care unit (ICU) stay, and median hospitalization cost for POP patients were all higher than non-
POP patients, with the increases of 25. 0% (15.0 days vs 12,0 days), 100% (8.0 days vs 4.0 days), and 26.1%
(183 911. 6 Yuan vs 145 851. 6 Yuan) , respectively. Among POP patients. those with severe POP, mixed bacterial
infection and MDRO infection further increased the length of hospital stay and cost: compared with the common
POP group, the above three indicators in severe POP group increased by 63.3%, 83.3%, and 57.9% , respectively;
Compared with non-mixed infection, the above three indicators in patients with mixed infection increase by 40.0% ,
46.7%, and 57.7% , respectively; Compared with patients with sensitive bacterial infection and pathogen-negative,
length of postoperative hospital stay in MDRO-infected patients both increased by 14. 3%, length of ICU stay
increased by 66.7% and 150. 0% respectively, hospitalization cost increased by 11.7% and 21.5% , respectively;
The above differences were all statistically significant (all P<Z0. 001). Conclusion Duration of surgery, red blood
cell transfusion, MDRO infection, and mixed bacterial infection are independent risk factors for severe POP after
CABG, and mixed bacterial infection can further increase the risk of postoperative 90-day mortality. POP can
significantly increase the consumption of medical resources, and its impacting extent exhibits heterogeneity
depending on the severity of disease condition and characteristics of infection.

[Key words| coronary artery bypass grafting; postoperative pneumonia; real-world study; clinical outcomes;
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Table 2 Baseline characteristics and the comparison betwen two groups of patients undergoing CABG
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#* 3 GABG BEEAE POP G HZ K E Cox HIH4Hr

Table 3 Univariate Cox regression analysis of risk factors for severe POP in patients undergoing CABG

51 -0.10 0.25 0.17 0.90 0.56~1. 47 0.677

BE IR 5 0. 80 0.33 6.12 2.23 1.18~4.23 0.013

20 I BT 0.22 0. 42 0.28 1.25 0.54~2.87 0.599

At 45 P o S 0.12 0.34 0.12 1.13 0.58~2.20 0.726

£l
©
«.H\
_H,
j=]
o
(o)}
=

0. 44 1.93 0.27~14.00 0.513

A i (mL) 0 0 2.93 1. 00 1.00~1. 00 0.087

R JG A HUGE < (h) 0 0 3.98 1. 00 1. 00~1. 00 0. 046

BB Y 1.49 0.26 32.07 4,44 2.65~7. 44 <<0. 001

Fz 4 GABG BHFEAE POP G N ZE MW LK E Cox FIHSH

Table 4 Multivariate Cox regression analysis of risk factors for severe POP in patients undergoing CABG
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Table 5 Univariate Cox regression analysis of risk of postoperative 90-day mortality in patients undergoing CABG
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Table 6 Multivariate Cox regression analysis of risk of postoperative 90-day mortality in patients undergoing CABG
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Table 7 Comparison of length of ICU stay, postoperative length of hospital stay, and total hospitalization cost among different

subgroups of patients
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R 7 (Table 7, Continued)
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P 0.133 0. 999 0. 602

90 d NFIET- K& & R &4 POP B& 4. 16 15, R
3 itig AT PR A A — 2 25 5% B85 e — 8. it

AWFFT 2 KL CABG [ % POP M &
WA 11,30, THESME S B i 4L
B o K R BE Y B B . CABG % POP
KRR 25 K AT RE K A AN [R5 225 /) POP
SE LSRR IE DL B 58 3 A R b . RS aE
R, 65 B LL LT ORATWRANT 2 AL T
AR OBEIRR T LA B A I8 B e R
4 POP W falH & .

ABIFSE R L FERE Bl Y KRR 1. 4%, 5 BT
A AR B 12.1% . 2 Cox [BIFMHr & B, F AR
A e RBC.MDRO R A iR & R 5 &
E i 9 1 2 A ST ARG . BN — TR 5 AN L P
ARB ] >4 h 2 I M AR S5 H 58 A A% 2 R A AE i
R fE B R, XS0 T7E A W5 1 B 5k,
Raphael 57 #5808 & 8. A o RBC fiiE S5 ARG
FEIR AR A L ICU A B B[] 2E | <038 7546 4 % X
POP &9 % Tt i 2 1E A1 ¢, 3278 Fi 7 RBC 7] A >
FENT A 0 FE B 2L BbAh A AR IE — 25 W
MDRO /2% [H £ 5 i 24 1 5 B gL ih 97 WFOdE S i
A TR R e AT i e o T A ] f B [ 4 FH 3 5 B0
PE ZF B e ge AL E 08 POP [m HAE 1L .

Thompson %Y iff 55 % W . CABG J& %k POP
B RJE 30 d WEIBETS XU & T POP & 1Y 2. 42
f#%, Massart 22V R B, OIEAR G &£ POP B &1
{EBE S MBI P67 KUR: 2 ok & 4= POP BB #H ) 1. 68 fif .
i Ailawadi 255 438 b, 3% KU F B8 8. 89 1%,
A5 s . CABG B #H AR5 k4 POP & WARG

MERLZ MR AL NE T AR, — B &4 POP, ¥4
LR :0) | BE NJ= 07 0% N o N S 7 U =
PRA S 2ALMGE K E B E ARG 90 d NIET:
4 ik 37 e PR 2R G v R SRR A R e I R L X
Al BE 5 & 4B Ja 5 R I 4 B 0T N 25 A R B £
5 E T BE R AT 25 A A A O, $E R I R N A T 2
TR BH AR W 58 o BLE A B 2 AR R IS
WP S 5 SR s DA ol 3 RS TS

REAE A 98 O R 520 JE AR J5 POP X B& 7 5% 5 7H
FEM B E R, Ailawadi 257 R B, B YOO BETF AR
Ja kA POP 23 G BUH V- # 4F B i [A] 4 < 23,5 d,
Thompson 26 B 98 £ B, CABG R J5 & 4= POP
SHRFAEREN R ER 4.1 d B, A, O NE
ARG Bl 0T kA 22 5 BUR E ICU 45 B B ) 42 K
6.23 d*, Arvanitis 2577 56 T 0F W HLAH 56 Bl %
(VAP) B #F9E £ 8], MDRO J& Y« 5 ICU {1 B
H ZCRTAIL B AR ) 28 K 25 A 06, AR AR T
POP i 3 K Ja v A fF B B B0 R & 3 3
25.0% . 1CU H 4 A BE H ZCHE i 100 % S48 A 5T
MLER Y AR 5 A B H O il AE SR Be HBO . Tk S
FAREAE BT B R R R R, T
oM — R T POP ™ i P 3 % e 5 1 X
BEIT R IRIHFE R 3 )2 . 55 POP B A I,
FRE POP ARJ5 & 1CU i Be H %05 5138 0 63. 3%
M83.3% . WABPEMBARRGBREH ARG K&
ICU s AERBE H #3658 Sy 1 3, 43 i3k 40. 0%,
46.7% ., HEI#T ARG POP & I 4 H IR A Y 1Y
P IR 5T A b (R ML H A — 2 A HE



. 220 - Hh e s e g ol A

2026 42 A4 25 %% 2] Chin J Infect Control Vol 25 No 2 Feb 2026

KRR A Y I YA YT HE B R0, B R Yl T R R
K, T 5 3O 5 1 Be s B B0 1CU 3 Be B 0 1k
—FER . ARAFFEH . MDRO B 5 AR5 A B H
O ICU fF Bie H 85038 fe 1, AH 3005 i 27 [ P 28 4y
FIHE 14, 3% .150. 0% . #F — 25 50 0F T BE £E 0F 5%
ghp,

Thompson 22 #f 5% & ¥, CABG R J§ POP
5 B 2 A0 24, 5% M o6, FEARBFSE
CABG & # & 4 POP T 2 b fF Bt 2% FH 34
26. 1%, N FEBESE h B A7 7 — 2 S i T g S R
[ 3t X B2 7 25 A 22 T KO 22 S A G (B 9% T 388 n g
JEMIT . —WiE % £ B MDRO & B g 53525
A Meta 23872 7% . MDRO I B 2% 42 BT 1 ik,
M E LTSN 916. 61 ~98 575. 00 £I6, H—
HigE % B 9 ICU MDRO 8% 3 8 2 95¢ 955 17 40 110
Meta 43 H1 7% » & 4= MDRO 84 i 5 3 7 2943 B
e TR & & MDRO B 5D ABE5E B
/NG MDRO B # M T 90 Ji 2= B v L v fr
FEBE SR BN 21, 5%, e Bk g5 . W45 #r id
R, HIE POP 4 & 2L Fl MDRO 8 e 1y 25 &

PR B B N, F W EAE POP, MDRO & e

AN T AR B0 G B A D TR A T
X A fE 5 HAE A T R U 2 18T R it DA 4
A SRR 5, A FE MDRO JE 3 F 40 B 1R A
YRS ILR AT B A MR 38 Tk R R A
o7 FH O g R v 29 DT S BOR YT S T

ABEGE I Z A4 E X CABG B # AR5 & 4k
POP AT GE747 3 (159 1 1 2E4T 43 01 AS LS TIE T BE
ARG SR 38 POP G IRE5 s 5 4 B S RS2 it T
TR A T S AR RS . SR, A SRy — 0 A A
IEARBEFEAFAE W T Ry BR 4 - 1 2, 28 A 1 1 B 1
FEAKYE T B B {5 B R Ge e [ iR Be g i 2 210
TAREC, % TR0 SV A R iR s e, )
RE S B BEAN & A F R iE AR, Hk. 25
T (0 0] Bk 5 o A P 0 B L A BE U T A T A TR O
DR R EAT T8 3 A8 TE 0 R Xt e 4 R AE 2R AT 232 20 #r
] REAEAE — 52 I 17 AR 3 38 o B8 KRR ARl &2 vh
OFGE HE— 25 55

M R PTAEEHFARFELENZF R,

(& % x @]

[1] Pérez-Granda MJ, Barrio JM, Cuerpo G, et al. Infectious

[2]

(3]

[4]

[5]

[o]

[7]

[8]

(9]

[10]

[11]

complications following major heart surgery from the day of
the surgery to hospital discharge[J]. BMC Infect Dis, 2024,
24(1): 73.

Barnett NM, Liesman DR, Strobel RJ, et al. The association
of intraoperative and early postoperative events with risk of
pneumonia following cardiac surgery[ J]. ] Thorac Cardiovasc
Surg, 2024, 168(4) . 1144 — 1154, €3.

Likosky DS, Wallace AS, Prager RL, et al. Sources of varia-
tion in hospital-level infection rates after coronary artery by-
pass grafting: an analysis of the Society of Thoracic Surgeons
Adult Heart Surgery Database[ J]. Ann Thorac Surg. 2015,
100(5): 1570 — 1576.

Allou N, Allyn J, Snauwaert A, et al. Postoperative pneumo-
nia following cardiac surgery in non-ventilated patients versus
mechanically ventilated patients: is there any difference? []J].
Crit Care, 2015, 19(1): 116.

Han JG, Zhai WQ, Wu ZH, et al. Care guided by tissue oxy-
genation and haemodynamic monitoring in off-pump coronary
artery bypass grafting (Bottomline-CS) : assessor blind, single
centre, randomised controlled trial [J]. BMJ, 2025, 388,
e082104.

Cheng W, Chen JW, Sun JH, et al. Role of intensified lung
physiotherapy bundle on the occurrence of pneumonia after
cardiac surgery [ J ]. Front Med ( Lausanne), 2022, 9:
844094,

Raphael J, Chae A, Feng XK, et al. Red blood cell transfu-
sion and pulmonary complications: the Society of Thoracic
Surgeons Adult Cardiac Surgery Database Analysis[J]. Ann
Thorac Surg, 2024, 117(4): 839 — 846.

Wang DS, Huang XF, Wang HF. et al. Clinical risk score for
postoperative pneumonia following heart valve surgery[]].
Chin Med ] (Engl), 2021, 134(20) . 2447 — 2456.

T, RBAE, A, . BONONEAR G B RSN A A TR T
AH G 25 e Sk g 14 e Iy I8 38 B SR A i LD . v A s DR IR e s
Zeiki, 2019, 12(1); 38— 43,

Wang J, Xiong Y, Shi Y, et al. Risk factors and pathogen dis-
tribution of nosocomial infection in adult patients undergoing
extracorporeal membrane oxygenation after cardiac surgery
[J]. Chinese Journal of Clinical Infectious Diseases, 2019, 12
(1): 38 —43.

Alwaqfi NR, AlBarakat MM, Hawashin WK, et al. Predic-
ting extended intensive care unit stay following coronary artery
bypass grafting and its impact on hospitalization and mortality
[J]. I Clin Med Res, 2025, 17(1); 14~ 21.

rh AT By 1 2 2 2 g e e ) 4 2 55 DU T R O 4 T R L Uk
YeBiipE 2. RIS M 58 T B A ) L K ARLTT. o AR I R R
PR, 2018, 11C1): 11 -19.

Group of Key Site Infection Control, Nosocomial Infection
Control Commission, Chinese Preventive Medicine Associa-
tion. Expert consensus on prevention and control of postopera-
tive pneumonia [ J . Chinese Journal of Clinical Infectious

Diseases, 2018, 11(1): 11 - 19,



op R s ) 2 7K 2026 4F 2 45 25 %55 2] Chin ] Infect Control Vol 25 No 2 Feb 2026 .

[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Shi Y, Huang Y, Zhang TT, et al. Chinese guidelines for the
diagnosis and treatment of hospital-acquired pneumonia and
ventilator-associated pneumonia in adults (2018 Edition)[J]. J
Thorac Dis, 2019, 11(6): 2581 = 2616.

W, XBFE, Bl AL, GF. 2T 24 1A I e ek gl 19 B 5 4
R KR R R 4R, 2015, 14(1D): 19,
Huang X, Deng ZD, Ni YX, et al. Chinese experts’ consen-
sus on prevention and control of multidrug resistance organism
healthcare-associated infection[ ] ]. Chinese Journal of Infec-
tion Control, 2015, 14(1): 1-9.

Baris O, Onyilmaz TA, Kaya H. Frequency and predictors of
pneumonia after isolated coronary artery bypass grafting
(CABG) :
2025, 15(2): 195.

Ailawadi G, Chang HL, O’Gara PT, et al. Pneumonia after

a single-center study [ J]. Diagnostics ( Basel),

cardiac surgery: experience of the National Institutes of
Health/Canadian Institutes of Health Research Cardiothoracic
Surgical Trials Network[J]. ] Thorac Cardiovasc Surg, 2017,
153(6): 1384 — 1391. €3.

Naveed A, Azam H, Murtaza HG, et al. Incidence and risk
factors of pulmonary complications after cardiopulmonary by-
pass[J]. Pak J Med Sci, 2017, 33(4): 993 = 996.

Kilic A, Ohkuma R, Grimm JC, et al. A novel score to esti-
mate the risk of pneumonia after cardiac surgery[J]. ] Thorac
Cardiovasc Surg, 2016, 151(5): 1415 — 1420.

Khanna AK, Kelava M, Ahuja S, et al. A nomogram to pre-
dict postoperative pulmonary complications after cardiothoracic
surgery[ J]. J Thorac Cardiovasc Surg, 2023, 165(6): 2134 —
2146.

Saxena A, Shan L., Reid C, et al. Impact of smoking status on
early and late outcomes after isolated coronary artery bypass
graft surgery[J]. J Cardiol, 2013, 61(5): 336 - 341.

Xiang BB, Jiao SL, Si YY, et al. Risk factors for postopera-
tive pneumonia: a case-control study [ J ]. Front Public
Health, 2022, 10: 913897,

Bano T, Kuchay MS, Mishra SK. et al. Immediate postopera-
tive complications following coronary artery bypass grafting in
patients with type 2 diabetes: a prospective cohort study[]J].
Diabetes Metab Syndr. 2020, 14(1).: 47 —51.

Santos KAQ. Berto B, Sousa AG, et al. Prognosis and com-
plications of diabetic patients undergoing isolated coronary ar-
tery bypass surgery[ J]. Braz ] Cardiovasc Surg, 2016, 31(1):
7 - 14.

ik, DhifEde, WS, S5, JF MR S A I 48 1 8 I R 2R B TR
BrLJT. A i g SRR R . 2011, 27(9) ¢ 566.

Ni B, Ma HT., Zhao J, et al. Risk factors and prevention of
severe pneumonia after thoracotomy[]J]. Chinese Journal of
Thoracic and Cardiovascular Surgery, 2011, 27(9): 566.
Thompson MP, Cabrera L., Strobel R], et al. Association be-

tween postoperative pneumonia and 90-day episode payments

[25]

[26]

[27]

[28]

[29]

[30]

and outcomes among medicare beneficiaries undergoing cardiac
surgery[ J ]. Circ Cardiovasc Qual Outcomes, 2018, 11(9);
e004818.

Massart N, Mansour A, Ross JT, et al. Mortality due to hos-
pital-acquired infection after cardiac surgery[J]. J Thorac Car-
diovasc Surg, 2022, 163(6): 2131 — 2140, €3.

Mathis MR, Duggal NM, Likosky DS, et al. Intraoperative
mechanical ventilation and postoperative pulmonary complica-
tions after cardiac surgery[J]. Anesthesiology, 2019, 131(5):
1046 — 1062.

Arvanitis M, Anagnostou T, Kourkoumpetis TK, et al. The
impact of antimicrobial resistance and aging in VAP outcomes:
experience from a large tertiary care center[ J]. PLoS One,
2014, 9(2): e89984.

bk, RARL, M. B SR G E 2 2 T AT DG R
LUV [T, e 92 56 Rl PR JE% B s 4% 7 (LT D
2017, 11(5): 455 — 459,

Xu BS, Yuan HB, Yang P. Evaluation of economic burden in-
duced by multidrug-resistant bacteria related infectons in a ter-
tiary general hospital[ J]. Chinese Journal of Experimental and

Clinical Infectious Diseases(Electronic edition), 2017, 11(5) .

455 — 459.
W, RAGHE. IV, S5, 2T 2 B IS e e R 2 T

HE RGN L], P EE QRS AR, 2017, 16(7): 616 -
621.

Ling L, Wu WX, Sun SM, et al. Systematic evaluation on di-
rect economic burden of healthcare-associated infection due to
multidrug-resistant organisms[ J]. Chinese Journal of Infection
Control, 2017, 16(7): 616 — 621,

RAF, EEAL, EFM. BN ICU 2T 25 14 B U 8 35 1 5%
i 5E Meta 08 L) ], AP EGUAE BRI, 2024, 49(4): 427 -
437.

Song HS, Wang ZL., Wang YP. Meta-analysis of disease bur-
den in ICU patients infected with multidrug resistant bacteria
in China[ J]. Chinese Journal of Antibiotics, 2024, 49(4) . 427
—437.

R SCo - BREED

A5 AR R R, 548 A% B L A5 R T 35 S S A A i K
55 s B AR A I I 48 5 s SR HELAIE 5 < i IR 45 R 5 A 43 A [0 ). oh [
JRIe i 2% 7, 2026, 25 (2) : 213 — 221. DOI: 10. 12138/j. issn.
1671 — 9638. 20267397.

Cite this article as : ZHAN Yuxiao, ZHANG Jian, YANG Yang,

et al. Disease burden of pneumonia after coronary artery bypass

grafting based on real-world data:

clinical outcomes and cost

analysis[ J]. Chin J Infect Control, 2026, 25(2): 213 — 221.
DOI: 10. 12138/j. issn. 1671 — 9638. 20267397.



