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Analysis of clinical outcomes and construction of predictive nomogram in patients with

sepsis-associated myocardial injury
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[Abstract] Objective: To explore the epidemiological status of sepsis - associated myocardial injury (SAMI) and its impact on
prognosis, and to construct a nomogram for early identification of high-risk groups of SAMI. Methods: A retrospective study was
conducted to collect clinical data of sepsis patients hospitalized in the Department of Emergency Medicine, the First Affiliated Hospital
of Nanjing Medical University from July 2023 to December 2024. The incidence of SAMI was analyzed, and 28 -day Kaplan-Meier
survival curves were drawn to compare the impact of SAMI on the prognosis of sepsis. Clinical variables were screened by least
absolute shrinkage and selection operator (LASSO) regression and Boruta algorithm, respectively. Multivariate logistic regression
analysis was used to construct the early prediction model of SAMI. Results: A total of 353 patients with sepsis were included, of whom
195(55.2%) developed SAMI during the course of the disease. The 28-day mortality risk was significantly higher in patients with
SAMI than in patients without SAMI (HR=2.342, P < 0.001). By using LASSO regression and Boruta algorithm, variables were
screened and intersections were taken. Finally, 6 variables including age, history of coronary heart disease, creatinine, urea nitrogen,
D-dimer and procalcitonin were constructed and nomogram was drawn. The area under receiver operating characteristic curve of the
internal validation using the bootstrap method (resampling=1 000) was 0.770(95%CI: 0.767-0.773, P < 0.001). The calibration curve
fitted well, and the decision curve analysis showed that the prediction model had a good net benefit in the range of threshold probability

0-0.95. Conclusion: SAMI is a common complication of sepsis and leads to poor prognosis. Nomogram based on clinical variables has
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a good clinical application prospect.
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Table 1 Baseline data of SAMI and non-SAMI groups

Characteristic Non-SAMI group(n=158) SAMI group(n=195) P
Male[n(%) ] 106(67.1) 120(61.5) 0.333
Age(years,x +5) 62 + 14 67 £ 15 0.004
BMI(kg/m*,x +5) 23.0+4.7 229+3.7 0.809
Primary lesion[n(%) | 0.053
Urinary system 24(15.2) 48(24.6)
Digestive system 59(37.3) 55(28.2)
Respiratory system 36(22.8) 56(28.7)
Soft tissue 18(11.4) 11(5.6)
Unspecified 13(8.2) 14(7.2)
Others 8(5.1) 11(5.6)
Pathogenic bacterial n(%) ] 0.088
Gram-negative bacilli 121(76.6) 125(64.1)
Gram-positive cocci 10(6.3) 18(9.2)
Unspecified 11(7.0) 23(11.8)
Others 16(10.1) 29(14.9)
Vital signs on admission
Temperature(oc xXts) 384 +1.4 38.0+1.5 0.012
Heart rate (beats/min,x + s) 93 +21 95 +22 0.687
Respiratory rate(breaths/min,x + s) 19+5 20+ 6 0.141
Systolic blood pressure (mmHg, % + s) 118 + 26 119 +27 0.919
Diastolic blood pressure(mmHg,% + s) 70 = 15 68 + 15 0.106
Mean blood pressure(mmHg,x + 5) 86+ 17 85+ 18 0.405
Comorbidities[n(%) ]
Hypertension 64(40.5) 99(50.8) 0.069
Diabetes mellitus 56(35.4) 71(36.4) 0.939
Coronary heart disease 11(7.0) 34(17.4) 0.006
Stroke 21(13.3) 33(16.9) 0.427
Malignant tumor 28(17.7) 35(17.9) 1.000
Autoimmune disease 22(13.9) 22(11.3) 0.558
Laboratory results on admission
White blood cell count(X10°/L,% + s) 11.02(7.35,16.17) 13.19(7.58,20.05) 0.043
Neutrophil count(x10°/L,% + s) 9.89(6.13,14.73) 11.45(6.35,18.45) 0.039
Lymphocyte count(X10%/L,% * 5) 0.56(0.30,0.97) 0.59(0.38,0.85) 0.787
Monocyte count(x10°/L,% + s) 0.50(0.18,0.83) 0.47(0.23,0.81) 0.765
Platelet count(X10°/L,x + s) 126(74,174) 106(54,161) 0.022
Hemoglobin(g/L,x + 5) 115 +33 106 + 28 0.003
High-sensitivity C-reactive prolein[mg/L,M(st,P75)] 90.00(64.52,90.00) 90.00(68.78,90.00) 0.994

Alanine aminotransferase[ U/L, M(Pas, Pss) | 45.3(25.1,95.9) 37.4(23.1,78.0) 0.232




5546 45 55 3 1 I, R Bk, BRI, S5, IREEAEAH SR LR AT 8 Wi PR U3 20 B TN 47 £ P RG],
202643 H P R RS E AR CE AR BHERRD , 2026, 46(3) : 418-424, 443 + 421 ¢
(£ 1)
Characteristic Non-SAMI group(n=158) SAMI group(n=195) P
Aspartate aminotransferase| U/L, M(Pss, Pss) | 50.0(28.8,117.8) 47.8(30.0,132.9) 0.652
Creatinine[ pmol/L, M(Pas, Pys) | 82.3(60.7,125.2) 126.2(78.4,233.8) <0.001
Urea nitrogen[mmol/L,M(st ,Pis) | 8.69(5.74,12.32) 13.39(8.63,20.04) <0.001
Blood glucose(mmol/L,x + s) 9.0+4.8 93+49 0.629
Albumin(g/L,x +5) 309+5.8 295+5.0 0.017
Serum sodium (mmol/L,x + s) 1372 + 6.8 139.2 +7.7 0.013
Serum potassium (mmol/L,% + ) 3.77 £ 0.61 3.97+0.84 0.013
Serum chloride (mmol/L,x +s) 102.1 £7.2 103.4+7.5 0.091
Serum calcium(mmol/L,x + s) 2.06 +0.22 2.03 +0.21 0.168
PT[s,M(Ps,Pss) ] 14.1(13.0,15.6) 14.8(13.3,17.3) 0.013
INR[M(Pss,Pss) ] 1.23(1.13,1.34) 1.30(1.16,1.53) 0.006
APTT[s,M(Pss,Pss) ] 30.6(28.1,34.8) 33.1(28.9,39.1) 0.003
Fibrinogen(g/L,% + s) 493 +1.93 4.57 £2.00 0.092
D-dimer[ mg/L, M(Pss, Pss) | 3.68(1.45,7.47) 6.89(3.04,11.22) <0.001
Procalcitonin[ng/mL,M(PZS,P75)] 5.46(0.94,24.13) 18.50(1.67,68.34) <0.001
Total bilirubin[ wmol/L, M(Pss, Pss) ] 23.8(11.8,50.4) 18.2(10.7,36.3) 0.107
BMI: body mass index; PT: prothrombin time; INR: international normalized ratio; APTT: activated partial thromboplastin time.
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Figure 1 28-day Kaplan-Meier survival curves of SAMI

and non-SAMI groups
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Table 2 Comparison of life support status and clinical condition assessment between SAMI and non-SAMI groups

Indicator Non-SAMI group(n=158) SAMI group(n=195) P
Vasoactive drug[n(%)] 47(29.7) 83(42.6) 0.018
MV[n(%) ] 56(35.4) 88(45.1) 0.083
CRRT[n(%) ] 21(13.3) 55(28.2) 0.001
Worst SOFA score[ M(Pss, Ps) | 5(3,8) 8(4,11) <0.001

MV : mechanical ventilation; CRRT: continuous renal replacement treatment; SOFA: sequential organ failure assessment.
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Table 3 Multivariate logistic regression of developing SAMI in sepsis patients

Variate OR 95%C1 P

Age(per 1-year increase) 1.017 1.000-1.035 0.049
Coronary heart disease(Yes) 3.158 1.464-7.227 0.005
Admission creatinine(per 1 wmol/L increase) 1.003 1.000-1.006 0.089
Admission urea nitrogen(per 1 mmol/L increase) 1.065 1.021-1.114 0.005
D-dimer(per 1 mg/L increase) 1.043 1.013-1.078 0.007
Procalcitonin(per 1 ng/mL increase) 1.008 1.000-1.015 0.043

Points (I) 1|0 2|0 3|O 4|0 5|0 6|O 7|0 SIO 9|O I(I)O

rrrrrrr T T T
Age(years) 10 30 50 70 90
Yes
Coronary heart disease ——
No
Serum creatinine(pmol/L) 0 100 300 500 700 900 1100 1300
1 I T T T T T T T T 1
Serum urea nitrogen (mmol/L) 0 10 20 0 40 50 €0 70 20 20
. I T T T T T T T 1
D-dimer(mg/L) 0 10 20 30 40
- : L N N R N B I B I |
Procalcitonin(mg/L) 0 40 80 120 160 200 240
. B LA B B e
Total points 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Riske of SAMI 0.10 020 030 0.400500.60 0.70 0.80  0.90 0.99

3 SAMI 7l 51 £ 5]

Figure 3 The establishment of nomogram for predicting SAMI



546 45 3 H AN, R Bk DARRE, S R ERRE AT O Co LA 1 B8 IR PR A U o3BT B T 1) 4 el R g L) .
202643 H PR BERER 2 4R (H AR FHERRD , 2026, 46(3): 418-424, 443 * 423 -
Aol B
1.0
0.8 03
£
E 6. Z 06/
P 0.6 :.;
o = 0.4
% 0.4 1 f—é Ideal
2 < — Logisitic calibration
= 0.2 1 e Nonadherence
0.21 Bootstrap ROC 0l il ||||.“|||”||||’u|“n|||.h|||||||||ll|||||‘| bl
Mean ROC 0 02 04 06 08 10
01 Predicted probability

10 08 06 04 02 0

False positive rate
0.6
0.5
0.4+

0.3

Net benefit

0.2

0.1

— All

Nonadherence prediction nomogram

None

T T T
0.1 0.2 0.4

T T 1
0.6 0.8 1.0

Threshold probability

A: The ROC curve of the internal validation using the Bootstrap method (resampling=1 000). B: The calibration curve of the predictive model.

C: The decision curve analysis of the nomogram.

4 FIZLERTER

Figure 4 The evaluation of nomogram

3 3t it

T I 43 A1 353 491 ik B AR A I R TR, AW AL
HUUT EE R OSAMI 2 M #3005 WIT K
i, KR R T s @SAMI G BUIREHAE B3 TG A K5
@ T LASSO [5] 5 H1 Boruta 532 7 1% (1) 2% & Fr 4
FER PR TS 2 fi o — 2 I R TN B

AHFFEHT, SAMI B K 268 55% , 5 BEAT i
(R0 93 ZE AR 0 A B A 2 g B, SAMIT (1) 75
RIS MERIE 51 R IR E AT 7 HLHI AR G : — 7
THI , 4% B JRE RN CAn R R BB R - I R -6 55
I ¢ 4 i R B 50 B #4010 IV 46 0 s o —
THT 5 DA PR B A 5 250 FUL A L G0 B % 2 4k T i
3, FE— SR e AR ELT

 F SAMI IR IE 28 2 28 d JET U2 o0
IG5 % 16 3 1) 3.987 1, T SAMIL J8 35 o i 12
25 CRRT 75 K iy, RPIZRBHE LS I 2
FEIIREAN A . ML= T, SAMIXS T (520 ] 38
o PAR AR R DILIR B /7 2% 1 5t , SAMI 3 2
O BN B, IR ZH SURUEE , B B L5 05 - 706
RREIR -2 2% B BRI B AR FA N . E Rl S
B 5E H , SAMI iR 2 tH B 7e 0 B 33 I 3 20 (left
ventricular ejection fraction, LVEF) T [%, 1 LVEF
B RT3 SO T B, O RGE BRI K 1A
S T2 I AT A LR UE SRV E A AL o (@9 -
M52 BAE T O L5475 5 RO 453475 A 52 70 54 5K
(damage associated molecular pattern, DAMP) it — 25

PO 4 B JONE SRR I R K (TR BN D- — 5



* 424 - Mo BE R K % 2 kR

546 555 3 1
20263 A

PRI 5 A2 3R DR B I A P e A R Rl A T B
AR it 2 AT 38 , O LA B 2K 4 1) e P b A LA
T2 NN fite FAE A e A G SR N 2 2% B T v itk
RS AL RS, A5 7 Kaplan-Meier [ 28 12
71N » SAMI AL R 3 [ S0 T ARG AE 00 J o 7~14 KK
FIEEAE , $2 F TR Can LA 3l 1 2204k Sz 1F
FRYT O W REX B PG EORHE I

AR 78 i LASSO [71 )9 5 Boruta 532 X0 H i
16, B 20 TR ek O S ULEF R R A D- 3R
A B B35 3R TR 6 AN AR B O B A, L AUC A
0.770(95%Cl: 0.767~0.773) , 715 5 I 13 340 731 2%
Ao o, SR NG IR 0o SR HR R SR R SRR
P, X R R B O I £ Th BT B R I A
P9 B DI RE R AT , T e /0095 KB B T IR 3 ik ok R A Ak
T3 A8 AT A Ik FRRE AH OGO UL BRI . BT 3R R
PB4 5 A TH G B E AR S, KT @ itn
o3 BRAAR ST e s SAE SRR 2, 5 0 LA 1 R 5 (A
O LM ZO BB VIR B D e de b 4
UBF R R B 2, S B H SR B ThREA 4,
T BUR I A | PR TEAE B R B AR L B L
M B O ThEE™ . D-RAA TR iR I
TUHE 5 RIS T B, JH S o T 0001 e R B - 2 52
HAEHXS WU BB IR o

BT AAE — EA L . OBEBE B
A i 7 - BHs RV T bty HER 0 2 BR 55 R} sk
SRAHERR, W] RESE MR ALZ A s @ SR A T Boot-
strap 1T P 36 AIE , 475 75 A0 & A Z1 3k — 4G B0 AL 7Y
It R L FHANE s @R AN — L5357 B A W bs 4 -
ALHE ST2 AR B IR T 15 55 s DSAMI R LI
W bR e i A g8, T R BUEAE 7T R R AL, )
O JUEPPA i 8 Qo B 75 L T AR AT AR R 2 o F 9
BN TRl 2 3k 22 o Bk, TGS A2 e T WA 0 E A
AR, JF IS AR T ROR -

il 3 5 7 B

AR P A R R R

Conlflict of Interests:

All the authors declared no conflict of interests.

{EE TR A :

IR A ST PR BT 1 SRS s ARk SR B A
etk o s B B A 5T B R AR AT Wi s BB B B DR
LT TR SCH R

Author’s Contributions:

LI Jiayong was responsible for research design and draft
writing; ZHU Yi was responsible for data collection and analy-

sis; LUO Chunyang was responsible for plotting and collecting

clinical data; CHEN Xufeng was responsible for research design

and draft reviewing.

(&% it ]

[1] GBD 2021 Diseases and Injuries Collaborators. Global
incidence, prevalence, years lived with disability(YLDs),
disability -adjusted life-years (DALYs) , and healthy life
expectancy (HALE) for 371 diseases and injuries in
204 countries and territories and 811 subnational loca-
tions, 1990-2021: a systematic analysis for the Global
Burden of Disease Study 2021 [J]. Lancet, 2024, 403
(10440)>:2133-2161

[2] ANTONUCCI E, FIACCADORI E, DONADELLO K, et al.
Myocardial depression in sepsis: from pathogenesis to
clinical manifestations and treatment [J]. J Crit Care,
2014,29(4):500-511

[3] TORGERSEN C, MOSER P, LUCKNER G, et al. Macro-
scopic postmortem findings in 235 surgical intensive care
patients with sepsis [J]. Anesth Analg, 2009, 108 (6) :
1841-1847

[4] FRENCKEN J F, DONKER D W, SPITONI C, et al. Myo-
cardial injury in patients with sepsis and its association
with long-term outcome [J]. Circ Cardiovasc Qual Out-
comes, 2018, 11(2): 004040

[5] SINGER M, DEUTSCHMAN C S, SEYMOUR C W, et al.
The third international consensus definitions for sepsis
and septic shock (sepsis-3) [J]. JAMA, 2016, 315(8) :
801

(6] HEwils, ¥ 25, LR R, 5. ik atar & 2 i Fis fa 16 Al
B HREEAE AR SRAE L LA 7 8 PR R R AERIT 2L ).
i s R SR 25 2021, 33(7): 809-814
MU W Q, HAN Y, GU G R, Prognostic risk factors of
patients with sepsis and the clinical characteristics of
patients with septic myocardial injury[J]. Chinese Critical
Care Medicine, 2021, 33(7):809-814

[7] RUSSELL J A, BOYD J, NAKADA T, et al. Molecular
mechanisms of sepsis [J]. Contrib Microbiol, 2011, 17:
48-85

(8] m WL b 8 1,5 SRR IEREER O
JUURE B 5835 o JUUTHUE PR RFALE B %o 7 5 28 98 F) T A1
fELT]. B B AR AR CA AR , 2024, 44(4):
483-490
GAO Y, SUN J, ZHENG M, et al. Evaluation of myocardial
microcirculation characteristics and predictive value of
left ventricular remodeling in patients with myocardial
infarction using three - dimensional speckle tracking
imaging[J]. Journal of Nanjing Medical University (Natural

(F# %443 0)



546 55 3 1

MRA IR, B0R 2, 5 5, 55, RO OR B R (0 Al 5T B R 5 IR AR A AR I 2 R AL .

202643 H B R R S R CH AR REERRD » 2026, 46(3): 435-443 ° 443
[28] MATZ J, LANTING B A, HOWARD J L. Understanding [36] Z=E &I, BRnze, 250K, 4 069 B R 5 I a5

[29]

[30]

[31]

[32]

[33]

[34]

[35]

the patellofemoral joint in total knee arthroplasty[J]. Can
J Surg, 2019, 62(1):57-65

WHEATLEY M G A, RAINBOW M J, CLOUTHIER A L.
Patellofemoral mechanics: a review of pathomechanics
and research approaches [J]. Curr Rev Musculoskelet
Med, 2020, 13(3):326-337

ANGLIN C, HO K C, BRIARD J L, et al. In vivo patellar
kinematics during total knee arthroplasty[J]. Comput Aid-
ed Surg, 2008, 13(6):377-391

VAN HAVER A, DE ROO K, DE BEULE M, et al. The
effect of trochlear dysplasia on patellofemoral biomechan-
ics: a cadaveric study with simulated trochlear deformities
[J1. Am J Sports Med,2015,43(6): 1354-1361
FITZPATRICK C K, STEENSEN R N, TUMULURI A, et
al. Computational analysis of factors contributing to patel-
lar dislocation[J]. J Orthop Res,2016,34(3):444-453
FLOREN M, DAVIS J, PETERSON M G, et al. A mini-
midvastus capsular approach with patellar displacement
decreases the prevalence of Patella Baja[ J]. J Arthroplas-
ty, 2007, 22(6 Suppl 2):51-57

LAUBACH M, HELLMANN J T R, DIRRICHS T, et al.
Anterior knee pain after total knee arthroplasty: a multi-
factorial analysis [J]. J Orthop Surg, 2020, 28 (2) :
2309499020918947

LUM Z C, SAIZ A M, PEREIRA G C, et al. Patella baja
in total knee arthroplasty [J]. J] Am Acad Orthop Surg,
2020,28(8):316-323

RIS 50 R LRI R 57 W RS R R LU ). i o
R, 2019,39(23): 1470-1477

LI CZ, CHEN J R, LI P Y. Literature review of the rela-
tionship and relative factors between anterior knee pain
and patellofemoral joint after total knee arthroplasty [J].
Chinese Journal of Orthopaedics, 2019, 39 (23) : 1470-
1477

BRACEY D N, BROWN M L, BEARD H R, et al. Effects
of patellofemoral overstuffing on knee flexion and patellar
kinematics following total knee arthroplasty: a cadaveric
study[J]. Int Orthop,2015,39(9): 1715-1722

KIM C W, LEE C R, HUH T Y. The effect of patellar fac-
et angle on patellofemoral alignment and arthritis progres-
sion in posterior-stabilized total knee arthroplasty without
patellar resurfacing [J]. Knee Surg Relat Res, 2020, 32
(1):29

SENIORIS A, SAFFARINI M, RAHALI S, et al. Does
patellofemoral congruence following total knee arthroplas-
ty correlate with pain or function?Intraoperative ar-
throscopic assessment of 30 cases[J]. Ann Transl Med,
2016,4(15):279

PANNI A S, CERCIELLO S, MAFFULLI N, et al. Patellar
shape can be a predisposing factor in patellar instability
[J]. Knee Surg Sports Traumatol Arthrosc, 2011, 19(4):
663-670

(WrF5: 2025-12-26; &8 : 2026-01-28; = : 2026-01-30)

(ALm#t: 2 KD

e S S S e S aE S e a aa S S T S i e o S S T S S mte =

(L% 424 70)

[9]

[10]

[11]

[12]

Sciences),2024,44(4):483-490

MCCALL C E, ZHU X W, ZABALAWI M, et al. Sepsis,
pyruvate , and mitochondria energy supply chain shor -
tage[J1. J Leukoc Biol, 2022, 112(6): 1509-1514

SATO R, HASEGAWA D, GUO S, et al. Sepsis-induced
cardiogenic shock: controversies and evidence gaps in
diagnosis and management[ J 1. J Intensive Care, 2025, 13
(D:1

WILLIAMS B, ZOU L, PITTET J F, et al. Sepsis-induced
coagulopathy: a comprehensive narrative review of patho-
physiology clinical presentation, diagnosis, and manage-
ment strategies [J]. Anesth Analg, 2024, 138 (4) : 696
711

MANETA E, AIVALIOTI E, TUAL-CHALOT S, et al.

Endothelial dysfunction and immunothrombosis in sep-
sis[J]. Front Immunol, 2023, 14: 1144229

VELISSARIS D, ZAREIFOPOULOS N, LAGADINOU M,
et al. Procalcitonin and sepsis in the Emergency Depart-
ment: an update[J]. Eur Rev Med Pharmacol Sci, 2021,
25(1):466-479

HUANG Y H, CHEN C J, SHAO S C, et al. Comparison
of the diagnostic accuracies of monocyte distribution
width, procalcitonin, and C-reactive protein for sepsis: a

systematic review and meta-analysis[J]. Crit Care Med,

2023,51(5):el06-el14

[15] POSTON J T, KOYNER J L. Sepsis associated acute

kidney injury[J]. BMJ, 2019, 364: k4891

(Yr#5:2025-12-01; f&E] : 2026-01-19; K FH : 2026-01-22)

(AL ot )



