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Ultrasound-based assessment of microcirculatory alterations in diabetic foot ulcers with infection and their
association with multidrug-resistant organism infections
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(CNIRE | Objective  To investigate the alterations of ultrasound microcirculatory parameters in patients with diabetic
foot ulcer with infection (DFU-I),and to explore their correlation with multidrug-resistant organism (MDRO) infections.
The study aimed to evaluate the potential clinical value of ultrasound in infection grading and antimicrobial resistance

prediction. Methods A total of 126 clinically diagnosed DFU-I patients admitted to the Department of Endocrinology
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from June 2022 to December 2024 were enrolled. Based on pathogen identification and antimicrobial susceptibility testing,
patients were divided into an MDRO group (n=58) and a non-MDRO group (n=68). All patients underwent high-
frequency color Doppler ultrasound of the foot ulcer area within three days of admission. Microcirculatory parameters,
including perfusion index (PD), resistance index (RI), peak systolic velocity (PSV),and end-diastolic velocity (EDV),
were recorded, along with structural metrics such as ulcer depth and soft tissue thickness. Clinical data including
demographic characteristics, duration of diabetes, HbAlc, CRP, WBC, PCT levels, and Wagner grade were collected.
MALDI-TOF mass spectrometry and PCR-based resistance gene detection were performed. Independent t-tests, Mann-
Whitney U tests,Spearman correlation, multivariate logistic regression,and ROC curve analysis were used for statistical
evaluation. Results Among the 126 patients (83 males, 65. 87 % ;43 females,34. 13%) ,the mean age was 64. 249, 1
years,with a median diabetes duration of 13. 5 years (IQR:9. 2-17. 8). The MDRO infection rate was 46. 03% , with
predominant isolates including MRSA (29. 31%) , ESBL-producing Escherichia coli (20.69%) ,and carbapenem-resistant
Acinetobacter baumannii (13. 79%). Resistance genes such as mecA ,bla _CTX-M, and bla _KPC were detected in
several isolates. Compared with the non-MDRO group, the MDRO group exhibited significantly lower PI (0. 37 +=0. 09
vs. 0.54740.13) ,higher RI (0.79740. 06 vs. 0.68740.07),and reduced PSV (12.443.6 vs. 18.7%4.1 cm/s) and EDV
(3.2£1.1vs. 5.7£1.6 cm/s) (all P<<0.01). Ulcers in the MDRO group were deeper (7. 64=+2.17 mm vs. 5. 21+
1.76 mm) and surrounded by thicker soft tissue (12.843.3 mm vs. 10.542.9 mm) (P<C0.01). Spearman correlation
revealed that PI was negatively associated with Wagner grade, CRP,and PCT (all P<C0. 01), while RI showed positive
correlations with CRP and HbAlc (both P<C0.01). Multivariate logistic regression identified PI (OR=0. 182,95% CI:
0.071-0.461,P<C0.01),RI (OR=3.694,95% CI:1.608-8. 489, P<C0. 01) ,ulcer depth >>5 mm (OR=2. 317,95% CI:
1.079-4.975,P=0. 031),and HbAlc >9. 0% (OR=2.914,95% CI;1. 189-7. 145, P =0. 020) as independent risk
factors for MDRO infection. ROC analysis showed that the AUC for PI predicting MDRO infection was 0. 832 (95% CI;
0.755-0.909) ,and for RI it was 0. 817 (95% CI.0. 737-0. 896). The combined model using PI and RI yielded a higher
AUC of 0. 879 (95% CI.:0. 815-0. 943), indicating improved predictive performance.  Conclusion Ultrasound-based
microcirculatory perfusion parameters can accurately reflect the local infectious status of diabetic foot ulcers. A decreased
perfusion index and increased resistance index are closely associated with MDRO infection. Both PI and RI may serve as
simple, non-invasive imaging biomarkers for early identification of multidrug-resistant infections, providing valuable
support for infection severity assessment and antimicrobial therapy decision-making.
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