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Some keywords & search terms used:  
 
(MM "Machine Learning+") OR (MM "Artificial Intelligence") 
machine learning OR AI OR artificial intelligence 
wound care OR wound healing OR wound assessment OR "wounds and injuries" 
(MM "Wound Healing") OR (MM "Wounds and Injuries/CL/TH/RH") OR "wound assessment" OR (MM "Burns") OR (MM 
"Pressure Ulcer/CL/TH/RH") OR (MH "Skin Ulcer/CL/TH/RH") 
 (MM "Surgical Wound") OR (MM "Surgical Wound Infection") OR (MM "Surgical Wound Care") OR (MM "Surgical Wound 
Dehiscence") 
(MM "Wounds, Chronic") OR "chronic wound*" 
review OR "best practice*" OR guideline* OR model* OR recommend* OR framework 
 
Notes:  
Tip 1: To quickly scan through documents and web pages faster, press Ctrl + F and enter a word eg/ unit, ward, etc. 
Tip 2: Remember to browse the citation/bibliography lists to discover more resources of interest. 
Tip 3: Consider looking at the subject terms used in relevant articles, & add those terms to your search strategy 
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RESULTS 
Database articles 
 
Journal articles titled in blue and underlined contain hyperlinks to the full text article. Right click and select “Copy Hyperlink”, then Paste 
into your browser search bar. If you are using a VCH site computer, no username/password is required, but we recommend you use Google 
Chrome.   
Please note: Only some of the records below contain links to the full text article PDFs. Please let me know which full-text articles you’d like, if 
not available online, and I’ll track them down and send to you.

 
Record: 1 
Artificial intelligence in the management and treatment of burns: a systematic review  
By: E Moura FS; Amin K; Ekwobi C,  
Burns & trauma [Burns Trauma], ISSN: 2321-3868, 2021 Aug 19; Vol. 9, pp. tkab022; PMID: 34423054; 
 
Background: Artificial intelligence (AI) is an innovative field with potential for improving burn care. This article provides an 
updated review on machine learning in burn care and discusses future challenges and the role of healthcare professionals in 
the successful implementation of AI technologies. 
Methods: A systematic search was carried out on MEDLINE, Embase and PubMed databases for English-language articles 
studying machine learning in burns. Articles were reviewed quantitatively and qualitatively for clinical applications, key 
features, algorithms, outcomes and validation methods. 
Results: A total of 46 observational studies were included for review. Assessment of burn depth ( n  = 26), support vector 
machines ( n  = 19) and 10-fold cross-validation ( n  = 11) were the most common application, algorithm and validation tool 
used, respectively. 
Conclusion: AI should be incorporated into clinical practice as an adjunct to the experienced burns provider once direct 
comparative analysis to current gold standards outlining its benefits and risks have been studied. Future considerations must 
include the development of a burn-specific common framework. Authors should use common validation tools to allow for 
effective comparisons. Level I/II evidence is required to produce robust proof about clinical and economic impacts. 
Database: MEDLINE with Full Text 

 
Record: 2 
Using Machine Learning Technologies in Pressure Injury Management: Systematic Review  
By: Jiang M; Ma Y; Guo S; Jin L; Lv L; Han L; An N,  
JMIR medical informatics [JMIR Med Inform], ISSN: 2291-9694, 2021 Mar 10; Vol. 9 (3), pp. e25704; PMID: 33688846; 
 
Background: Pressure injury (PI) is a common and preventable problem, yet it is a challenge for at least two reasons. First, 
the nurse shortage is a worldwide phenomenon. Second, the majority of nurses have insufficient PI-related knowledge. 
Machine learning (ML) technologies can contribute to lessening the burden on medical staff by improving the prognosis and 
diagnostic accuracy of PI. To the best of our knowledge, there is no existing systematic review that evaluates how the current 
ML technologies are being used in PI management. 
Objective: The objective of this review was to synthesize and evaluate the literature regarding the use of ML technologies in 
PI management, and identify their strengths and weaknesses, as well as to identify improvement opportunities for future 
research and practice. 
Methods: We conducted an extensive search on PubMed, EMBASE, Web of Science, Cumulative Index to Nursing and Allied 
Health Literature (CINAHL), Cochrane Library, China National Knowledge Infrastructure (CNKI), the Wanfang database, the 
VIP database, and the China Biomedical Literature Database (CBM) to identify relevant articles. Searches were performed in 
June 2020. Two independent investigators conducted study selection, data extraction, and quality appraisal. Risk of bias was 
assessed using the Prediction model Risk Of Bias ASsessment Tool (PROBAST). 
Results: A total of 32 articles met the inclusion criteria. Twelve of those articles (38%) reported using ML technologies to 
develop predictive models to identify risk factors, 11 (34%) reported using them in posture detection and recognition, and 9 
(28%) reported using them in image analysis for tissue classification and measurement of PI wounds. These articles presented 
various algorithms and measured outcomes. The overall risk of bias was judged as high. 
Conclusions: There is an array of emerging ML technologies being used in PI management, and their results in the laboratory 
show great promise. Future research should apply these technologies on a large scale with clinical data to further verify and 
improve their effectiveness, as well as to improve the methodological quality. 
Database: MEDLINE with Full Text 

 
Record: 3 
Pressure injury image analysis with machine learning techniques: A systematic review on previous and possible 
future methods  
By: Zahia S; Garcia Zapirain MB; Sevillano X; González A; Kim PJ; Elmaghraby A,  
Artificial intelligence in medicine, ISSN: 1873-2860, 2020 Jan; Vol. 102, pp. 101742; PMID: 31980110; 
 
Pressure injuries represent a tremendous healthcare challenge in many nations. Elderly and disabled people are the most 
affected by this fast growing disease. Hence, an accurate diagnosis of pressure injuries is paramount for efficient treatment. 
The characteristics of these wounds are crucial indicators for the progress of the healing. While invasive methods to retrieve 
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information are not only painful to the patients but may also increase the risk of infections, non-invasive techniques by means 
of imaging systems provide a better monitoring of the wound healing processes without causing any harm to the patients. 
These systems should include an accurate segmentation of the wound, the classification of its tissue types, the metrics 
including the diameter, area and volume, as well as the healing evaluation. Therefore, the aim of this survey is to provide the 
reader with an overview of imaging techniques for the analysis and monitoring of pressure injuries as an aid to their diagnosis, 
and proof of the efficiency of Deep Learning to overcome this problem and even outperform the previous methods. In this 
paper, 114 out of 199 papers retrieved from 8 databases have been analyzed, including also contributions on chronic wounds 
and skin lesions. 
Database: MEDLINE with Full Text 

 
Record: 4 
Machine learning in burn care and research: A systematic review of the literature  
By: Liu NT; Salinas J,  
Burns : journal of the International Society for Burn Injuries [Burns], ISSN: 1879-1409, 2015 Dec; Vol. 41 (8), pp. 1636-1641; 
Publisher: Elsevier; PMID: 26233900; 
 
Background: To date, there are no reviews on machine learning (ML) in burn care. Considering the growth of ML in medicine 
and the complexities and challenges of burn care, this review specializes on ML applications in burn care. The objective was 
to examine the features and impact of applications in targeting various aspects of burn care and research. 
Methods: MEDLINE, the Cochrane Database of Systematic Reviews, ScienceDirect, and citation review of relevant primary 
and review articles were searched for studies involving burn care/research and machine learning. Data were abstracted on 
study design, study size, year, population, application of burn care/research, ML technique(s), and algorithm performance. 
Results: 15 retrospective observational studies involving burn patients met inclusion criteria. In total 5105 patients with acute 
thermal injury, 171 clinical burn wounds, 180 9-mer peptides, and 424 12-mer peptides were included in the studies. Studies 
focused on burn diagnosis (n=5), aminoglycoside response (n=3), hospital length of stay (n=2), survival/mortality (n=4), burn 
healing time (n=1), and antimicrobial peptides in burn patients (n=1). Of these 15 studies, 11 used artificial neural networks. 
Importantly, all studies demonstrated the benefits of ML in burn care/research and superior performance over traditional 
statistical methods. However, algorithm performance was assessed differently by different authors. Feature selection varied 
among studies, but studies with similar applications shared specific features including age, gender, presence of inhalation 
injury, total body surface area burned, and when available, various degrees of burns, infections, and previous 
histories/conditions of burn patients. 
Conclusion: A common feature base may be determined for ML in burn care/research, but the impact of ML will require 
further validation in prospective observational studies and randomized clinical trials, establishment of common performance 
metrics, and high quality evidence about clinical and economic impacts. Only then can ML applications be advanced and 
accepted widely in burn care/research. 
Database: MEDLINE with Full Text 

 
Record: 5 
Development of a Method for Clinical Evaluation of Artificial Intelligence-Based Digital Wound Assessment Tools.  
By: Howell RS; Liu HH; Khan AA; Woods JS; Lin LJ; Saxena M; Saxena H; Castellano M; Petrone P; Slone E; Chiu ES; et al 
JAMA network open, ISSN: 2574-3805, 2021 May 03; Vol. 4 (5), pp. e217234; PMID: 34009348; 
 
Key Points Question  How does an artificial intelligence (AI)–based wound assessment algorithm compare with expert 
human annotations of wound area and granulation tissue? 
Findings  This diagnostic study of 199 photographs of wounds developed a method to quantitatively and qualitatively evaluate 
AI wound annotations. Error measure distributions comparing AI with human tracings were generally statistically similar to 
those comparing 2 independent humans, suggesting similar tracing performance. 
Meaning  These findings suggest that AI-based wound annotation algorithms can perform similarly to human wound 
specialists; however, the degree of agreement regarding wound features among expert physicians can vary substantially, 
presenting challenges for defining a criterion standard. 
 
Importance: Accurate assessment of wound area and percentage of granulation tissue (PGT) are important for optimizing 
wound care and healing outcomes. Artificial intelligence (AI)-based wound assessment tools have the potential to improve the 
accuracy and consistency of wound area and PGT measurement, while improving efficiency of wound care workflows. 
Objective: To develop a quantitative and qualitative method to evaluate AI-based wound assessment tools compared with 
expert human assessments. 
Design, Setting, and Participants: This diagnostic study was performed across 2 independent wound centers using 
deidentified wound photographs collected for routine care (site 1, 110 photographs taken between May 1 and 31, 2018; site 2, 
89 photographs taken between January 1 and December 31, 2019). Digital wound photographs of patients were selected 
chronologically from the electronic medical records from the general population of patients visiting the wound centers. For 
inclusion in the study, the complete wound edge and a ruler were required to be visible; circumferential ulcers were specifically 
excluded. Four wound specialists (2 per site) and an AI-based wound assessment service independently traced wound area 
and granulation tissue. 
Main Outcomes and Measures: The quantitative performance of AI tracings was evaluated by statistically comparing error 
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measure distributions between test AI traces and reference human traces (AI vs human) with error distributions between 
independent traces by 2 humans (human vs human). Quantitative outcomes included statistically significant differences in 
error measures of false-negative area (FNA), false-positive area (FPA), and absolute relative error (ARE) between AI vs 
human and human vs human comparisons of wound area and granulation tissue tracings. Six masked attending physician 
reviewers (3 per site) viewed randomized area tracings for AI and human annotators and qualitatively assessed them. 
Qualitative outcomes included statistically significant difference in the absolute difference between AI-based PGT 
measurements and mean reviewer visual PGT estimates compared with PGT estimate variability measures (ie, range, 
standard deviation) across reviewers. 
Results: A total of 199 photographs were selected for the study across both sites; mean (SD) patient age was 64 (18) years 
(range, 17-95 years) and 127 (63.8%) were women. The comparisons of AI vs human with human vs human for FPA and ARE 
were not statistically significant. AI vs human FNA was slightly elevated compared with human vs human FNA (median [IQR], 
7.7% [2.7%-21.2%] vs 5.7% [1.6%-14.9%]; P < .001), indicating that AI traces tended to slightly underestimate the human 
reference wound boundaries compared with human test traces. Two of 6 reviewers had a statistically higher frequency in 
agreement that human tracings met the standard area definition, but overall agreement was moderate (352 yes responses of 
583 total responses [60.4%] for AI and 793 yes responses of 1166 total responses [68.0%] for human tracings). AI PGT 
measurements fell in the typical range of variation in interreviewer visual PGT estimates; however, visual PGT estimates 
varied considerably (mean range, 34.8%; mean SD, 19.6%). 
Conclusions and Relevance: This study provides a framework for evaluating AI-based digital wound assessment tools that 
can be extended to automated measurements of other wound features or adapted to evaluate other AI-based digital image 
diagnostic tools. As AI-based wound assessment tools become more common across wound care settings, it will be important 
to rigorously validate their performance in helping clinicians obtain accurate wound assessments to guide clinical care. 
Database: MEDLINE with Full Text 

 
Record: 6 
The Future of Data-Driven Wound Care  
By: Woods JS; Saxena M; Nagamine T; Howell RS; Criscitelli T; Gorenstein S; M Gillette B,  
AORN journal [AORN J], ISSN: 1878-0369, 2018 Apr; Vol. 107 (4), pp. 455-463; PMID: 29595902; 
 
Care for patients with chronic wounds can be complex, and the chances of poor outcomes are high if wound care is not 
optimized through evidence-based protocols. Tracking and managing every variable and comorbidity in patients with wounds 
is difficult despite the increasing use of wound-specific electronic medical records. Harnessing the power of big data analytics 
to help nurses and physicians provide optimized care based on the care provided to millions of patients can result in better 
outcomes. Numerous applications of machine learning toward workflow improvements, inpatient monitoring, outpatient 
communication, and hospital operations can improve overall efficiency and efficacy of care delivery in and out of the hospital, 
while reducing adverse events and complications. This article provides an overview of the application of big data analytics and 
machine learning in health care, highlights important recent advances, and discusses how these technologies may 
revolutionize advanced wound care. 
Database: MEDLINE with Full Text 

 
Record: 7 
Using artificial intelligence to improve wound image quality: a feasibility study  
Rochon, Melissa; Jurkiewicz, James; Morais, Carlos; Gondo, Tariro  
Wounds UK, Nov2020; 16(4): 54-59.  
(6p) (Article - glossary, pictorial, research, tables/charts) ISSN: 1746-6814 AN: 146962858 
 
Abstract: Background: Artificial intelligence or AI has been used successfully in wound measurement and diagnosis. We 
undertook a feasibility study to improve image quality for wounds healing by primary intention. Method: Within our AI Lab, we 
used a three-step approach. Firstly, we collected a test set (and training set) of clear and blurred images and reviewed existing 
solutions, models and documentation. In the next stage, a model was trained to be able to automatically classify between the 
two groups. We used a non-wound publicly available data set of blurred and clear images, looking specifically at contours in 
the images to focus into blur. Finally, the model was tested on a set of wound images, which had been pre-classified by 
surveillance colleagues (266 images total). Result: We were able set a threshold value on the resulting algorithm, which 
resulted in a 5% false rejection of good images, while correctly flagging 62% of the images classified as blurred by surveillance 
colleagues. This operating point was selected for further investigation and user acceptability testing. Conclusion: Clinical 
wound care and quality improvement using visual data requires high-quality images. 
Database: CINAHL Complete 

 
Record: 8 
AI technology for remote clinical assessment and monitoring  
By: Zoppo G; Marrone F; Pittarello M; Farina M; Uberti A; Demarchi D; Secco J; Corinto F; Ricci E,  
Journal of wound care, ISSN: 0969-0700, 2020 Dec 02; Vol. 29 (12), pp. 692-706; PMID: 33320742; 
 
Objective: To report the clinical validation of an innovative, artificial intelligence (AI)-powered, portable and non-invasive 
medical device called Wound Viewer. The AI medical device uses dedicated sensors and AI algorithms to remotely collect 

https://search.ebscohost.com/login.aspx?direct=true&db=ccm&AN=146962858&site=ehost-live
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objective and precise clinical data, including three-dimensional (3D) wound measurements, tissue composition and wound 
classification through the internationally recognised Wound Bed Preparation (WBP) protocol; this data can then be shared 
through a secure General Data Protection Regulation (GDPR)- and Health Insurance Portability and Accountability Act 
(HIPAA)-compliant data transfer system. This trial aims to test the reliability and precision of the AI medical device and its 
ability to aid health professionals in clinically evaluating wounds as efficiently remotely as at the bedside. 
Method: This non-randomised comparative clinical trial was conducted in the Clinica San Luca (Turin, Italy). Patients were 
divided into three groups: (i) patients with venous and arterial ulcers in the lower limbs; (ii) patients with diabetes and 
presenting with diabetic foot syndrome; and (iii) patients with pressure ulcers. Each wound was evaluated for area, depth, 
volume and WBP wound classification. Each patient was examined once and the results, analysed by the AI medical device, 
were compared against data obtained following visual evaluation by the physician and research team. The area and depth 
were compared with a Kruskal-Wallis one-way analysis of variations in the obtained distribution (expected p-value>0.1 for both 
tests). The WBP classification and tissue segmentation were analysed by directly comparing the classification obtained by the 
AI medical device against that of the testing physician. 
Results: A total of 150 patients took part in the trial. The results demonstrated that the AI medical device's AI algorithm could 
acquire objective clinical parameters in a completely automated manner. The AI medical device reached 97% accuracy 
against the WBP classification and tissue segmentation analysis compared with that performed in person by the physician. 
Moreover, data regarding the measurements of the wounds, as analysed through the Kruskal-Wallis technique, showed that 
the data distribution proved comparable with the other methods of measurement previously clinically validated in the literature 
(p=0.9). 
Conclusion: These findings indicate that remote wound assessment undertaken by physicians is as effective through the AI 
medical device as bedside examination, and that the device was able to assess wounds and provide a precise WBP wound 
classification. Furthermore, there was no need for manual data entry, thereby reducing the risk of human error while 
preserving high-quality clinical diagnostic data. 
Database: MEDLINE with Full Text 

 
Record: 9 
A deep learning model for burn depth classification using ultrasound imaging 
By: Lee S; Rahul; Lukan J; Boyko T; Zelenova K; Makled B; Parsey C; Norfleet J; De S,  
Journal of the mechanical behavior of biomedical materials [J Mech Behav Biomed Mater], ISSN: 1878-0180, 2022 Jan; Vol. 
125, pp. 104930; Publisher: Elsevier; PMID: 34781225; 
 
Identification of burn depth with sufficient accuracy is a challenging problem. This paper presents a deep convolutional neural 
network to classify burn depth based on altered tissue morphology of burned skin manifested as texture patterns in the 
ultrasound images. The network first learns a low-dimensional manifold of the unburned skin images using an encoder-
decoder architecture that reconstructs it from ultrasound images of burned skin. The encoder is then re-trained to classify burn 
depths. The encoder-decoder network is trained using a dataset comprised of B-mode ultrasound images of unburned and 
burned ex vivo porcine skin samples. The classifier is developed using B-mode images of burned in situ skin samples obtained 
from freshly euthanized postmortem pigs. The performance metrics obtained from 20-fold cross-validation show that the model 
can identify deep-partial thickness burns, which is the most difficult to diagnose clinically, with 99% accuracy, 98% sensitivity, 
and 100% specificity. The diagnostic accuracy of the classifier is further illustrated by the high area under the curve values of 
0.99 and 0.95, respectively, for the receiver operating characteristic and precision-recall curves. A post hoc explanation 
indicates that the classifier activates the discriminative textural features in the B-mode images for burn classification. The 
proposed model has the potential for clinical utility in assisting the clinical assessment of burn depths using a widely available 
clinical imaging device. 
Keywords: Burn depth classification*; Deep learning*; Encoder-decoder CNN*; Ultrasound imaging* 
Database: MEDLINE with Full Text 

 
Record: 10 
Skin tear classification using machine learning from digital RGB image  
By: Nagata T; Noyori SS; Noguchi H; Nakagami G; Kitamura A; Sanada H,  
Journal of tissue viability [J Tissue Viability], ISSN: 0965-206X, 2021 Nov; Vol. 30 (4), pp. 588-593; PMID: 33902993; 
 
Aim: Skin tears are traumatic wounds characterised by separation of the skin layers. Severity evaluation is important in the 
management of skin tears. To support the assessment and management of skin tears, this study aimed to develop an 
algorithm to estimate a category of the Skin Tear Audit Research classification system (STAR classification) using digital 
images via machine learning. This was achieved by introducing shape features representing complicated shape of the skin 
tears. 
Methods: A skin tear image was separated into small segments, and features of each segment were estimated. The 
segments were then classified into different classes by machine learning algorithms, namely support vector machine and 
random forest. Their performance in classifying wound segments and STAR categories was evaluated with 31 images using 
the leave-one-out cross validation. 
Results: Support vector machine showed an accuracy of 74% and 69% in classifying wound segments and STAR categories, 
respectively. The corresponding accuracy using random forest were 71% and 63%. 
Conclusion: Machine learning algorithms revealed capable of classifying categories of skin tears. This could offer the 
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potential to aid nurses in their management of skin tears, even if they are not specialised in wound care. 
Database: MEDLINE with Full Text 

 
Record: 11 
Novel application of an automated-machine learning development tool for predicting burn sepsis: proof of concept.  
By: Tran NK; Albahra S; Pham TN; Holmes JH 4th; Greenhalgh D; Palmieri TL; Wajda J; Rashidi HH,  
Scientific reports [Sci Rep], ISSN: 2045-2322, 2020 Jul 23; Vol. 10 (1), pp. 12354; PMID: 32704168; 
 
Sepsis is the primary cause of burn-related mortality and morbidity. Traditional indicators of sepsis exhibit poor performance 
when used in this unique population due to their underlying hypermetabolic and inflammatory response following burn injury. 
To address this challenge, we developed the Machine Intelligence Learning Optimizer (MILO), an automated machine learning 
(ML) platform, to automatically produce ML models for predicting burn sepsis. We conducted a retrospective analysis of 211 
adult patients (age ≥ 18 years) with severe burn injury (≥ 20% total body surface area) to generate training and test datasets 
for ML applications. The MILO approach was compared against an exhaustive "non-automated" ML approach as well as 
standard statistical methods. For this study, traditional multivariate logistic regression (LR) identified seven predictors of burn 
sepsis when controlled for age and burn size (OR 2.8, 95% CI 1.99-4.04, P = 0.032). The area under the ROC (ROC-AUC) 
when using these seven predictors was 0.88. Next, the non-automated ML approach produced an optimal model based on LR 
using 16 out of the 23 features from the study dataset. Model accuracy was 86% with ROC-AUC of 0.96. In contrast, MILO 
identified a k-nearest neighbor-based model using only five features to be the best performer with an accuracy of 90% and a 
ROC-AUC of 0.96. Machine learning augments burn sepsis prediction. MILO identified models more quickly, with less required 
features, and found to be analytically superior to traditional ML approaches. Future studies are needed to clinically validate the 
performance of MILO-derived ML models for sepsis prediction. 
Database: MEDLINE with Full Text 

 
Record: 12 
Convolutional neural networks for wound detection: the role of artificial intelligence in wound care 
By: Ohura N; Mitsuno R; Sakisaka M; Terabe Y; Morishige Y; Uchiyama A; Okoshi T; Shinji I; Takushima A,  
Journal of wound care, ISSN: 0969-0700, 2019 Oct 01; Vol. 28 (Sup10), pp. S13-S24; PMID: 31600101; 
 
Objective: Telemedicine is an essential support system for clinical settings outside the hospital. Recently, the importance of 
the model for assessment of telemedicine (MAST) has been emphasised. The development of an eHealth-supported wound 
assessment system using artificial intelligence is awaited. This study explored whether or not wound segmentation of a 
diabetic foot ulcer (DFU) and a venous leg ulcer (VLU) by a convolutional neural network (CNN) was possible after being 
educated using sacral pressure ulcer (PU) data sets, and which CNN architecture was superior at segmentation. 
Methods: CNNs with different algorithms and architectures were prepared. The four architectures were SegNet, LinkNet, U-
Net and U-Net with the VGG16 Encoder Pre-Trained on ImageNet (Unet_VGG16). Each CNN learned the supervised data of 
sacral pressure ulcers (PUs). 
Results: Among the four architectures, the best results were obtained with U-Net. U-Net demonstrated the second-highest 
accuracy in terms of the area under the curve (0.997) and a high specificity (0.943) and sensitivity (0.993), with the highest 
values obtained with Unet_VGG16. U-Net was also considered to be the most practical architecture and superior to the others 
in that the segmentation speed was faster than that of Unet_VGG16. 
Conclusion: The U-Net CNN constructed using appropriately supervised data was capable of segmentation with high 
accuracy. These findings suggest that eHealth wound assessment using CNNs will be of practical use in the future. 
Database: MEDLINE with Full Text 

 
Record: 13 
Predicting Chronic Wound Healing Time Using Machine Learning  
By: Berezo M; Budman J; Deutscher D; Hess CT; Smith K; Hayes D,  
Advances in wound care [Adv Wound Care (New Rochelle)], ISSN: 2162-1918, 2021 Oct 11; PMID: 34637653; 
Ahead of Print 
 
Objective: Chronic wounds have risen to epidemic proportions in the United States and can have an emotional, physical, and 
financial toll on patients. By leveraging data within the electronic health record (EHR), machine learning models offer the 
opportunity to facilitate earlier identification of wounds at risk of not healing or healing after an abnormally long time, which 
may improve treatment decisions and patient outcomes. Machine learning models in this study were built to predict chronic 
wound healing time. Approach: Machine learning models were developed using EHR data to predict patients at risk of having 
wounds not heal within 4, 8, and 12 weeks from the start of treatment. The models were trained on three data sets of 
1,220,576 wounds, including 187 covariates describing patient demographics, comorbidities, and wound characteristics. The 
area under the receiver operating characteristic curve (AUC) was used to assess the accuracy of the models. Shapley Additive 
Explanations (SHAP) were used to analyze variable importance in predictions and enhance clinical interpretations. Results: 
The 4-, 8-, and 12-week gradient-boosted decision tree models achieved AUC's of 0.854, 0.855, and 0.853, respectively. Days 
in treatment, wound depth and location, and wound area were the most influential predictors of wounds at risk of not healing. 
Innovation: Machine learning models can accurately predict chronic wound healing time using EHR data. SHAP values can 
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give insight into how patient-specific variables influenced predictions. Conclusion: Accurate models identifying patients with 
chronic wounds at risk of non or slow healing are feasible and can be incorporated into routine wound care. 
Database: MEDLINE with Full Text 

 
Record: 14 
Machine learning models for synthesizing actionable care decisions on lower extremity wounds  
By: Nguyen H; Agu E; Tulu B; Strong D; Mombini H; Pedersen P; Lindsay C; Dunn R; Loretz L, 
Smart health (Amsterdam, Netherlands) [Smart Health (Amst)], ISSN: 2352-6483, 2020 Nov; Vol. 18; PMID: 33299924; 
 
Lower extremity chronic wounds affect 4.5 million Americans annually. Due to inadequate access to wound experts in 
underserved areas, many patients receive non-uniform, non-standard wound care, resulting in increased costs and lower 
quality of life. We explored machine learning classifiers to generate actionable wound care decisions about four chronic wound 
types (diabetic foot, pressure, venous, and arterial ulcers). These decisions (target classes) were: (1) Continue current 
treatment, (2) Request non-urgent change in treatment from a wound specialist, (3) Refer patient to a wound specialist. We 
compare classification methods (single classifiers, bagged & boosted ensembles, and a deep learning network) to investigate 
(1) whether visual wound features are sufficient for generating a decision and (2) whether adding unstructured text from wound 
experts increases classifier accuracy. Using 205 wound images, the Gradient Boosted Machine (XGBoost) outperformed other 
methods when using both visual and textual wound features, achieving 81% accuracy. Using only visual features decreased 
the accuracy to 76%, achieved by a Support Vector Machine classifier. We conclude that machine learning classifiers can 
generate accurate wound care decisions on lower extremity chronic wounds, an important step toward objective, standardized 
wound care. Higher decision-making accuracy was achieved by leveraging clinical comments from wound experts. 
Database: MEDLINE with Full Text 

 
Record: 15 
A machine learning algorithm for early detection of heel deep tissue injuries based on a daily history of sub-
epidermal moisture measurements  
By: Lustig M; Schwartz D; Bryant R; Gefen A,  
International wound journal [Int Wound J], ISSN: 1742-481X, 2022 Jan 12; PMID: 35019208; 
Ahead of Print 
 
Sub-epidermal moisture is an established biophysical marker of pressure ulcer formation based on biocapacitance changes in 
affected soft tissues, which has been shown to facilitate early detection of these injuries. Artificial intelligence shows great 
promise in wound prevention and care, including in automated analyses of quantitative measures of tissue health such as sub-
epidermal moisture readings acquired over time for effective, patient-specific, and anatomical-site-specific pressure ulcer 
prophylaxis. Here, we developed a novel machine learning algorithm for early detection of heel deep tissue injuries, which was 
trained using a database comprising six consecutive daily sub-epidermal moisture measurements recorded from 173 patients 
in acute and post-acute care settings. This algorithm was able to achieve strong predictive power in forecasting heel deep 
tissue injury events the next day, with sensitivity and specificity of 77% and 80%, respectively, revealing the clinical potential of 
artificial intelligence-powered technology for hospital-acquired pressure ulcer prevention. The current work forms the scientific 
basis for clinical implementation of machine learning algorithms that provide effective, early, and anatomy-specific preventive 
interventions to minimise the occurrence of hospital-acquired pressure ulcers based on routine tissue health status 
measurements. 
Database: MEDLINE with Full Text 
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Content validation and usability of a chatbot of guidelines for wound dressing  
By: da Silva Lima Roque G; Roque de Souza R; Araújo do Nascimento JW; de Campos Filho AS; de Melo Queiroz et al 
International journal of medical informatics [Int J Med Inform], ISSN: 1872-8243, 2021 Jul; Vol. 151, pp. 104473;  
Publisher: Elsevier Science Ireland Ltd; PMID: 33964703; 
 
Introduction: The growing demand from patients with wounds from various causes has significantly challenged primary care 
nurses. A chatbot, with duly validated evidence-based content, can assist both nurses and patients in managing care. This 
work describes the development process of such a chatbot (BOTCURATIVO) that aims to help the treatment of wounds by 
non-specialists, by giving guidelines about the recommended wound dressing procedures for each type of wound. 
Method: Methodological research was carried out in three phases. The first one corresponded to the validation of the script's 
content through a panel of enterostomal therapist nurses, who evaluated the domains and items of the chatbot script. Data 
analysis was performed using the Content Validity Index by individual level and scale level (≥ 0.80). To verify the agreement 
between the evaluators, the Kappa test was used. In the second phase, the chatbot was developed, using GOOGLE'S 
DIALOGFLOW platform. Finally, in the third phase, the chatbot's usability was analyzed using the System Usability Scale 
(SUS), by 17 users, 8 of them being patients with chronic wounds, 5 caregivers of people with acute and chronic wounds and 
4 nurses. 
Results: The established domains achieved excellent suitability, relevance and representativeness criteria, all above 90 %; 
the content validity index per level of scale reached 0.97 and 0.82 by the methods of average and universal agreement, 
respectively, with excellent agreement between the evaluators (Kappa value: 0.83). The global usability score was 80.1. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7720796/pdf/nihms-1636647.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/iwj.13728
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Conclusion: The script developed and incorporated into the chatbot prototype achieved a satisfactory level of content validity. 
The usability of the chatbot was considered good, adding to the credibility of the device. 
Keywords: Artificial intelligence; Mobile application; Nursing; Wireless technology. 
Database MEDLINE with Full Text 
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Clinical validation of an artificial intelligence‐enabled wound imaging mobile application in diabetic foot ulcers  
Chan, Kai Siang; Chan, Yam Meng; Tan, Audrey Hui Min; Liang, Shanying; Cho, Yuan Teng; Hong, Qiantai; Yong, et al 
International Wound Journal, Jan2022; 19(1): 114-124. 
(11p) (Article - pictorial, research, tables/charts) ISSN: 1742-4801 AN: 154218578 
 
Abstract: There is a lifetime risk of 15% to 25% of development of diabetic foot ulcers (DFUs) in patients with diabetes 
mellitus. DFUs need to be followed up on and assessed for development of complications and/or resolution, which was 
traditionally performed using manual measurement. Our study aims to compare the intra‐ and inter‐rater reliability of an 
artificial intelligence‐enabled wound imaging mobile application (CARES4WOUNDS [C4W] system, Tetsuyu, Singapore) with 
traditional measurement. This is a prospective cross‐sectional study on 28 patients with DFUs from June 2020 to January 
2021. The main wound parameters assessed were length and width. For traditional manual measurement, area was 
calculated by overlaying traced wound on graphical paper. Intra‐ and inter‐rater reliability was analysed using intra‐class 
correlation statistics. A value of <0.5, 0.5–0.75, 0.75–0.9, and >0.9 indicates poor, moderate, good, and excellent reliability, 
respectively. Seventy‐five wound episodes from 28 patients were collected and a total of 547 wound images were analysed in 
this study. The median wound area during the first clinic consultation and all wound episodes was 3.75 cm2 (interquartile 
range [IQR] 1.40–16.50) and 3.10 cm2 (IQR 0.60–14.84), respectively. There is excellent intra‐rater reliability of C4W on three 
different image captures of the same wound (intra‐rater reliability ranging 0.933–0.994). There is also excellent inter‐rater 
reliability between three C4W devices for length (0.947), width (0.923), and area (0.965). Good inter‐rater reliability for length, 
width, and area (range 0.825–0.934) was obtained between wound nurse measurement and each of the C4W devices. In 
conclusion, we obtained good inter‐rater and intra‐rater reliability of C4W measurements against traditional wound 
measurement. The C4W is a useful adjunct in monitoring DFU wound progress. 
Database: CINAHL Complete 
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Machine learning analysis of multispectral imaging and clinical risk factors to predict amputation wound healing.  
By: Squiers JJ; Thatcher JE; Bastawros DS; Applewhite AJ; Baxter RD; Yi F; Quan P; Yu S; DiMaio JM; Gable DR, 
Journal of vascular surgery [J Vasc Surg], ISSN: 1097-6809, 2022 Jan; Vol. 75 (1), pp. 279-285; PMID: 34314834; 
 
Objective: Prediction of amputation wound healing is challenging due to the multifactorial nature of critical limb ischemia and 
lack of objective assessment tools. Up to one-third of amputations require revision to a more proximal level within 1 year. We 
tested a novel wound imaging system to predict amputation wound healing at initial evaluation. 
Methods: Patients planned to undergo amputation due to critical limb ischemia were prospectively enrolled. Clinicians 
evaluated the patients in traditional fashion, and all clinical decisions for amputation level were determined by the clinician's 
judgement. Multispectral images of the lower extremity were obtained preoperatively using a novel wound imaging system. 
Clinicians were blinded to the machine analysis. A standardized wound healing assessment was performed on postoperative 
day 30 by physical exam to determine whether the amputation site achieved complete healing. If operative revision or higher 
level of amputation was required, this was undertaken based solely upon the provider's clinical judgement. A machine learning 
algorithm combining the multispectral imaging data with patient clinical risk factors was trained and tested using cross-
validation to measure the wound imaging system's accuracy of predicting amputation wound healing. 
Results: A total of 22 patients undergoing 25 amputations (10 toe, five transmetatarsal, eight below-knee, and two above-
knee amputations) were enrolled. Eleven amputations (44%) were non-healing after 30 days. The machine learning algorithm 
had 91% sensitivity and 86% specificity for prediction of non-healing amputation sites (area under curve, 0.89). 
Conclusions: This pilot study suggests that a machine learning algorithm combining multispectral wound imaging with patient 
clinical risk factors may improve prediction of amputation wound healing and therefore decrease the need for reoperation and 
incidence of delayed healing. We propose that this, in turn, may offer significant cost savings to the patient and health system 
in addition to decreasing length of stay for patients. 
Database: MEDLINE with Full Text 
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Virtual and augmented reality: enhancing nurses' wound care management skills 
Ousey, Karen; Langley, Jonathan; Waugh, Peter  
Wounds UK, 2018; 14(2): 8-10. (2p) (Article - editorial) ISSN: 1746-6814 AN: 129386190 
 
Abstract: The article presents the author's views on the use of virtual and augmented reality for improving wound care 
management skills of nurses. Various topics discussed include machine learning in wound care, use of artificial intelligence 
(AI) in medical diagnosis, development of medical software and how training promotes self-development. 
Database: CINAHL Complete 
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Chronic wound assessment and infection detection method  
By: Hsu JT; Chen YW; Ho TW; Tai HC; Wu JM; Sun HY; Hung CS; Zeng YC; Kuo SY; Lai F, 
BMC medical informatics and decision making [BMC Med Inform Decis Mak], ISSN: 1472-6947, 2019 May 24; Vol. 19 (1), pp. 
99; Publisher: BioMed Central; PMID: 31126274; 
 
Background: Numerous patients suffer from chronic wounds and wound infections nowadays. Until now, the care for wounds 
after surgery still remain a tedious and challenging work for the medical personnel and patients. As a result, with the help of 
the hand-held mobile devices, there is high demand for the development of a series of algorithms and related methods for 
wound infection early detection and wound self monitoring. 
Methods: This research proposed an automated way to perform (1) wound image segmentation and (2) wound infection 
assessment after surgical operations. The first part describes an edge-based self-adaptive threshold detection image 
segmentation method to exclude nonwounded areas from the original images. The second part describes a wound infection 
assessment method based on machine learning approach. In this method, the extraction of feature points from the suture area 
and an optimal clustering method based on unimodal Rosin threshold algorithm that divides feature points into clusters are 
introduced. These clusters are then merged into several regions of interest (ROIs), each of which is regarded as a suture site. 
Notably, a support vector machine (SVM) can automatically interpret infections on these detected suture site. 
Results: For (1) wound image segmentation, boundary-based evaluation were applied on 100 images with gold standard set 
up by three physicians. Overall, it achieves 76.44% true positive rate and 89.04% accuracy value. For (2) wound infection 
assessment, the results from a retrospective study using confirmed wound pictures from three physicians for the following four 
symptoms are presented: (1) Swelling, (2) Granulation, (3) Infection, and (4) Tissue Necrosis. Through cross-validation of 134 
wound images, for anomaly detection, our classifiers achieved 87.31% accuracy value; for symptom assessment, our 
classifiers achieved 83.58% accuracy value. 
Conclusions: This augmentation mechanism has been demonstrated reliable enough to reduce the need for face-to-face 
diagnoses. To facilitate the use of this method and analytical framework, an automatic wound interpretation app and an 
accompanying website were developed. 
Trial Registration: 201505164RIND , 201803108RSB . 
Keywords: Clustering; Edge detection; Image segmentation; Machine learning; Medical image processing; Surgical site 
classification; Wound assessment. 
Database: MEDLINE with Full Text 
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Applying Machine Learning Across Sites: External Validation of a Surgical Site Infection Detection Algorithm  
By: Zhu Y; Simon GJ; Wick EC; Abe-Jones Y; Najafi N; Sheka A; Tourani R; Skube SJ; Hu Z; Melton GB,  
Journal of the American College of Surgeons, ISSN: 1879-1190, 2021 Jun; Vol. 232 (6), pp. 963-971.e1; PMID: 33831539; 
 
Background: Surgical complications have tremendous consequences and costs. Complication detection is important for 
quality improvement, but traditional manual chart review is burdensome. Automated mechanisms are needed to make this 
more efficient. To understand the generalizability of a machine learning algorithm between sites, automated surgical site 
infection (SSI) detection algorithms developed at one center were tested at another distinct center. 
Study Design: NSQIP patients had electronic health record (EHR) data extracted at one center (University of Minnesota 
Medical Center, Site A) over a 4-year period for model development and internal validation, and at a second center (University 
of California San Francisco, Site B) over a subsequent 2-year period for external validation. Models for automated NSQIP SSI 
detection of superficial, organ space, and total SSI within 30 days postoperatively were validated using area under the curve 
(AUC) scores and corresponding 95% confidence intervals. 
Results: For the 8,883 patients (Site A) and 1,473 patients (Site B), AUC scores were not statistically different for any 
outcome including superficial (external 0.804, internal [0.784, 0.874] AUC); organ/space (external 0.905, internal [0.867, 0.941] 
AUC); and total (external 0.855, internal [0.854, 0.908] AUC) SSI. False negative rates decreased with increasing case review 
volume and would be amenable to a strategy in which cases with low predicted probabilities of SSI could be excluded from 
chart review. 
Conclusions: Our findings demonstrated that SSI detection machine learning algorithms developed at 1 site were 
generalizable to another institution. SSI detection models are practically applicable to accelerate and focus chart review. 
Database: MEDLINE with Full Text 
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Using artificial intelligence (AI) to predict postoperative surgical site infection: A retrospective cohort of 4046 
posterior spinal fusions  
By: Hopkins BS; Mazmudar A; Driscoll C; Svet M; Goergen J; Kelsten M; Shlobin NA; Kesavabhotla K; Smith ZA; Dahdaleh  
Clinical neurology and neurosurgery, ISSN: 1872-6968, 2020 May; Vol. 192, pp. 105718;; PMID: 32065943; 
 
Objectives: Machine Learning and Artificial Intelligence (AI) are rapidly growing in capability and increasingly applied to model 
outcomes and complications within medicine. In spinal surgery, post-operative surgical site infections (SSIs) are a rare, yet 
morbid complication. This paper applied AI to predict SSIs after posterior spinal fusions. 
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Patients and Methods: 4046 posterior spinal fusions were identified at a single academic center. A Deep Neural Network 
DNN classification model was trained using 35 unique input variables The model was trained and tested using cross-
validation, in which the data were randomly partitioned into training n = 3034 and testing n = 1012 datasets. Stepwise 
multivariate regression was further used to identify actual model weights based on predictions from our trained model. 
Results: The overall rate of infection was 1.5 %. The mean area under the curve (AUC), representing the accuracy of the 
model, across all 300 iterations was 0.775 (95 % CI [0.767,0.782]) with a median AUC of 0.787. The positive predictive value 
(PPV), representing how well the model predicted SSI when a patient had SSI, over all predictions was 92.56 % with a 
negative predictive value (NPV), representing how well the model predicted absence of SSI when a patient did not have SSI, 
of 98.45 %. In analyzing relative model weights, the five highest weighted variables were Congestive Heart Failure, Chronic 
Pulmonary Failure, Hemiplegia/Paraplegia, Multilevel Fusion and Cerebrovascular Disease respectively. Notable factors that 
were protective against infection were ICU Admission, Increasing Charlson Comorbidity Score, Race (White), and being male. 
Minimally invasive surgery (MIS) was also determined to be mildly protective. 
Conclusion: Machine learning and artificial intelligence are relevant and impressive tools that should be employed in the 
clinical decision making for patients. The variables with the largest model weights were primarily comorbidity related with the 
exception of multilevel fusion. Further study is needed, however, in order to draw any definitive conclusions. 
Keywords: Artificial intelligence*; Spine surgery*; Surgical site infection* 
Database: MEDLINE with Full Text 
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Artificial intelligence-based tools to control healthcare associated infections: A systematic review of the literature.  
By: Scardoni A; Balzarini F; Signorelli C; Cabitza F; Odone A,  
Journal of infection and public health, ISSN: 1876-035X, 2020 Aug; Vol. 13 (8), pp. 1061-1077;; PMID: 32561275; 
 
Background: Healthcare-associated infections (HAIs) are the most frequent adverse events in healthcare and a global public 
health concern. Surveillance is the foundation for effective HAIs prevention and control. Manual surveillance is labor intensive, 
costly and lacks standardization. Artificial Intelligence (AI) and machine learning (ML) might support the development of HAI 
surveillance algorithms aimed at understanding HAIs risk factors, improve patient risk stratification, identification of 
transmission pathways, timely or real-time detection. Scant evidence is available on AI and ML implementation in the field of 
HAIs and no clear patterns emerges on its impact. 
Methods: We conducted a systematic review following the PRISMA guidelines to systematically retrieve, quantitatively pool 
and critically appraise the available evidence on the development, implementation, performance and impact of ML-based HAIs 
detection models. 
Results: Of 3445 identified citations, 27 studies were included in the review, the majority published in the US (n=15, 55.6%) 
and on surgical site infections (SSI, n=8, 29.6%). Only 1 randomized controlled trial was included. Within included studies, 17 
(63%) ML approaches were classified as predictive and 10 (37%) as retrospective. Most of the studies compared ML 
algorithms' performance with non-ML logistic regression statistical algorithms, 18.5% compared different ML models' 
performance, 11.1% assessed ML algorithms' performance in comparison with clinical diagnosis scores, 11.1% with standard 
or automated surveillance models. Overall, there is moderate evidence that ML-based models perform equal or better as 
compared to non-ML approaches and that they reach relatively high-performance standards. However, heterogeneity amongst 
the studies is very high and did not dissipate significantly in subgroup analyses, by type of infection or type of outcome. 
Discussion: Available evidence mainly focuses on the development and testing of HAIs detection and prediction models, 
while their adoption and impact for research, healthcare quality improvement, or national surveillance purposes is still far from 
being explored. 
 
“…Of 3445 identified citations, 27 studies were included in the review, the majority published in the US (n = 15, 55.6%) and on 
surgical site infections (SSI, n = 8, 29.6%)….” 
Mesh terms incl: Surgical Wound Infection / prevention & control 
Database: MEDLINE with Full Text 
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The Use of Mobile Thermal Imaging and Deep Learning for Prediction of Surgical Site Infection  
By: Fletcher RR; Schneider G; Bikorimana L; Rukundo G; Niyigena A; Miranda E; Riviello R; Kateera F; Hedt-Gauthier B,  
Annual International Conference of the IEEE Engineering in Medicine and Biology Society. IEEE Engineering in Medicine and 
Biology Society. Annual International Conference [Annu Int Conf IEEE Eng Med Biol Soc], ISSN: 2694-0604, 2021 Nov; Vol. 
2021, pp. 5059-5062; Publisher: [IEEE]; PMID: 34892344; 
 
The ability to detect surgical site infections (SSI) is a critical need for healthcare worldwide, but is especially important in low-
income countries, where there is limited access to health facilities and trained clinical staff. In this paper, we present a new 
method of predicting SSI using a thermal image collected with a smart phone. Machine learning algorithms were developed 
using images collected as part of a clinical study that included 530 women in rural Rwanda who underwent cesarean section 
surgery. Thermal images were collected approximately 10 days after surgery, in conjunction with an examination by a trained 
doctor to determine the status of the wound (infected or not). Of the 530 women, 30 were found to have infected wounds. The 
data were used to develop two Convolutional Neural Net (CNN) models, with special care taken to avoid overfitting and 
address the problem of class imbalance in binary classification. The first model, a 6-layer naïve CNN model, demonstrated a 
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median accuracy of AUC=0.84 with sensitivity=71% and specificity=87%. The transfer learning CNN model demonstrated a 
median accuracy of AUC=0.90 with sensitivity =95% and specificity=84%. To our knowledge, this is the first successful 
demonstration of a machine learning algorithm to predict surgical infection using thermal images alone. 
Clinical Relevance- This work establishes a promising new method for automated detection of surgical site infection. 
Database: MEDLINE with Full Text 
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Using Natural Language Processing to improve EHR Structured Data-based Surgical Site Infection Surveillance  
By: Shi J; Liu S; Pruitt LCC; Luppens CL; Ferraro JP; Gundlapalli AV; Chapman WW; Bucher BT,  
AMIA ... Annual Symposium proceedings. AMIA Symposium [AMIA Annu Symp Proc], ISSN: 1942-597X, 2020 Mar 04; Vol. 
2019, pp. 794-803; Publisher: American Medical Informatics Association; PMID: 32308875; 
 
Surgical Site Infection surveillance in healthcare systems is labor intensive and plagued by underreporting as current 
methodology relies heavily on manual chart review. The rapid adoption of electronic health records (EHRs) has the potential to 
allow the secondary use of EHR data for quality surveillance programs. This study aims to investigate the effectiveness of 
integrating natural language processing (NLP) outputs with structured EHR data to build machine learning models for SSI 
identification using real-world clinical data. We examined a set of models using structured data with and without NLP 
document-level, mention-level, and keyword features. The top-performing model was based on a Random Forest classifier 
enhanced with NLP document-level features achieving a 0.58 sensitivity, 0.97 specificity, 0.54 PPV, 0.98 NPV, and 0.52 F 0.5 
score. We further interrogated the feature contributions, analyzed the errors, and discussed future directions. 
MeSH Terms: Electronic Health Records* ; Machine Learning* ; Natural Language Processing*; Information Storage and 
Retrieval/*methods ; Surgical Wound Infection/*diagnosis; Algorithms ; Decision Trees ; Humans ; Logistic Models ; Sensitivity 
and Specificity ; Support Vector Machine.  
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Predicting the occurrence of surgical site infections using text mining and machine learning  
By: da Silva DA; Ten Caten CS; Dos Santos RP; Fogliatto FS; Hsuan J,  
PloS one [PLoS One], ISSN: 1932-6203, 2019 Dec 13; Vol. 14 (12), pp. e0226272; PMID: 31834905; 
 
In this study we propose the use of text mining and machine learning methods to predict and detect Surgical Site Infections 
(SSIs) using textual descriptions of surgeries and post-operative patients' records, mined from the database of a high 
complexity University hospital. SSIs are among the most common adverse events experienced by hospitalized patients; 
preventing such events is fundamental to ensure patients' safety. Knowledge on SSI occurrence rates may also be useful in 
preventing future episodes. We analyzed 15,479 surgery descriptions and post-operative records testing different 
preprocessing strategies and the following machine learning algorithms: Linear SVC, Logistic Regression, Multinomial Naive 
Bayes, Nearest Centroid, Random Forest, Stochastic Gradient Descent, and Support Vector Classification (SVC). For 
prediction purposes, the best result was obtained using the Stochastic Gradient Descent method (79.7% ROC-AUC); for 
detection, Logistic Regression yielded the best performance (80.6% ROC-AUC). 
Database: MEDLINE with Full Text 
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Artificial Intelligence Methods for Surgical Site Infection: Impacts on Detection, Monitoring, and Decision Making.  
By: Samareh A; Chang X; Lober WB; Evans HL; Wang Z; Qian X; Huang S,  
Surgical infections [Surg Infect (Larchmt)], ISSN: 1557-8674, 2019 Oct; Vol. 20 (7), pp. 546-554; PMID: 31453753; 
 
Background: There has been tremendous growth in the amount of new surgical site infection (SSI) data generated. Key 
challenges exist in understanding the data for robust clinical decision-support. Limitations of traditional methodologies to 
handle these data led to the emergence of artificial intelligence (AI). This article emphasizes the capabilities of AI to identify 
patterns of SSI data. Method: Artificial intelligence comprises various subfields that present potential solutions to identify 
patterns of SSI data. Discussions on opportunities, challenges, and limitations of applying these methods to derive accurate 
SSI prediction are provided. Results: Four main challenges in dealing with SSI data were defined: (1) complexities in using 
SSI data, (2) disease knowledge, (3) decision support, and (4) heterogeneity. The implications of some of the recent advances 
in AI methods to optimize clinical effectiveness were discussed. Conclusions: Artificial intelligence has the potential to provide 
insight in detecting and decision-support of SSI. As we turn SSI data into intelligence about the disease, we increase the 
possibility of improving surgical practice with the promise of a future optimized for the highest quality patient care. 
Keywords: artificial intelligence; decision support; deep learning; natural language processing; surgical site infection 
Database: MEDLINE with Full Text 
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Neurosurgical focus [Neurosurg Focus], ISSN: 1092-0684, 2019 Aug 01; Vol. 47 (2), pp. E7; PMID: 31370028; 
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Objective: Surgical site infection (SSI) following a neurosurgical operation is a complication that impacts morbidity, mortality, 
and economics. Currently, machine learning (ML) algorithms are used for outcome prediction in various neurosurgical aspects. 
The implementation of ML algorithms to learn from medical data may help in obtaining prognostic information on diseases, 
especially SSIs. The purpose of this study was to compare the performance of various ML models for predicting surgical 
infection after neurosurgical operations. 
Methods: A retrospective cohort study was conducted on patients who had undergone neurosurgical operations at tertiary 
care hospitals between 2010 and 2017. Supervised ML algorithms, which included decision tree, naive Bayes with Laplace 
correction, k-nearest neighbors, and artificial neural networks, were trained and tested as binary classifiers (infection or no 
infection). To evaluate the ML models from the testing data set, their sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV), as well as their accuracy, receiver operating characteristic curve, and area under the 
receiver operating characteristic curve (AUC) were analyzed. 
Results: Data were available for 1471 patients in the study period. The SSI rate was 4.6%, and the type of SSI was 
superficial, deep, and organ/space in 1.2%, 0.8%, and 2.6% of cases, respectively. Using the backward stepwise method, the 
authors determined that the significant predictors of SSI in the multivariable Cox regression analysis were postoperative CSF 
leakage/subgaleal collection (HR 4.24, p < 0.001) and postoperative fever (HR 1.67, p = 0.04). Compared with other ML 
algorithms, the naive Bayes had the highest performance with sensitivity at 63%, specificity at 87%, PPV at 29%, NPV at 96%, 
and AUC at 76%. 
Conclusions: The naive Bayes algorithm is highlighted as an accurate ML method for predicting SSI after neurosurgical 
operations because of its reasonable accuracy. Thus, it can be used to effectively predict SSI in individual neurosurgical 
patients. Therefore, close monitoring and allocation of treatment strategies can be informed by ML predictions in general 
practice. 
Database: MEDLINE with Full Text 
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Machine learning in infection management using routine electronic health records: tools, techniques, and reporting 
of future technologies  
By: Luz CF; Vollmer M; Decruyenaere J; Nijsten MW; Glasner C; Sinha B,  
Clinical microbiology and infection : the official publication of the European Society of Clinical Microbiology and Infectious 
Diseases [Clin Microbiol Infect], ISSN: 1469-0691, 2020 Oct; Vol. 26 (10), pp. 1291-1299; PMID: 32061798; 
 
Background: Machine learning (ML) is increasingly being used in many areas of health care. Its use in infection management 
is catching up as identified in a recent review in this journal. We present here a complementary review to this work. 
Objectives: To support clinicians and researchers in navigating through the methodological aspects of ML approaches in the 
field of infection management. 
Sources: A Medline search was performed with the keywords artificial intelligence, machine learning, infection∗, and 
infectious disease∗ for the years 2014-2019. Studies using routinely available electronic hospital record data from an inpatient 
setting with a focus on bacterial and fungal infections were included. 
Content: Fifty-two studies were included and divided into six groups based on their focus. These studies covered 
detection/prediction of sepsis (n = 19), hospital-acquired infections (n = 11), surgical site infections and other postoperative 
infections (n = 11), microbiological test results (n = 4), infections in general (n = 2), musculoskeletal infections (n = 2), and 
other topics (urinary tract infections, deep fungal infections, antimicrobial prescriptions; n = 1 each). In total, 35 different ML 
techniques were used. Logistic regression was applied in 18 studies followed by random forest, support vector machines, and 
artificial neural networks in 18, 12, and seven studies, respectively. Overall, the studies were very heterogeneous in their 
approach and their reporting. Detailed information on data handling and software code was often missing. Validation on new 
datasets and/or in other institutions was rarely done. Clinical studies on the impact of ML in infection management were 
lacking. 
Implications: Promising approaches for ML use in infectious diseases were identified. But building trust in these new 
technologies will require improved reporting. Explainability and interpretability of the models used were rarely addressed and 
should be further explored. Independent model validation and clinical studies evaluating the added value of ML approaches 
are needed. 
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Burn wound classification model using spatial frequency-domain imaging and machine learning  
By: Rowland R; Ponticorvo A; Baldado M; Kennedy GT; Burmeister DM; Christy RJ; Bernal NP; Durkin AJ,  
Journal of biomedical optics [J Biomed Opt], ISSN: 1560-2281, 2019 May; Vol. 24 (5), pp. 1-9; Publisher: Published by SPIE--
the International Society for Optical Engineering in cooperation with International Biomedical Optics Society; PMID: 31134769; 
 
Accurate assessment of burn severity is critical for wound care and the course of treatment. Delays in classification translate 
to delays in burn management, increasing the risk of scarring and infection. To this end, numerous imaging techniques have 
been used to examine tissue properties to infer burn severity. Spatial frequency-domain imaging (SFDI) has also been used to 
characterize burns based on the relationships between histologic observations and changes in tissue properties. Recently, 
machine learning has been used to classify burns by combining optical features from multispectral or hyperspectral imaging. 
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Rather than employ models of light propagation to deduce tissue optical properties, we investigated the feasibility of using 
SFDI reflectance data at multiple spatial frequencies, with a support vector machine (SVM) classifier, to predict severity in a 
porcine model of graded burns. Calibrated reflectance images were collected using SFDI at eight wavelengths (471 to 851 nm) 
and five spatial frequencies (0 to 0.2  mm  -  1). Three models were built from subsets of this initial dataset. The first subset 
included data taken at all wavelengths with the planar (0  mm  -  1) spatial frequency, the second comprised data at all 
wavelengths and spatial frequencies, and the third used all collected data at values relative to unburned tissue. These data 
subsets were used to train and test cubic SVM models, and compared against burn status 28 days after injury. Model 
accuracy was established through leave-one-out cross-validation testing. The model based on images obtained at all 
wavelengths and spatial frequencies predicted burn severity at 24 h with 92.5% accuracy. The model composed of all values 
relative to unburned skin was 94.4% accurate. By comparison, the model that employed only planar illumination was 88.8% 
accurate. This investigation suggests that the combination of SFDI with machine learning has potential for accurately 
predicting burn severity. 
Keywords: burns*; machine learning*; multispectral and hyperspectral imaging*; spatial frequency-domain imaging*; 
spectroscopy*; support vector machine* 
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Purpose: The aim of this study was to verify improved, ensemble-based strategy for inferencing with use of our solution for 
quantitative assessment of tendons and ligaments healing process and to show possible applications of the method. 
Methods: We chose the problem of the Achilles tendon rupture as an example representing a group of common sport 
traumas. We derived our dataset from 90 individuals and divided it into two subsets: healthy individuals and patients with 
complete Achilles tendon ruptures. We computed approx. 160 000 2D axial cross-sections from 3D MRI studies and 
preprocessed them to create a suitable input for artificial intelligence methods. Finally, we compared different training methods 
for chosen approaches for quantitative assessment of tendon tissue healing with the use of statistical analysis. 
Results: We showed improvement in inferencing with use of the ensemble technique that results from achieving comparable 
accuracy of 99% for our previously published method trained on 500 000 samples and for the new ensemble technique trained 
on 160 000 samples. We also showed real-life applications of our approach that address several clinical problems: (1) 
automatic classification of healthy and injured tendons, (2) assessment of the healing process, (3) a pathologic tissue 
localization. 
Conclusions: The presented method enables acquiring comparable accuracy with less training samples. The applications of 
the method presented in the paper as case studies can facilitate evaluation of the healing process and comparing with 
previous examination of the same patient as well as with other patients. This approach might be probably transferred to other 
musculoskeletal tissues and joints. 
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Background: Endothelial healing after deployment of cardiovascular devices is particularly important in the context of clinical 
outcome. It is therefore of great interest to develop tools for a precise prediction of endothelial growth after injury in the 
process of implant deployment. For experimental investigation of re-endothelialization in vitro cell migration assays are 
routinely used. However, semi-automatic analyses of live cell images are often based on gray value distributions and are as 
such limited by image quality and user dependence. The rise of deep learning algorithms offers promising opportunities for 
application in medical image analysis. Here, we present an intelligent cell detection (iCD) approach for comprehensive assay 
analysis to obtain essential characteristics on cell and population scale. 
Results: In an in vitro wound healing assay, we compared conventional analysis methods with our iCD approach. Therefore 
we determined cell density and cell velocity on cell scale and the movement of the cell layer as well as the gap closure 
between two cell monolayers on population scale. Our data demonstrate that cell density analysis based on deep learning 
algorithms is superior to an adaptive threshold method regarding robustness against image distortion. In addition, results on 
cell scale obtained with iCD are in agreement with manually velocity detection, while conventional methods, such as Cell 
Image Velocimetry (CIV), underestimate cell velocity by a factor of 0.5. Further, we found that iCD analysis of the monolayer 
movement gave results just as well as manual freehand detection, while conventional methods again shows more frayed 
leading edge detection compared to manual detection. Analysis of monolayer edge protrusion by ICD also produced results, 
which are close to manual estimation with an relative error of 11.7%. In comparison, the conventional Canny method gave a 
relative error of 76.4%. 
Conclusion: The results of our experiments indicate that deep learning algorithms such as our iCD have the ability to 
outperform conventional methods in the field of wound healing analysis. The combined analysis on cell and population scale 
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using iCD is very well suited for timesaving and high quality wound healing analysis enabling the research community to gain 
detailed understanding of endothelial movement. 
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Background: Accurate assessment of the percentage total body surface area (%TBSA) of burn wounds is crucial in the 
management of burn patients. The resuscitation fluid and nutritional needs of burn patients, their need for intensive unit care, 
and probability of mortality are all directly related to %TBSA. It is difficult to estimate a burn area of irregular shape by 
inspection. Many articles have reported discrepancies in estimating %TBSA by different doctors. 
Objective: We propose a method, based on deep learning, for burn wound detection, segmentation, and calculation of 
%TBSA on a pixel-to-pixel basis. 
Methods: A 2-step procedure was used to convert burn wound diagnosis into %TBSA. In the first step, images of burn 
wounds were collected from medical records and labeled by burn surgeons, and the data set was then input into 2 deep 
learning architectures, U-Net and Mask R-CNN, each configured with 2 different backbones, to segment the burn wounds. In 
the second step, we collected and labeled images of hands to create another data set, which was also input into U-Net and 
Mask R-CNN to segment the hands. The %TBSA of burn wounds was then calculated by comparing the pixels of mask areas 
on images of the burn wound and hand of the same patient according to the rule of hand, which states that one's hand 
accounts for 0.8% of TBSA. 
Results: A total of 2591 images of burn wounds were collected and labeled to form the burn wound data set. The data set was 
randomly split into training, validation, and testing sets in a ratio of 8:1:1. Four hundred images of volar hands were collected 
and labeled to form the hand data set, which was also split into 3 sets using the same method. For the images of burn 
wounds, Mask R-CNN with ResNet101 had the best segmentation result with a Dice coefficient (DC) of 0.9496, while U-Net 
with ResNet101 had a DC of 0.8545. For the hand images, U-Net and Mask R-CNN had similar performance with DC values 
of 0.9920 and 0.9910, respectively. Lastly, we conducted a test diagnosis in a burn patient. Mask R-CNN with ResNet101 had 
on average less deviation (0.115% TBSA) from the ground truth than burn surgeons. 
Conclusions: This is one of the first studies to diagnose all depths of burn wounds and convert the segmentation results into 
%TBSA using different deep learning models. We aimed to assist medical staff in estimating burn size more accurately, 
thereby helping to provide precise care to burn victims. 
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For people living with an ostomy, development of peristomal skin complications (PSCs) is the most common post-operative 
challenge. A visual sign of PSCs is discoloration (redness) of the peristomal skin often resulting from leakage of ostomy output 
under the baseplate. If left unattended, a mild skin condition may progress into a severe disorder; consequently, it is important 
to monitor discoloration and leakage patterns closely. The Ostomy Skin Tool is current state-of-the-art for evaluation of 
peristomal skin, but it relies on patients visiting their healthcare professional regularly. To enable close monitoring of 
peristomal skin over time, an automated strategy not relying on scheduled consultations is required. Several medical fields 
have implemented automated image analysis based on artificial intelligence, and these deep learning algorithms have become 
increasingly recognized as a valuable tool in healthcare. Therefore, the main objective of this study was to develop deep 
learning algorithms which could provide automated, consistent, and objective assessments of changes in peristomal skin 
discoloration and leakage patterns. A total of 614 peristomal skin images were used for development of the discoloration 
model, which predicted the area of the discolored peristomal skin with an accuracy of 95% alongside precision and recall 
scores of 79.6 and 75.0%, respectively. The algorithm predicting leakage patterns was developed based on 954 product 
images, and leakage area was determined with 98.8% accuracy, 75.0% precision, and 71.5% recall. Combined, these data for 
the first time demonstrate implementation of artificial intelligence for automated assessment of changes in peristomal skin 
discoloration and leakage patterns. 
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The accurate measurement of diabetic foot ulcer (DFU) wound size is essential as the rate of wound healing is a significant 
prognostic indicator of the likelihood of complete wound healing. Mobile phone photography is often used for surveillance and 
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to aid in telemedicine consultations. However, there remains no accurate and objective measurement of wound size integrated 
into these photos. The NDKare mobile phone application has been developed to address this need and our study evaluates its 
accuracy and practicality for DFU wound size assessment. The NDKare mobile phone application was evaluated for its 
accuracy in two- (2D) and three-dimensional (3D) wound measurement. One hundred and fifteen diabetic foot wounds were 
assessed for wound surface area, depth and volume accuracy in comparison to Visitrak and the WoundVue camera. Thirty 
five wounds had two assessors with different mobiles phones utilizing both applications to assess the reproducibility of the 
measurements. The 2D surface area measurements by NDKare showed excellent concordance with Visitrak and WoundVue 
measurements (ICC: 0.991 [95% CI: 0.988, 0.993]) and between different users (ICC: 0.98 [95% CI: 0.96, 0.99)]. The 3D 
NDKare measurements had good agreement for depth and fair agreement for volume with the WoundVue camera. The 
NDKare phone application can consistently and accurately obtain 2D measurements of diabetic foot wounds with mobile 
phone photography. This is a quick and readily accessible tool which can be integrated into comprehensive diabetic wound 
care. 
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Smartphone wound image analysis has recently emerged as a viable way to assess healing progress and provide actionable 
feedback to patients and caregivers between hospital appointments. Segmentation is a key image analysis step, after which 
attributes of the wound segment (e.g. wound area and tissue composition) can be analyzed. The Associated Hierarchical 
Random Field (AHRF) formulates the image segmentation problem as a graph optimization problem. Handcrafted features are 
extracted, which are then classified using machine learning classifiers. More recently deep learning approaches have emerged 
and demonstrated superior performance for a wide range of image analysis tasks. FCN, U-Net and DeepLabV3 are 
Convolutional Neural Networks used for semantic segmentation. While in separate experiments each of these methods have 
shown promising results, no prior work has comprehensively and systematically compared the approaches on the same large 
wound image dataset, or more generally compared deep learning vs non-deep learning wound image segmentation 
approaches. In this paper, we compare the segmentation performance of AHRF and CNN approaches (FCN, U-Net, 
DeepLabV3) using various metrics including segmentation accuracy (dice score), inference time, amount of training data 
required and performance on diverse wound sizes and tissue types. Improvements possible using various image pre- and 
post-processing techniques are also explored. As access to adequate medical images/data is a common constraint, we 
explore the sensitivity of the approaches to the size of the wound dataset. We found that for small datasets (< 300 images), 
AHRF is more accurate than U-Net but not as accurate as FCN and DeepLabV3. AHRF is also over 1000x slower. For larger 
datasets (> 300 images), AHRF saturates quickly, and all CNN approaches (FCN, U-Net and DeepLabV3) are significantly 
more accurate than AHRF. 
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