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Conspectus: Passive databases of last century given way to computer readable ones in the 
scientific world.  Spectral bases popular in chemistry/physics added a new dimension in 
interpretation of processes, properties and responses inmaterials/energy domains.The multi-
dimensional-images brought renaissance in medical diagnosis.  The knowledge bases emerged from 
distillation of information and intermediate hypotheses include logical/literature/numerical data.  
Typical case studies dealing with xAI in medical diagnosis during 2022 and 2023 are briefly 
described. 
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Responsible/ Trustworthy AI; past-present-future;/ 
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xAI.Med.  2022-10 

Human neuroimaging at various spatial and temporal resolution 
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xAI.Med 
 
xAI.Med. Diagnosis methods 2022 
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Lungs 

 
xAI.Med. Case Study 2022-07 

Pneumonia identification from chest X-ray images 
 

 
Hybrid deep learning framework 

o Pre-trained ensemble DeepLrn :  deep feature extractors 
o Transformer encoder based on the self-attention mechanism + MLP 
+ Pneumonia accurate identification 

 
xAI.Med.  2022-07 

Ensemble architecture 
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xAI.Med.  2022-07 

Visualization of a Multi-head self-attention Network and MLP blocks 
 

 
 
 
xAI.Med.  2022-07 

Visualization steps of the proposed transformer encoder model 

 
(a) Input :chest X-ray image 
(b) Input image divided into equal size nonoverlapping patches 
(c) Learnable position embeddings of the input image patches 
(d) Demonstrates the corresponding attention matrix 
 

xAI.Med. Case Study 2023-03 
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MedNIST dataset 
 Top row represents activations for hands images,  
 Row below contains images of breasts and the abdomen 

 
xAI.Med.  2023-03 

Image Captioning with visual explanations 

 
Visualization on the input image using bounding boxes 

 Findings: hyperexpansion and flattened diaphragms 
 
xAI.Med. t-SNE 2023-03 

. t-SNE Clustering 
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 ’BreastMRI’ (0), ’AbdomenCT’ (1), ’Hand’ (2), and ’CXR’ (3). 
 Detected clusters indicate a good separability between the classes 

 
 

 

Heart 

 
xAI.Med.  2022-63 
Model : CAD-DL 

 
 
Input:  
 The raw myocardial perfusion, wall motion, thickening images 
 Sex, age, and cardiac volumes 

Output 
 Per-vessel probability 

Diagnosis 
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 CAD : coronary artery disease; EDV : end-diastolic volume; ESV : end-systolic volume; LAD : 
left anterior descending artery; LCX : left circumflex artery; RCA : right coronary artery 

 
xAI.Med.  2022-63 
85% stenosis in the proximal left anterior descending (LAD) artery on coronary angiography 

72-year-old male 

 
(A) Visual assessment for stress image was interpreted as equivocal (SSS : 2) 
(B) CAD attention map highlights the image regions contributing to CAD prediction overlaid onto 
perfusion polar map 
(C) CAD probability map shows a high probability of CAD and specifically LAD disease with the 
distal anterior and apical segments contributing to the prediction 
(D) Left ventricular volumes from gated SPECT 
 
 ANT : anterior; EDV : end diastolic volume; ESV : end-systolic volume; LAD : left anterior 

escending artery; LAT : lateral; LCX : left circumflex artery; MPI : myocardial perfusion 
imaging; RCA : right coronary artery; SEPT : septal; SPECT : single-photon emission 
computed tomography; 
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Brain 

 
xAI.Med. Case Study 2022-10 

ML models for mental health applications 

 
 
[$$Scipt 
 (A) “Left: multi-modal supervised classification scheme. Three modality-specific factors are 

optimized on the training data: classifier types, parameters, and weights. The final diagnostic 
classificationis based on a weighted sum of decision values, where weights correspond to 
those estimated during training.  
Right: feature importance maps of functional neuroimaging modalities. 
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 (B) Unsupervised learning. Left: whole-brain functional-connectivity matrix averaged across 

all subjects. z = Fisher-transformed correlation coefficient. 
Right: hierarchical clustering analysis 

 
 (C)  Semi-supervised learning pipeline for phenotype stratification based on EHRs  

 
 (D)  Deep neural networks (DNNs) for group-level and individualized treatment predictions.  

 
Future data points could then be used to forecast  symptom onset, treatment response, or other 
mental health-related variables Scipt$$] 
 
 
xAI.Med
. 

 2022-10 

. Concepts and major findings in case studies 1 and 2 
 

 
 
 
 ( A) Illustration of the sparse EEG latent space regression (SELSER) framework in case study 1 for 

treatment outcome prediction 
 ( B) Interpretable cortical pattern derived from the scalp pattern  
 ( C) Distinctive EEG connectivity profiles were identified by sparse K-means for defining psychiatric 

subtypes in case study 2 on PTSD and MDD. The two 
identified subtypes were further found to predict treatment responsiveness to psychotherapy and 
antidepressant medication. 

 ( D) The EEG connectivity-defined subtypes are distinguishable by rs-fMRI connectivity patterns 
derived from an RVM-based classifier 
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xAI.Med.  2022-10 

Concepts and major findings in case study 

 
(A) Experimental paradigm. 
(B) Schematic of the CNN. 
(C) AUC curves produced by CNN versus chance level 
(D) The prediction score positively correlated with the anxiety sensitivity index (ASI) for the control 
group (r = 0.41, p < 0.001) but at the chance level for anxious brains (r = 0.05, p = 0.65) 
(E) Distribution of AUCs based on brain activations within 10-node fear randomly selected brain 
regions   
 
xAI.Med.  2022-10 

Concepts and major findings in case study 4 

 
(A) Schematic of cross-validation  
(B) Main components of the modeling framework based on both unsupervisedand supervised learning 
(C) Cross-validated prediction of the mood state is shown against the truemeasured mood state  
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xAI.Med.  2022-10 

ML for precision psychiatry 

 
 
(A) Two levels of precision in applying ML for mental health. 
(B) Examples of ML applications at various stages of a patient’s journey in case of MDD 
 
xAI.Med.  2022-10 

ML-powered technologies for mental health 
 

 
 
 
xAI.Med.  2022-10 

All compute methods (ACM) for multi-probe data (MPD) fusion fortasks in psychiatry  
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xAI.Med.  2022-10 

ML for molecular phenotyping in psychiatry 

 
 
(A) Different levels of interacting variables (genes, cells, circuits) to behaviors in mental illnesses. 
(B) Combining ML with novel molecular biology technologies  

+ Deep molecular phenotyping of brain plasticity) creates opportunities to develop new 
mechanistic models for prevention and treatment of clinical endophenotypesof mood and 
cognitive disorders 

 
xAI.Med.  2022-10 

ML model interpretability and closed-loop brain-behavior intervention 
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(A) A wide spectrum of interpretability in representative ML models. 
(B) Schematic of the closed loop of neuroimaging/modeling/neurostimulation 
 
xAI.Med.  2023-12 
Circular plots expressing the functional connections between macro-regions in the Emotion (Left) and 

Social (Right) HCP tasks 
 

 
Green shade : node degree 

Red shades : connection strength 
 5 top-most important relevant functional connections displayed 

 
xAI.Med. Case Study 2022-49 

. Heterogeneous data in biopsychosocial diagnostic model 
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PNI–Psychoneuroimmunology PNE–Psychoendocrinology 
GI–Gastrointestinal CV–Cardiovascular 
  

 

Skin  

 
xAI.Med. Case Study 2023-103 

Method Flow diagram to classify monkeypox 
 

 
 
 
xAI.Med.  2023-103 

Graphical comparison of the validation accuracies for all four trials 
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Carcinoma   

 
xAI.Med.  2023-104 

Metastasis in the brain 
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xAI.Med.  2023-
104 

Common sites and symptoms of metastasis in the body 

 
 
 
xAI.Med.  2022-27 

Proportions of comorbidities by patient outcome 
 

 
 
 
 
xAI.Med.  2022-11 

Cancer 
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xAI.Med.  2023-

104 
 

 
 
xAI.Med.  2022-68 

Breast mass prediction in an image patch from a mammogram 



 

AAACNN-53 BFit .xAIM.2022-2023                                                                                             408 
 

 
 Counterfactual explanation by 

o Applying minimal perturbation to input image to change model’s prediction 
 
 
xAI.Med. Reg Concept vec 2022-68 

Regression Concept Vectors for global interpretability 

 
 
 
xAI.Med. Case StudyCancer 2022-11 
 

 
o Overview of the cancer–ncRNA network in CTR circRNA, circular RNA 

 
(A) ML applications in mobile health 
(B) Different types of data collection strategies for digital measurement tools. 
(C) A technological infrastructure for the integration of digital measurement tools.  
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Images  
 
xAI.Med.  2023-22 

DenseNet121 trained on MedNIST 
 

 
 
 Displayed image classified as ‘Hand” with a prediction score of 0.98 
 Red areas : positive contribution; blue areas : negative contribution 

 
xAI.Med.  2022-60 

 
Lungs segmentation 

 
 
 
 
xAI.Med.  2022-62 

Visualisation of the 3D brain ventricles segmentation 
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 Right lateral ventricle is coloured in red;  
 Left lateral ventricle is coloured in green;  
 Yellow coloured region represents the third ventricle;  
 Blue region represents the fourth ventricle 

 
xAI.Med.  2022- 

3D-visualisation of  predictions on thin-slice MRI images for each ventricle segmented 
 

 
 

Case Studies 
xAI.Med. Minimally-different counterfactual for instances  belonging to class A 2023-12 
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Alg. 

1) The three nearest neighbors of s from the counterfactual class (i.e., class B) considered 
2) For each of them, two equally distant midpoints are generated 
3) Among all the midpoints corresponding to a classification outcome equal to B, the closest is 

considered as the minimally-different counterfactual. 
 
xAI.Med. Case Study 2023-12 
 

 
 
 
xAI.Med. StakeholdersCase Study 2023-14 

XAI helps stakeholders to understand the model’s decision 
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xAI.Med. Case Study 2023-17 

xAI method pipeline 
 

 
 
 
 
xAI.Med.  2023-17 

. ELI5 explanation results 
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 Global explanation  Local explanation 
 
xAI.Med.  2023-17 

QGraph plot. 
 

 
 
 
xAI.Med.  2023-17 

Feature importance plots -- Tree-based Models 
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(a) Random forest, (b) Xgboost, (c) Light GBM and (d) Catboost 

 
xAI.Med.  2023-22 

CNN 
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+ Filters (red rectangles with dashed lines)  
+ Pooling layers : to reduce the feature maps’ dimensionality 
+ Specific filter values are learned during model training  

              often called the weights of the CNN 
 
xAI.Med.  2023-22 

Applying visual XAI methods to an AI model 
enables the explanation of data, model internals, or model prediction 

 
 
 
xAI.Med. Case Study     XAIRE 2023-45 

XAIRE methodology 
for extracting relative importance of features 
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xAI.Med.  2023-22 

Aspirations of stakeholder groups 
for XAI  tools in 

AI models 
[medical domain] 
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Different explanation needs based on domain knowledge and expertise 

 
xAI.Med.  2023-03 

Medical imaging domain 
VQA system 
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Miscellaneous 

 
xAI.Med.  2023-45 
 

 
Additive decomposition of sequential (time) series components 

 
 
xAI.Med. Case Study 2022-24 

LRP procedure 

 
! Each neuron redistributes tolower level as much as it received from higher level 

 
 
 
xAI.Med.  2022-24 
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Modified U-Time architecture 
 

 
ResNet architecture 

 
 In Segment Classifier module, ConvLayer was replaced with Dense one 

 
xAI.Med. Case Study 2022-34 

Diagnostic Mode of ExAID 
used as Decision Support System in clinical workflow 

 
 
 
xAI.Med.  2022-34 

Educational Mode of ExAID 
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! To train resident dermatologists  tohandle interactive features 
 
xAI.Med.  2022-34 

Textual explanations by ExAID 
Positive and negative examples 

 
o Skin lesion samples 
o Ground truth class of sample is given below the image 

 
 
xAI.Med
. 

Case Study 2022-36 

Visualization and explanations 
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ProtoDash and CEM Explorer84 : 
 Allow data scientists to inspect trained model usingcontrastive explanation method 

Dpvis85: 
 Helps clinical researchers to understand the disease progression patterns by interacting with 

multiple, coordinated visualizations 
Retainvis83 
 Help clinicians test how an RNN-based model performs on a set of patients by conducting 

various what-if analyses 
 
 
xAI.Med. Case Study 2022-49 

Research domains in the healthcare information security 
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xAI.Med.  2022-49 
Holistic approach for Responsible Artificial Intelligence in health 

 

 
 
 
xAI.Med. Case Study 2022-69 

ML—DeepLrn—DeepArch— 
xAI---xxAI-- 

Healthcare sector 
 

 
 

- Black-box models create problems that have the potential to undermine progress in 
Computational Medicine 

! Remedy :eXplainable models   -- x output – xAi –xAdvices-on-time (xART)  
+ Transparent models offer solutions to these problems 
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xAI.Med.  2022-58 
 

 
 
 
xAI.Med.  2022-69 

Descriptive statistics for NDDRF 

 
 
(A) # of studies by year of publication;  
(B) Categories of risk factors;  
(c) Association of risk factors for all 14 ndds 
(d) Records of risk factors by disease in NDDRF 
(E) Heat map shows country distribution 
(F) Weighted network diagram -- correlation between neurodegenerative diseases and risk factors 
 
xAI.Med
. 

 2022-36 
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xAI.Med.  2022- 

Taxonomy tree for explainability in AI models 

 
 
 
 

 Rule-Base for choice of Explanation methods 
 

If Goal is to explain models instead of data 
Then Whether a local explanation for individual samples OR 

Global explanation for the entire model 
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If Global path 
Then Should it be a post hoc method or a self-explaining one 
  
If Self-explaining method 
Then TED (teaching explanations for decision making) 
  
If global method 
Then BRCG (Boolean rule sets with column generation) 
  
If Model agnostic. 
Then Post hoc 
 If so, ? Explaining in terms of samples or features 
  
If Sample side 
Then Which prototypes 
  
If Feature methods 
Then Choices among the contrast of explanations methods (CEMs) OR 

LIME37 or SHAP 
  
If Post hoc global methods 
Then surrogate models, such as ProfWeight, are available.  
  
If Model-specific methods 
Then Modifying models, OR 

Surrogate models, OR 
Simply visualizations 

  
If Global explanations forentire model 
Then Posthoc OR 

Directly interpretable model?  
  
If Directly interpretable model  
Then  Boolean rule set, such as BRCG OR 

GLRMs (generalized linear rulemodels)) 
 
xAI.Med.  2022-36 

Health XAI Persona 



 

AAACNN-53 BFit .xAIM.2022-2023                                                                                             426 
 

 
 
 
xAI.Med.  2022-36 

Knowledge transfer for explainability 

 
 
 
xAI.Med.  2022-41 

Explanation instances 
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Xplain_style: [plain-text ; image variants]  

 
 
 

 
 
 

Dice scores  
 
 
xAI.Med.  2022-62 
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 Samples from different regions of the plane are presented on the left-hand side and right-

hand side 
 

Swarm plot 
 
 
xAI.Med.  2022-66 

Swarmplot visualization 

 
 
 

fuzzy Plot 
Linguistic variables 
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xAI.Med.  2022-66 
Linguistic variables and their fuzzy sets derived from prototypes 
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Systematic Literature Search --
Advances 

 
xAI.Med.  2022-

204 
Word cloud 

Font size is proportional to the number of occurrences of the terms   
different colours are used to discriminate terms with equal font size 

 
(a) author-defined keywords b) keywords extracted from abstracts through NLP 

o Terms from keywords are more conceptual  
o Abstracts contained specific terms on the methods and tasks 
o Summarily, illustrate remarkable number of terms of XAI 

 
 
 
xAI.Med.  PRISMA (Preferred Reporting Items for Systematic Reviews and 

Meta-Analysis) 
2023-
28 

 PRISMA flow for identification, screening, and inclusion of literature 
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xAI.Med.  2023-19 

PRISMA flow diagram for primary research journal publications    
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xAI.Med.  2023-

101 
PRISMA guideline for manuscript selection 

 

 
PRISMA : preferred reporting items for systematic reviews and meta-analyses 
 
xAI.Med.  2022-39 

PRISMA diagram showing our literature strategy search 
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xAI.Med.  2022-51 

Flow diagram of the article selection process 

 
 
 
xAI.Med.  2022-204 

Research article selection by PRISMA protocol 
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xAI.Med
. 

 2022-69 

Flowchart for collection of risk factors for neurodegenerative diseases 
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xAI.Med.  2023-01 

Flow diagram summarising the process of conducting searches, paper selection and filtering 
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xAI.Med.  2022-10 

ML research in mental health and categorization of neuroimaging 

 
 
 The number of PubMed publications with keywords 

‘‘machine learning or AI’’ and ‘‘psychiatry or mental health’’ 
in the title or abstract (years 2000–2021). 

 Growth of mental health tech funding in the US market (years 2017–2021) 
 data source: https://www.cbinsights.com 

 
xAI.Med.  2023-22 

Literature trend for Medical images 

https://www.cbinsights.com
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 Year wise reports of saliency-based (visual) and other non-visual (textual, example-based- 

case-based)  XAI methods 
 
xAI.Med.  2023-22 

Saliency-based XAI methods 

 
Medical image analysis 

 
xAI.Med.  2022- 

Publication per year for XAI and medical XAI (top)   
percentage for two categories of research (bottom) 
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Data retrieved from Scopus® (Jan 8th, 2021) 

commands when querying this database Scopus®—XAI: 
 (ALL(‘‘Explainable AI’’) OR ALL(‘‘Interpretable AI’’) OR ALL(‘‘Explainable Artificial 

Intelligence’’) OR ALL(‘‘Interpretable Artificial Intelligence’’) OR ALL(‘‘XAI’’)) AND PUBYEAR = 
20XX;  
 

 Medical XAI: (ALL(‘‘Explainable AI’’) OR ALL(‘‘Interpretable AI’’) OR ALL(‘‘Explainable Artificial 
Intelligence’’) OR ALL(‘‘Interpretable Artificial Intelligence’’) OR ALL(‘‘XAI’’)) AND 
(ALL(‘‘medical’’) OR ALL(‘‘medicine’’)) AND PUBYEAR = 20XX, in which XX represents the 
actual year 

 
xAI.Med.  2022-

208 
Published papers using deep learning models 

to predict cancer risk, classification, prediction and 
detection per year since 2008  

from PubMed 
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xAI.Med.  2022-

204 
 

 
 y axis : Number of published articles on XAI  
 x axis : four bibliographic databases in recent decades  

 
xAI.Med.   
 

 
Systematic literature review (SLR) 

 
xAI.Med
. 

 2022-
204 
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Percentage of the selected articles on different XAI methods for different application 

 
 
xAI.Med.  2022-

204 
Chord diagram 

 

 
Number of selected articles published on the XAI methods and evaluation metrics from different 

application domains 
 
xAI.Med.  2022-

204 
Application domains and clustered on the basis of 

AI/ML model type, stage, scope, and form of explanations 
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 Number of articles with each of the properties is given in parentheses 

 
xAI.Med.  2022-

2004 
XAI methodologies 

.Venn diagram with the number of articles using different forms of data 
 

 
 The sizes of the circles are approximately proportional to the number of articles (shown 

within parentheses) 
 
xAI.Med.  2023-28 

Explanation types 
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xAI.Med.  2023-28 

Definitions of explainable techniques 
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xAI.Med.  2022-204 

Stage, scope, and form of explanations 

 
 
 
 


