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Structured Data: Primary , Secondary and UK BioBank Data
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hypertension - 30% 24% 12% 15% 10% 12% 11% 9% 8% 8% 8% 7% 6% 5% 5% 5% 4% 4% 2% 5% 3%

type 2 diabetes mellitus 66% - 26% 14% 13% 11% 13% 12% 9% 8% 10% 8% 6% 5% 7% 9% 4% 4% 3% 2% 5% 3%

heart disease 69% 34% - 14% 21% 13% 11% 22% 10% 12% 11% 8% 7% 7% 6% 6% 6% 8% 4% 3% 7% 2%

acute renal failure 61% 33% 26% - 25% 32% 11% 27% 21% 11% 24% 10% 7% 6% 8% 6% 7% 7% 9% 4% 4% 4%

atrial fibrillation 62% 25% 31% 20% - 20% 10% 28% 16% 11% 12% 9% 8% 5% 6% 5% 6% 11% 6% 3% 4% 3%

pneumonia 54% 25% 23% 31% 24% - 14% 24% 21% 13% 14% 9% 7% 7% 8% 5% 5% 5% 9% 8% 3% 5%

asthma 34% 17% 11% 6% 7% 8% - 6% 5% 6% 4% 6% 6% 7% 4% 5% 2% 2% 2% 1% 2% 4%

heart failure 67% 34% 47% 32% 42% 30% 12% - 19% 15% 21% 11% 8% 6% 9% 8% 6% 16% 7% 5% 5% 3%

at risk of falls 62% 27% 23% 28% 26% 28% 11% 20% - 12% 15% 12% 8% 7% 9% 3% 7% 7% 17% 4% 4% 6%

copd 56% 25% 29% 15% 19% 18% 14% 17% 12% - 9% 8% 10% 9% 6% 7% 6% 5% 4% 11% 4% 4%

chronic renal failure 74% 41% 35% 43% 27% 25% 12% 31% 21% 12% - 13% 10% 7% 10% 7% 8% 10% 9% 3% 5% 3%

hypothyroidism 50% 22% 17% 12% 14% 11% 14% 11% 11% 7% 8% - 7% 6% 6% 5% 2% 4% 5% 2% 4% 4%

diverticular disease 49% 19% 16% 9% 12% 9% 13% 8% 8% 10% 7% 8% - 8% 10% 3% 5% 3% 3% 3% 3% 2%

gastroesophageal reflux 46% 18% 17% 9% 9% 10% 17% 7% 7% 9% 6% 8% 9% - 7% 5% 4% 2% 2% 3% 4% 3%

iron deficiency anaemia 50% 30% 20% 16% 15% 15% 14% 14% 13% 8% 10% 9% 15% 9% - 5% 4% 4% 4% 3% 3% 3%

obesity 59% 45% 24% 13% 13% 11% 18% 14% 5% 11% 8% 9% 6% 8% 5% - 3% 3% 1% 2% 6% 3%

benign prostatic hyperplasia 58% 22% 23% 15% 18% 12% 9% 11% 12% 10% 10% 4% 9% 6% 5% 3% - 6% 5% 4% 4% 2%

cardiac pacemaker 59% 29% 43% 20% 40% 16% 10% 40% 15% 10% 16% 10% 8% 5% 7% 4% 8% - 6% 3% 5% 3%

dementia 59% 26% 23% 28% 25% 28% 9% 18% 40% 9% 16% 12% 7% 5% 7% 1% 7% 7% - 2% 3% 6%

emphysema 49% 19% 27% 16% 19% 34% 11% 18% 13% 34% 8% 7% 11% 10% 6% 4% 7% 4% 3% - 3% 3%

hyperlipidaemia 79% 40% 39% 12% 17% 11% 11% 13% 9% 9% 9% 10% 7% 9% 6% 9% 5% 5% 3% 2% - 2%
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hypertension - 22% 14% 3% 9% 4% 15% 4% 6% 9% 19% 11% 10% 9% 7% 45% 3% 2% 3% 1% 12% 2%

type 2 diabetes mellitus 61% - 19% 3% 9% 5% 17% 6% 6% 9% 20% 11% 10% 9% 8% 58% 3% 2% 4% 1% 13% 2%

heart disease 57% 27% - 3% 16% 7% 17% 14% 8% 15% 26% 12% 14% 12% 9% 40% 5% 4% 5% 1% 16% 2%

acute renal failure 58% 25% 18% - 12% 9% 16% 9% 8% 12% 32% 13% 9% 8% 8% 36% 3% 3% 5% 1% 8% 3%

atrial fibrillation 61% 22% 27% 4% - 8% 16% 20% 10% 13% 29% 13% 15% 10% 9% 38% 5% 9% 6% 1% 11% 2%

pneumonia 29% 12% 11% 3% 8% - 28% 5% 6% 14% 11% 8% 8% 8% 7% 30% 2% 2% 3% 2% 6% 3%

asthma 18% 7% 5% 1% 3% 5% - 2% 3% 11% 5% 6% 4% 8% 5% 30% 1% 1% 1% 1% 4% 2%

heart failure 59% 30% 53% 6% 42% 11% 18% - 11% 20% 40% 14% 15% 10% 12% 43% 5% 12% 6% 2% 13% 2%

at risk of falls 47% 17% 15% 3% 11% 7% 20% 6% - 11% 21% 13% 13% 10% 10% 33% 3% 3% 11% 1% 13% 4%

copd 43% 16% 19% 3% 9% 10% 46% 7% 7% - 15% 10% 13% 11% 7% 35% 3% 2% 3% 7% 10% 3%

chronic renal failure 72% 27% 25% 6% 16% 6% 16% 11% 10% 12% - 17% 15% 11% 11% 39% 4% 4% 7% 1% 13% 2%

hypothyroidism 36% 14% 10% 2% 7% 4% 17% 3% 6% 7% 15% - 9% 9% 10% 39% 1% 1% 3% 0% 9% 2%

diverticular disease 50% 18% 18% 2% 11% 6% 19% 5% 8% 13% 19% 13% - 15% 11% 38% 4% 2% 5% 1% 11% 2%

gastroesophageal reflux 31% 11% 10% 1% 5% 4% 21% 2% 4% 8% 9% 9% 10% - 7% 34% 2% 1% 2% 1% 8% 2%

iron deficiency anaemia 30% 13% 10% 2% 6% 5% 19% 4% 6% 7% 12% 13% 10% 10% - 31% 1% 1% 3% 1% 7% 2%

obesity 34% 16% 8% 1% 4% 3% 19% 2% 3% 5% 8% 9% 6% 8% 5% - 1% 1% 1% 0% 7% 2%

benign prostatic hyperplasia 49% 19% 21% 2% 13% 6% 15% 6% 7% 12% 17% 4% 15% 12% 5% 31% - 3% 4% 1% 15% 2%

cardiac pacemaker 57% 23% 38% 5% 43% 8% 16% 27% 11% 13% 34% 14% 16% 10% 9% 33% 6% - 8% 1% 12% 3%

dementia 57% 21% 22% 4% 15% 8% 13% 7% 23% 11% 30% 15% 15% 9% 10% 23% 4% 4% - 1% 11% 4%

emphysema 37% 14% 22% 2% 10% 16% 39% 8% 6% 88% 14% 8% 14% 12% 8% 26% 3% 2% 3% - 9% 3%

hyperlipidaemia 52% 21% 19% 2% 7% 4% 16% 4% 7% 9% 16% 12% 10% 10% 7% 40% 4% 2% 3% 1% - 2%

epilepsy 21% 8% 6% 2% 4% 6% 19% 2% 6% 6% 5% 8% 4% 7% 6% 29% 1% 1% 3% 0% 5% -
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hypertension - 18% 22% 4% 11% 5% 13% 5% 1% 5% 3% 8% 14% 11% 4% 9% 7% 2% 0% 1% 5% 2%

type 2 diabetes mellitus 71% - 27% 7% 11% 8% 15% 8% 2% 7% 5% 8% 14% 11% 7% 15% 7% 3% 1% 1% 7% 2%

heart disease 68% 21% - 5% 18% 7% 13% 13% 1% 9% 4% 7% 13% 12% 5% 10% 8% 5% 1% 2% 11% 2%

acute renal failure 67% 29% 31% - 26% 30% 15% 22% 5% 13% 21% 9% 16% 12% 11% 14% 10% 5% 2% 3% 6% 4%

atrial fibrillation 59% 16% 32% 8% - 12% 13% 17% 2% 8% 4% 8% 13% 10% 5% 9% 9% 8% 1% 2% 6% 2%

pneumonia 47% 17% 21% 15% 19% - 20% 13% 3% 15% 6% 8% 14% 13% 7% 9% 7% 3% 1% 6% 4% 4%

asthma 40% 12% 13% 3% 7% 7% - 3% 1% 10% 2% 8% 13% 13% 5% 8% 4% 1% 0% 2% 3% 2%

heart failure 71% 28% 62% 18% 45% 21% 17% - 3% 16% 12% 9% 14% 12% 9% 15% 9% 14% 1% 4% 11% 3%

at risk of falls 63% 26% 27% 19% 20% 24% 18% 12% - 14% 9% 12% 17% 14% 11% 11% 10% 4% 7% 3% 6% 9%

copd 58% 20% 31% 8% 16% 19% 38% 12% 3% - 5% 9% 20% 18% 8% 12% 9% 3% 1% 12% 6% 3%

chronic renal failure 77% 36% 39% 38% 25% 22% 16% 25% 4% 13% - 13% 18% 15% 14% 15% 12% 8% 1% 3% 9% 3%

hypothyroidism 42% 12% 13% 3% 8% 5% 15% 4% 1% 5% 2% - 13% 12% 6% 8% 3% 2% 0% 1% 3% 2%

diverticular disease 40% 11% 13% 3% 7% 5% 13% 3% 1% 5% 2% 7% - 13% 6% 6% 6% 1% 0% 1% 3% 1%

gastroesophageal reflux 38% 10% 14% 2% 6% 5% 15% 3% 1% 6% 2% 7% 15% - 6% 7% 5% 1% 0% 1% 3% 2%

iron deficiency anaemia 42% 18% 16% 6% 9% 8% 15% 6% 2% 7% 5% 10% 21% 16% - 8% 5% 2% 1% 2% 4% 3%

obesity 62% 28% 23% 6% 12% 7% 20% 7% 1% 8% 3% 11% 14% 15% 6% - 5% 2% 0% 1% 7% 2%

benign prostatic hyperplasia 46% 13% 19% 4% 11% 5% 10% 4% 1% 6% 3% 3% 14% 11% 3% 5% - 2% 1% 1% 4% 2%

cardiac pacemaker 66% 22% 52% 11% 49% 12% 15% 33% 2% 10% 9% 10% 14% 12% 7% 11% 11% - 1% 2% 12% 5%

dementia 57% 23% 26% 14% 17% 17% 13% 11% 17% 8% 6% 10% 13% 13% 9% 5% 12% 5% - 2% 6% 10%

emphysema 52% 15% 28% 10% 17% 31% 26% 13% 3% 51% 5% 7% 19% 16% 8% 8% 9% 3% 1% - 5% 4%

hyperlipidaemia 75% 27% 55% 6% 17% 7% 15% 12% 1% 9% 4% 9% 15% 15% 6% 15% 8% 5% 1% 2% - 3%

epilepsy 40% 11% 15% 5% 9% 9% 16% 4% 3% 7% 2% 8% 10% 11% 5% 7% 5% 3% 1% 2% 4% -

Occurrences

Secondary 

Primary 

UK BioBank 

UK BioBank Primary Secondary 



Differences in multi-morbidity associations
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• CovidSurg: 122 countries, 1677 centres

• ~10,000 patients from all over the world (Feb-July)

• Surgery 

• Had covid 

Understand which patients are at higher risk of dying to then guide the scheduling of surgeries.

Objective: to build a prognostic model for mortality after 30 

days of COVID-19 patients undergoing surgery. 



Timing of SARS−CoV−2 diagnosis Urgency of surgery

Respiratory comorbidity Revised Cardiac Risk Index Sex Speciality

Grade of surgery Indication for surgery Month Preoperative respiratory support

Age Anaesthesia ASA grade Current smoker
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Relationship of Variables and Outcome

Mortality: ~17%



Model Generation

Feature Selection

Exploratory Data Analysis

Penalised Logistic 
Regression (EN) 

& Random Forest

importance (m = 5)

• 16 candidate predictors
• Predictor excluded if 
missing >/=20%

• Elastic Net modeling
• Bootstrapping for hyperparameter 

optimization  

• Ranking of most important variables per 
model obtained and top 5 between both 
selected

RF, DT, GLM methods
used to fit a model with 

each combination 

of the selected features

Testing and 
Training Split

(25:75)

• Hyperparamters optimization 

• All feature combinations separately 

modeled
• Random Forest (RF), Decision Tree (DT), 

Generalized Linear Model (GLM) modeling 
methods assessed

• Random split repeated 100 times 
(bootstrapping)

Performance assessed through the 
mean and standard deviation of:

• Sensitivity

• Specificity
• AUROC
• Accuracy

Best perfoming  
feature combination 
and method selected

Final model built 
(GLM)

• Mean coefficients of all bootstraped splits define the final 
model 

Validation

Model Deployment

Shiny
Web App

Working dataset

CovidSurg
(n= 10029)

Derivation Set 
MICE (n=6777)

Complete case analysis 
(n=6474)

Validation Set 
MICE (n=1715)

Complete case analysis 
(n=1668)

Split into 
Derivation and 
Validation sets 

Missing Values Sensitivity Analysis

MICE imputation: n=8492
Complete cases: n=8142

• Split by time: Derivation (February, March, April, May) & Validation (June, July)

• Discrimination and calibration assessed 
• Imputed and non imputed results compared

• Case fatality percentages determined

Excluded patients:
• 454 children
• 389 local/other anaesthesia 

• 272 minor procedures (e.g. vessel catheterisation) 
• 228 incomplete date of surgery
• 186 no CT or swab confirmed diagnosis 
• 8 ambiguous gender

EDA + 

Preprocessing

Feature 

Selection

Model 

Selection

Deployment

Derivation and Validation Split 

• Based on time 

• Derivation: training/testing (75/25) 

Decision Trees, Logistic Regression, 

Random Forest 



Feature Selection



Model Selection



Performance evaluation

• Discrimination 

• Calibration

Model Selection



RespPreop: none RespPreop: oxygen RespPreop: ventilated
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Probability Threshold and Mor tality

[0,0.05]  − 2%

(0.05,0.2]  − 12.7%

(0.2,0.5]  − 30.4%

(0.5,0.8]  − 47.2%

https://covidsurgrisk.app

Deployment

https://covidsurgrisk.app/




Thank you!!!


