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Enabling proactive 
surgical care
Postoperative Infection Intelligence

Postoperative 
infections impact 
everyone

Up to 1 in 5 patients run into an infection 
after their surgery despite programs like 
ERAS. 

An infection can be a superficial or deep 
wound infection, pneumonia, urinary tract 
infection or other type of infection.



Staff is overloaded 
with data and complex 
patterns.
Staff experience information overload due 
to large number of results and large number 
of patients, leading to late diagnosis.

Average day of diagnosis is after day 5-9 
postop, leading to delayed treatments and 
higher impact of infections [1, 2].

[1] Gundel et al. 2018 Int J Surg
[2] Martin et al. 2018 J Hosp Infect



PERISCOPE
™Postoperative Infection Prediction

Enabling proactive 
surgical care
Postoperative Infection Intelligence

Patient data could be used to support decision making

~15,000 surgical patients per hospital per year  

Up to 10 years of electronic health record data 

~ 150,000 patient records per hospital available 

Risk of developing 
postoperative infections 



PERISCOPE
™Postoperative Infection Prediction

Enabling proactive 
surgical care
Postoperative Infection Intelligence

Accurate postoperative infection risk estimates
before, during, and/or after surgery

➔ Enable better decision-making
➔ Tailored prevention and monitoring
➔ Potentially reduce the impact of postoperative infections



Gap between model development and clinical implementation

Scientific 
publications Clinical use

98% of projects end here! 

CE-certification
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Goals of PERISCOPE providing postoperative infection risk 
predictions to enable proactive care 

Reducing time from healthcare 
providers

Reduce the administrative and mental 
workload of the staff.

Earlier diagnosis

Reduce costs, readmissions, 
and waiting times.

Reducing readmissions

Reduce time to diagnosis and the impact 
of infections.



PERISCOPE is CE-certified and integrated in the electronic health record

Predictions
Single 7 & 30-day & traffic light

Background 
Relevant surgery and patient data

Trend display 
Continuously updated relevant 
laboratory and vital signs 
information 

Explainability 
Parameters that increase and 
decrease the likelihood of an 
infection





An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or 
other type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Text

An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or other 
type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

van der Meijden, Siri L.de Heer, Pieter et al. Development and validation of artificial intelligence 
models for early detection of postoperative infections (PERISCOPE): a multicentre study using 
electronic health record data. The Lancet Regional Health – Europe, Volume 49, 101163

Development & validation steps of PERISCOPE

1. Data preparation:

a. Identify relevant risk factors

b. Identify patients with infections

2. Model training (hospital A) 

3. Model validation & evaluation (hospital B&C)

4. Model recalibration (hospital B&C) 

5. Final evaluation 

→ Implementation in clinical settings

 



Objective

To develop locally valid postoperative infection predictive models to assist early 
detection of a postoperative infection



Patient population 

All adult (>18 years old) surgical patients from general surgery, neurosurgery, 
orthopedic surgery, gynecology, urology and cardiothoracic surgery, that 
underwent invasive surgery and did not have an infection at the moment of 
surgery. 



An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or 
other type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Text

An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or other 
type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Development & validation steps of PERISCOPE

1. Data preparation:

a. Identify relevant risk factors

b. Identify patients with infections

2. Model training (hospital A) 

3. Model validation & evaluation (hospital B&C)

4. Model recalibration (hospital B&C) 

5. Final evaluation 

→ Implementation in clinical settings
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Data collection and preparation  

Predictive parameters (n = 60)
Pre-and intraoperative data 

• Surgery information

• Demographics

• Medication

• Patient history

• Vital signs

• Laboratory results



Input variables Pre- and intraoperative features

Procedures Surgery priority, Body location, Procedure start/end date and time, 
Name

Patients Sex, age

Medications Diabetes medication, hypertension medication, corticosteroids

Conditions Diabetes, hypertension 

Vital signs Pre- and intraoperative: Heart rate, Temperature, Temperature nose, 
Respiratory rate, Systolic blood pressure, Diastolic blood pressure, 
SpO2, FiO2

Lab results Preoperative: Haemoglobin, ALAT, CRP, Leukocytes, Cultures

Others observations          Body Mass Index (BMI), Height, Weight

Questionnaire
 

ASA score, Expected amount of days of admission, Actual days 
admitted before surgery, Presence of hypertension, Presence of 
diabetes
 



Enabling proactive 
surgical care
Postoperative Infection Intelligence

Data collection, quality checks and preprocessing 
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Data collection and preparation  

Predictive parameters (n = 60)
Pre-and intraoperative data 

• Surgery information

• Demographics

• Medication

• Patient history

• Vital signs

• Laboratory results

Predictive parameters

Outcome: postoperative infection



An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or 
other type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Text

An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or other 
type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Definition
Objective: Scoping review methods for identifying 

patients with postop infections with EHR data 

Methods: Systematic search PubMed, Embase, 

Web of Science, Cochrane and Emcare

Results: 75 different methods and definitions used 

to identify patients with postoperative infections in 

studies published between 2003 and 2023. 

Manual labelling: 65% (49/75)

Fully automated surveillance systems limited value 

with PPV between 0.31 and 0.76.

Conclusions: Fully automated labelling in studies 

not reliable. 

van der Meijden SL, van Boekel AM, et al. Automated Identification of Postoperative Infections 
to Allow Prediction and Surveillance Based on Electronic Health Record Data: Scoping Review. 
JMIR Med Inform 2024;12:e57195



Predicted outcome of interest (needed for model training and validation)

 

Infections registered 
by clinician

Non-prophylactic abx 
usage (>72h, start 
>24h after surgery)

Surgical intervention 
to treat infections



An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or 
other type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Text

An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or other 
type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Development & validation steps of PERISCOPE

1. Data preparation:

a. Identify relevant risk factors

b. Identify patients with infections

2. Model training (hospital A) 

3. Model validation & evaluation (hospital B&C)

4. Model recalibration (hospital B&C) 

5. Final evaluation 

→ Implementation in clinical settings
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Model training 



Objective

To develop locally valid postoperative infection predictive models to assist early 
detection of a postoperative infection

What is needed to ensure that PERISCOPE performs well in a new hospital? 



An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or 
other type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Text

An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or other 
type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Need for model 
recalibration

Model recalibration may be necessary due to 
differences in:

● Patient populations 
● Measurement methods 
● Protocols 
● Electronic health record systems 

Therefore we need historical data from every 
hospital to recalibrate the model on! 



Model training 
and validation 
in three 
hospitals 

Initial model training



Model training 
and validation 
in three 
hospitals 

Initial model training Model validation and 
recalibration

Model validation and 
recalibration



PERISCOPE
™Postoperative Infection Prediction

Enabling proactive 
surgical care
Postoperative Infection Intelligence

Hospital A

Prediction 
timeframe Metric Test dataset

30 days AUROC 0·82 

AI models such as PERISCOPE need local validation and 
recalibration to ensure locally valid models 

[8] van der Meijden et al. 2024 Lancet 
Regional Health
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™Postoperative Infection Prediction

Enabling proactive 
surgical care
Postoperative Infection Intelligence

Hospital A Hospital B Hospital C

Prediction 
timeframe Metric Test dataset

Test dataset (before 
recalibration)

Test dataset (before 
recalibration)

30 days AUROC 0·82 0·77 0·85 

AI models such as PERISCOPE need local validation and 
recalibration to ensure locally valid models 

[8] van der Meijden et al. 2024 Lancet 
Regional Health



PERISCOPE
™Postoperative Infection Prediction

Enabling proactive 
surgical care
Postoperative Infection Intelligence

Hospital A Hospital B Hospital C

Prediction 
timeframe Metric Test dataset

Test dataset (before 
recalibration)

Test dataset  (after 
recalibration)

Test dataset (before 
recalibration)

Test dataset (after 
recalibration)

30 days AUROC 0·82 0·77 0·82 0·85 0·91

AI models such as PERISCOPE need local validation and 
recalibration to ensure locally valid models 

[8] van der Meijden et al. 2024 Lancet 
Regional Health



An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or 
other type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Text

An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or other 
type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Development & validation steps of PERISCOPE

1. Data preparation:

a. Identify relevant risk factors

b. Identify patients with infections

2. Model training (hospital A) 

3. Model validation & evaluation (hospital B&C)

4. Model recalibration (hospital B&C) 

5. Final evaluation 

→ Implementation in clinical settings

 



Final 
evaluation

Metric Hospital A Hospital B Hospital C

Infection rate (%) 14% 14% 4%

Specificity 0.74 (0.73-0.75) 0.80 (0.79-0.81) 0.86 (0.86-0.86)

Negative 
predictive value 0.95 (0.94-0.95) 0.94 (0.94-0.94) 0.99 (0.99-0.99)

Sensitivity 0.75 (0.73-0.77) 0.68 (0.67-0.70) 0.82 (0.80-0.84)

AUROC 0.82 (0.81-0.83) 0.82 (0.81-0.83) 0.91 (0.90-0.91)



Final 
evaluation



Final 
evaluation

Subgroup analysis

Per hospital, performance was evaluated on 
subgroups based on:

● Age
● Sex
● Surgical specialty
● Type of surgery
● Emergency vs. elective surgery 

For subgroups not meeting the benchmark (AUROC 
> 0.70), PERISCOPE will not be implemented



Follow-up 
study: doctor 
versus 
algorithm

51 surgeons were asked to estimate the risk of 
infection directly after surgery which were 
compared to PERISCOPE for 501 procedures

Surgeons needed to indicate how sure they were 
about there predictions.  



Clinical use



Enabling proactive 
surgical care
Postoperative Infection Intelligence

Software application development

Hospital Infrastructure

PERISCOPE 
API

Healthplus.ai infrastructure

Proces-
sing

Predict-
ion

Storage
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An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or 
other type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Text

An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or other 
type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

AI model 
‘chasm’ 

Only a fraction of developed AI models are 
externally validated and even less clinically 
implemented

Systematic review on AI-based 
surveillance systems for HAI (249 

studies included) [3]

12% externally validated
12% integrated in software tool
4% tested in clinical practice

[3] Cozzolino et al. 2025 Artif Intell Med



PERISCOPE
™Postoperative Infection Prediction

[5] Van Calster et al. 2025 Annual Review of Statistics 
and Its Application

Only 2-4% of AI models reach clinical practice



An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or 
other type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Text

An infection can be a superficial or deep wound 
infection, pneumonia, urinary tract infection or other 
type of infection.

Infections require additional treatment like repeat 
surgery, double recovery time, increase hospital stay, 
increase cost by €35+M per hospital per year, and 
negatively impact the experience for patients and 
staff.

Adoption in 
clinical practice

Besides integration in the electronic health record.. 

AI models need to be integrated in local 
clinical workflows and protocols



Implementation steps 

Model 
recalibration and 
EHR integration

Training end 
users and ‘go 

live’

‘Underwater’ model 
testing

Implementation 
evaluation

Evaluating user 
satisfaction, 
adoption and 
workflow fit 

Evaluation user 
satisfaction, 

adoption and clinical 
use

+1 month +3 months +6 months-2 months-4 months

Go live
Adjust protocols and determine place in 

workflow



PERISCOPE
™Postoperative Infection Prediction

Examples of clinical actions determined with end users 

Type of action Surgical (sub)specialty Risk group Action 

Infection surveillance All patients High-risk
Intensify wound inspection: daily and before 

discharge

Infection diagnostics GI surgery High-risk Infection laboratory measurements at postop day 3

Discharge and follow-up Orthopedics High-risk
Postoperative photos of wound by patients at day 5 

postop, earlier (virtual-) follow-up by physician

Discharge and follow-up GI surgery Low-risk Consider same-day discharge
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Next steps

First pilots in Dutch hospitals start end of 2025

Evaluate
○ Implementation process 
○ Adoption, trust and satisfaction end-users
○ Impact on patient outcomes and costs 

■ Hospital length of stay
■ Readmissions
■ Surgical infection treatments 



Takeaways

A good clinical 
implementation strategy is 
necessary to support 
clinical adoption

AI models need to be locally 
validated and recalibrated 
before implementation in 
clinical practice

PERISCOPE is one of the 
first AI tools being 
implemented in surgical 
clinical practice 
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