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Agenda
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Analytics and Artificial Intelligence
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ADVANCED 

ANALYTICS

4

TRADITIONAL

ANALYTICS

Event prediction

Treatment aid

Condition diagnosis

Mathematical modeling 

and algorithms
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Analytics

What 

to do

In the 

future

Why

How 

many
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HOSPITALIZATION
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Analytics

Traditional analytics
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Advanced analytics (using AI, ML, DL)
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Fresenius Medical Care
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Fresenius Medical Care Portfolio

Health care 
services

13.27 BN € 
of total revenue 

16.55BN €

Revenue

Health care 
products 

3.28 BN € 

of total revenue 
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Products for hemodialysis, peritoneal dialysis, 

acute dialysis, liver support and therapeutic 

apheresis, e.g.:

▪Dialysis machines, dialyzer

▪Bloodline systems 

▪Concentrates 

▪Water technology

▪PD products 

Dialyzers:

▪ Market share: ~50%

▪ ~165 M dialyzer produced in 2018

Dialysis machines: 

▪ Market share: >50%

▪ 50,000 dialysis machines sold in 2018

▪ 1 of 2 dialysis machines worldwide 

is made by Fresenius Medical Care 

We Offer Dialysis Products

42
producti

on
sites 

#1
supplier 
of dialysis 
products
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We Provide Dialysis Services

3,928 own dialysis centers

Around 50 M dialysis treatments 

in 2018

In around 50 countries 

Market share: 10% worldwide 

U.S. 38% (patients treated)

Every 0.6 

seconds

we provide 

a dialysis 

treatment
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CARE COORDINATION 

Driven by our holistic patient-centric 

approach we add relevant services 

and therapies to our offerings.

Focus: Connected business with high relevance 

of shared services and patient data 

GOALS 

▪ Increase accessibility and high quality, 

integrated care for our patients 

▪Actively manage cost of chronically ill patients 

▪Gaining transparency to enable patient risk 

management 

▪Continuously optimize our portfolio of services

We Coordinate Care

Patients 
benefit from 
our
value-based 
care 
approach
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FMC and Data
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FMC Global Data

Patients

1,914,459 503,160,902 

HD 
Treatments

33,312,903 1,707,684,229

Labs

In-Center
Medications

Comorbidities

Home 
Medications

2,600,344,3191,367,829,509
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terabytes
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FMC North America Data Storage

881

FY10

1092

FY11

1338

FY12

1488

FY13

1947

FY14

2280

FY15

4243

FY16

6332

FY17

7753

FY18

9PB

FY19
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Advanced Analytics: Our Approach
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Applied Advanced Analytical Process

Assessment 

of modeling 

demand1

TECHNICAL

Model prioritization 

through A2 Steering 

Committee 

EXECUTIVE

Model prioritization 

through A2 Steering 

Committee 

2
Creation 

of advanced 

algorithms3
Piloting and

testing of 

algorithms
4

Operational rollout

and measure

outcomes

5
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Assessment of Demand 1
2

3 4
5

Listening to organizational needs

Pragmatic approach to advanced analytics

For Internal Purposes Only.
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Technical & Executive Steering Committee

Executive Members

• Business leads from:

• FKC In-Center group

• FKC Home group

• FHP

• FreseniusRx

• AVC

Global R&D

Technical Members

• Medical leads

• Business leads

• Operational leads

• IT

• Data Scientists

1
2

3 4
5
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Prioritization Process

How it Works
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Creation of Models 1
2

3 4
5
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Piloting and Testing of Advanced Algorithms 1
2

3 4
5
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Roll Out and Measure Outcomes 1
2

3 4
5

Broad Pervasive Data Sources Automating Modeling 

Efforts

Delivering Personalized 

Treatment Plans 

Company-Wide

For Internal Purposes Only.
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Portfolio of Existing Efforts

23
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Key Areas of Applied Advanced Analytics Efforts

DELIVERY OF PERSONALIZED CARE AND OPTIMIZATION OF MULTIPLE PROCESSES 

WITHIN THE BUSINESS

EVENT 

PREDICTION 

TREATMENT 

AID 

CONDITION 

DIAGNOSIS 

24

MATHEMATICAL 

MODELING AND 

ALGORITHMS 
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Event Prediction 

In-center short term hospital 

admission model

Home short term hospital 

admission model

In-center long term 

hospitalization risk model

Home patients 
peritonitis model

Blood stream infection 
prediction model

Unexcused no show 
prediction model

End of life 
prediction model

25

In-center fluid 
hospitalization model

EVENT 

PREDICTION 
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Treatment Aid

In-center patients fit for home 
candidate model

CKD progression predictive model

Access failure predictive model

Serum phosphorus 
predictive model

Pharmacist schedule

Field nurse scheduler

Leaving home modalities 
predictive model

Anemia medication model

TREATMENT 

AID 

26
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Condition Diagnosis

Identification of undocumented 
comorbidities

Foot ulcer image recognition

Access aneurism image 
recognition

Clinic-level acoustic 
fingerprinting

CONDITION 

DIAGNOSIS 

27
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Mathematical Modeling and Algorithms

Anemia mathematical modeling

Bone mineral metabolism 
mathematical model

Fluid status mathematical model

Functional status score

Dietician acuity index

Social worker acuity index

MATHEMATICAL 

MODELING AND 

ALGORITHMS 

28
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In-Center Short-Term Hospital Admission Model

29

Work by FMC Global Medical Office and Fresenius Health Partners

Andy Long and Adriana Lindsey
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Model Definition

Predict which patients on the day of scheduled treatment are at high risk of hospital 

admission within 7 days

Interventions
Data Extraction & 

Processing
Model Building & 

Optimizing Deliverables
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Data 
Extraction & 
Processing

Data:
Training: Jan – May 
2017 (~130K 
hospitalizations)

Testing: June 2017

Number of predictors:
1,600

DAILY

Predictive 
Model

MONTHLY

CONSTANT

KDQOL

QOL

Demographics
Age, Gender, Race, 

Ethnicity, Marital 

Status, Vintage

Comorbidities

Lifestyle
Comprehensive 

Assessments Mosaic

Lab Values
Last value, historical

Nurses Notes
Predictive model for 

hospitalization, 

Predictive model for 

ER discharge

Hospitalization History
Days since admission, 

Historical Rates

Treatment Data
Vitals, Historical Vitals, End 

Reasons, Discharge Locations, 

RN checkboxes, Ancillary, 

Cultures, Access Type

Treatment Medicines
Counts of 111 different medications 

given

31For Internal Purposes Only.
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Data Extraction & Processing: Nursing Notes

“Patient complains of chest pain”

Abbreviations PT C/O CP

Word Order
NO SOB, PT C/O CP”     

vs. “NO C/O SOB,CP”

Spelling Errors

'diarrhea','diahrrea', 'diarhea', 'dirrhea', 'diarrha', 

'diarreha', 'diarrea', 'diarrrhea', 'diarrhe', 'd', 

'diarhhea', 'diahrea', 'diarreah’ 

Built models to predict hospitalization 

• use these probabilities as features

Nursing Notes

32
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Model Building 

Model: XGBOOST

Prevalence = 3%

AUC = 0.8

If we review 22% of patients, 21% of patients will be hospitalized

33
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Deliverables

Implemented February 
2019 on all 
ESCOs/Payor Programs 
in FHP

Two types of 
interventions:

• Phone assessment

• Face to face visits

For Internal Purposes Only.
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Acoustic Fingerprinting

35

Work by FMC Global Medical Office

Caitlin Monaghan and Wendy Millette
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What is Acoustic Fingerprinting?

Acoustic fingerprinting device (“acoustic sensor”) allows for 

creation of a unique audio signature of an environment 

without collecting any discernable sound

36
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How Does It Work?

37
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Collected Data

• mean

• centroid

• spread

• skewness

• kurtosis

• decrease

• mel-frequency 

cepstral 

coefficients 

(13)…

38
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What Happens with the Data

39
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Acoustic Fingerprinting in a Dialysis Clinic

40
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Acoustic Fingerprinting in a Dialysis Clinic

• Artificial intelligence was used to determine whether the device correctly “predicted” if patients were 
coming off dialysis

AUC: 0.68 

41
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Current 
Status

Acoustic Fingerprinting 
Devices are running in 4 
clinics in MA since July 
2019

For Internal Purposes Only.
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Mathematical Modeling: Overview

43

Work by Renal Research Institute / FMC Global Research and Development

Peter Kotanko and Doris Fuertinger
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21st Century Trend

We want uniqueness in everything we do, we give and we own, 
right from clothes we wear to gifts we give, to coffee we drink.

44For Internal Purposes Only.
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A typical clinical trial 
provides only one set of 
results in a small & specific 
number of the overall patient 
population

Traditional Clinical Trials

Dialysis 

population
Patient population

45For Internal Purposes Only.
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Can We Create a Virtual Clinical Trial?

Can we use 
mathematical principles 
and create „virtual“ 
clinical trials?

A Virtual Clinical Trial 
enables testing of 
multiple interventions in 
a random large sample 
of patients

46For Internal Purposes Only.
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Modeling Process for Disease and Treatment

Virtual 

Clinics

47
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Building Mathematical Models of Physiology

General physiological 

processes of human 

bodies…

…can be represented as 

physiologically based 

mathematical models
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Creation of Avatars Which Represent Individual Patients

AVATAR

MATHEMATICAL MODEL
OF PHYSIOLOGICAL PROCESSES

▪ Generally valid physiologically based 

mathematical model

▪ Model based on 

▪ Textbook knowledge

▪ Expert opinion

▪ Scientific literature

▪ Validation of model by specific test scenarios

PATIENT DATA

Gender Height

Weight

Drug admin & 
hemoglobin data

General Patient Data

Selection of patient population

▪ Patient selection determined by clinical unmet 

need & defined by available data:

▪ Randomly

▪ Subpopulations

▪ Patients with unfavorable clinical outcomes
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Creation of Virtual Clinical Environment to Reflect the Clinical 
Ecosystem

(Example: Anemia Treatment in Dialysis patients)

▪ Virtual Ecosystem integrates data from 
patient's daily life.

▪ The Virtual Ecosystem is an important 
part of the Virtual Clinic.

▪ In addition to real patient 
representations by Avatars, also the 
clinical environment is incorporated in a 
realistic Virtual Trial.
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Simulation of Drug Response in Individual Patients

Fuertinger et al., CPT Pharmacometr. Syst. Pharmacol. (2018)

A standard of care anemia treatment protocol was tested in ~6,700 Avatars for one 
virtual year and compared to one year of data from ~6,700 anemia patients treated 
with the same protocol
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Future of AI in Healthcare

52
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Future of AI in Healthcare
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10 AI Applications to Change Healthcare

https://hbr.org/2018/05/10-promising-ai-applications-in-health-care

54

https://hbr.org/2018/05/10-promising-ai-applications-in-health-care
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감사합니다

Thank You!

Len.Usvyat@fmc-na.com


