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• The prevalence of End-Stage Renal Disease (ESRD) continues to increase and has 
become a significant healthcare burden worldwide. 

• Approximately 3.8 million people currently rely on some form of dialysis for the treatment of ESRD 
worldwide

• ESRD is a long-term chronic disease, and patients need continuous medical care and 
treatment for years or even decades.

Peritoneal Dialysis (PD) is a well-established Renal Replacement Therapy (RRT) 
modality and the leading form of home-based life-supporting dialysis therapy for patients 
with ESRD

PD is one of the most widely used life-supporting therapies for ESRD
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• PD patients need lifelong treatment with periodic follow-up visits to monitor their health 
status. 

Performing dynamic mortality prediction for PD patients
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• Predicting mortality risk and identifying modifiable risk factors from routine clinic visit 
records are of great importance for personalized medicine and early intervention to prevent 
adverse outcomes and improve the survival of long-term PD patients. 
 Input: Time series of laboratory tests; Demographics; etc
 Output: Mortality risk at each follow-up visit

Performing dynamic mortality prediction for PD patients
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• Recent studies have attempted to utilize machine learning and deep learning techniques to 
evaluate the health status of patients. 

• However, there are still some critical issues that have not yet been thoroughly addressed 
by existing works.

Issues that have not yet been thoroughly addressed
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 Issue 1: Perform dynamic mortality prediction at each follow-up visit based on the 
effective utilization of both sequential medical records and the baseline demographic 
information.

Issue 1: Utilization of sequential records and demographics
• Most AI-based EMR analysis research on kidney disease patients only use static baseline 

information to perform one-time health prediction based on traditional machine learning 
methods.

M
ed

ic
al

 F
ea

tu
re

s

Visits over Time

• Some other research model the disease process by incorporating sequential EMR.
However, these works cannot effectively embed the baseline information and the 
sequential records together, and capture the interaction between them, which leads to 
limited prediction performance. 

Static baseline 
information 

Longitudinal 
multivariable records
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 Issue 2: Provide fine-grained interpretability for each patient individually by selecting key 
features which contribute the most to mortality prediction (patient-level interpretability) and 
achieve high prediction performance simultaneously.

Issue 2: Identifying the most indicative feature for each patient
• Key factors that strongly indicate health risk are different among patients. Medical experts 

need to understand how a model makes a specific decision for a particular patient.
• It will also remind physicians of the previously unknown correlation between the biomarker and the cause 

of death.
• This requires sufficient model interpretability to ensure that prediction results are trustworthy for developing 

bespoke interventions and extracting medical knowledge. 

• However, most existing works fail to ensure the model's trustworthiness in providing 
verifiable interpretations, and may suffer the tradeoff between the interpretability and the 
prediction performance.
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 Issue 3: Adaptively analyze the importance of each feature along with the variation of 
its value (feature-level interpretability) to provide medical advice and extract knowledge.

Issue 3: Analyzing the changes of feature importance with its value
• The way of attending to the medical feature in the prediction process should be flexible 

and individualized according to its value and the specific health condition of the patient
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Blood Pressure Health Status 
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Mortality Risk
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• To address the above challenges, we propose a novel end-to-end deep-learning-based 
framework, AICare, to model the health trajectory based on multivariate EMR data, while 
simultaneously providing fine-grained interpretability.

We propose a deep learning framework for interpretable EMR analysis
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Real-World Longitudinal EMR of PD Patients with Regular Clinical Follow-ups

• This study has collected 13,091 clinical follow-up visits and demographic data of 656 
PD patients from Peking University Third Hospital, covering more than 12 years.

• This long-term real-world clinical electronic medical record (EMR) dataset consists of 
static baseline information, longitudinal multi-variable records and clinical outcomes.

• Peritoneal Dialysis (PD) patients were followed up every 3 months. There are about 20 visits recorded 
for each patient.

• There are 39.8% patients, unfortunately, who died before the final follow-up. 
• The age range of patients enrolled is from 16 to 98 years old. 
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Problem Formulation: 1-year Mortality Prediction

• Given a patient's visit records with visits, the binary classification task is to predict 
the mortality risk in the future one year at each visit.

• Label Assignment
• Clinical visits within 1 year before death are labeled as high risk.
• Visits recorded 2 years before death are labeled as low risk.
• Other visits are labeled as uncertain status and will not be included in the training process.
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Features used in the mortality prediction for PD patients

• This dataset comprises 16 dynamic features recorded at each clinical visit and 4 
static baseline features recorded at the first visit. 
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Prediction Performance

• AICare achieves 47.2% AUPRC (the area under the precision-recall curve), which is 
relatively 11.8% higher than the comparative baseline model.

We release our code at https://github.com/Accountable-Machine-Intelligence/AICare . 

https://github.com/Accountable-Machine-Intelligence/AICare
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Health Trajectory Interactive Visualization System
Case Study I: 66-year-old male, diabetic nephropathy 

• We develop an AI-Doctor online system with an interactive interface to visualize the 
patient's health trajectory with the importance weights of features at each timestep.

- 15 -

(The health trajectory interactive visualization system is publicly deployed at http://47.93.42.104/a8 .)

Anonymous Visit Time (year) →

Predicted 
Mortality Risk

The patient initiated PD therapy.

Low Risk

High Risk

http://47.93.42.104/a8
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Case Study I: 66-year-old male, diabetic nephropathy 

- 16 -

(The health trajectory interactive visualization system is publicly deployed at http://47.93.42.104/a8 .)

Visit Time (year) →

Low Risk

High Risk

Predicted 
Mortality Risk

AICare assigned high importance weight to 
Hemoglobin at 80 g/L for this patientHemoglobin

AICare assigned low importance weight to 
Hemoglobin at 110 g/L for this patient

http://47.93.42.104/a8
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Case Study I: 66-year-old male, diabetic nephropathy 
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(The health trajectory interactive visualization system is publicly deployed at http://47.93.42.104/a8 .)

Hemoglobin
(Hgb)Predicted Risk

Diastolic Blood 
Pressure (DBP)

Albumin (Alb)

The patient died of multiple organ failure 
and prostate cancer, unfortunately.

http://47.93.42.104/a8
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Health Trajectory Interactive Visualization System
Case Study I: 66-year-old male, diabetic nephropathy 
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(The health trajectory interactive visualization system is publicly deployed at http://47.93.42.104/a8 .)

http://47.93.42.104/a8
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Case Study II: 68-year-old female, ischemic kidney disease
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(The health trajectory interactive visualization system is publicly deployed at http://47.93.42.104/a2.)

Predicted Risk

Urea

Albumin

The patient died of gastrointestinal 
disease, unfortunately.

http://47.93.42.104/a8
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Patient-level interpretability: Relationship between causes of death and features

• AICare provides the first comprehensive elucidation of the relationship between the 
causes of mortality in patients with PD and clinical features based on an end-to-end 
deep learning model.

• The model explicitly emphasizes indicative features based on a recalibration module.
• Serum albumin, diastolic blood pressure, and chlorine are 

the most important indicators for most PD patients. 

• Albumin has a strong indication for patients who died of 
gastrointestinal disease and peripheral vascular disease. 

• Diastolic blood pressure (DBP) has an indication for patients 
who died of cachexia, cancer, and cerebrovascular disease. 

• Systolic Blood Pressure (SBP) is indicative of cancer and 
peritoneal dialysis-associated peritonitis deaths.

• Sodium (Na), potassium (K) and body weight are important 
indicators for cachexia deaths.

• Hemoglobin (Hb) is an important indicator for 
Gastrointestinal (GI) disease deaths.

• Urea, body weight, potassium (K), albumin, DBP and SBP 
are important indicators for PD-related peritonitis deaths.
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Feature-level interpretability: Variation of Feature Importance
• AICare first reveals the variation pattern in each feature's importance for PD patient's 

mortality prediction task based on the built-in interpretability, without any injection of 
human physicians' knowledge.

• There are two variation patterns of importance in medical features
V-shaped parabolic curves

(e.g., albumin, diastolic blood pressure) 
L-shaped fold lines

(e.g., systolic blood pressure, hemoglobin)

Each dot represents the follow-up visit of a patient. The color represents the predicted risk. 
Estimated Mortality Risk 

Patients at High Risk Patients at High Risk

Patients at 
Low Risk

Patients at 
Low Risk
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Albumin: V-shaped curve with 32 g/L as a turning point
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• AICare believes that the albumin's importance attention weight appears to be a V-shaped 
curve with 32 g/L as a turning point.

• The variation of albumin in a descending or ascending manner always gets the model's attention.

• Albumin higher than 32 g/L
• Between the range of 32-57 g/L, a high albumin 

value also causes high importance weight and 
indicates a significant improvement in the 
patient's health.

• When the albumin level is higher than 40 g/L, it 
often occupies about 50% to even 100% of the 
feature importance weight, which means the 
model can predict the high survival expectation of 
the patient using just this feature.

• Albumin lower than 32 g/L
• Patients tend to have a high importance weight 

and poor prognosis. 
• When the albumin level is lower than 23 g/L, 

more than 50% attention weight is given, which 
means that the albumin level becomes the most 
critical indicator for mortality outcome. 

Patients with high importance 
weight of Albumin at high risk

Patients with high importance 
weight of Albumin at low risk

Estimated Mortality Risk 

As a result, AICare recommends raising 
the albumin level to above 32 g/L as 
much as possible for most PD patients. 
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Albumin’s Importance: V-shaped curve with 32 g/L as a turning point
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(Vertical View)

Adaptive Feature 
Importance (%)

Albumin Value 
(g/L)

Visit 
Frequency

(Horizontal View)

(The feature importance visualization results are publicly 
deployed at http://47.93.42.104/statistics/feature .)

Each dot represents a follow-up visit of a patient. 
The color represents the predicted risk. 

http://47.93.42.104/statistics/feature
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SBP: L-shaped curve with 130 mmHg as a turning point
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• AICare believes that Systolic Blood Pressure (SBP) is a typical feature whose 
importance weights vary in an L-shaped fold line with 130mmHg as a turning point.

• The importance weights decrease as the value increases.
• SBP higher than 130 mmHg

• AICare pays nearly no attention to SBP, which 
means that SBP does not affect the health status 
representation learning.

• SBP lower than 130 mmHg
• The lower the SBP level, the more attention 

the model pays. 
• When the SBP level drops below 60 mmHg, 

AICare gives more than 50% attention, and in 
most cases, patients are likely to be predicted 
with poor outcomes presented.

Patients with high importance 
weight of SBP at high risk

As a result, AICare recommends raising the SBP level at 
least 130 mmHg for most PD patients. 
But further increments may not bring many benefits.

Patients with low importance 
weight of SBP at low risk
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Diastolic Blood Pressure (DBP): V-shaped. 
AICare recommends increasing the DBP level to above 70 mmHg for most PD patients. 

Chlorine (Cl): V-shaped. 
AICare recommends increasing the Cl level to above 96 mmol/L for most PD patients. 
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Creatinine (Cr): L-shaped.  AICare recommends maintaining the Cr level at least 900 umol/L.
This is a rough recommendation for most PD patients in this dataset.  We will specify this finding 

for different cohorts (e.g., different gender) in future work. 

Urea: L-shaped.  
AICare recommends maintaining the Urea level at least 20 mmol/L for most PD patients.

But further increments may not bring many benefits.
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Calcium (Ca): L-shaped.  
AICare recommends maintaining the Ca level at least 2.5 mmol/L for most PD patients.

But further increments may not bring many benefits.

Hypersensitive C-Reactive Protein (Hs-CRP): L-shaped.  
AICare recommends maintaining the Hs-CRP level not exceed 16 mg/L for most PD patients.
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Phosphorus (P): L-shaped.  
AICare recommends maintaining the P level at least 1.5 mmol/L for most PD patients.

But further increments may not bring many benefits.

Carbon Dioxide Combining Power (CO2CP): L-shaped.  
AICare recommends maintaining the CO2CP level at least 25 mmol/L for most PD patients.

But further increments may not bring many benefits.
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Importance Variation Pattern and Recommended Reference Value (Turning Point) 
Learned by AICare for PD Patients
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• Scan the QR code to try the visualization prototype system!

• Source code of AICare
• https://github.com/Accountable-Machine-Intelligence/AICare

• Case Study
• http://47.93.42.104/A1

• http://47.93.42.104/A2

• http://47.93.42.104/A3

• http://47.93.42.104/A4

• http://47.93.42.104/A5

• Variation of Feature Importance
• http://47.93.42.104/statistics/feature

We publicly release the source code and AI-Doctor Interaction System

• http://47.93.42.104/A6

• http://47.93.42.104/A7

• http://47.93.42.104/A8

• http://47.93.42.104/A9

• http://47.93.42.104/A10

https://github.com/Accountable-Machine-Intelligence/AICare
http://47.93.42.104/A1
http://47.93.42.104/A2
http://47.93.42.104/A3
http://47.93.42.104/A4
http://47.93.42.104/A5
http://47.93.42.104/statistics/feature
http://47.93.42.104/A6
http://47.93.42.104/A7
http://47.93.42.104/A8
http://47.93.42.104/A9
http://47.93.42.104/A10


Thanks for you attention!
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