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Background: Medication Recommendation

Medication recommendation aims to provide a set of 
medicines to treat the diagnosed diseases of a patient.



Challenge: Managing Multimorbidity

Patients are usually diagnosed with multiple diseases at one time.

• The doctor needs to select 
proper medicines for each 
disease;

The automatic medication recommendation that can assist doctors in decision making is urged.

Reference: https://sites.psu.edu/kdd2021tutorial/files/2021/08/KDD21_tutorial.pdf 

• The doctor needs to avoid 
harmful drug-drug interactions 
among selected medicines.



• Instance-based models
• Use patient’s current diagnoses and procedures to conduct 

recommendations while ignoring the longitudinal patient history.
• Fail to consider the historical disease development process.

• Longitudinal models
• Designed to take use of the longitudinal patient history and capture 

the temporal dependencies.

Existing longitudinal models usually consist of two stages:
• First aggregating the known information into a patient-level representation;
• Then conducting medication recommendation based on it.

Related Work



Relationship between Medications

The histogram of Jaccard between current 
medications and historical medications

The histogram of the proportion of current 
medications that occur in past visits

Taking use of historical information from a medication-level perspective could be useful.



Methodology: 
Conditional 
Generation Net
(COGNet)



Basic Model

• Basic model recommends the 
medication combination only based 
on the patient’s health condition in 
current visit.

• The basic model is an encoder-
decoder generation model.



Diagnosis/Procedure Encoder



Medication Graph Encoder

co-occurrence relationship

DDI relationship

Relation-aware 
medication embedding



Medication Combination Decoder 

2. Adaptively model the uncovered diseases 
to guide the next medication recommendation

Query 
uncovered 
diseases

Query 
uncovered 
procedures

1. Relation-aware medication    
combination representation

3. Medication prediction



Copy Module

• Copy module compares the health 
conditions of current and historical 
visits and then copies the reusable 
medications to prescribe for current 
visit according to the condition 
changes.

• Copy module uses the hierarchical 
selection mechanism to conduct the 
copy process.



Visit-level Selection
Pick a similar visit by
comparing health conditions



Drug-level Selection

Use the hidden state from the basic model to determine which 
historical medication is reusable in current situation



Copy Mechanism
1. Combine the visit-level and medication level 
scores to determine the copy probability

2. Combine the generation probabilities and copy 
probabilities to conduct the prediction



Results
Performance Comparison on MIMIC-III. 

0.08379 in MIMIC-III.



Results
Ablation Study on MIMIC-III. 

1. Copy mechanism with visit-level selection bring a significant improvement to the basic model;
2. Diagnosis and procedure information play a great role in medication recommendation;
3. Graphs and beam search also have contributions to the final result.
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Analysis
The effect of number of visits for various models.

• COGNet achieves relatively better performance with more visits.
• The attention based hierarchical selection mechanism can more effectively 

incorporate the information of past visits;
• Avoid the error accumulation problem.



Case Study

• Some reusable medications, like 
A11D, N07B and H03A, are correctly 
copied by assigning high probabilities 
to them in previous visit.

• Some new drugs, like J01C and R03A, 
can also be appropriately generated.



Conclusion
• We propose a medication recommendation model, COGNet, which can leverage 

historical medications to produce a more accurate recommendation;

• We develop a novel hierarchical selection mechanism, which chooses the reusable 
medicines to copy from both medication-level and visit-level perspectives;

• We conduct comprehensive experiments on a public dataset MIMIC-III to 
demonstrate the effectiveness of the proposed COGNet.

• Future work
• Introduce more medical knowledge, like medical ontology and KG;
• Introduce unstructured data in EHR, like clinical notes and medical images.



Thanks!
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