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EMR Data Analysis
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• EMR has been widely used in many hospitals, and the data 

has been analyzed to improve medical tasks

• Generate clinical pathways by using SPM techniques

EMR: Electronic Medical Records System, SPM: Sequential Pattern Mining

minSup



One Institute Data Analysis

• Visualize the generated clinical pathways as Sequence Variant (SV) 

[Honda+, DMAH2019]

• SV is the extension of a sequence with branches

• Understand the background reasons that led to the branches 

[Le+, ACM Healthcare 2023]

• Test results, medical background, gender, age, etc.
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An SV example



Multiple Institutes Data Analysis

• Analyzing data from multiple medical institutes is desired

• Compare the treatment patterns with those in other hospitals 

[Li+, DEXA2022]

• A hospital can confirm its characteristics and improve medical practices 

by referring to the treatment patterns of other
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Hospital A

Hospital B

Common

Merged Sequence Variants (MSV) of the two hospitals’ frequent treatments

MSV



Challenges

• Comparing the differences in the treatment patterns for 

more than three medical institutes

• As the number of medical institutions increases, the commonalities 

decrease, making it difficult to grasp the characteristics accurately

• General medical items that appear in almost all sequences 

should be considered optional 

• Body or blood tests that are commonly performed but do not provide 

helpful medical information, such as those related to the prescription 

of injections
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Proposal
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• A method to efficiently compare SVs from more than three 

medical institutions

SDB: Sequence DataBase, SVS: Sequence Variant Similarity



General Items Excluded SPM

• Introduce an indicator Term Occurrence per Sequence (TO/S) 

to evaluate the frequency of occurrences

• TO/S(item, institution) =
#𝑜𝑐𝑐𝑢𝑟𝑒𝑛𝑐𝑒𝑠 𝑖𝑡𝑒𝑚, 𝑖𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛

#𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒𝑠(𝑖𝑛𝑠𝑖𝑡𝑢𝑡𝑖𝑜𝑛)

• Test items with high TO/S scores across institutions will be 

excluded

• The threshold is set when excluding the test items doesn’t affect on 

the SPM results
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SVS-based Clustering
SVS (Sequence Variant Similarity)

• Clusters are created based on the dendrogram produced by 

hierarchical clustering

• For clustering, the similarity of SVs needs to be defined

• 𝑆𝑉𝑆 𝑆𝑉1, 𝑆𝑉2 = 1 −
2×|𝐿𝐶𝑆𝑉(𝑆𝑉1,𝑆𝑉2)|

𝑆𝑉1 +|𝑆𝑉2|

• |𝑆𝑉|: number of nodes in SV

• Apply five hierarchical clustering methods

• Single linkage, complete linkage, centroid linkage, average linkage, and Ward

• Elements to choose the appropriate clustering method

• The number of clusters is minimum

• The existence of the LCSV in clusters
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MSV Generation: Direct Merging

• Directly merge all the SVs in the cluster

• Easy to understand each SV but only the commonality of all SVs appear

August 9th, 2024BDH Workshop @ IEEE MIPR 2024

9

START A B C D END

START E B C F END

START G H C I END

START C END
SV1

SV2

SV3

LCSV

MSV

START E B C F END

A B

G H

D

I



MSV Generation: Distance-based Merging 
(1/2)

• Merge SVs in order of proximity on the dendrogram 

obtained during clustering
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MSV Generation: Distance-based Merging 
(2/2)

• Merge SVs in order of proximity on the dendrogram 

obtained during clustering
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Experiment

• Dataset

• Actual EMR pertaining to the fifth wave of COVID-19 in Japan

• July 1, 2021 to September 30, 2021

• 23 medical institutions (Medical Institution A, B, …, W) 
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Experimental Results
LCSV Generation

• Generate LCSV at each cluster based on the clustering 

results from the Ward method

• Several essential treatment orders appeared 
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DM: steroid medication 

suppressing inflammation 

in the lungs
OT: oxygen 

administration 

IN: medications 

for diabetes treatment
HP: Heparin injection 

(anticoagulant) to help 

prevent harmful clots in 

blood vessels  



Experimental Results
MSV Generation (Cluster 5)

• Direct merging method: Individual SVs are easier to 

discern, but it results in a larger number of nodes
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• Distance-based method: Effectively represents common 

nodes for a subset of compared institutions’ SVs



Conclusion

• Proposed a method to understand the commonalities and 
differences in frequent medical order patterns among three or 

more medical institutions

• Exclude general but not essential items during mining

• Perform hierarchical clustering using a defined similarity metric 

between SVs

• Generate MSV by combining the LCSVs and SVs within clusters using 

direct merging and distance-based methods

• The proposed method was shown to be effective using a real 
dataset from 23 medical institutions
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THANK YOU! 

A Clustering-based Sequence Variants Analysis Method for Electronic Medical 

Records of Multimedical Institutions
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APPENDIX
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Experimental Results
Abbreviation of Medical Orders
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Experimental Results
General Items Exclusion Effect

• Excluded common 

test items whose 

Max(TO/S) results 

are greater than 

the Hepatitis 

screening (2.1)
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