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Abstract

Informatization has affected all spheres of the national life, including medicine. One of the areas of medicine
informatization is the introduction of information systems. Elasticsearch (ES) is an search engine. It is used to store
and search data in information systems. We analyzed 34 scientific articles on the use cases of ES in medicine, published
in 2022-2024. Articles was filtered by type, description of use of ES, the English language, and free access. Our
findings are following. ES is used primarily for searching and logging. In 41% of articles ES is used as a database
management system (DBMS) that stores only part of the data, in 34% - as a primary DBMS, in 25% - as a secondary
DBMS. On average, researchers store almost 2 million documents in a ES index. Redis, Apache Nifi, CogStack,
Apache Kafka, Neo4j, PostgreSQL, Python are most often used with ES. We have collected some technical details of
using ES (analyzers, data types, query types). ES is used with medical databases and tools such as UMLS, MedCAT,
MeSH, SNOMED-CT.
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Introduction

Informatization, Medicine, and Search Engines

The main trend of the last few decades is informatization. Informatization is the process through which the
new communication technologies are used as a means for furthering socioeconomic development as a
nation becomes more and more an information society [1]. Informatization is a kind of automation. This
process has affected all sectors of the national life, including medicine. One of the manifestations of
informatization is the introduction of information systems. An almost complete description of information
systems in medicine is collected in the encyclopedia [2]. Informatization involves increasing data volumes.
Search engines are used for data searching. Search engines in medicine are studied in [3-6]. One of the
search engines used in medical informatization is Elasticsearch (ES).

Actually the “informatization” term occurred mainly in articles of authors from xUSSR and China.
Elasticsearch Briefly

ES is a distributed system for storing documents, searching and analyzing data in them [7], namely:
- adocument is a collection of fields of various types (text, numeric, compound);
- data can be found by a fragment of a field or by the entire field with conditions (contains/does not
contain, logical operations AND, OR, NOT);
- data can be analyzed statistically, grouped, post-processed.
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ES is part of the Elastic Stack. Elastic Stack includes Logstash, a program for loading data into ES,
and Kibana, a program for visualizing data and running queries against ES, as well.

Motivation

We are exploring ES to improve a course on information retrieval and search engines. We've published a
textbook [7], an article on choosing books for initial learning of the Elastic Stack [8] and on information
retrieval thinking [9], proceeding papers [10-11].

Related Papers

Surveys of the use of ES in medicine are brief. Approaches to extracting data from medical documents are
reviewed in [12]. Here you will find some cases of application of ES in medicine. In [13] outlined the
prospects of applying graph databases in systems biology with ES. It's a key point of this article.

1 The Purpose of the Study

The purpose of the study is to analyze cases of using ES in medical applications, discovering joint
technologies and technical details.

2 Materials and Methods

We searched for articles in Google Scholar. For each year of publication from 2022 to 2024, we selected the
first 20 articles at the search query “elasticsearch medicine” (see fig. 1). Articles were filtered by the
following criteria:

- only articles, not dissertations;
- contain description of the use of ES, not mention;
- in English;
- free access.
It's interesting 3 articles [14-16] in our survey are from one issue of the Nucleic Acids Research
journal.

Articles for 2023-2024 were downloaded on March 25, 2024, for 2022 - April 01, 2024.
Methods are data aggregations, statistical and technical analysis.

Google Scholar Google Scholar Google Scholar

“elasticsearch
medicine” 2022

“elasticsearch “elasticsearch
medicine” 2024 medicine” 2023

20 articles . 20 articles
20 articles

Filter
- only articles, not dissertations;

- contain description of the use of ES, not mention,;
- in English;
- free access.

34 articles

v

Figure 1. Article retrieval pipeline
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3 Results

3.1 Result Organization

We revealed use cases of ES in medicine. We've grouped use cases to searching, logging, and other use
cases. In each group, the articles are sorted by the name of the first author.

3.2 Searching

Alskaf E. et al. [17] studied machine learning models to predict all-cause mortality. The source data are the
Electronic Health Records (EHRs) data and Stress Perfusion Cardiac Magnetic Resonance (SP-CMR)
imaging. EHRs stored in ES. The best model is the support vector machine (SVM).

Cao C. et al. [14] created the PGS-Depot web site [18]. It provides comprehensive polygenic scores
(PGSs), computed summary statistics. PGS-Depot utilizes ES to enable searching by summary statistics ID
in PGS-Depot, trait name, and the PubMed Identifier (PMID).

Dilmag F. and Alpkogak A. [19] noted the performance of ES decreases when data preprocessing. ES
is used for searching medical research articles in Automated Keyword Assignment System (AKAS).

Debauche O. et al. [20] designed an architecture of a system for elderly patient monitoring. Data
produce by medical sensors and devices. One of technologies in this system is ES. ES is utilized as a
secondary database management system (DBMS) for searching data.

Guo Q., Cao S., and Yi Z. [21] retrieved candidate question answering (QA) pairs from ES, trained
entity recognition model, and built a knowledge graph. A QA system fetches data from two Chinese
medical community websites.

Knox C. et al. [16] used ES to search data in Drugbank [22]. Drugbank is knowledgebase of drugs,
approved by the U.S. Food and Drug Administration (FDA), investigational drugs, drug-drug and drug-
food interactions, other data of drugs.

Lee H.Y. et al. [23] included ES in the MEDBIZ platform. The platform connects home and wearable
medical devices of patients with the main part for storage, analysis and presentation of data. Metadata are
analyzed in ES.

Lee W. et al. [24] stored in an ES index generated descriptions of electroencephalography data (EEG)
during sleep. The index is used to look for EEG according to their text description and automate the
generating of the report.

Noor K. et al. [25] used the Cogstack platform as a tool to solve some problems. The problems are
clinical trial recruitment, identifying reasons for why patients had an allergic reactions based on reports in
the National Reporting and Learning System, improving the clinical referral process for neurology clinics,
identify clinical intent in free-text notes, and others. There are three DBMS in Cogstack. One of them is ES.

Otte W.M. et al. [26] used ES for storing almost 36 million articles from PubMed when developing a
reference website [27]. The words of the article abstracts were classified to the part of Patient or Intervention
of the Patient-Intervention-Control-Outcome (PICO) Framework. Classification of words is validated by
the Cochrane Database of Systematic Reviews (CDSR).

Quan X. et al. [28] developed the AIMedGraph software for storing the knowledge count about
genes, genetic alterations and their therapeutic and diagnostic relevance. This software system used ES.
There are no details of use of ES in the article.

Palm V. et al. [29] used ES and Kibana for storing, searching and visualizing Digital Imaging and
Communications in Medicine (DICOM) data. ES and Kibana are core components of the Kaapana open-
source toolkit [30]. Kaapana is a platform for storing and analyzing images.

Purpura A. et al. [31] implemented a system for the discovery of semantic entity associations. The
system consist of (1) a sentence annotation system, (2) an ES index, and (3) a querying and filtering
component. Associations were extract from 14 million PubMed abstracts.

Sadek J. et al. [32] developed the ScanMedicine software [33]. They uploaded formatted descriptions
of clinical cases from more than 10 registers of different countries of the world and medical device approval
data of the FDA in ES. ES was used to search. Data are synchronized with MongoDB.

Scheable R. et al. [34] automated translation of the Medical Subject Headings (MeSH) in English into
another languages by MeSH browser [35]. ES provides a fuzzy full-text search.
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Sileo D., Uma K., and Moens M.F. [36] explored a medical multiple-choice question answering
(MCQA). One of pretrained data were Wikipedia medical articles. The articles was indexed with ES.

Upadrista V., Nazir S., and Tianfield H. [37] employed ES as database with patient details, health
data, and EHRs. Metadata were stored in two blockchains. Source of data was medical devices.

Yu C. etal. [38] added to their Passionfruit Genomic Database [39] ES for accurately search for genes
of interest by keywords.

Yue T. et al. [40] used ES to fuzzy search T-cell receptor similar Complementarity Determining
Region 3 (CDR3) sequences with a maximum of 1 mismatch.

Zhang N. and Jankowski M. [41] assigned International Classification of Disease (ICD) diagnosis
codes to medical documents in their Medical Document BERT (MDBERT). ES was used to search the
SNOMED-CT indications by the raw disease name.

3.3 Logging

Jagan P. et al. [42] designed a rehabilitation complex. The complex includes a rehabilitation device, a
control device, and a network data storage with their visualization. The rehabilitation device mounted on
wheel chair and gives repetitive rehabilitation therapy in seating and sleeping positions. The control device
on Raspberry Pi controls the rehabilitation device and sends its parameters and log to the network data
storage. The network data storage is ES. To visualize data from ES, Kibana is used.

Nan J. et al. [43] proposed a practice guideline (PG) to promote the Fast Healthcare Interoperability
Resources (FHIR) standard. The PG includes practice design and a architecture. Practice design defines the
responsibilities of stakeholders and outlines the complete procedure from data to services. The
development architecture for practice design lists the available tools for each practice step and provides
direct and actionable recommendations. ES in the architecture stores system logs.

Smyrlis M. et al. [44] presented a solution to estimate the attack surface and resilience of medical
applications and systems. They named it Risk Assessment for Medical Applications (RAMA). ES is used
for storing of alert messages and data visualization in Kibana.

Ulgu M.M. et al. [45] developed the national Disease Management Platform (DMP) in Turkey. The
DMP screens and controls of chronic diseases in adherence to evidence-based clinical guidelines. The
platform utilizes ES to store patient personal data and basic attributes, their current screening and
monitoring statuses for each disease. ES serves as a system log repository as well.

3.4 Other Use Cases

Al-Agil M. et al. [46] programmed the Smart Watcher software system. Apache NiFi extracts clinical data
from various sources and sends them into the ES index. Using Elastic Watcher, doctors are notified when
documents with a certain text appear in the index. Examples of such notifications are listed in [46], for
example, the appearance of patients with a positive test Covid PCR or Out-of-Hospital Cardiac Arrest.

Chen L. et al. [47] examined mapping strategies of Chinese medical entities to their English
counterparts in the Unified Medical Language System (UMLS). ES was one of the strategies. The optimal
strategy is the linear combination method with the aid of multiple-source web translation engines.

ChenT. et al. [15] developed Integrated Medicinal Plantomics (IMP) [48]. There are analysis
modules, including tools for gene annotations, sequences, structures, functions, distributions and
expressions in IMP. IMP is utilized by medicinal plants or plants with medicinal benefits. ES is incorporated
for data retrieval.

Cheng K.Y. et al. [49] stored and analyzed in ES data of DICOM medical images. Data are image
headers and generated keywords. The analysis was used to correct a learning model based on clinical data.

Jin Q. et al. [50] proposed the PM-Search (PM - precision medicine) search engine. PM-Search
contains titles, authors, and abstracts of PubMed articles. Data are enriched by synonyms via the National
Library of Medicine’s web application programming interface in MedlinePlus. ES is the baseline retriever
for initial selection of candidate titles and abstracts. Then the evidence reranker selects next level candidates
based on their evidence quality from initial candidates.

Linares M. and Santos L. [51] analyzed selfie-related deaths with help of the Heimdllr-Project tool.
The tool is a global system of applied epidemiological intelligence for the detection and analysis of events
and outbreaks. ES is used as a DBMS and an artificial intelligence tool. This work utilizes full Elastic Stack
(ES, Logstash, Kibana).
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Raad M. et al. [52] prioritized 100 genes by a relevance score from ES. The genes involve in the pain
pathways and cancer pathways.

Scott-Boyer M.P. et al. [53] compared business intelligence (BI) tools that display biological data in
text form from ES. The study included Elastic Kibana, Siren Investigate, Microsoft Power BI, Salesforce
Tableau, and Apache Superset for four types of biological data. The study did not reveal a significant
advantage of one tool over the others.

Srba L. et al. [54] explored false information in medical articles. They used ES to select a subset of the
article-claim pairs for further analysis. The criterion of the selection is the relevance score higher than the
2/3 of the maximum score.

Villena F. et al. [55] trained a model to recognize words related to various diseases, and then used
ES to assign disease codes to phrases from clinical reports.

3.5 Types of using Elasticsearch as Database Management System

We classified three type of using ES as DBMS:
- primary DBMS is the only or main DBMS that does not synchronize data on a command from
another DBMS;
- secondary DBMS is an auxiliary DBMS that synchronizes data upon a command from another
DBMS; ES is used for searching in this case;
- parallel DBMS is one of the DBMS that manages some of the data without synchronization with
another DBMS.

We aggregate articles by usage types (table 1).

Table 1. Number of articles and shares of using as a database management system

Type Article count Share, %
Primary 11 34.4
Secondary 8 25.0
Parallel 13 40.6
Unknown 2 6.3

3.5 Index Document Count
Some articles refer to index document number (table 2).

Table 2. Document number in the Elasticsearch index

Article Index document count
[21] 60000000

[26] 35900000

[50] 29000000

[55] 18716629

[31] 14000000

[19] 458594

[54] 317000

[24] 30000

Mean 19802778

3.6 Joint Technologies and Libraries

ES is used in conjunction with the following technologies and libraries mentioned in the articles (table 3).
We used ES to aggregate the data for this table.
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Table 3. Elasticsearch joint technologies and libraries

Technologies and libraries Count
Redis 4
Apache Nifi, CogStack, Apache Kafka, Neo4j, PostgreSQL, Python 3

Amazon S3, Apache AirFlow, Apache Superset, Flask, Hugging Face, Kubernetes, MongoDB, | 2
MySQL, Vue.js
Apache Camel, Apache Druid, Apache ECharts, Apache Spark, Apache Tika, Apache | 1
ZooKeeper, Amazon DynamoDB, AWS Athena, AWS Lambda, Angular, Blaster]S, D3js,
DCM4chee, Django, Elastic Watcher, Element Ul, Ganache, Grafana, igv.js, JBrowse, Java,
Keycloak, Log4j, MariaDB, Microsoft Power BI, MinlO, Eclipse Mosquitto, NeoVis, Node js,
OpenResty, plotly.js, PostgREST, PyTorch, React, React-Admin, Ruby on Rails, Salesforce
Tableau, Siren Investigate, Spring Boot, vis.js, ZomboDB

3.7 Technical Details
Some articles contain descriptions of technical details of using ES (table 4).

Table 4. Technical details for using Elasticsearch

Article | Details

[24] The standard tokenizer, the n-gram token filter (from 1 to 4)

[52] ES version 7.11

[45] 6 servers in a cluster

[31] The keyword data type

[21] Boolean query on title and description; the title boost is two times more than the boost of the
description

[50] Boolean query with should and must, keyword matching, the dis_max query with synonyms
and boost, the tie_breaker 0.8, the title field boost 3.0

3.8 Information Standards, Databases, and Tools in Medicine

Data formats in the healthcare system are standardized by Health Level 7 (HL?) [56]. The data contain
different concepts. The concepts and their relations are collected in the Unified Medical Language System
(UMLS) [57]. UMLS uses dictionaries, including the Systematized Nomenclature of Medicine-Clinical
Terms (SNOMED-CT) dictionary [58]. SNOMED-CT is a collection of multilingual clinical healthcare
terminology. Another part of the UMLS is the Medical Subject Headings (MeSH) [59]. MeSH is produced
by the National Library of Medicine (NLM) since 1960. It's used for cataloging documents (text, media) and
as an index to search these documents. Medical Concept Annotation Tool (MedCAT) extracts data from
EHRs and link it to terms of SNOMED-CT or UMLS [60-61].

These standards, databases, and tools are used in some of the surveyed articles (table 5).

Table 5. Number of articles mentioning using MedCAT, MeSH, SNOMED-CT, UMLS

Information standards, databases, and tools Count
UMLS 5
MedCAT, MeSH 3
SNOMED-CT 2

4, Discussions

ES is used in medical applications mainly for searching and logging. This doesn't differentiate medicine
from other uses of ES.

Most often, ES is used as a parallel database (41%) without synchronization with other DBMSs.
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On average, researchers store nearly 2 million documents in a ES index.

ES is used with other DBMSs (Redis, Neo4j, PostgreSQL), data transfer systems (Apache Nifi,
Apache Kafka), and medical databases and tools such as UMLS, MedCAT, MeSH, SNOMED-CT.

Conclusion

1. We surveyed 34 articles about the use of ES in medical applications, published in 2022-2024.
Articles were found via the Google Scholar.

2. We analyzed the articles for function of ES, type of use of ES as a DBMS, number of documents in
the index, joint technologies and libraries, technical details, use of medical standards, databases,
and tools.

ES is widely used in medical applications mainly for text searching and logging.
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B MEAULUMHE: TEXHUYECKUA OB30P
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Pasancxuil eocydapcmbennviil paduomexnuveckuil yuubepcumem um. B. @. Ymxuna, xagpeopa
BorucaumesHoll U NPUKAAOHOT MAmMeMamuKuy, npogpeccop

Jluneyxuii eocyoapcmBenviil nedacoeuveckuil ynubepcumem umeru I1. I1. CemernoBa-Tan-Illanckoeo, kagpedpa
UHPOPMATIUKYL, UHPOPMAUUOHHBLX TEXHOA02UTE U 3AU4UINbL UHGOPpMAY UL, Npocheccop
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mail@prutzkow.com

AHHOTaUuA

Unpopmamusayus Bosdeticmbyem na 6ce cpepvl xusnu obujecmba, 6 mom uucae u meouyuny. OOHUM U3
HAnpabaenutl uHGopMamu3ayuy MeOUuyUHsl A6AAemMca Uchnoab3obanue urgopmayuonnvix cucmem. Elasticsearch
(ES) - smo umnpopmayuonto-nouckobas cucmema. Ona ucnosvsyemcs 045 XpaHeHus u noucka OaHHbx 6
uHpopmayuoHHbLx cucmemax. Ipoanasusupobansi 34 cmamvu o ucnoavzobanuu ES 6 meouyune, onydauxobartvle
6 2022-2024 200ax. Cmambvu Ha aHeAutickom A3vike U 6 c60600HoM docmyne 0bLau 0mMoOpansl 10 MUNY, ONUCAHUIO
ucnoawvsobanus ES. ES ucnoav3yem, eaabuuim 0bpasom, 044 noucka u npomokosupobanus pabomol. B 41% cmameii
ES ucnoawvsyemca kax CYB, xpanawan moavko uacms 0aunwix, 6 34% - xax nepbuunas CYBI, 6 25% - xax
6mopuunas CYBII. B cpednem 6 ES xpanumcsa noumu 2 muiiuona dokymenmo8. Yaue bceeo ¢ ES ucnoav3yiomes
Redis, Apache Nifi, CogStack, Apache Kafka, Neo4j, PostgreSQL, Python. Cobpansi Hexomopble mexHuueckue
demaiu ucnoavsobanus ES (undexcamopw, munsl O0auHbx, 6udst 3anpocoB). ES ucnoavsyemcsa 6mecme ¢
MeouyuHckuMu basamu dannsiMu 1 uncmpymenmamu, maxumu xax UMLS, MedCAT, MeSH, SNOMED-CT.

Kniouesble cnosa

Elasticsearch,  Elastic ~ Stack, — meduyuna, ungopmamusayus,  UHGOPMAYUOHHO-NOUCKOBble — CUCTHEMDL,
ungpopmayuonnsitl nouck, UMLS, MedCAT, MeSH, SNOMED-CT, obsop
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