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Background: Drug-related problems (DRPs) can lead to serious health issues and have significant economic impacts on healthcare systems. One solution to address this issue is the use of computerized physician order entry systems (CPOE), which can help prevent DRPs by reducing the risk of medication errors.



Objective: The purpose of this study is to provide an analysis on scientific production of the past 20 years in order to describe trends in academic publishing on CPOE and to identify the major topics as well as the predominant actors (journals, countries) involved in this field.



Methods: A PubMed search was carried out to extract articles related to computerized provider order entry during the period January 1st 2003– December 31st 2022 using a specific query. Data were downloaded from PubMed in Extensible Markup Language (XML) and were processed through a dedicated parser.



Results: A total of 2,946 articles were retrieved among 623 journals. One third of these articles were published in eight journals. Publications grew strongly from 2002 to 2006, with a dip in 2008 followed by an increase again in 2009. After 2009, there follows a decreasing until 2022.The most producing countries are the USA with 51.39% of the publication over the period by France (3.80%), and Canada (3.77%). About disciplines, the top 3 is: “medical informatics” (21.62% of articles), “pharmacy” (19.04%), and “pediatrics” (6.56%).



Discussion: This study provides an overview of publication trends related to CPOE, which exhibited a significant increase in the first decade of the 21st century followed by a decline after 2009. Possible reasons for this decline include the emergence of digital health tools beyond CPOE, as well as healthcare professionals experiencing alert fatigue of the current system.



Conclusion: Future research should focus on analyzing publication trends in the field of medical informatics and decision-making tools to identify other areas of interest that may have surpassed the development of CPOE.
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Background

Drug-related problems (DRPs) are a significant public health issue that affects patients worldwide. DRPs refer to any unwanted or harmful event associated with the use of medications, including adverse drug reactions, medication errors, and drug interactions. DRPs can result in hospitalization, disability, and even death, and they have a significant economic impact on healthcare systems (1, 2).

To address this issue, there are several solutions, including the use of computerized physician order entry (CPOE) systems to secure medication prescriptions (3). CPOE comes in two main types: hospital CPOE, which is used in healthcare institutions and limits drug choices to define lists, and ambulatory medicine CPOE. By using CPOE systems, healthcare professionals can help prevent DRPs by reducing the risk of medication errors, including incorrect dosages or medication interactions.

This study aims to assess the current trends in academic publishing on computerized physician order entry (CPOE) through proven bibliographic methods (4, 5). Specifically, it involves conducting a mapping review to identify the key contributors to the field (e.g., journals, countries), the most advanced medical disciplines on the subject, the prevalent themes, and the evolution of published articles since the inception of CPOE.

To our knowledge, no bibliometric analysis of CPOE has been carried out. It is important to conduct this research to map and analyze publications related to CPOE. This analysis can help identify weaknesses and improve CPOE research. Other works have consisted in drawing up a history of CPOEs but without a macroscopic vision or in a way that is too descriptive of the very principles of the discipline (6, 7). More methodologically similar studies have appeared but only on topics such as drug errors and adverse drug reactions in 2019 (8).



Methods


Bibliographic research

This study utilized the MEDLINE bibliographic database, which contains a vast collection of scientific articles from the biomedical field spanning several decades. The database's search engine, PubMed, enables the use of MeSH thesaurus keywords for precise indexing of articles, and it also permits searching for terms in unstructured fields such as article titles and abstracts. Additionally, the Boolean-compatible syntax, featuring the use of operators such as AND, OR, and NOT, provides exceptional flexibility for conducting queries.

The following query was constructed with the help of a medical librarian (EL) to select articles indexed with the keywords “Computerized Physician Order Entry” (MeSH identifier D050316) between 2003 and 2022 (a period of 20 completed years). To increase recall, the terms “CPOE”, “Computerized Physician Order Entry”, “computerized physician order entry system”, “computerized Provider Order Entry”, “Computerized Provider Order Entry System”, “prescription tool”, “prescription support tool”, and “medication alert system” were searched in the title. In order to minimize noise (false positives), some terms were excluded such as “laboratory test” or “laboratory”. The final equation is as follows:
“medical order entry systems"[MH] OR “medical order entry system*"[TW] OR CPOE[TW] OR “Computerized Physician Order Entry"[TW] OR “computerized physician order entry system"[TW] OR “computerized Provider Order Entry"[TW] OR “Computerized Provider Order Entry System"[TW] OR “prescription tool*"[TW] OR “prescription support tool*"[TW] OR “medication alert system*"[TW] NOT “laboratory test*"[TW] NOT “laboratory"[TW]


Extraction and processing of data

The bibliographic references retrieved from PubMed through the query are in XML (eXtensible Markup Language) format. A specialized program is used to extract relevant data from selected metadata, including the year of publication, author names and affiliations, journal, MeSH keywords, publication type, and language.

Two additional metadata were automatically added using specialized algorithms. First, the country of publication was inferred from the affiliation of the first author, which is typically the most informed and representative of the article's content. A computer program utilizing the Google Maps API and a dedicated database was used to identify the country from the author's email domain or location. Second, medical specialties were assigned to each reference based on the MeSH keywords using a categorization algorithm developed previously (9). The algorithm leverages the MeSH hierarchy and relations defined by domain experts to associate each keyword with one or more medical specialties (10). We conducted a human verification of a random sample of 100 articles related to CPOE (evaluation, design, and use of CPOE) by two individuals (LG and JG). This verification involved assessing the titles and abstracts of the articles to ensure that the retrieved results are relevant to CPOE.

Further information on the yearly publication count in MEDLINE was directly obtained from PubMed. Moreover, the total number of publications from these journals during the study period was compiled in the data table sourced from PubMed. Population data, including population size and Gross Domestic Product (GDP) per capita by country, were sourced from the World Population Review (http://worldpopulationreview.com) and the World Bank (https://data.worldbank.org/indicator).

Bradford's law was used to rank the journals. Bradford's law is also known as Bradford's law of scattering or the Bradford distribution, as it describes how the articles on a particular subject are scattered throughout the mass of periodicals (11).

The data were compiled into a table, enabling the creation of sub-tables and corresponding graphs.



Analyse of datas

The different data were extracted from our tool in the form of an Excel® spreadsheet. The columns ID MeSH, type of publication, N, and proportion of articles (%) were extracted directly.




Results

PubMed query yielded a total of 2,946 articles. Out of the 100 articles in the sample, 100% were found to be related to CPOE. As shown in Figure 1, there was significant growth from 2002 to 2006, followed by a decline in 2008 and subsequent increase in 2009. However, from 2009 onwards, there was a downward trend until 2022, with the highest number of articles (212 references) published in 2009 and only 67 articles published in 2022. The average annual increase in articles on the subject was 1.27% [−0.36; 23.00].


[image: Figure 1]
FIGURE 1
Evolution of the number of articles per year for MEDLINE and for the query.



Journals

Out of the 623 journals that published at least one article identified by the query, only five published over 100 articles, and 13 published more than 30 articles. Bradford's law was used to rank the journals, with eight journals publishing one third of the identified articles (1.8% of the journals), 59 journals publishing the second third (9.47% of the journals), and the rest of the journals publishing the final third, representing the vast majority (89.24%). Among the 13 journals that published more than 30 articles, 7 (53.85%) were specialized in the field of medical informatics. Table 1 shows that none of the main journals identified had a proportion of articles exceeding 10%. The Journal of the American Medical Informatics Association (JAMIA) had the highest proportion of articles at 7.71%.


TABLE 1 Top 50 journals that published the articles identified by the query.
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Languages

Most of the articles were written in English (96.9%), with Spanish and French, as well as German and Danish, accounting for 0.8% to 0.4% of the articles, respectively (Table 2). In MEDLINE, English was the predominant language at 97.89%, followed by Chinese at 0.62% and German at 0.52%. Nowadays, English is the predominant language for writing scientific articles, so the trend is quite normal.


TABLE 2 Language distribution of the articles identified by the query.
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Countries

Out of the 2,946 articles, 2,516 (85.4%) had a first author affiliation that identified a country. Table 3 provides a breakdown of the number of articles and ratios according to population size and GDP per capita (PPP, in international dollars). The United States of America led with 51.39% of the articles (among countries identified), followed by France (3.80%), Canada (3.77%), Australia (3.36%), and the United Kingdom (3.12%). The top 5 countries with the highest number of articles per 100,000 inhabitants were Australia (1.1), Switzerland (0.59), the United States of America (0.46), the Netherlands (0.45), and Denmark (0.36). Meanwhile, the top 5 countries with the highest number of articles per GDP (in PPP per 1,000 international dollars) were the United States of America (23.95), France (2.38), Canada (2.38), Australia (1.86), and the United Kingdom (1.66).


TABLE 3 Top 25 countries associated with the items identified by the query.
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Types of publication

To filter out uninformative types such as grant-related publication types like “non-U.S. government research grant”, “NIH extramural research grant”, “U.S. government PHS research grant”, and “NA”, we retained 36 relevant publication types. The top 15 publication types account for almost all articles (see Table 4). These include journal article (93.73% of the relevant publication types), literature reviews (5.23%), comparative studies (3.36%), evaluation studies (2.47%), and commentaries (2.16%). The data in Table 4 are raw, and an article can have multiple types of publication.


TABLE 4 Top 15 publication types (MeSH) of articles identified by the query.
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MeSH terms

In total, 2,946 articles were identified in the study, which were indexed with 1,788 unique MeSH keywords. Check tags were excluded from the analysis as they did not provide any useful information. Table 5 presents the top 50 most frequently occurring keywords. The most common keywords were «Medical order entry systems» (68.53%), «Medication errors» (28.89%), «clinical decision support systems» (20.88%), and «United States» (16.63%).


TABLE 5 Top 50 MeSH keywords that index the identified articles.
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Medical specialties

The categorization algorithm is grounded on MeSH keywords to infer broad categories, particularly in the field of health, medicine, or paramedical disciplines. As a result, a total of 85 disciplines were identified among the articles (representing 60.28% out of 141 disciplines in total) as presented in Table 6. The top 5 disciplines include “medical informatics” accounting for 21.62% of the articles, followed by “pharmacy” at 19.04%, “pediatrics” at 6.56%, “medicine” at 5.45%, and “geriatrics” at 4.49%.


TABLE 6 Health disciplines calculated via the categorization algorithm from the MeSH keywords indexing the identified articles.
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Discussion

The main results of this study provide us with trends in publications related to CPOE. Indeed, the first decade of the 21st century was marked by an increase in publications each year, which is correlated with the implementation of health information systems. Today, whether for hospital or primary care, CPOE systems are widely implemented in the daily practices of different healthcare professionals.

However, after 2009, there has been a clear decrease in the number of publications regarding CPOE, despite strong pressure from public authorities to continue digitizing healthcare systems. One possible line of thought that can be suggested is that the digitization of health tools is not only through CPOE (artificial intelligence, decision support, etc.) but also through a certain exhaustion of professionals towards CPOE. On the other hand, CPOE are now totally integrated in most hospital information systems and in software in primary care, as well as in some health information systems (at a national level, e.g., Israel, Denmark, Taiwan, Singapore).

Regarding Figure 1, the curve of our query decreases from 2009 while the trend of articles published on Medline only increases. Over the course of the past 20 years, the field of Computerized Physician Order Entry (CPOE) has witnessed a significant evolution, transitioning from an innovative technology to a mature one. This shift can be attributed to several factors.

Initially, when CPOE was introduced, it was considered a groundbreaking technology with the potential to revolutionize healthcare systems. Its implementation was met with enthusiasm and high expectations for improving patient safety, reducing medication errors, and enhancing overall workflow efficiency. Researchers and practitioners were eager to explore its capabilities and document its impact through academic publications.

As CPOE became more widely adopted and integrated into healthcare organizations, the initial wave of excitement and novelty subsided. With increased implementation, researchers began to shift their focus from simply exploring the technology's benefits to evaluating its real-world effectiveness and identifying areas for improvement. This transition from exploration to evaluation is characteristic of the maturation process.

Moreover, as CPOE became more commonplace, it started to be considered a standard practice rather than an innovative solution. Healthcare organizations began to expect its implementation as part of their electronic health record (EHR) systems. Consequently, the emphasis shifted from proving the concept to refining and optimizing the existing implementations. This shift in focus led to a decline in the number of publications specifically addressing the “acceptance” and “implementation” of CPOE.

Concerning the journals of publication and the medical specialties most found, medical informatics and digital health is predominant (e.g., JAMIA). Finally, few other specialties are interested or at least publish on this subject, except for pharmacy (concerned with drug prescribing and prescription analysis (e.g., AJHP), and care units such as pediatrics and geriatrics in which drug errors are more likely to occur.

Despite the ongoing issues of medication errors, the first impression is that researchers have come full circle about CPOE. This topic is becoming obsolete despite the fashion for artificial intelligence (AI) and all the possibilities for improving these CPOE coupled with AI.

Some countries, such as Canada, the United Kingdom (12) and Australia (13), are known to have a highly developed clinical pharmacy activity. This activity is based on good IT tools and good CPOE. Along with the United States and France, they are the countries that publish the most (in terms of the number of articles per 100,000 inhabitants).

It should be emphasized that CPOE are programmed with pre-established rules, which is called symbolic artificial intelligence. Today, there is shift towards digital artificial intelligence that is taking over thanks to all the health data that has been digitized. These two types of artificial intelligence deserve to be brought together in order to build a more efficient and personalized CPOE based on the prescriber and their prescribing habits.

Several studies highlight that the alert system of CPOE leads to a certain weariness of healthcare professionals who eventually stop using these tools in their entirety (14, 15).

Finally, another of our hypotheses concerning the decline in publications in this field is the change in research and economic models. Indeed, the research and publication field are mainly public, while it is the private software industry that creates the CPOE. The research and development sector of private industries is in sharp decline, and start-ups that create upstream software models are bought and developed by large software companies, which may tend to a decrease in scientific publication.

CPOE systems help reduce medication prescribing errors, such as dosage errors, potential drug interactions, and drug allergies. They facilitate communication among different healthcare professionals involved in patient care, thereby reducing communication errors and misunderstandings. Additionally, they can provide alerts and clinical guidance based on best practices and drug information, assisting prescribers in making more informed decisions and avoiding errors. Lastly, CPOE systems allow for tracking of medical orders, thereby facilitating monitoring of administered medications, detection of potential errors, and evaluation of therapeutic regimens. For future research, researchers could build upon the findings of our bibliometric analysis to design more effective and user-friendly CPOE systems. Indeed, alert fatigue remains a major usability barrier for CPOE systems, as described earlier. Additionally, some countries may consider investing in research on CPOE to mitigate medication prescribing errors.

It should be noted that our study is limited by the fact that it is based solely on Pubmed and not on all other search engines that may contain articles on CPOE, which may underestimate the number of publications in the field. Secondly, the tool used to perform this query is based on the categories and indexations of PubMed, which may not be indicated or may not appear in some articles. Then, one limitation of the article is the absence of subsequent examination of the included publications. As a result, our observation of a decrease in original articles or editorials/perspectives/letters published after 2009 lacks precision. This type of study aims to provide a comprehensive overview of the subject and pave the way for further investigations. One perspective that could be undertaken is to study trends in publication in the literature in the field of medical informatics and prescription and/or decision support tools. This would allow us to know if there is another area of interest that has taken over the development of CPOE.



Conclusion

In conclusion, we can observe that research concerning CPOE is uneven across countries. The disciplines with the highest publication rates are those with the most interest in CPOE, such as pharmacy and pediatrics. Possible reasons for the decline of publication trends related to CPOE after 2009 include the emergence of digital health tools beyond CPOE, as well as healthcare professionals experiencing fatigue with the alert functions of the current system. Moreover, changes in the research and development sector may have contributed to the decrease in scientific publications. Future research should focus on analyzing publication trends in the field of medical informatics and decision-making tools to identify other areas of interest that may have surpassed the development of CPOE.
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