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Abstract. Order sets that adhere to disease-specific guidelines have been shown to 

increase clinician efficiency and patient safety but curating these order sets, 

particularly for consistency across multiple sites, is difficult and time consuming. 
We created software called CDS-Compare to alleviate the burden on expert 

reviewers in rapidly and effectively curating large databases of order sets. We 

applied our clustering-based software to a database of NLP-processed order sets 
extracted from VA’s Electronic Health Record, then had subject-matter experts 

review the web application version of our software for clustering validity. 
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1. Introduction 

Clinical order sets, collections of orders for a clinical scenario, are one aspect of clinical 

decision support that has been shown to improve clinician efficiency and patient safety 

[1,2]. Each clinical site may have a unique aggregation of orders into an order set for any 

given condition or situation, and certain sites may use different order sets with more 

frequency due to population factors, such as prevalence of certain diseases [2]. The use 

of order sets has also been shown to reduce the variation in patient care for a single site; 

however, order sets vary across different sites, so variation in care exists from site to site 

[2]. If the goal is to adopt guideline-based order sets, then they should be standardized 

across multiple sites [3]. This is especially true for large hospital networks like the US 
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Department of Veterans Affairs (VA) and its nationwide network of medical facilities. 

However, creating order sets is time and resource intensive [2]. If we can reduce the 

difficulty in order set curation within and between facilities, then we can take steps 

towards a system-wide database of patient-centered order sets that adhere to condition-

specific guidelines, ultimately reducing unwanted variation in patient care across all VA 

medical facilities [4,5]. We further anticipate that this ability will help smooth VA’s 

transition from 128 legacy CPRS installations to a single Cerner Millennium instance 

shared with the US Department of Defense by reducing multi-site order sets to a single, 

well-curated dataset (https://www.ehrm.va.gov/resources/factsheet) [6]. 

This study describes the clustering performance of a clustering method in the 

pragmatic setting of a web application, CDS-Compare, that will enable experts to curate 

clinical order set databases. We have created clinically relevant clusters using a 

hierarchical clustering method and an effective Natural Language Processing (NLP) 

algorithm to create features for each order set based upon standardized terminologies. 

This methodology was applied to a VA order set dataset of medication orders and 

embedded within a user-friendly web application for end-user experts to access and 

rapidly curate the dataset. To evaluate our software’s performance and usability, we 

asked ten clinicians to demo our web application, assess the clustering efficacy by 

comparing inter- and intra-cluster order sets, and then fill out a questionnaire with 

pointed questions regarding the usability of the interface. 

2. Methods 

2.1. Order sets extraction and featurization 

The database of order sets used in this study were extracted from the VA’s Electronic 

Health Record, a component of the VA’s Electronic Health Record Modernization 

initiative. The dataset used herein consisted of 1,293 order sets with an average number 

of orders/per order set of 12.6 (minimum = 1, maximum = 141). This dataset was a subset 

of prescription medication order sets and was not the complete set of order sets across 

all VA medical sites. The complete dataset will contain both medications and procedures. 

Each order set consists of one or numerous medication orders,. We wanted a way to 

compare all of the order sets by the orders which they contained, therefore we applied 

High-Definition Natural Language Processing (HD-NLP), a well-tested, high-speed 

system that processes clinical data and extracts clinically relevant terms in a standardized 

form, e.g., SOLOR, SNOMED-CT, RxNorm, and LOINC [7,8]. Processing of the study 

order sets with HD-NLP resulted in 860 unique SNOMED-CT, RxNorm, and LOINC 

codes across the 1,293 order sets present in our dataset, and every order was mapped to 

at least one code. We used the 860 unique codes extracted with HD-NLP as features to 

represent each of the order sets as a bit vector of length 860 with each bit representing 

the presence or absence of a code. 

2.2. Hierarchical clustering 

We leveraged an agglomerative hierarchical clustering algorithm to enable easier and 

more rapid curation of order sets. We determined the optimal cosine distance threshold 

using the elbow heuristic method which results in the clusters that best fit the data. After 

computing clusters for the order sets, we wanted to provide the end-users with a useful 
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visualization of the order sets and their corresponding clusters. We used the 

dimensionality reduction method t-SNE (t-distributed stochastic neighbor embedding) to 

reduce the 860-dimension vectors to two dimensions allowing for easier visualization. 

2.3. Web application 

The last stage of our software development was the creation of the web application 

interface, where users will take advantage of the clustering method employed to curate 

the dataset of order sets more easily. The first component of the software, a table 

containing all order sets, provides the user with the specific name of each order set and 

the cluster to which it belongs so the user can use both pieces of information to isolate 

order sets or groups of order sets that may need to be assessed together. Second is the t-

SNE plot (Figure 1) , which is embedded into the web interface as a 2D visualization of 

the order sets and their clusters to allow the user to select specific order sets for view in 

the comparison tables. All or user-selected order sets are populated in the plot with the 

marker color-coded based upon the cluster to which the order set belongs. This enables 

users to easily identify order sets that are most similar by color and relative location to 

one another. 

 

Figure 1. t-SNE plot for visualization of clusters of order sets where each color represents a unique cluster. 

Lastly, the side-by-side comparison tables are where users can view two order sets 

at a time with all the orders and pertinent information corresponding to those order sets. 

This component is critical for users to determine if there is redundancy in order sets or 

large overlap where two order sets can be merged to create more robust order sets for 

clinical use. HD-NLP extracted codes used for clustering are not presented to the user. 

Ten clinicians assessed the application clustering performance in CDS-Compare 

by selecting five order set pairs where both order sets in each pair belonged to the same 

cluster, and determined the similarity between the  two order sets in each pair (intra-

cluster comparison) based on the orders (prescription medications). The clinicians 

assessed each order set pair using three mutually exclusive choices: “same” - order set 

pairs were 100% identical; “different” - order set pairs were unique with minimal to no 

overlap in orders; and “overlapping” - order set pairs had substantially similar orders. 

The same ten clinicians then repeated this procedure on five order set pairs where any 

two order sets in each selected pair belonged to different clusters (inter-cluster 

comparison). We state that the clustering works well if order sets are the same or highly 

overlapping intra-cluster significantly more often than order sets in different clusters. 
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3. Results 

The ten reviewers in all analyzed 50 intra-cluster order set pairs and 50 inter-cluster order 

set pairs. The cluster validity results showed 66% of the intra-cluster order set pairs 

assessed had overlap and 22% had the same orders. The inter-cluster assessment showed 

72% of order set pairs were different and 28% had overlap. The intra-cluster analysis 

showed 44/50 were either the same or overlapping, while the inter-cluster analysis 

showed 14/50 order set pairs were overlapping (p<0.001; Pearson Chi-Square test). 

We asked the reviewers to rate aspects of their subjective experience with the web 

application by indicating the degree to which they agreed or disagreed with 10 statements 

using a Likert scale of 1 to 5 (1: strongly disagree, 2: disagree, 3: neutral, 4: agree, 5: 

strongly agree); results are aggregated in Table 1. They found that order set contents 

were easy to view (average score of 4.40), they were able to make judgments about order 

set content (4.40), and the web application was both easy to access (4.40) and visually 

pleasing (4.50). Further development of CDS-Compare is needed for clinical 

understanding (4.00) and consistency across reviewers (3.90) . 

Table 1. Questions and corresponding results from our Likert scale questionnaire. 

Questions Average 
score 

Median 
score 

Minimum 
score 

Maximum 
score 

The system was easy to access? 4.40 5 2 5 
The system was easy to use? 3.90 4 2 5 

You could view the contents of the order sets? 4.40 5 2 5 

You could make judgments about the content of 
the order sets? 

4.50 4.5 4 5 

The system was visually pleasing? 4.50 5 3 5 

The ability to focus on certain topics was helpful? 4.10 4 3 5 
The system was easy to understand from a clinical 

perspective? 
4.00 4 2 5 

The system had the functionality I needed? 4.10 4 2 5 
The system in my opinion could be used 

consistently across reviewers? 
3.90 4 2 5 

I enjoyed using the system? 4.30 5 2 5 

4. Discussion 

Analysis of the cluster validity assessments show that the software is clustering the order 

sets in a way that effectively groups order sets that are the same or contain highly 

overlapping orders into the same cluster. Moreover, the order sets in different clusters 

were significantly less likely to be overlapping. These results support the use of this 

application to reduce the difficulty for experts to select and remove redundant order sets 

in the database. Use of this application by experts will result in a highly curated set of 

order sets that will reduce variation in patient care across VA medical facilities. 

With regards to the usability of the web interface, the overall responses were very 

positive. Many aspects of the web interface were well liked by the reviewers, such as 

ease of access and ability to make judgments about the order sets. We still need to further 

develop components of the interface to enhance clinical understanding of the order sets 

for users and improve potential inter-reviewer consistency. Constructive comments 

provided by the reviewers also alluded to some of the needed improvements, such as 

more clinically relevant variables for the orders and clearly written instructions on use 

of the application. We continue to improve the interface using clinician feedback. 
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5. Conclusion 

Based on the results obtained from our reviewer assessment of the clustering and web 

interface for CDS-Compare, we have a promising web application for curation and 

accurate clustering of large order set databases. The clustering method used within the 

application is effective at grouping very similar or exact order sets, while separating 

those that are completely different or have limited overlap in orders. The web interface 

also received strong support from the reviewers and the constructive criticism will help 

guide us in our development of a user-friendly and effective order set curation software. 

Our future work will focus on continued development of the software to improve 

the usability based upon feedback from the reviewers. Additional functionality to enable 

users to create a separate curated database by selecting, removing, merging, and 

modifying existing order sets in the database will be considered, as well as features to 

aid the decision making. Lastly, a comprehensive inter-rater reliability study will be 

conducted on the full order set database with the goal of documenting output reliability. 

We believe the combination of NLP and clustering methodologies has great potential for 

the curation of Clinical Decision Support artifacts in ways that can reduce unnecessary 

variation within and among clinical sites in the VA network and other medical facilities. 

In so doing we believe we can improve care provided to Veterans. 
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