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Abstract 

Identifying redundancies, gaps, conflicts and interactions among items within data is a common problem in many 

databases and health centric applications. This issue, while related to drug interactions, is wholly different as 

it is focuses on primary data quality issues and relationships in care-plan items themselves. Here, we re-evaluate 

the clinical data aggregation and storage in health care electronic records. This solution will address specifically 

laboratory-test orders, goals and parameters set by the physician for treatment, home and impatient care 

nursing plans, physical therapy and counseling regimens. Above this subset, the solution will directly address mental 

health, chronic pain, diabetes, and cardiovascular disease, and will scale horizontally. The solution will interface with 

the existing relational database management system, and consistently and actively monitor data quality issues, 

alerting analysts and developers. Further, the data itself will be exposed in dashboards integrated into the existing 

agency infrastructure to allow for better visualization of conflicts and results from interacting care plan items. 

The solution presented is dynamic, supported by Microsoft, and mature in development. 

Introduction 

Data cleansing of relational database management 

systems has existed as long as the architecture has been 

presented. However the need is not simply to cleanse 

the data, but to fully conceptualize and provide 

algorithmic analysis on how these care-plan items 

interface with one another. Thus the approach to this 

solution must first address data quality and then it must 

address algorithmic analysis for policy changes. Data 

quality is controlled inside the relational databases via 

data types, this establishes integrity on the data types 

themselves. If one was to include a given plan for a 

given patient, and establish that datatype as a 

primary key, or a unique value, then the patient 

would be forced to only have one care item in this 

regard, irrespective of what the doctor, nurse, or 

administrative personnel added during their edit of 

the patients file. This type of proactive constraint 

use is arguably the first and best protection against 

data quality issues, both on missing, incorrect, and 

duplicative data.  Master Data Services leverages both 

a ‘brain’ component, which learns as it is fed 

information, as well as an analyst component which 

allows individuals to review and implement data 

quality rules on a given database called Data Quality 

Services. As rules are included and the distribution 

analyzes further, the brain component of MDS (Master 

Data Services) learns which data elements are 

redundant, have gaps or conflicts, and can also tell 

the analyst and administrators how frequently these 

issues are presenting themselves. This data is 

presented both via a robust Excel plugin available 

both in Excel 2010 and Excel 2013 called Master Data 

Services Add-in for Microsoft Excel, while the web 

front end or visual brain of the application  has a 

presentation on the web server or IIS.
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Displaying Algorithm and Visualization 

Algorithms 

While the MDS brain component is tasked with 

understanding the data quality as it feeds the main 

data sources, and DQS is leveraged during ETL to 

prevent bad data from being stored in this way, the 

secondary step of predicting and analyzing data which 

is questionable is to create analysis cubes to dig into 

the existing data to isolate outliers. This is done two 

fold, however via algorithms this is accomplished via 

SSAS or SQL Server Analysis Services. This tool set is 

included with all paid SQL Server distributions, and 

contains a tools called DMX or data mining 

expressions. Using this tool, large data sets of 

expansive tables may be analyzed to create literal and 

actual predictive equations based on given data 

elements. Note that this method specifically 

addresses facilitating interactions and impeding 

interactions. If data was presented to SSAS, and four 

imputes were provided across hundreds of millions of 

records, SSAS could product dynamic and specific 

mathematical replies as to which codifiers of those 

previous data sets would return a given 5th data set. 

An example of this would be that SSAS is provided with 

Medications, laboratory-test orders, nursing plans, 

and physical therapy, and the algorithm is to predict 

what type of counseling, if present would most likely 

be part of the patients care-plan, and if so how long 

did this patient require it. The equation would be 

presented in algebraic or statistical format, and could 

not be difficult for a business analyst to discern or 

comprehend. 

Display 

Analyzing both care-plan data quality issues as well 

as predictive analytics requires a robust reporting 

environment for business analysts and physicians to 

see actual indicators in an intuitive and consumable 

way. For analysts, it is dually important as they will 

be tasked with using the tools to both clean and 

interface with database administrators to ensure 

the data is cleansed and correct, and then secondly 

to then interface with physicians in creating 

dashboards of given subsets of patients. This is also 

where SSAS provides for cubes which can be 

consumed in any number of applications, however 

primarily within SharePoint. 

Example – Mental Health Analysis

100,000 veterans (31– 60 years) in counseling for PDST 

In order to determine whether the counseling care-

plan had statistically significant effects on 

prescriptions allocated in their care-plans contrary to 

managements directive that medication care plans 

decrease, which analysis proved care-plans for 

medication increased over six months, the data was 

fed into SSAS via DMX or data mining extensions. This 

algorithm was beneficial in providing statistically valid 

inference to agency statisticians, but this predictive 

model needed to be displayed to upper agency 

leadership. Thus, the data, still in cube form, was 

presented via PowerView services in SharePoint by 

developers and business analysts, for consumption by 

physicians and agency leadership. At this point the 

information became fully actionable and policy was 

driven.  

Example – Data Quality on Cardiology Patients

35,000 veteran electrocardiogram care-plan orders 

results were in a database table, however the 

interface to this database and the database itself 

provided to data constraints on input, and as such 

birthdays, heart rates, social security numbers, and 

medical conditions had no conformity, and thus 

could not be properly consumed or analyzed by any 

tool, data quality specific or otherwise. Master Data 

Services was applied and the brain aspect of MDS 

was allowed to scan the incoming data entry points. 

Integrity was applied on the database side, and MDS 

created further actionable evidence, that EKG 

results were so improperly formatted that the 

resulting guidance provided to doctors was wholly 

incorrect. MDS and constraints created the ability 

to display this data also using SSAS Tabular cubes, 

seen in SharePoint via PowerPivot or PowerView 

dashboards. In so doing, physicians and staff 

discovered that EKG results on patients from the 

Walter Reed hospital showed much more variable 

arrhythmia than a statistically viable cohort, and 

senior administration immediately requested a 

review of the EKG machines and personnel 

operating EKG machines at Walter Reed, finding 

incorrect monitor mode filters were causing 

incorrect results for 15 months. 
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Fig. 1 SQL Server MDS “Brain” Activity

Example – Laboratory-test orders

Analysis of all laboratory-test care-plan orders at 

the VA was analyzed by MDS and DQS, the resulting 

algorithm showed a smaller correspondence to 

follow up records, leading physicians to believe that 

laboratory-tests were being requested too often. 

Upon further analysis of the data, MDS and 

PowerView uncovered that the columns for white 

and red blood cell counts were using incorrect data 

types, and as such this was preventing mathematical 

inference on the columns. After this was changed, 

the care-plans were updated to require less 

laboratory-tests for the above two reasons, 

improving the results and saving millions of dollars. 

Further, the laboratory-test orders displayed 

results so improperly formatted that the resulting 

guidance provided to doctors was wholly incorrect. 

MDS and constraints created the ability to display 

this data also using SSAS Tabular cubes, seen in 

SharePoint via PowerPivot or Powerview Dashboards. 
In so doing, physicians and staff discovered that 

EKG results on patients from the Walter Reed 

hospital showed much more variable arrhythmia 

than a statistically viable cohort, and senior 

administration immediately requested a review 

of the EKG machines and personnel operating 

EKG machines at Walter Reed, finding incorrect 

monitor mode filters were causing incorrect 

results for 15 months.

Results 

Better Decisions on Better Data 

Improving data quality in the EHR will allow 

clinicians to drastically improve how their patient’s 

progress in their care-plans, and in so doing will 

improve the health of hundreds of thousands of 

veterans. Using Algorithmic analysis of SSAS, data 

cleaning and prevention using MDS/DQS, and 

displaying that data for both broad consumption and 

even further review to physicians and analysts will 

identify redundancies, gaps, conflicts, and 

interactions among care-plan items, with the ability 

to extend analysis to all other types of health data.


