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Background
Urine drug testing is used to monitor patient compliance with 
their drug regimen and to detect the use of other medications 
and illicit drugs. Clinical urine drug testing should therefore 
be embarked upon only with a sound basic knowledge of the 
capabilities and limitations of each specific test. Unexpected 
results should be subjected to appropriate confirmatory testing. 
Consultative support from a laboratory director, toxicologist, 
or certified medical review officer is essential [1-3]. The testing 
laboratory is challenged with the task of testing for the requested 
drugs and formulating a report that is comprehensive, complete, 
heuristic, and concise. The resulting accumulated drug test 
information can also be used to monitor trends in drug usage [4-
8]. Proper interpretation of a drug test requires the provider to be 
knowledgeable in drug metabolism. If possible, the report should 
highlight the patient’s metabolism of the drugs.  

Our drug test monitors 80 drugs or metabolites using LC-MS/
MS [9]. Each specimen generates around 5 MB (megabytes) of 
analytical data which must be analytically correct by comparison 
to chemical standards, quantified, and reformatted for the final 
report. If possible previous positive test results should be part of 

the report to help the provider verify and monitor the patient. 
To accomplish this extensive use is made of several software 
systems including preformatted lookup tables, a laboratory 
information system, (STARLIMS) [10] analytical data examining 
and formatting software (ASCENT) [11], patient result formatting 
software (STARLIMS), data storage in the cloud in a retrievable 
format (MICROSOFT AZURE) [12], and software that allows 
retrievable visual data and exportable to be suitable for correlation 
with other databases (MICROSOFT PowerBI) [13].

The drug tests are ordered for several purposes. One is to ensure 
compliance with the drug regimen and the second is to detect the 
use of other drugs or agents. The list of drugs/agents is often set 
by the patient’s provider.

Providers are often not proficient in their interpretation of urine 
drug tests [1-3]. Therefore, the final drug test report must enable 
the provider to accurately assess the results. The report must 
include the comparison of the patients’ medications with those 
observed, the relationship of the metabolites observed to the 
prescribed medications, the history of the patient’s compliance 
and if requested possible drug-drug interactions (Figure 1). 
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Figure 1: Summary of information provided on each page of the 
urine drug test report (Pages 1-5).

Page 1: The first page is a summary of the patient’s test results 
compared to his/her prescription regimen. On the top line the 
medications prescribed are identified; the analytical findings are 
summarized as to whether they were expected or unexpected. The 
first section identifies the consistent results – this is where the 
patient tested positive as expected for the drug or drugs prescribed. 
The next section identifies any unexpected negatives – drugs that 
are prescribed but tested negative. The third section identifies 
any unexpected positives – drugs that were not prescribed but 
were found in the patient’s specimen. Below this section are 
the specimen validity results, which can help identify whether a 
patient has adulterated his/her urine sample, and if point-of-care 
testing (POC) is performed in office, those results are entered 
which allows comparison of the POC results with the laboratory 
test results.

Pages 2, 3: Every drug that was ordered/tested is displayed here. 

All unexpected results are displayed in bold red while all expected 
positives are in bold black. Both measured and creatinine 
normalized results are included in the report. Creatinine 
normalized results reduce concentration fluctuations caused by 
the patient’s hydration status.

Page 4: The cumulative report provides a snapshot of the patient’s 
last six test reports. Any drugs detected in the patient’s last 6 
specimens are displayed as a creatinine corrected value allowing 
comparison of test results over time.

Below the cumulative report are the metabolism pathways for 
opioids and benzodiazepines. These pathways only populate on 
the report if one more opioids or benzodiazepines are positive.

Page 5: The drug-drug interaction (DDI) section of the report 
identifies major and severe drug combinations present based on 
the tested drugs that are positive on the report. The Precision 
DDI Report displays the following: 1) Severity level, 2) Specific 
combination(s) promoting a DDI, 3) DDI summary.
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Figure 2: This diagram describes the overall data flow. In our case the patient data source can be electronically entered or manually 
entered from paper requisitions. The laboratory data source is from the analytical instruments. 

Figure 3: This flow chart shows the next steps in the data flow. The apps include the Indigo application which are loaded into AZURE 
files, then into the SQL database then into the cloud or AWS database (warehouse). In this group of data software and files logic 
application software can be applied to this data factory. The information or data stored in the SQL data warehouses can be accessed by 
programs such as Microsoft Teams and then into visual software such as Microsoft PowerBI for the final user to report.

Methods
In our system, data entry is a manual process. The accession person 
looks up the patient’s history and if there is a previous test request 
gives the patient that unique identifier. It is important to include 
information about the time of collection and time of arrival into 
the laboratory. Data entry uses the STARLIMS system.

To generate the report, the STARLIMS software compares the 
positive and negative results observed by the INDIGO software to 
the patient’s prescription profile. The expected drugs if positive, 
are scored as consistent, those that are negative are scored as 
inconsistent. Further, any positive drugs observed are also scored 
as inconsistent.

For the final report, all positive drugs observed for the immediate 

drug test and the 5 previous drug tests are retrieved and added to 
the final report using the STARLIMS software.

We use ASCENT from Indigo bioautomation (Carmel IN) to 
analyse our LC-MS/MS data enabling our staff to process 200 
to 400 LC analytical runs of 80 drugs/metabolites per day. That 
is more than 16,000 chromatographic drug analyses per day per 
Clinical Laboratory Scientist analyst.

Our data is stored in the cloud using Microsoft AZURE and this 
enables us to process it using Microsoft’s PowerBI visual analytics. 
Within a minute, the analyst can obtain a report of percent 
positives for any of our analytes or a combination of two analytes. 
We also use the Elsevier drug-drug interaction database to alert 
physicians of this possibility (however, most do not care). 
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Figure 4: Another way to view the information system is that the files from the Laboratory Information System, the Laboratory 
information system (which tracks the specimen as it passes through the analytical system) and merges the patient demographics files 
(which includes patient insurance information that can be downloaded into billing software). The data in the AZURE data catalogue 
can be accessed and reformatted to yield discovery and understanding of patient behavior.

Data Flow diagrams (Figures 2-4) summarize the data flow.

1. Input IT info Patient demographics usually 2 or more identifiers. They are bar coded and separated into aliquots. The Software 
used here is SARLIMS sold by Abbott Informatics (a subsidiary of Abbott Laboratories). This is a web-based laboratory information 
management systems (LIMS) - used to manage the collection, processing, storage, retrieval, and analysis of information generated 
in the laboratory.

2. Patient drugs are recorded. These are often recorded as brand names. We developed a lookup these to the generic drugs for 
reporting purposes. This requires the use of a lookup table with brand names and conversion to the generic formula.

3. List of drugs to be tested. The physicians are allowed to choose any of the 80 drugs/metabolites that we test. These are incorporated 
into the STARLIMS database and will be reported as the results.

4. The samples are loaded into our automated test system. The samples are treated to convert them to the non-glucuronidated forms 
of the test drugs. The drugs are analysed using LC-MS/MS technology. The data generated by these devices is analysed by the 
ASCENT software from Indigo bioautomation. This converts the instrument ion detection into retention time, mass-ion plots, 
and detector response.

5. These observations are related to the internal standard using the INDIGO software. This identifies the drug from its mass ion 
and retention time.

6. The calibration curve and the INDIGO software convert the drug intensity signal to concentration.

7. The patient identifier and the analytical data are downloaded into Starlims to generate the patient report.

8. The analytical data is also exported as a CVS file into the “cloud” where it is stored as Microsoft Azure This is updated daily.

9. The stored data is then retrievable as visual data using Microsoft PowerBI. The data from the LC-MS/MS instruments was 
downloaded from the Indigo ASCENDTM software into an Excel file which was then visualized using Microsoft PoweBITM 
software.

10. The data can be exported in several predetermined formats. These include percent of any of the analytes positive, percent of any 
two positive analytes, and frequency and concentration of the analytes (Figures 5,6).

11. For those physicians who are interested the positive drug tests are sorted into the Elsevier drug-drug interaction database to flag 
those cases where harm may occur if the two drugs can cause medical interactions [14].
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Figure 5: Power BI generated dashboard of drug test results for urine positive tests for oxycodone.

Figure 6: Power BI generated frequency distribution curve of concentration of drug test results positive for oxycodone.

Results and Discussion
As Reisfield GM et al. (2007) have pointed out, “Urine drug 
testing can be a valuable component in the care of the patient on 
chronic opioid therapy, but the interpretation is highly complex 
and dependent on a host of patient and laboratory variables. 
Available data suggest serious deficiencies in physicians’ abilities to 
accurately interpret urine drug test results, and the consequences 
of misinterpretation are potentially serious”.

Therefore, it is necessary for the laboratory report to be as 

comprehensive as possible and easily interpretable. We describe 
here our approach to help the patient provider with interpretation 
tools. We describe the drugs being tested, their metabolites, the 
method of testing (immunoassay or LC-MS/MS), the quantitative 
data on the test drug, detection times, whether the drug was 
expected from the provided prescription data (described as 
consistent results) and if unexpected drugs were observed (recorded 
as inconsistent results). Also included are the previously recorded 
drug test observations which enable the provider to determine the 
patient’s pattern of drug use, without the necessity of reviewing 
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previous lab tests. As part of the report, we provide metabolism 
charts of the most encountered opioids and benzodiazepines. In 
addition, if desired we can provide the provider with information 
on potential severe drug-drug interactions [14,15].

The importance of having previous results on the report cannot 
be underestimated. As Bashir has pointed out “In the clinical 
care environment, the primary question that a clinician needs 
addressing is patient compliance: “Is my patient adhering to their 
treatment program? I want to know if the positive test result is 
from old use or new use”. If the physician is following a patient’s 
adherence, then the sequential urinary concentration of the drug 
and or metabolite can prove to be helpful as it allows comparison 
between current and previous results. Following “spikes” and 
“trends” in the urine concentration can often identify when “new” 
drug use took place. If the patient is compliant in a rehabilitation 
treatment program, then the drug concentration of the abused 
drug MUST decline, although this decline may not be linear due 
to hydration and/or PK characteristics of the drug” [16].

To meet these needs of the providers, designing and delivering 
a comprehensive concise urine drug test report requires the 
integration of several software systems. In our case, these are 
Abbott Starlims, Indigo Bioautomation, Microsoft Azure, 
MicrosoftBI, and laboratory designed lookup tables of drugs and 
metabolites. Examples of our publications using our data systems 
are references [17-19].

Conclusion
The panelists believe that clinicians should follow manufacturer 
instructions for specific POC UDM tests and direct any questions 
about interpreting results to an expert in toxicology or clinical 
pathology. Laboratories performing UDM have a responsibility 
to provide clear test results, answer questions, and offer 
support on clinical decisions. When clinicians are confronted 
with unexpected results, potential causes for false-positive and 
false-negative results (e.g., quinolone antibiotics, tolmetin; are 
important to investigate. A summary of communications and 
discussions about results with the laboratory and other experts 
can be included in the medical record to document the medical 
necessity of testing and related clinical decision-making.

Interpretation of drug screening results should be done with 
caution, while considering not only the presence or absence of the 
parent drug but also the pharmacological properties of the parent 
drug and its metabolites, the analyte concentration, technology 
used and the potential of sample tampering.
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