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Abstract 
This paper proposes an algorithm for monitoring buprenorphine treatment for opioid use disorder (OUD). This algorithm 
integrates Prescription Drug Monitoring Program (PDMP) reports and Urine Drug Screening (UDS) test results. PDMPs can 
reveal a patient’s-controlled substance prescription history and buprenorphine treatment progress, while UDS results may 
demonstrate buprenorphine treatment adherence and illicit substance use history. The algorithm focuses on the following 
concerning features: 1) Controlled substance prescriptions besides buprenorphine listed in PDMPs, 2) Maintenance 
buprenorphine dose is >24mg/day, 3) Unexpected UDS results; Positive substances are detected besides buprenorphine and 
norbuprenorphine; buprenorphine and/or norbuprenorphine are not detected, 4) Urine creatine level is <20mg/dL, 5) The 
ratio between buprenorphine and norbuprenorphine is >50 in UDS, and 6) For patients whose daily buprenorphine does is 
≥8mg, the ratio of norbuprenorphine to creatine is <0.5; for those with daily buprenorphine dose ≥12mg, the ratio is <1.5. 
The algorithm assists prescribers in paying close attention to each feature and suggests appropriate interventions for each step, 
which focuses on patient-centered interventions such as education on buprenorphine intake and diversion preventions. The 
algorithm can be incorporated into the Electronic Medical Record (EMR) as the clinical decision support system, which would 
result in potential enhancements for better monitoring with the interoperability of EMRs and UDS laboratory systems. In 
particular, this would provide prescribers with easy access to a chronological display of norbuprenorphine to creating ratios 
in relation to buprenorphine dose. The paper concludes by emphasizing the algorithm’s role in improving monitoring 
accuracy without punitive intentions, fostering patient-centered care.   
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Introduction 

In the U.S., the number of opioid overdose deaths, 
especially due to illicit opioid use, has been increasing 
drastically. The National Institute of Drug Abuse 
(NIDA) reported 80,411 opioid overdose deaths in 
2021 [1]. The U.S. government and its agencies have 
implemented various measures to control this 
epidemic such as naloxone distribution programs, 
funding for research, and training for health care 
professionals [1]. State governments also joined the 
effort. One of the ways they have tried to combat this 
epidemic is through Prescription Drug Monitoring 
Programs (PDMPs), which allow prescribers to access 
information on controlled substance prescriptions. In 
2023, Missouri activated its PDMP, which means that 
all states now have a state-wide functional PDMP [1]. 
There are still some concerns, such as varying 
information within each state PDMP, ineffective and 
insufficient utilization in clinical practice, limited 
interstate sharing, the lag time in updating data, and 
no listing of in-clinic dispensed medications such as 

methadone, but there is at least a functional PDMP in 
all 50 states at present [2,3]. 
In addition, the federal “X waiver” requirement was 
removed in 2023, so prescribers can prescribe 
buprenorphine for OUD patients without obtaining 
approval from Substance Abuse and Mental Health 
Services (SAMHSA). This legislation change allows 
any qualified prescribers to prescribe buprenorphine 
with only eight hours of training [1]. This waiver 
elimination made it less onerous for prescribers to 
prescribe buprenorphine with the goal that more 
buprenorphine would be prescribed to help OUD 
patients, which would then expectantly lower opioid 
overdose deaths. Due to this federal regulation 
change, more prescribers are able to prescribe 
buprenorphine with less effort, which has led to a 
higher need for a simple monitoring protocol for 
buprenorphine treatment. Therefore, this study 
proposes an algorithm that can be incorporated into 
EMR, so that prescribers can monitor their OUD 
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patients’ treatment progress who are on 
buprenorphine.  

PDMP 

Many states mandate that prescribers must review 
their state’s PDMP before prescribing any controlled 
substances [1]. Checking the PDMP is particularly 
important in addiction medicine because then 
prescribers know if their patient is receiving any other 
controlled substance(s) from another prescriber. 
These controlled substances, such as other opioid 
agonists and benzodiazepines, will interact with 
buprenorphine, resulting in serious adverse effects [2]. 
For patients receiving these controlled substances, the 
prescriber can discuss with the patients the indication 
of the medications, interactions between these 
medications and buprenorphine, and possible 
alternatives to non-controlled substance medications. 
It is also important to have the patient sign a release 
of information (ROI), so that their prescribers can 
coordinate care. 
In addition to the information on controlled 
substance prescription, reviewing the PDMP will give 
the prescriber ample information on the patient’s 
buprenorphine prescription history and OUD 
treatment progress. Prescribers can know when the 
patient started buprenorphine treatment, if the 
patient’s dose and prescription frequency have been 
consistent or fluctuating, and if the patient has 
changed their prescribers frequently. This 
information would give the prescriber some idea as to 
whether the patient's treatment is stable or not, e.g., 
early remission (> 3 months and <12 months), 
sustained remission, etc. [2]. In addition, if the patient 
is in the maintenance phase, the prescriber needs to 
pay attention to the latest dose because it would likely 
be the one the prescriber continues with on that visit 
unless there is any reason to change it.  
The prescriber can check to see if the patient is in the 
maintenance phase and if so, the buprenorphine dose 
should be ≤ 24mg/day in most cases. SAMHSA 
recommends up to 16mg of buprenorphine during 
the maintenance phase [2, 3]. Greenwald (2014) 
looked at brain PET scans of patients with different 
buprenorphine doses and found that approximately 
79-95% of mu-opioid receptors were occupied with 16 
mg of buprenorphine, which was similar to those who 
were on >24 to 32 mg (up to 95%), indicating that 
opioid receptor occupancy is not much different 
between 16mg/day and 32mg/day [2].  Furo, et al. 
(2022 and 2023) looked at the buprenorphine dose 
distribution among the OUD patients who were 

residing in a monitored environment and found that 
the average buprenorphine daily dose was 
approximately 11mg (range from 2mg – 20mg) [2, 3]. 
Another study examined the risk factors of relapse 
and found that there was an association between 
higher doses of buprenorphine prescription and a 
higher risk of relapse [2]. Patients with extra 
buprenorphine might be more tempted to divert their 
buprenorphine. Also, adverse effects of 
buprenorphine at higher doses need to be taken into 
consideration as a quality-of-life issue for patients [2]. 
For all these reasons, prescribers should pay closer 
attention to patients on more than 24mg/day of 
buprenorphine.  
However, there might be cases in which over 24 mg of 
buprenorphine is necessary. Temporary or acute cases 
include: 1) pregnant women, especially in the third 
trimester, 2) women who are nursing due to their 
higher metabolism, [4,5,6]. 3) patients who need post-
operative buprenorphine re-titration [2], and 4) 
patients who suffer from precipitated withdrawal [2]. 
Chronic cases include: 1) fast metabolizers, 2) patients 
with medical conditions that would alter 
buprenorphine metabolism [2, 6, 7].  and 4) patients 
who are on CYP450 3A4 inducing medications [8, 9]. 
Due to the prevalence of recent fentanyl use, patients 
with certain OUD history might have developed a 
higher tolerance to opioids, so they may need a higher 
dose of buprenorphine [1]. Thus, if a patient asks 
for >24 mg/day of buprenorphine, the prescriber 
should have a discussion with them as to why they 
request a higher dose of buprenorphine. 

UDS 

Urine drug screening (UDS) tests are another 
important tool to monitor patients’ treatment 
progress. There are two types of UDS tests, qualitative 
and quantitative. This paper focuses on quantitative 
UDS result interpretation with the levels of 
buprenorphine and norbuprenorphine, a metabolite 
of buprenorphine, as well as creatinine. 
Quantitative UDS tests have both lower and upper 
cut-off levels. The cut-off levels vary depending on the 
laboratory and the substance that is being tested. If 
the substance is diluted to a level lower than the lower 
cut-off level of each test, the result will come back as 
undetectable (non-positive). In addition to cut-off 
levels, the detection window of each substance would 
affect the test results. For example, the detection 
window of buprenorphine and norbuprenorphine is 
2 to 4 days but even longer for those who take 
buprenorphine chronically [3].  Furthermore, the 
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timing of the substance intake to the urine collection 
affects the test results. Kronstrand, et al. (2008) found 
that the ratio between buprenorphine and 
norbuprenorphine will reverse after 7 hours of a 
single buprenorphine dosing, i.e., buprenorphine 
level would be higher than norbuprenorphine shortly 
after the intake, but norbuprenorphine levels will 
surpass that of buprenorphine 7 hours after the intake 
[4]. Thus, many factors can affect buprenorphine and 
norbuprenorphine levels in urine.  
Keeping this in mind, the first thing to check on 
quantitative UDS results is to see if they match the 
prescription, especially with the PDMP information. 
If patients are adherent to their buprenorphine 
treatment, their UDS results should be positive with 
buprenorphine and norbuprenorphine without any 
illicit substances. If this is not the case, the prescriber 
needs to talk with the patient to find out the reasons 
for the discrepancy. They might also need to educate 
the patient on the risks of combining buprenorphine 
with other illicit substances [11]. If previous UDS 
results are available, prescribers can see the results 
chronologically to understand their substance use 
history. 
Urine samples can be diluted by adding water. Urine 
creatinine levels should be reviewed for this kind of 
adulteration. If creatinine concentration is 
<20mg/dL, it is considered diluted, especially if the 
level is drastically lower than previous levels. [4]. 
However, urine samples that are > 2mg/dL are still 
physiologically possible for various reasons: 1) 
patients’ age and sex (elderly and female tend to have 
lower creatinine levels), 2) certain medications such as 
diuretics, 3) illnesses, such as kidney disease and 
polydipsia due to diabetes insipidus, and 4) excessive 
hydration, possibly caused by the effort to overcome 
urinary retention, a rare adverse effect by 
buprenorphine intake [14].  So, when creatine is 
<20mg/dL, prescribers should discuss the results with 
the patient and specifically review their demographic 
information, medical history, current medication(s), 
and so forth before considering the possibility of 
dilution.  
Then, the prescribers can check the ratio between 
buprenorphine and norbuprenorphine. If the ratio is 
greater than 50, it is likely that the urine is adulterated 
with the buprenorphine dipped directly in the urine 
[4, 5]. In these cases, norbuprenorphine is very low, 
approximately 10 ng/mL if the patient has not been 
taking buprenorphine for more than 4 days [29].  In 
addition, buprenorphine levels are often above the 

upper cut-off levels, which confirms an adulteration 
of the urine sample. However, high buprenorphine 
levels do not always indicate adulteration unless the 
norbuprenorphine level is extremely low because the 
high levels of buprenorphine can result from various 
reasons such as patients having a high metabolism or 
being dehydrated. Therefore, the high levels of 
buprenorphine should be used as confirmation, not 
for identification of adulteration. Instead, prescribers 
should focus on the ratio between buprenorphine and 
norbuprenorphine (>50) to accurately identify the 
adulteration of a UDS test [32].  If the ratio is >50, 
then prescribers calmly present the result to the 
patient and wait for them to talk about the result. 
The next thing to focus on in the quantitative UDS 
results is the ratio between norbuprenorphine to 
creatinine. Creatinine here is used to “standardize” 
the metabolite levels because buprenorphine and 
norbuprenorphine levels can fluctuate, influenced by 
the hydration status and renal condition of the 
patient [3]. Also, when prescribers look at the ratio 
between norbuprenorphine and creatinine, they 
should pay attention to the units of these levels 
because buprenorphine and norbuprenorphine are 
often reported with (ng/mL), while creatinine is 
reported with (mg/dL). Prescribers can use the (*10-4) 

to adjust the ratio to make reading easier, which is 
used here henceforward.  
If patients are on 8mg/day or more of buprenorphine, 
the ratio between norbuprenorphine to creatine is 
generally greater than 0.5 * 10-4 while if they are on 
12mg/day or more, the ratio is usually above 1.5 * 10-

4 [13, 14]. If the ratio between norbuprenorphine and 
creatinine is lower than these ratios, it is possible 
patients are not taking buprenorphine as prescribed. 
However, besides intentional non-adherence, there 
are many cases in which norbuprenorphine levels are 
low, and consequently, the ratio between 
norbuprenorphine and creatinine is low. Some of the 
cases include; 1) unintentional non-adherence such as 
forgetting to take the medication, 2) certain medical 
conditions such as liver disease that prevent the 
metabolism of buprenorphine, 3) medications that 
interfere with the buprenorphine metabolism in the 
system, and 4) slow metabolism in patients, which 
results in low metabolites in urine [14]. Prescribers 
can review the norbuprenorphine/creatinine ratio 
history to see if there are any noticeable changes, 
which might subtly indicate any behavioral or social 
changes in their patients.  
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Discussion 

The following is the list of features that 
buprenorphine prescribers should pay attention to: 

PDMP  

a. Controlled substances besides buprenorphine 
are prescribed. 

b. Maintenance buprenorphine dose 
is >24mg/day. 

UDS 

a. Positive substances are detected besides 
buprenorphine and norbuprenorphine; 
buprenorphine and/or norbuprenorphine are 
not detected. 

b. Creatinine level is <20mg/dL. 
c. The ratio between buprenorphine and 

norbuprenorphine is >50. 
d. For the patients whose daily buprenorphine 

dose is ≥8mg, the ratio of 
norbuprenorphine/creatinine is <0.5; for those 
with daily buprenorphine dose is ≥12mg, the 
ratio is <1.5. 

The order of these concerning features as laid out 
above in the algorithm is not obligatory. Especially, 
the order in the UDS section of the algorithm is 
flexible since salient features might be easily 
noticeable in each laboratory result. It is beneficial, 
though, for novice prescribers to follow the order of 
the algorithm to ensure all concerning features are 
addressed. Although not all states mandate PDMP 
reviewing before prescribing controlled substances, by 
following the algorithm, patients’ safety and 
continuity of care are assured. Omitting the PDMP 
review or assuming, because the UDS report is 
negative for controlled substances, the PDMP would 
be as well, risks overlooking patients’-controlled 
substance use who are taking these substances 
intermittently.  
If prescribers detect any of these features, they can 
educate their patients about them. Sublingual 
buprenorphine can be challenging to take because it 
must be dissolved completely under the tongue. Any 
acidic food or beverage immediately before the intake 
should be avoided, and there should be no smoking, 
eating, or drinking 30 minutes after the intake [11].  
Therefore, education and encouragement of regular 

intake and how to take the medication should be re-
discussed with patients. 
In addition, there are general measures available to 
prescribers in case prescribers are suspicious that 
patients are diverting their medicine. SAMHSA 
recommends various strategies such as shorter visit 
intervals with more frequent urine tests and fewer 
prescriptions, observed medication intake, and as 
final recourses, altering the treatment modality to a 
higher level of care, such as Intensive Outpatient 
Program (IOP), detox/inpatient where they can be 
monitored 24/7, and prescription change to long-
acting buprenorphine injection or methadone. Call-
back options can be done but patients can store 
buprenorphine medication elsewhere while bringing 
the empty film covers, so it is doubtful how effective 
this strategy can be to monitor their adherence [25].   
Finally, these features can be incorporated into the 
EMR as a clinical decision support system, which 
would result in potential enhancements for better 
monitoring with the interoperability of EMRs, 
PDMPs, and UDS laboratory systems. For example, 
urinary creatine levels <20mg/dL are flagged in some 
way in laboratory result reports if this is the lower cut-
off level of creatinine; the 
buprenorphine/norbuprenorphine ratio >50 is easily 
noticeable due to unusually low norbuprenorphine 
levels; however, the norbuprenorphine/creatinine 
ratio could be hard to calculate. It would be an 
improvement for EMRs to have interoperability with 
the laboratory results and demonstrate the 
norbuprenorphine/creatinine ratio, ideally, displayed 
in a chronological line graph as a clinical decision 
support tool, so that prescribers can easily understand 
any fluctuation of the ratio levels and identify the 
behavioral (in-)consistency of buprenorphine intake.  
 

Conclusion 

The algorithm that this paper proposes is a general 
process of monitoring an OUD patient’s treatment 
progress. It is a simplified and generalized protocol for 
buprenorphine treatment monitoring. There could 
be many exceptions in this algorithm, so it must be 
tailored to each patient. The best use of this algorithm 
is to understand the patients better. This allows 
patient-centered treatment, searching together for a 
better treatment plan and an optimal outcome.
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Figure 1: Monitoring Algorithms with Suggested Measures. 
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