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Summary

The Veterans Health Administration (VHA) Stratification Tool for Opioid Risk Mitigation (STORM) decision

support system and targeted prevention program were designed to help mitigate risk factors for overdose

and suicide among veterans who are prescribed opioids and/or with opioid use disorder (OUD) and are

served by the VHA.1 Veterans, particularly those prescribed opioids, experience overdose and suicide

events at roughly twice the rate of the general population.1,2

The STORM decision support system uses data extracted from VHA electronic medical records and

predictive analytics to facilitate the identification of patients at high risk of experiencing overdose and

suicide events. The STORM decision support system can also review risk factors for patients who are

being considered for prescription opioid therapy. STORM prioritizes patients for monitoring and intervention

according to their modeled risk and aids clinicians by displaying a patient’s risk factors and associated

evidence-based risk mitigation interventions. Note that the target population does not include patients with

OUD in medication-assisted treatment (MAT).

Many patients with OUD and/or in prescription opioid therapy have complex medical and psychosocial

needs (e.g., painful conditions, mental health challenges), resulting in interactions with multiple care

providers. To address the complexity of a patient’s case, STORM aims to provide a holistic intervention that

includes multiple care providers and accounts for multiple parts of the patient’s history and medical profile.3

Under the STORM-based targeted prevention program, an interdisciplinary team of clinicians, including

those with expertise in pain and behavioral health, conduct case reviews for patients identified to be at the

highest risk of overdose and/or suicide and implement treatment changes or share recommendations with

https://psnet.ahrq.gov/innovation/veterans-health-administration-stratification-tool-opioid-risk-mitigation-storm-shows
https://psnet.ahrq.gov/innovation/veterans-health-administration-stratification-tool-opioid-risk-mitigation-storm-shows
https://psnet.ahrq.gov/issue/development-and-applications-veterans-health-administrations-stratification-tool-opioid-risk
https://psnet.ahrq.gov//#1
https://psnet.ahrq.gov//#1
https://psnet.ahrq.gov//#3


the patients‘ providers.

The STORM predictive model validation found that the risk model, informed by a multitude of types of

complex clinical data, identified nearly twice as many patients who would go on to have an adverse event

as did the previously used approaches.

The VHA completed a three-year randomized program evaluation of the implementation of the national

STORM-based targeted prevention program. Preliminary results indicate that mandating that very high-risk

patients receive an interdisciplinary review was associated with a decrease in all-cause mortality among

identified patients in the 127 days after identification by the decision support system.4

The STORM decision support system and targeted prevention program were developed and implemented

in the context of relatively high rates of opioid prescribing to veterans and overall rising opioid-involved

overdose mortality in the U.S. population. In the last 10 years, overdose deaths have more than doubled in

the United States.5 As one response to the problem, the 2016 Comprehensive Addiction and Recovery Act

requires the VHA to improve opioid therapy strategies and to ensure responsible prescribing practices.

STORM is one of several VHA overdose prevention initiatives that include the distribution of naloxone,

efforts to reduce opioid prescribing, and introduction of pain management clinical review and support

teams.5
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Problem Addressed

In the United States, opioid-involved overdose deaths rose from 21,088 in 2010 to 49,860 in 2019.9 The

problem is compounded in the veteran population due to high rates of post-traumatic stress disorder,

chronic pain and other risk factors for SUDs, overdose, and suicide.10 For example, the suicide rate in

veterans has been increasing in the last 10 years, rising 35.9% from 2001 to 2019, and is nearly twice that

of the general population (30.4 per 100,000 compared to 17.0 per 100,000 among nonveterans in the same

age bracket).11 Researchers have looked at the possible link between suicide and prescription pain

medications. In a 2017 U.S. Department of Veterans Affairs (VA) study of nearly 124,000 veterans, those

receiving the highest doses of opioid pain relievers were more than twice as likely to die by suicide,

compared with those receiving the lowest doses.12 Overdose is another growing problem that
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disproportionately impacts veterans. Historically, veterans treated in the VHA were almost twice as likely to

die by overdose as the general population.13

The Stratification Tool for Opioid Risk Mitigation (STORM) includes a predictive model that mines data from

VHA medical records to estimate patient risk of overdose and suicide, based on similarities to patients who

experienced overdose or suicide attempts in the past. Unlike previous risk identification strategies, the

STORM predictive model includes chronic health conditions, adverse events, and healthcare events (e.g.,

emergency department visits that are available in a patient’s health record), in addition to widely accepted

risk factors (e.g., mental health conditions, SUDs). The STORM decision support system incorporates

predictive analytics and electronic health record (EHR) data into an informatics tool that has real-time

results and pairs risk information with tailored recommendations for evidence-based mitigation strategies

(e.g., suicide safety planning) applicable to each specific patient.

Description of the Innovative Activity

STORM helps clinicians/prescribers to identify patients most at risk for overdose and suicide and provides

mitigation strategies to address risk factors for overdose and suicide and improve the effectiveness of pain

care. The population management component of the STORM decision support system targets the

population of VHA patients with an active opioid prescription or who have been treated for an opioid use

disorder diagnosis in the last year. Key features include the following:

Data that populates a clinical decision support tool that is updated nightly

Estimates of an individual patient’s risk for overdose/suicide-related adverse events or death,

based on a predictive model

A suite of dashboards to assist clinicians with opioid risk evaluation and mitigation

Promotion of patient-centered opioid risk mitigation strategies from the most current VA/DoD clinical

practice guidelines. Example strategies include:

Review of risk factors (e.g., benzodiazepine prescriptions, previous adverse events,

mental health and medical diagnoses, opioid dose)

Individualized risk mitigation strategies, including non-pharmacological treatment

options employed and/or to be considered

Urine drug screening

Suicide prevention safety planning

Medications for opioid use disorders

Opioid overdose education and naloxone distribution

Review of patients’ upcoming appointments and current providers to facilitate care

coordination

Comprehensive Addiction and Recovery Act (CARA)-mandated pre-opioid initiation reviews including

case review for patients considering initiating opioid therapy

Mandatory clinical case review by a multidisciplinary team for the 5% of patients with the highest risk

scores
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The model is recalibrated periodically and incorporates mortality data which is available on a two-

year lag.

Case reviews are conducted by an interdisciplinary team and include follow-up to ensure a treatment plan

is optimized as needed. The providers who initiate the risk review vary by site. CARA-mandated point-of-

care reviews are intended to be done by the prescriber or someone closely involved in the patient’s care.

Prescribing protocols follow the A/DOD Clinical Practice Guideline for Opioid Therapy for Chronic Pain.14

VHA monitors dispensing practices system-wide and coordinates pain management and provides patient

and provider education, opioid tapering programs, and non-pharmaceutical interventions like acupuncture

and behavior therapy.

While the study population for the randomized program evaluation of the STORM targeted prevention

program was composed primarily of veterans, STORM may be relevant for any population using opioids,

and the tools are being expanded for use outside of the VHA.15

Context of the Innovation

STORM was developed and implemented in accordance with federal law and in the context of years of

relatively high rates of opioid prescribing to veterans and overall rising opioid-involved overdose mortality in

the United States, where deaths have more than doubled in the last 10 years.16 In response to high rates

of overdose and opioid-related harm, in 2016 Congress passed CARA, which requires providers to improve

opioid therapy strategies and to ensure responsible prescribing practices. STORM is one of many national

opioid safety initiatives implemented in the last 5 to 10 years. In 2013, the VHA launched the Opioid Safety

Initiative to promote the safe and effective use of opioid analgesics. In addition to STORM, under the

Opioid Safety Initiative, the VHA has worked to distribute naloxone, reduce opioid prescribing, and

implement use of pain management teams.17

There were other screening tools to identify high-risk patients in use at the time of the implementation of

the STORM predictive model; however, the STORM team sought to improve the usability and accuracy of

these tools. With these aims, the STORM team incorporated data from the VHA EHR and more

sophisticated and rapid data processing into the calculation of risk scores. Additionally, STORM was

designed for a specific population (i.e., veterans) with mitigation strategies that are intended to be

actionable and easily implemented into routine clinical processes.18

Results

Pre-Implementation: To develop the predictive model the STORM team used 2010 and 2011 VHA

electronic medical record data to identify factors (e.g., history of overdose, receiving mental health

treatment) found to be associated with overdose or self-harm events. Using this information, the team

estimated that targeting the top 100,000 patients with the highest risk scores (8.8%) would identify 50.2%

of the patients who would have an overdose or suicide event, while incorrectly identifying only 7.9% of that
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risk cohort.

Targeted Prevention Program Implementation: The implementation of the STORM targeted prevention

program used a stepped-wedge design to stage implementation and evaluation including 64,783 patients.

Implementation of the case review mandate initially focused on the top 1% of patients based on risk scores

at all facilities. At 9 months, a randomly selected half of facilities expanded the case review mandate to

cover patients in the top 5% based on risk score. At 15 months, the other half of facilities expanded the

case review mandate to cover patients in the top 5%. Published results are forthcoming but preliminary

results indicate that the mandate for interdisciplinary reviews in the expanded population (i.e., those

between the top 1% and 5% of estimated risk) was associated with a decrease in all-cause mortality within

127 days in the targeted patients. Compared to patients in the top 1% to 5% risk estimates who were not

mandated to receive a clinical review, the odds ratio from adjusted logistic regression models of serious

adverse events was 0.78 (confidence interval [CI]: 0.65 to 0.93) for mortality, and 0.99 (CI: 0.65 to 0.93) for

any documented severe adverse event per the VHA medical record. The odds ratio for case review was

5.13 (CI: 3.64 to 7.23), meaning that during the study period, targeted patients mandated for a case review

were approximately 5 times more likely to receive a case review than those with similar risk when the

mandate did not apply. The size expansion was a challenge for sites as they adjusted to the additional

volume of reviews and coordinating between patients’ care providers. An implementation study found that

the level of national oversight for implementing the initiative did not impact the sites’ implementation

strategies.

Expansion: VA and the DOD have collaborated to validate a matching predictive model on the active-duty

population. Efforts are under way to implement the STORM predictive model and decision support

elements for active-duty patients in the DHA opioid registry. DHA is also providing VA with information

about risk factors when service members transition out of DOD, and VA is incorporating this into the

STORM risk estimates and decision support. This is being used internally in DHA to help guide safe pain

care for service members on active duty and to improve early identification of risk for overdose and suicide

in new veterans as they transition from the DHA to the VHA.

Innovation Patient Safety Focus

This innovation focuses on mitigating overdose and suicide risks associated with opioid prescribing to

veterans by providing clinicians information on individual patient risk factors and mitigation strategies that

target these risk factors. Additionally, the most at-risk patients are elevated to a more intensive level of

review, and their cases are assessed by an interdisciplinary team.

Planning and Development Process

For the pre-implementation planning phase, the STORM team recommends that interested groups focus on

the following:  



Plans for academic detailing

Goal setting (e.g., expanding interdisciplinary opioid risk review teams to reach a broader population

of high-risk patients)

Formation of interdisciplinary clinical review teams

Processes to review and improve care for the patients estimated to be at the very highest risk of

overdose or suicide-related events or death

Processes for data-based case review prior to initiating an opioid prescription

Identification of contact people/local champions to help lead the initiative and work with the VHA

STORM support team

Processes for case reviews of patients with new opioid prescriptions in clinical settings that

commonly initiate opioids (e.g., emergency department, surgery, dental)

Additionally, sites should ensure that they have access to the appropriate technology and data resources.

While the VHA STORM program uses several data sources (demographic, diagnostic, pharmacy, and

healthcare utilization data), it can be modified to incorporate the data available within a given health

system. Securing the dedicated time of an information technology/data analysis/informatics team is

important to get the program started.

Resources Used and Skills Needed

VHA support for implementation includes training, technical assistance, and academic detailing for

clinicians/prescribers. The STORM team (a group of Veterans Affairs staff who developed the initiative

under the VHA Office of Mental Health and Suicide Prevention) emphasizes that successful implementation

of STORM requires having a dedicated informatics team to manage all data analysis and reporting

components of the STORM system. The team should be available for the life of the program. While much

of the system can be automated, throughout the initiative there is occasional need for updates, such as

when medical coding systems change, when new clinical practice guidelines need to be incorporated, or

the model is recalibrated with new data.

Additionally, the initiative requires support from site leadership, access to robust and varied data (e.g.,

demographic, diagnostic, pharmacy, and healthcare utilization data), dedicated time for the staff to conduct

the initiative (e.g., adequate patient encounter time), and “local champions” who help coordinate the

initiative at each implementation site.

Effective implementation of the initiative also requires the participation of multidisciplinary teams. Teams

must include a facility lead and representation from the facility’s substance abuse disorder (SUD) program

or a mental health provider who can facilitate rapid engagement in care if appropriate. Additional subject

matter experts may be asked to participate in the risk review process when indicated by patient care needs.

These providers might be from disciplines such as pain management, pharmacy, primary care, suicide

prevention, or patient advocacy. These teams work together in clinical case reviews to coordinate and

improve the patient’s care.



Funding Sources

The development, maintenance, and national implementation of STORM were financially supported by the

VHA Office of Mental Health and Suicide Prevention. The randomized program evaluation was supported

by the U.S. Department of Veterans Affairs’ VHA Office of Research and Development (HSR&D SDR 16-

196; QUERI PEC 16-001). The VHA’s randomized program evaluation of STORM included four different

VHA operational and research partners:

Office of Mental Health and Suicide Prevention (OMHSP)

Partnered Evidence-based Policy Resource Center (PEPReC)

Center for Health Equity Research and Promotion (CHERP)

New England Veterans Engineering Resource Center (VERC)

Getting Started with This Innovation

The following are first steps in the implementation of risk identification and risk mitigation tools as well as

preparing for multidisciplinary clinical case reviews.

Send out notice to participating sites explaining the intervention and providing resources.19

Conduct training.

Identify local champions and interdisciplinary review team members.

Establish and clarify protocols for care coordination across services.

Develop, establish, and track goals.

Refine the tool based on user feedback (e.g., try to fix any “bugs” promptly).

Track and measure successes.

Sustaining This Innovation

To sustain the program, the STORM team cites the following:

Having “champions” at every site

Giving feedback and sharing best practices, metrics, and successes

Maintaining general commitment to the issue, including:

Staff who are dedicated to the initiative, locally and nationally

Use of a shared value statement

Adequate funding

Some additional tips for successful sustainment of the intervention include keeping the patient at the center

of all development, ensuring treatment planning is collaborative and includes the range of the patient’s care

providers, focusing on the patient’s treatment plan, using risk mitigation interventions, considering

additional strategies, and ensuring staff are adequately trained and have support for working with complex
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patients.

Adoption Considerations Use by Others (Use By Other Organizations)

Clinical decision support systems that integrate predictive modeling are not widely adopted. However,

results from STORM indicate that previously identified and novel risk indicators that are readily available in

electronic medical records (EMRs), can be used to identify patients at risk for overdose or suicide-related

events and provide clinicians with comprehensive, actionable information to mitigate risk.

Efforts are under way to implement the STORM decision support platform for active-duty patients under the

Defense Health Agency (DHA) opioid registry, and to pass information about risk factors from the U.S.

Department of Defense (DOD) to VHA when service members transition out of DOD. This will be used

internally in DHA to help guide safe pain care for service members on active duty and to improve early

identification of risk for overdose and suicide in new veterans as they transition from the DHA to the VHA.
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