State of Minnesota
Emergency Medical Services Regulatory Board

Board Meeting Agenda
March 17, 2016

Map-Directions-Parking

Call to Order —10:00 a.m.

Public Comment — 10:05 a.m.

The public comment portion of the Board meeting is where the public may address the Board on
subjects which are not part of the meeting agenda. Persons wishing to speak must complete the
participation form provided at the meeting room door prior to the start of the meeting. Please limit
remarks to 3 minutes. The Board will listen attentively to comments but, in most instances, will not
respond at the meeting. Typically, replies to issues or concerns expressed will be made via letter or
phone call within a week.

Review and Approve Board Meeting Agenda — 10:10 a.m.

Closed Session — 10:15 a.m. (must have a quorum of members to vote)
Closed per Minn. Stat. § 144E.28, subdivision 5 and Minn. Stat. § 13D.05, Subd. 2(b)
(Complaint Reviews) and Minn. Stat. § 13D.05, Subd. 3(2) (Personnel Matters)

Re-Open Meeting — 10:45 a.m.

Consent Agenda — 10:50 a.m.
Attachments
e Approval of Board Meeting Minutes from February 18, 2016 CAl

All items listed under the consent agenda are considered to be routine by the EMSRB and will be
enacted by one motion and an affirmative vote by a majority of the members present. There will be
no separate discussion of these items unless a Board member requests to remove an item from the
consent agenda and then the item will be considered a separate subject of discussion.

Board Chair Report — 10:55 a.m.
e Post Transition Education Work Group Report — Lisa Consie Handout

e Medical Direction Standing Advisory Committee Report — Aaron Burnett, M.D.

e Data Policy Standing Advisory Committee Report — Megan Hartigan DPSAC 1 &2
¢ MNSTAR version 3 Short Demo — Robert Norlen

Executive Director Report —11:20 a.m. — Tony Spector
e Agency Update — Report
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9. Committee Reports — Committee Chairs —12:00 p.m.
e Ambulance Standard Ad-Hoc Work Group — Pat Coyne
e Complaint Review Panel — Matt Simpson
e Health Professional Services Program — Matt Simpson
- “Neurobioligic Advances from the Brain Disease Model of Addiction” HPSP 1
- HPSP February Statistics HPSP 2 &3

e Legislative Ad-Hoc Work Group — Kevin Miller
10. New Board Business — 12:30 p.m.
11. Adjourn —12:35 p.m.

Next Board Meeting: Thursday May 19, 2016, at 10:00 a.m.

Attachment Key:

CA = Consent Agenda
DPSAC = Data Policy Standing Advisory Committee
HPSP = Health Professional Services Program

If you plan to attend the meeting and need accommodations for a disability, please contact Melody Nagy at (651)
201-2802. In accordance with the Minnesota Open Meeting Law and the Internal Operating Procedures of the
Emergency Medical Services Regulatory Board, this agenda is posted at: http://www.emsrb.state.mn.us



http://www.emsrb.state.mn.us/
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Emergency Medical Services Regulatory Board
Thursday, February 18, 2016, 10:00 a.m. — 1:20 p.m.
Minneapolis, Minnesota

Attendance: J.B. Guiton, Board Chair; Rep. Jeff Backer; Lisa Brodsky; Aaron Burnett, M.D.; Lisa Consie;
Patrick Coyne; Steve DuChien; Scott Hable; Megan Hartigan; Jeffrey Ho, M.D.; Paula Fink-Kocken, M.D.;
Kevin Miller; John Pate, M.D.; Jill Ryan Schultz; Matt Simpson; Tony Spector, Executive Director; Melody
Nagy, Office Coordinator; Robert Norlen, Field Services Supervisor; Rose Olson, Licensing Administrator; Chris
Popp, Compliance Supervisor; Mary Zappetillo, EMS Specialist; Greg Schaefer, Assistant Attorney General

Absent: Mark Dunaski; Michael Jordan; Mark Schoenbaum; Senator Kathy Sheran

1. Call to Order —10:00 a.m.
Mr. Guiton called the meeting to order at 10:03 a.m.

2. Public Comment — 10:05 a.m.
The public comment portion of the Board meeting is where the public may address the Board on subjects
which are not part of the meeting agenda. Persons wishing to speak must complete the participation form
provided at the meeting room door prior to the start of the meeting. Please limit remarks to 3 minutes. The
Board will listen attentively to comments but, in most instances, will not respond at the meeting. Typically,
replies to issues or concerns expressed will be made via letter or phone call within a week.

None.

3. Review and Approve Board Meeting Agenda — 10:10 a.m.

Motion: Dr. Pate moved to approve the agenda for the February 18, 2016 Board meeting. Dr. Fink
Kocken seconded. Motion carried.

4. Consent Agenda —10:15 a.m.
Approval of Board Meeting Minutes from November 19, 2015

Motion: Mr. Miller moved to approve the minutes from the November 19, 2015 Board meeting. Mr.
Hable seconded. Motion carried.

All items listed under the consent agenda are considered to be routine by the EMSRB and will be enacted
by one motion and an affirmative vote by a majority of the members present. There will be no separate
discussion of these items unless a Board member requests to remove an item from the consent agenda and
then the item will be considered a separate subject of discussion.

5. Board Chair Report
Appointment of member to Data Policy Standing Advisory Committee
(CIif Giese retired; new member recommended by Executive Committee is Brent Custard)

Motion: Mr. Simpson moved to appoint Brent Custard to DPSAC. Rep. Backer seconded. Motion carried.

“To protect the public’s health and safety through regulation and support of the EMS system.”

An Equal Opportunity Employer

This document is available in alternative formats to individuals with disabilities by calling (800) 747-2011 or TTY (800) 627-3529
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Burnsville Pilot Project

Mr. Guiton reported that Burnsville Fire Department approached the Executive Committee to discuss a pilot
project being contemplated by that agency wherein it would use an alternate response vehicle (i.e., a non-transport
paramedic vehicle) to low acuity calls for EMS service. This pilot project is referenced as Phase #1. While it
may not specifically require Board action, the Legislative Ad-Hoc Work Group and the Medical Direction
Standing Advisory Committee will be discussing the pilot project and will be bringing recommendations to the
Board. Phase #2 involves using a credentialed communications center to provide a secondary screening of low
acuity calls that may determine alternatives that would be more appropriate than an emergent EMS response.
While this may be happening at the national level, such a program would be a change for Minnesota. It should be
reviewed by EMSRB committees and the Board because it may require legislative action.

Post Transition Education Work Group Final Report and Recommendations
Mr. Guiton said that this was presented to the Board in November and we asked for additional public comment.

Ms. Consie provided a power point presentation and the work group final recommendations. The Board discussed
the work group recommendations and asked questions for clarification of changes.

(5-minute recess) Dr. Ho arrived at 10:50 a.m.

Recommendation #1 — continued use of national Registry of Emergency Medical Technicians
(NREMT) cognitive and psychomotor examination process for initial EMT, AEMT, & Paramedic
Certification.

Motion: Mr. Hable moved to accept recommendation #1. Rep. Backer seconded. Motion carried.

Recommendation #2 — Minnesota require the same recertification requirements as the NREMT for
EMT, AEMT, and Paramedic or proof of a valid NREMT Certification.

Motion: Dr. Fink Kocken moved to accept recommendation #2. Ms. Ryan Schultz seconded. Motion
carried.

Recommendation #3 — The EMS Regulatory Board request that the NREMT designate the State of
Minnesota as a NCCP State as of April 1, 2016, for EMT, AEMT, and Paramedic.

Motion: Rep. Backer moved to accept recommendation #3. Mr. Simpson seconded. Motion carried.

Recommendation #4 — The EMS Regulatory Board use the NCCP model for recertification regardless
of whether the NREMT designates the State of Minnesota as a NCCP state after March 31, 2016.

Motion: Mr. DuChien moved to accept recommendation #4. Mr. Coyne seconded. Motion carried.

Recommendation #5 — All National Continued Competency Requirements (NCCR) components are
taught by Minnesota Approved Education Programs or educators as approved by the Board.

Table recommendation #5.

Recommendation #6a — The EMS Regulatory Board adopt the Mark King Initiative.
Recommendation #6b — The EMS Regulatory Board adopt implementation to national certification by
April 1, 2036, at which time all EMS personnel in Minnesota must have and maintain national
certification.
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Motion: Mr. Hable moved to accept recommendation #6a. Ms. Hartigan seconded. Motion carried.
Motion: Mr. Miller moved to accept recommendation #6b. Rep. Backer seconded. Motion carried.

Recommendation #7 — The EMS Regulatory Board require beginning April 1, 2016 and thereafter that
all nationally certified EMS providers in Minnesota (EMT, AEMT, and paramedics) shall maintain
national certification going forward.

Motion: Dr. Pate moved to accept recommendation #7. Dr. Ho seconded. Motion carried.

Recommendation #8 — The EMS Regulatory Board explore the risks and benefits of Licensure vs.
Certification of Minnesota EMS Providers.

This was referred to MDSAC and the Legislative Ad-Hoc Work Group for review. This will also be discussed the
next time the post transition education work group has a meeting.

Executive Director Report

Budget Report

Ms. Juli Vangsness of the Administrative Services Unit provided agency summary budget information and a
handout on the budget for the EMSRB. Mr. Guiton thanked her for her presentation.

(15-minute recess for lunch)

Committee Reports

Legislative Ad-Hoc Work Group — Kevin Miller

Mr. Miller provided a report of the work group activities and a handout summarizing the technical changes proposed
for Minn. Stat. § 144E.275 and Minn. Stat. § 144E.50 as recommended to the Board by the work group. The work
group anticipates presenting to the Board for consideration a more comprehensive legislative package in 2017.

Motion: Dr. Fink Kocken moved to accept the Legislative Ad-Hoc Work Group recommendations. Ms.
Consie seconded. Motion carried.

Executive Director Report (continued)
Board Metrics
Mr. Spector provided a detail description of the board metrics handout.

Longevity Report
A handout was provided giving information on the fund status and payments made for this year.

Agency Update
Staff Update

o The Southwest EMS Specialist position is currently vacant. The goal is to evaluate the position and move
forward with hiring.

o The EMSRB has a temporary staff person working 20 hours a week on various clerical projects.

Conferences Attendance

o The EMSRB staffed a booth and attended the Arrowhead EMS Conference

o  Mr. Norlen attended a conference in Fergus Falls.

o The EMSRB will have a booth at the Long Hot Summer Conference and at the Southeast EMS “Heroes
Among Us” Regional Conference.

Technology/E-Licensing

Mr. Spector described the challenges the agency has been experiencing regarding the e-licensing system. The
current software will no longer be available after September 30, 2016. One option available to the EMSRB is for
MNL.IT to build a new e-licensing system for the agency. Another option is seeking a system from a third-party
vendor through the RFP process or perhaps a single-source vendor agreement. The EMSRB also has a ave a manual
backup system in place for outages and transition.
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Committee Reports (continued)

Ambulance Standards Ad-Hoc Work Group

Mr. Coyne said that the work group had an introductory meeting to discuss potential new standards for Minnesota.
The work group will be meeting again on February 22, 2016 at the EMSRB office. The work group has sought and
received ambulance standards information from other states.

Complaint Review Panel/HPSP Program Report
Mr. Simpson said Mr. Spector provided information on complaint review panel activities.

The Health Professionals Services Program Fiscal Year 2016 Mid-Year Report was provided in the Board packet.

Data Policy Standing Advisory Committee

Ms. Hartigan reported the DPSAC is working on implementation of MNSTAR version 3.0. Staff is working closely
with the vendor to implement these changes. The version is ready to collect data. Mr. Norlen can provide a
demonstration if the Board would like to see it.

Medical Direction Standing Advisory Committee
Dr. Burnett said a federal bill was introduced in the House of Representatives — HR 4365 — to supplement the
controlled substances act (see press release). This would streamline the process for ambulance services.

Dr. Burnett said the MDSAC will be meeting on March 4, 2016 during the Long Hot Summer Conference. Anyone
who would like to participate in this meeting by conference call should contact EMS staff.

Dr. Burnett said that Dr. Pate will be presenting the Medical Directors Course at the Arrowwood Medical Director’s
Conference in September in Alexandria.

Mr. Guiton asked that the Board go into closed session.

Closed Session
The Board met in closed session to discuss personnel matters.

Re-Open Meeting
Mr. Guiton re-opened the meeting.

New Board Business
None.

Adjourn

Motion: Mr. Hable moved to adjourn. Dr. Pate seconded. Motion carried.

Meeting adjourned at 1:20 p.m.

Next Board Meeting: Thursday, March 17, 2016 at 10 a.m.
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Data Policy Standing Advisory Committee Recommendation to the Board:
Implementation Plan & Timeline for MNSTAR v2 to v3 Transition (2016)

The Minnesota Emergency Medical Services Regulatory Board (EMSRB) — Data Policy Standing Advisory Committee
has determined the following recommended MNSTAR (Minnesota State Ambulance Reporting) /NEMSIS(National
Emergency Medical Services Information System) version 3.4.0 EMS dataset transition and roll-out plan. This plan will
allow agencies flexibility to plan, perform training, and implement v3.4.0 prior to the state deadline. The timeline
recognizes the needed to allow software vendors adequate time to implement and deploy their NEMSIS version 3.4.0
compliant software to their Minnesota ambulance service customers.

The EMSRB Data Policy Standing Advisory Committee (DPSAC) recommends Minnesota ambulance services move to
MNSTAR v3 (NEMSIS version 3.4.0 dataset) by first transitioning those agencies that utilize MNSTAR via Direct Entry
to the MNSTAR web-site. This will be followed by agencies that import EMS records to MNSTAR via Third Party
Software Record Exchange Methods.

The DPSAC recommends that ambulance services start the transition to MNSTARV3 beginning on April 4, 2016 with
all Direct Entry MNSTAR system users transitioned to MNSTAR version 3 on or before December 31, 2016 and
ambulance services using Third Party Software Record Exchange Methods transitioned on or before December 31, 2017.
The DPSAC recommends ambulance services transition and implement MNSTAR version 3 as soon as possible to ensure
all recommended timelines are met or exceeded statewide.

NI_I\_ISTARV3 Transitioned by
Transition Start Date December 31, 2016
April 4,2016
Transitioned by
December 31, 2017
Group 1

Direct Entry Services (121)
Group 2

Third Party Software Import Services (142)

Group 1: Begin transition/implementation on April 4, 2016 with the last day to collect v2 on December 31, 2016.
Currently this would include 121 ambulance services statewide representing approximately 20% of the annual records
submitted to MNSTAR.

Group 2: Begin transition/implementation on April 4, 2016 with the last day to collect v2 on December 31, 2017.
Currently this would include 142 ambulance services statewide representing approximately 80% of the annual records
submitted to MNSTAR.

See the attached "Roll-Out Schedule” for a service by service list of implementation dates and deadlines.
Motion by the Data Policy Committee: Recommendation to the Board:

Minnesota will start accepting and collecting MNSTAR version 3.4.0 NEMSIS compliant Patient Care Records (PCRs)
on April 4, 2016. Group 1 - Direct Data Entry system users will submit MNSTAR 3.4.0 NEMSIS compliant PCRs on or
before 12/31/2016. Third Party Software Import system users will be compliant with MNSTAR/NEMSIS 3.4.0
requirements and submitting PCRs on or before 12/31/2017.
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MNSTAR version 3.4.0 Transition Roll-Out

Last Date to

Group Transition Service Name Import Method Submit v2 DPSAC 2
Start Date
Data
2 4/4/2016 A. L.S. Aerocare Third Party Import - Other 12/31/2017
% of
2 12/31/2017 # of % of Record
4/4/2016 Adams Area Ambulance Third Party Import - Field Bridge Services [Services |[s
1 4/4/2016 | SW |Adrian Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016 |Direct Data Entry to MNSTAR site 121 46% 20%
2 4/4/2016 ALF Ambulance Third Party Import - Service Bridge 12/31/2017 [Third Party Import-Service/Field Bridge 84 32% 80%
2 4/4/2016 Allina Health Emergency Medical Services - Cambridge Third Party Import - Service Bridge 12/31/2017 [Third Party Import-Other 58 22%
2 4/4/2016 Allina Health Emergency Medical Services - Glencoe Third Party Import - Service Bridge 12/31/2017 Total 263 100% | 100%
2 4/4/2016 Allina Health Emergency Medical Services - New Ulm Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Allina Health Emergency Medical Services - North Metro Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Allina Health Emergency Medical Services - South Metro Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Allina Health Emergency Medical Services - St. Paul (Inter-Facility) Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Allina Health Emergency Medical Services - Wright County Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Allina Heath Emergency Medical Service - Hutchinson Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | NW|Altru Health System Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Altura Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 Ambulance Service, Inc. Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Appleton Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |Arlington Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Ashby Fire Dept. Ambulance Third Party Import - Other 12/31/2017
2 4/4/2016 Atwater Fire Department Ambulance Third Party Import - Other 12/31/2017
1 4/4/2016 | NE [Babbitt Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Balaton Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | WC|Barnesville Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Belle Plaine Community Ambulance Service Third Party Import - Other 12/31/2017
1 4/4/2016 Bemidji Ambulance Service, Inc. Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | C |Bertha Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | NE |Bigfork Ambulance Service Assn Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | NE |Biwabik Fire Department Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 [NW|Blackduck Ambulance Association, Inc. Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Blooming Prairie Ambulance Third Party Import - Field Bridge 12/31/2017
1 4/4/2016 | NE |Bois Forte Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |Bricelyn Fire & Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | C |Browerville Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | WC|Browns Valley Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Buffalo Lake Ambulance Third Party Import - Field Bridge 12/31/2017

1



nagym
Text Box
   
     DPSAC 2


EMSRB Data Policy Standing Advisory Committee

MNSTAR version 3.4.0 Transition Roll-Out

2 4/4/2016 Buhl Ambulance Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 Burnsville Fire Department Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Caledonia Ambulance Service Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Cannon Falls Ambulance Service Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Carlton Fire and Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | C |Centracare Health - Long Prairie Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 CentraCare Health Monticello Third Party Import - Other 12/31/2017
1 4/4/2016 | C |CentraCare Health Paynesville Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Chaska Fire Department Ambulance Third Party Import - Other 12/31/2017
2 4/4/2016 Chatfield Ambulance Service Third Party Import - Other 12/31/2017
1 4/4/2016 | SW |Chippewa County Montevideo Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Chisholm Ambulance Third Party Import - Field Bridge 12/31/2017
1 4/4/2016 | SW |Clara City Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Clarkfield Area Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Cloquet Fire Department Ambulance Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | C |Cokato Volunteer Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | M |Columbia Hts Fire, Rescue & Emrg Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Cook Area Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | NE |Cook County Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Cosmos Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Cottage Grove EMS Third Party Import - Other 12/31/2017
2 4/4/2016 Cottonwood Ambulance Service Third Party Import - Field Bridge 12/31/2017
1 4/4/2016 |NW|County Emergency Medical Services Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | NE [Cromwell Fire & Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 |NW/|Crookston Area Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Cuyuna Regional Medical Center Ambulance Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SW [Dawson Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Dodge Center Ambulance Service Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 Edgerton Volunteer Ambulance Association Third Party Import - Other 12/31/2017
2 4/4/2016 Edina Fire Department Third Party Import - Other 12/31/2017
1 4/4/2016 | SE |Elgin Volunteer Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Elk River Fire & Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SE |Ellendale Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Ely Area Ambulance Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 Essentia Health EMS - Ada Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 Essentia Health EMS - Deer River Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Essentia Health EMS - Fosston Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Essentia Health EMS - Sandstone Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Essentia Health St. Mary's EMS - DL Third Party Import - Service Bridge 12/31/2017
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1 4/4/2016 | NE |Eveleth Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Eyota Volunteer Ambulance Service Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 F-M Ambulance Service Third Party Import - Other 12/31/2017
1 4/4/2016 | SW [FairFax Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 First Light Health System Ambulance Third Party Import - Field Bridge 12/31/2017
1 4/4/2016 | NE |Floodwood Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Franklin Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SE |Freeborn Fire Department & Ambulance Ser Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |Frost Area Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Fulda Community Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SC |Gaylord Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Glacial Ridge Ambulance - Glenwood Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Glacial Ridge Ambulance - Starbuck Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Albert Lea Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Austin Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Duluth Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Fairmont Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Litchfield Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Little Falls Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Mankato Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Owatonna Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - Rochester Third Party Import - Other 12/31/2017
2 4/4/2016 Gold Cross Ambulance - St Cloud Third Party Import - Other 12/31/2017
1 4/4/2016 | SW |Graceville Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SE |Grand Meadow Area Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | NE |Grand Portage Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Granite Falls Area Health Services Amb Third Party Import - Field Bridge 12/31/2017
1 4/4/2016 | NE |Gunflint Trail Volunteer Fire Department Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Harmony Volunteer Ambulance Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 Hastings Fire Department Emergency Medical Services Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SE |Hayfield Community Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 HCMC Emergency Medical Services Third Party Import - Other 12/31/2017
2 4/4/2016 HealthEast Transportation - 0219 (WSP) Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 HealthEast Transportation - 0389 (HET) Third Party Import - Other 12/31/2017
1 4/4/2016 | M [HealthPartners Medical Transportation Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Hector Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Hendricks Community Hospital Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | WC|Henning Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Heron Lake Emergency Medical Service Direct Data Entry to MNSTAR Site 12/31/2016
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2 4/4/2016 Hibbing Fire Department Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | WC|Hoffman Volunteer Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SE |Houston Community Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | C |Howard Lake Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Hoyt Lakes Fire Department Ambulance Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 International Falls Ambulance Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SW |[lvanhoe Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Jackson Ambulance Service Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Jasper Community Ambulance Service Third Party Import - Other 12/31/2017
1 4/4/2016 | SW |Kerkhoven Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |Kiester Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 |NW/|Kittson County Volunteer Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |Lafayette Area Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Lake City Ambulance Service Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 LAKE COUNTY AMBULANCE Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SC |Lake Crystal Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Lake Lillian Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 |NW/|Lake of the Woods Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Lakefield Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Lakes Region EMS Inc. Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Lakeview EMS Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Lamberton Ambulance Third Party Import - Field Bridge 12/31/2017
1 4/4/2016 | SE [Lanesboro Ambulance Serv Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |Le Center Volunteer Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Le Sueur Volunteer Ambulance Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | C [Leech Lake Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SE |LeRoy Area Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Lewiston Volunteer Ambulance Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SC |Lewisville Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Life Link 11l - Air Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Life Link 11l - Ground Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Littlefork Municipal Ambulance Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Longyville Ambulance Service Third Party Import - Other 12/31/2017
2 4/4/2016 Lower St Croix Valley Fire Dept. Third Party Import - Other 12/31/2017
1 4/4/2016 | SE |Mabel Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Madelia Community Ambulance Service Third Party Import - Other 12/31/2017
1 4/4/2016 | SW |Madison Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Mahnomen Health Center Ambulance Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 Mahtomedi Fire Department Ambulance Service Third Party Import - Other 12/31/2017
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2 4/4/2016 Maple Lake Fire Department Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Maplewood EMS Third Party Import - Other 12/31/2017
2 4/4/2016 Mayo One / Mayo MedAir Third Party Import - Other 12/31/2017
1 4/4/2016 | NE |McGregor Area Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Mdewakanton Public Safety Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | NE [Meadowlands Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 MedLink AIR Third Party Import - Other 12/31/2017
2 4/4/2016 Meds-1 Ambulance Service, Inc. Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | C [Melrose Area Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Mercy Hospital Ambulance Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | C |Mille Lacs Health System Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC [Minnesota Lake Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |Montgomery Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Morgan Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Mountain Lake Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Murray County Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | NE [Nashwauk Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [New London Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 New Prague Ambulance Third Party Import - Other 12/31/2017
1 4/4/2016 | SC |New Richland Community Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 North Ambulance - AirCare Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Douglas County, Inc. Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Aitkin Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Brainerd Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Faribault - 0081 Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Forest Lake Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Marshall Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Metro Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Minneota Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Princeton Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Redwood Falls Third Party Import - Other 12/31/2017
2 4/4/2016 North Ambulance - Waseca Third Party Import - Other 12/31/2017
2 4/4/2016 North Memorial Ambulance - Park Rapids Third Party Import - Other 12/31/2017
1 4/4/2016 |[NW|North Valley Health Center Emergency Medical Services Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Northfield Hospital EMS Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SE [Northfield Rescue Squad Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Oakdale Fire Ambulance Third Party Import - Other 12/31/2017
1 4/4/2016 |[NW|Oklee Emergency Squad Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Olivia Ambulance Service, Inc. Third Party Import - Field Bridge 12/31/2017
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2 4/4/2016 Orr Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SW |Ortonville Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | WC|Parkers Prairie Community Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Perham Area E.M.S. Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Pipestone County Ambulance Third Party Import - Other 12/31/2017
2 4/4/2016 Plainview Volunteer Ambulance Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | WC|Prairie Ridge Hosp. & HIth. Services Ambulance Ser Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SE |Preston Emergency Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Raymond Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 |[NW|Red Lake Comprehensive Health Services Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 |NW|Red Lake Falls Volunteer Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Red Wing Fire Department Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | C |Remer Area Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Renville Ambulance Service, Inc. Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Reservation Ambulance Service Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 Ridgeview Ambulance Service Third Party Import - Other 12/31/2017
1 4/4/2016 | WC|Ringdahl Ambulance - Fergus Falls Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | WC|Ringdahl Ambulance - Pelican Rapids Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 River's Edge EMS Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Rock County Ambulance Third Party Import - Field Bridge 12/31/2017
1 4/4/2016 [NW|Roseau EMS Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SE |Rushford Community Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 SANFORD AIRMED Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 |NW|Sanford Bagley Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Sanford Canby Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Sanford Regional Worthington Ambulance Third Party Import - Other 12/31/2017
1 4/4/2016 | C |Sauk Centre Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |Sherburn Fire Department Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Silver Lake Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Sleepy Eye Ambulance Service Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Spring Grove Ambulance Service Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Spring Valley Area Ambulance Service Third Party Import - Other 12/31/2017
1 4/4/2016 | SC |Springfield Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 St Charles Ambulance Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 St. Croix Valley EMS, Inc. Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 St. James Volunteer Ambulance Third Party Import - Other 12/31/2017
2 4/4/2016 St. Paul Fire Department Third Party Import - Other 12/31/2017
1 4/4/2016 | C [Staples Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 |[NW/|Stephen Volunteer Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
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1 4/4/2016 | WC|Stevens County Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Sunburg Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Swift County - Benson Hospital Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Thief River Falls Area Ambulance Third Party Import - Other 12/31/2017
1 4/4/2016 | NE [Tower Area Volunteer Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Tracy Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 |NW/|Tri-County EMS District, Inc. Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Tri-County Hospital Ambulance Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Tri-State Ambulance,Inc. Third Party Import - Other 12/31/2017
2 4/4/2016 Trimont Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SC [Truman Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW |Tyler Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SC |United Hospital District Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | M |University of Minnesota Ambulance Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Valley Med Flight - Air Ambulance Third Party Import - Other 12/31/2017
2 4/4/2016 Virginia Fire/Ambulance Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Wabasha Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SW |Wabasso Ambulance Association Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Walker Ambulance Third Party Import - Other 12/31/2017
1 4/4/2016 | SW |Walnut Grove Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 |[NW|Warroad Area Rescue Unit Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | SW [Watkins Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Wells Community Ambulance Service Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 West Concord Fire & Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SW |Westbrook Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
1 4/4/2016 | WC|Wheaton Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 White Bear Lake Fire Department Third Party Import - Service Bridge 12/31/2017
2 4/4/2016 Willmar Ambulance Service Third Party Import - Service Bridge 12/31/2017
1 4/4/2016 | SW |Windom Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Winnebago Area Ambulance Third Party Import - Field Bridge 12/31/2017
2 4/4/2016 Winona Area Ambulance Service, Inc. Third Party Import - Other 12/31/2017
1 4/4/2016 | SC |Winthrop Ambulance Service Direct Data Entry to MNSTAR Site 12/31/2016
2 4/4/2016 Woodbury Ambulance Third Party Import - Other 12/31/2017
2 4/4/2016 Zumbrota Area Ambulance Association Third Party Import - Service Bridge 12/31/2017
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Neurobiologic Advances from the Brain
Disease Model of Addiction
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\HIS ARTICLE REVIEWS SCIENTIFIC ADVANCES IN THE PREVENTION AND

treatment of substance-use disorder and related developments in public

policy. In the past two decades, research has increasingly supported the
view that addiction is a disease of the brain. Although the brain disease model of
addiction has yielded effective preventive measures, treatment interventions, and
public health policies to address substance-use disorders, the underlying concept
of substance abuse as a brain disease continues to be questioned, perhaps because
the aberrant, impulsive, and compulsive behaviors that are characteristic of addic-
tion have not been clearly tied to neurobiology. Here we review recent advances in
the neurobiology of addiction to clarify the link between addiction and brain func-
tion and to broaden the understanding of addiction as a brain disease. We review
findings on the desensitization of reward circuits, which dampens the ability to
feel pleasure and the motivation to pursue everyday activities; the increasing
strength of conditioned responses and stress reactivity, which results in increased
cravings for alcohol and other drugs and negative emotions when these cravings
are not sated; and the weakening of the brain regions involved in executive func-
tions such as decision making, inhibitory control, and self-regulation that leads to
repeated relapse. We also review the ways in which social environments, develop-
mental stages, and genetics are intimately linked to and influence vulnerability
and recovery. We conclude that neuroscience continues to support the brain dis-
ease model of addiction. Neuroscience research in this area not only offers new
opportunities for the prevention and treatment of substance addictions and related
behavioral addictions (e.g., to food, sex, and gambling) but may also improve our
understanding of the fundamental biologic processes involved in voluntary behav-
ioral control.

In the United States, 8 to 10% of people 12 years of age or older, or 20 to 22
million people, are addicted to alcohol or other drugs.! The abuse of tobacco, alco-
hol, and illicit drugs in the United States exacts more than $700 billion annually
in costs related to crime, lost work productivity, and health care.>* After centuries
of efforts to reduce addiction and its related costs by punishing addictive behaviors
failed to produce adequate results, recent basic and clinical research has provided
clear evidence that addiction might be better considered and treated as an acquired
disease of the brain (see Box 1 for definitions of substance-use disorder and ad-
diction). Research guided by the brain disease model of addiction has led to the
development of more effective methods of prevention and treatment and to more
informed public health policies. Notable examples include the Mental Health Parity
and Addiction Equity Act of 2008, which requires medical insurance plans to pro-
vide the same coverage for substance-use disorders and other mental illnesses that
is provided for other illnesses,® and the proposed bipartisan Senate legislation that
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Box 1. Definitions.

In this article, the terms apply to the use of alcohol, tobacco and nicotine, pre-
scription drugs, and illegal drugs.

Substance-use disorder: A diagnostic term in the fifth edition of the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-5) referring to recurrent
use of alcchol or other drugs that causes clinically and functionally significant
impairment, such as health problems, disability, and failure to meet major re-
sponsibilities at work, school, or home. Depending on the level of severity,
this disorder is classified as mild, moderate, or severe,

Addiction: A term used to indicate the most severe, chronic stage of sub-
stance-use disorder, in which there is a substantial loss of self-control, as indi-
cated by compulsive drug taking despite the desire to stop taking the drug. In
the DSM-5, the term addiction is synonymous with the classification of severe
substance-use disorder.

364

would reduce prison sentences for some nonvio-
lent drug offenders,® which is a substantial shift
in policy fueled in part by the growing realiza-
tion among law-enforcement leaders that “reduc-
ing incarceration will improve public safety be-
cause people who need treatment for drug and
alcohol problems or mental health issues will be
more likely to improve and reintegrate into soci-
ety if they receive consistent care.”’

Nonetheless, despite the scientific evidence
and the resulting advances in treatment and
changes in policy, the concept of addiction as a
disease of the brain is still being questioned.
The concept of addiction as a disease of the
brain challenges deeply ingrained values about
self-determination and personal responsibility
that frame drug use as a voluntary, hedonistic
act. In this view, addiction results from the rep-
etition of voluntary behaviors. How, then, can it
be the result of a disease process? The concept
of addiction as a brain disease has even more
disconcerting implications for public attitudes
and policies toward the addict. This concept of
addiction appears to some to excuse personal
irresponsibility and criminal acts instead of pun-
ishing harmful and often illegal behaviors. Ad-
ditional criticisms of the concept of addiction as
a brain disease include the failure of this model
to identify genetic aberrations or brain abnor-
malities that consistently apply to persons with
addiction and the failure to explain the many in-
stances in which recovery occurs without treat-
ment. (Arguments against the disease model of
addiction and counterarguments in favor of it®
are presented in Box S1 in the Supplementary
Appendix, available with the full text of this ar-
ticle at NEJM.org.)
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Advances in neurobiology have begun to
clarify the mechanisms underlying the profound
disruptions in decision-making ability and emo-
tional balance displayed by persons with drug
addiction. These advances also provide insight
into the ways in which fundamental biologic
processes, when disrupted, can alter voluntary
behavioral control, not just in drug addiction but
also in other, related disorders of selfregula-
tion, such as obesity and pathologic gambling
and video-gaming — the so-called behavioral
addictions. Although these disorders also mani-
fest as compulsive behaviors, with impaired self-
regulation, the concept of behavioral addiction
is still controversial, particularly as it relates to
obesity. (Behavioral addictions are described in
Box S2 in the Supplementary Appendix.?) This
research has also begun to show how and why
early, voluntary drug use can interact with envi-
ronmental and genetic factors to result in addic-
tion in some persons but not in others.

STAGES OF ADDICTION

For heuristic purposes, we have divided addic-
tion into three recurring stages: binge and in-
toxication, withdrawal and negative affect, and
preoccupation and anticipation (or craving).
Each stage is associated with the activation of
specific neurobiologic circuits and the conse-
quential clinical and behavioral characteristics
(Fig. 1).

BINGE AND INTOXICATION
All known addictive drugs activate reward re-
gions in the brain by causing sharp increases in
the release of dopamine.'**? At the receptor level,
these increases elicit a reward signal that trig-
gers associative learning or conditioning. In this
type of Pavlovian learning, repeated experiences
of reward become associated with the environ-
mental stimuli that precede them. With repeated
exposure to the same reward, dopamine cells
stop firing in response to the reward itself and
instead fire in an anticipatory response to the
conditioned stimuli (referred to as “cues”) that
in a sense predict the delivery of the reward."
This process involves the same molecular mech-
anisms that strengthen synaptic connections
during learning and memory formation (Box 2).
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Figure 1. Stages of the Addiction Cycle.

During intoxication, drug-induced activation of the brain's reward regions (in blue} is enhanced by conditioned cues in areas of increased
sensitization (in green). During withdrawal, the activation of brain regions involved in emotions (in pink) results in negative mood and
enhanced sensitivity to stress. During preoccupation, the decreased function of the prefrontal cortex leads to an inability to balance the
strong desire for the drug with the will to abstain, which triggers relapse and reinitiates the cycle of addiction. The compromised neuro-
circuitry reflects the disruption of the dopamine and glutamate systems and the stress-control systems of the brain, which are affected
by corticotropin-releasing factor and dynorphin. The behaviors during the three stages of addiction change as a person transitions from
drug experimentation to addiction as a function of the progressive neuroadaptations that occur in the brain.
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Box 2. Drug-Induced Neuroplasticity.

The drug-induced release of dopamine triggers neuroplasticity (systematic
changes in the synaptic signaling, or communication, between neurons in
various reward regions of the brain).!*!¢ These neuroplastic changes are fun-
damental to learning and memory. Experience-dependent learning (such as
that which occurs in repeated episodes of drug use) may invoke both long-
term potentiation, in which the transmission of signals between neurons in-
creases, and long-term depression, in which signal transmission decreases.

Synaptic strength is controlled by the insertion or removal of receptors
that are stimulated by the excitatory neurotransmitter glutamate (which acts
largely through a-amino-3-hydroxy-5-methyl-4-isoxazalepropionic acid [AMPA]
and N-methyl-o-aspartate [NMDA] receptors) and by changes in the composi-
tion of the subunits of these receptors. Specifically, the insertion of a subunit
of the AMPA receptor that is highly permeable to calcium, glutamate receptor 2
(GluR2), enhances the efficiency of transmission and has been shown to con-
tribute to long-term potentiation in animal studies of addiction.”” Changes in
long-term potentiation and long-term depression are in turn associated with
larger or smaller synapses, respectively, and with differences in the shapes of
the dendritic spines in the receptive site of the receiving neuron.®®

The up-regulation of AMPA receptors that are highly permeable to calcium
increases the responsiveness of the nucleus accumbens to glutamate, which is
released by cortical and limbic terminals when exposed to drugs or drug cues.”
Neuroplastic changes triggered by drugs have been uncovered not only in the
nucleus accumbens (a crucial brain-reward region) but also in the dorsal stria-
tum (a region implicated in the encoding of habits and routines), the amygdala
(a region involved in emotions, stress, and desires), the hippocampus (a re-
gion involved in memory), and the prefrontal cortex (a region involved in self-
regulation and the attribution of salience [the assignment of relative value]).
All' these regions of the brain participate in the various stages of addiction, in-
cluding conditioning and craving (see Fig. 1). These regions also regulate the
firing of dopamine cells and the release of dopamine.”
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In this way, environmental stimuli that are re-
peatedly paired with drug use — including envi-
ronments in which a drug has been taken, per-
sons with whom it has been taken, and the
mental state of a person before it was taken —
may all come to elicit conditioned, fast surges of
dopamine release that trigger craving for the
drug® (see Box 2 for the mechanisms involved),
motivate drug-seeking behaviors, and lead to
heavy “binge” use of the drug.*? These condi-
tioned responses become deeply ingrained and
can trigger strong cravings for a drug long after
use has stopped (e.g., owing to incarceration or
treatment) and even in the face of sanctions
against its use,

As is true with other types of motivational
learning, the greater the motivational attribute
associated with a reward (e.g., a drug), the
greater the effort a person is willing to exert and
the greater the negative consequences he or she
will be willing to endure in order to obtain it.**
However, whereas dopamine cells stop firing
after repeated consumption of a “natural re-
ward” (e.g., food or sex) satiating the drive to
further pursue it, addictive drugs circumvent

natural satiation and continue to directly increase
dopamine levels,*** a factor that helps to ex-
plain why compulsive behaviors are more likely
to emerge when people use drugs than when
they pursue a natural reward (Box 2).

WITHDRAWAL AND NEGATIVE AFFECT
An important result of the conditioned physio-
logic processes involved in drug addiction is that
ordinary, healthful rewards lose their former
motivational power. In a person with addiction,
the reward and motivational systems become
reoriented through conditioning to focus on the
more potent release of dopamine produced by
the drug and its cues. The landscape of the pet-
son with addiction becomes restricted to one of
cues and triggers for drug use. However, this is
only one of the ways in which addiction changes
motivation and behavior.

For many years it was believed that over time
persons with addiction would become more sen-
sitive to the rewarding effects of drugs and that
this increased sensitivity would be reflected in
higher levels of dopamine in the circuits of their
brains that process reward (including the nu-
cleus accumbens and the dorsal striatum) than
the levels in persons who never had a drug ad-
diction. Although this theory seemed to make
sense, research has shown that it is incorrect. In
fact, clinical and preclinical studies have shown
that drug consumption triggers much smaller
increases in dopamine levels in the presence of
addiction (in both animals and humans) than in
its absence (i.e., in persons who have never used
drugs).?#»%28 This attenuated release of dopa-
mine renders the brain’s reward system much
less sensitive to stimulation by both drug-related
and non—drug-related rewards.®3' As a result,
persons with addiction no longer experience the
same degree of euphoria from a drug as they did
when they first started using it. It is for this
same reason that persons with addiction often
become less motivated by everyday stimuli (e.g.,
relationships and activities) that they had previ-
ously found to be motivating and rewarding.
Again, it is important to note that these changes
become deeply ingrained and cannot be imme-
diately reversed through the simple termination
of drug use (e.g., detoxification).

In addition to resetting the brain’s reward sys-
tem, repeated exposure to the dopamine-enhanc-
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ing effects of most drugs leads to adaptations
in the circuitry of the extended amygdala in the
basal forebrain; these adaptations result in in-
creases in a person’s reactivity to stress and lead
to the emergence of negative emotions.?* This
“antireward” system is fueled by the neurotrans-
mitters involved in the stress response, such as
corticotropin-releasing factor and dynorphin,
which ordinarily help to maintain homeostasis.
However, in the addicted brain, the antireward
system becomes overactive, giving rise to the
highly dysphoric phase of drug addiction that
ensues when the direct effects of the drug wear
off or the drug is withdrawn* and to the de-
creased reactivity of dopamine cells in the brain’s
reward circuitry.®® Thus, in addition to the direct
and conditioned pull toward the “rewards” of
drug use, there is a correspondingly intense mo-
tivational push to escape the discomfort associ-
ated with the aftereffects of use. As a result of
these changes, the person with addiction transi-
tions from taking drugs simply to feel pleasure,
or to “get high,” to taking them to obtain tran-
sient relief from dysphoria (Fig. 1).

Persons with addiction frequently cannot
understand why they continue to take the drug
when it no longer seems pleasurable. Many state
that they continue to take the drug to escape the
distress they feel when they are not intoxicated.
Unfortunately, although the short-acting effects
of increased dopamine levels triggered by drug
administration temporarily relieve this distress,
the result of repeated bingeing is to deepen the
dysphoria during withdrawal, thus producing a
vicious cycle.

PREOCCUPATION AND ANTICIPATION
The changes that occur in the reward and emo-
tional circuits of the brain are accompanied by
changes in the function of the prefrontal corti-
cal regions, which are involved in executive
processes. Specifically, the down-regulation of
dopamine signaling that dulls the reward cir-
cuits’ sensitivity to pleasure also occurs in pre-
frontal brain regions and their associated cir-
cuits, seriously impairing executive processes,
among which are the capacities for self-regula-
tion, decision making, flexibility in the selection
and initiation of action, attribution of salience
(the assignment of relative value), and the moni-
toring of error.3® The modulation of the reward

and emotional circuits of prefrontal regions is
further disrupted by neuroplastic changes in
glutamatergic signaling.¥” In persons with addic-
tion, the impaired signaling of dopamine and
glutamate in the prefrontal regions of the brain
weakens their ability to resist strong urges or to
follow through on decisions to stop taking the
drug. These effects explain why persons with
addiction can be sincere in their desire and in-
tention to stop using a drug and yet simultane-
ously impulsive and unable to follow through on
their resolve. Thus, altered signaling in prefron-
tal regulatory circuits, paired with changes in
the circuitry involved in reward and emotional
response, creates an imbalance that is crucial to
both the gradual development of compulsive
behavior in the addicted disease state and the
associated inability to voluntarily reduce drug-
taking behavior, despite the potentially cata-
strophic consequences.

BIOLOGIC AND SOCIAL FACTORS
INVOLVED IN ADDICTION

Only a minority of people who use drugs ulti-
mately become addicted — just as not everyone
is equally at risk for the development of other
chronic diseases. Susceptibility differs because
people differ in their vulnerability to various
genetic, environmental, and developmental fac-
tors. Many genetic, environmental, and social
factors contribute to the determination of a
person’s unique susceptibility to using drugs
initially, sustaining drug use, and undergoing
the progressive changes in the brain that charac-
terize addiction.®* Factors that increase vulner-
ability to addiction include family history (pre-
sumably through heritability and child-rearing
practices), eatly exposure to drug use (adoles-
cence is among the periods of greatest vulnera-
bility to addiction), exposure to high-risk environ-
ments (typically, socially stressful environments
with poor familial and social supports and re-
stricted behavioral alternatives and environments
in which there is easy access to drugs and per-
missive normative attitudes toward drug taking),
and certain mental illnesses (e.g., mood disor-
ders, attention deficit—hyperactivity disorder,
psychoses, and anxiety disorders).**4

It is estimated that the most severe pheno-
typic characteristics of addiction will develop in
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approximately 10% of persons exposed to addic-
tive drugs.” Thus, although long-term exposure
to drugs is a necessary condition for the devel-
opment of addiction, it is by no means suffi-
cient. Yet for those in whom there is progress to
addiction, the neurobiologic changes are distinct
and profound.

IMPLICATIONS OF THE BRAIN
DISEASE MODEL OF ADDICTION
FOR PREVENTION AND TREATMENT

As is the case in other medical conditions in
which voluntary, unhealthful behaviors contrib-
ute to disease progression (e.g., heart disease,
diabetes, chronic pain, and lung cancer), evi-
dence-based interventions aimed at prevention,
along with appropriate public health policies,
are the most effective ways of changing out-
comes. A more comprehensive understanding of
the brain disease model of addiction may help to
moderate some of the moral judgment attached
to addictive behaviors and foster more scientific
and public health-oriented approaches to pre-
vention and treatment.

BEHAVIORAL AND MEDICAL INTERVENTIONS
The findings from neurobiologic research show
that addiction is a disease that emerges gradu-
ally and that has its onset predominantly during
a particular risk period: adolescence. Adoles-
cence is a time when the still-developing brain is
particularly sensitive to the effects of drugs, a
factor that contributes to adolescents’ greater
vulnerability to drug experimentation and addic-
tion. Adolescence is also a period of enhanced
neuroplasticity during which the underdeveloped
neural networks necessary for adult-level judg-
ment (the prefrontal cortical regions) cannot yet
properly regulate emotion. Studies have also
shown that children and adolescents with evi-
dence of structural or functional changes in
frontal cortical regions or with traits of novelty
seeking or impulsivity are at greater risk for
substance-use disorders.** Awareness of indi-
vidual and social risk factors and the identifica-
tion of early signs of substance-use problems
make it possible to tailor prevention strategies to
the patient. According to research related to the
brain disease model of addiction, preventive in-

terventions should be designed to enhance so-
cial skills and improve self-regulation. Also im-
portant are early screening and intervention for
the prodromal presentation of mental illness
and the provision of social opportunities for pet-
sonal educational and emotional development.**+

When prevention has failed and there is need
for treatment, research based on the brain dis-
ease model of addiction has shown that medical
treatment can help to restore healthy function in
the affected brain circuitry and lead to improve-
ments in behavior. The health care system al-
ready has at its disposal several evidence-based
treatment interventions that could improve clin-
ical outcomes in patients with substance-use
disorders if properly and comprehensively imple-
mented. During treatment, medication can as-
sist in preventing relapse while the brain is
healing and normal emotional and decision-
making capacities are being restored. For pa-
tients with opioid-use disorder, maintenance
therapy with agonists or partial agonists such as
methadone or buprenorphine can be essential in
helping to control symptoms of withdrawal and
cravings.®® Opioid antagonists such as extended-
release naltrexone may be used to prevent opioid
intoxication.*! Naltrexone and acamprosate have
been efficacious in the treatment of alcohol-use
disorders, and other medications can help in the
recovery from nicotine addiction.”

The brain disease model of addiction has also
fostered the development of behavioral interven-
tions to help restore balance in brain circuitry
that has been affected by drugs.*® For example,
strategies to enhance the salience of natural,
healthy rewards such as social contact or exer-
cise could enable those rewards to compete with
the direct and acquired motivating properties of
drugs. Strategies to mitigate a person’s stress
reactivity and negative emotional states could
help to manage the strong urges they engender,
and strategies to improve executive function and
self-regulation could help recovering patients
plan ahead in order to avoid situations in which
they are particularly vulnerable to taking drugs.
Finally, strategies to help patients recovering
from addiction to change their circle of friends
and to avoid drug-associated environmental cues
can reduce the likelihood that conditioned crav-
ing will lead to relapse.

N ENGL ) MED 374;4 NEJM,ORG JANUARY 28, 2016

The New England Journal of Medicine
Downloaded from nejm.org on February 1, 2016. For personal use only. No other uses without permission,
Copyright © 2016 Massachusetts Medical Society. All rights reserved.



ADVANCES FROM THE BRAIN DISEASE MODEL OF ADDICTION

PUBLIC HEALTH POLICY
A compelling argument for the translational
value of the brain disease model of addiction is
the knowledge that the prefrontal and other
cortical networks that are so critical for judg-
ment and self-regulation do not fully mature
until people reach 21 to 25 years of age.”® As a
result, the adolescent brain is much less able to
cognitively modulate strong desires and emo-
tions. This observation is particularly relevant to
the establishment of 21 years of age as the legal
drinking age in the United States, a ruling that
is often questioned even though a dramatic re-
duction in highway deaths followed its institu-
tion.** One could legitimately argue that the
study of the neurobiology of addiction provides
a compelling argument for leaving the drinking
age at 21 years and for increasing the legal
smoking age to 21 years, by which time the
brain networks that underlie the capacity for
selfregulation are more fully formed.

The brain disease model of addiction has also
informed policies that take advantage of the in-
frastructure of primary health care to address
substance-use disorders and to provide a model
for paying for it through the Mental Health Par-
ity and Addiction Equity Act (MHPAEA) and the
Affordable Care Act. Although it is still too eatly
to evaluate the effects of these policies on the
nation, an initial examination of the MHPAEA in
three states showed increased enrollment and
care delivery among patients with substance-use
disorders and an overall reduction in spending
on emergency department visits and hospital
stays.®

The social and financial effects of these laws
are also illustrated in the recent legal action
taken by the State of New York against Value
Options and two other managed-care organiza-
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