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RADIATION INJURY TREATMENT NETWORK

Radiation Injury Treatment Network® (RITN)

Concept of Operations

The purpose of this document is to establish a uniform understanding among RITN center staff
and non-medical RITN partners of the anticipated participation of RITN centers during a
national disaster. The Concept of Operations describes the triage and flow of casualties from
the initial catastrophic incident through the disaster aftermath to the treatment facility.
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Executive Summary

This document outlines the anticipated integration of the Radiation Injury Treatment Network®
(RITN) into the national response to a mass casualty incident resulting in marrow-toxic injuries.
RITN centers are affiliated with the National Marrow Donor Program network of care providers,
and include medical centers (academic medical centers, tertiary care centers, and cancer
centers) with expertise in hematology-oncology patient management including hematopoietic
cell transplantation (“marrow transplantation” for the purposes of this document), blood donor
centers, and umbilical cord blood banks. These institutions are stand-alone entities that are
voluntarily preparing for the response to incidents that result in marrow toxic injuries.

Bone marrow injury could result from significant exposure to either ionizing radiation or
marrow suppressive chemicals such as mustard agents. Hematologists and oncologists have
expertise in the management of marrow toxicity as this is a common effect of therapeutic
radiation and chemotherapy. Radiological/nuclear incident casualties would likely require
similar approaches to care. The primary management will be supportive care with a very limited
number of marrow transplants anticipated.

Irradiated casualties will be decontaminated, stabilized and triaged prior to their arrival at RITN
medical centers. The National Disaster Medical System will oversee these activities and control
the distribution of patients to the Federal Coordinating Center, which will then coordinate with
local public health agencies to distribute patients to the appropriate hospital. After a mass
casualty incident, formal transport of patients to distant RITN centers is expected to be delayed
by at least 96 hours. However, many casualties will self-evacuate and could arrive at RITN
centers within the region of the incident even before the onset of symptoms.

RITN has established treatment guidelines that include the principles of ARS management,
including template hospital admission orders, approaches for casualty triage and selection of
candidates for HLA-typing and marrow transplantation. Finally, RITN centers will also collect
patient demographic, clinical and treatment data through the standard NMDP data collection
process, which will be available for future research.
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Situation

The Radiation Injury Treatment Network® (RITN) prepares to receive casualties from a mass
casualty incident with marrow toxic injuriesl. There are several possible sources of mass
casualty incidents that could result in marrow-toxic injuries, including: an improvised nuclear
device (IND), a radiological dispersal device (RDD — a.k.a. “dirty bomb”), a radiological exposure
device (RED), a catastrophic nuclear power plant accident, or exposure to a mustard agent. An
incident resulting in mass casualties would most likely be the result of a terrorist attack.

The Department of Homeland Security’s National Planning Scenarios® includes the detonation
of a 10 kT (kiloton) improvised nuclear device; this is somewhat smaller than the bomb
detonated over Hiroshima during World War 113, If a 10kT IND were detonated in a single
metropolitan area, the devastation would be enormous yet manageable. The Cold War scenario
of complete devastation is not applicable to a 10 kT IND. The most severe devastation from a 10
kT IND would likely be limited to a % mile radius from the detonation site* (Figure 1). However,
radiation from fallout could result in doses sufficient to cause marrow toxicity for several miles
from the detonation. This document will focus on a terrorist IND, as this is the most
catastrophic radiation scenario and could result in 900,000 or more casualtiess, overwhelm
local medical infrastructure and require the distribution of casualties nationally.

Anticipated Damage Zones from a 10 kT IND

"3 Miles Epicenter of detonation
~1 Mile
0.5 il Damage Zones
~0. ile
Tﬁdm <) > Severe: complete devastation/buildings collapsed

Moderate: buildings damaged and roads impassible
Light: windows and doors blown out

Figure 1: Adapted from Planning Guidance for Response to a Nuclear Detonation”

Bone marrow is the source of the human blood and immune systems. Casualties with
significant marrow-toxic injuries will require supportive care to recover. Supportive care may
include the application of cytokines (that boost the production of new marrow cells),
transfusions as well as the administration of antibiotics to prevent or treat infection. Exposure
to ionizing radiation affects bone marrow at very low doses. However, complete destruction of
the human marrow system requires whole body exposure to significant doses. A person’s
immune system would be impacted at doses above 1 Gy. Doses between 2-6 Gy of exposure
would likely be survivable with prompt intensive supportive care®. Above 8-10 Gy, survival is
unlikely even with intensive supportive care.
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It should be noted that casualties with combined injury (i.e., the combination of radiation with
trauma or cutaneous burns) have a markedly worse prognosis compared to those with
radiation injury alone. In a mass casualty incident, casualties with exposure to as little as 2 Gray
(Gy) of radiation who also have moderate or severe trauma are unlikely to survive®. Thus,
casualties with significant but survivable radiation injury who lack other significant injuries will
be prioritized for transfer to RITN centers.

A 10kT IND would be much smaller than the average military weapon, but would nevertheless
result in significant radioactive fallout being deposited as far away as 20 miles downwind
(Figure 2)°. The total number of injured casualties and their breakdown by type and degree of
injury (radiation only, trauma/burns only, or combined) could vary greatly depending on the
location and type of detonation. Importantly, sheltering in place after the detonation could
drastically reduce the number of potential casualties exposed to radioactive fallout.
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Figure 2: lllustration of the Dangerous Fallout zone from the ground burst detonation of an IND. ’ The dose in the
Dangerous Fallout zone could cause marrow injury. Sheltering-in-place is key to reducing dose, as the hazard
dissipates relatively quickly.

The total possible number of casualties appropriate for management at RITN centers is
estimated to range between 10,000 — 63,000’; this is a small fraction of the total number of
possible casualties, yet still overwhelming to the medical communities that would be called
upon to help. As the medical community receives the surge of casualties, the number of
casualties may temporarily exceed the availability of beds, staff, and specialized equipment
necessary for normal standards of care. Imbalances between need and resource availability
may require the implementation of Crisis Standards of Care (also called Altered Standards of
Care) that typically require approval at the State level. For RITN centers to manage such a large
number of casualties, patients will need to be triaged into categories roughly based on
radiation injuries and delineated as: mild, moderate, severe and expectant (Table 1).
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Table 1. Radiation Casualty Estimates for an Improvised Nuclear Device
. Moderately- .
Mid High y High
. . Casualty Casualty
Radiation Dose (G Care Requirement . Casualt .
(Gy) 9 Estimate Estimatz/e Estimate
50" %tile ) 95 %tile
( ctile) (85™ %tile) (95 %tile)
Mild (0.75-1.5) Outpatient monitoring 5,000 32,000 91,000
Moderate (1.5-5.3) Supportive Care and possible 7,000 29,000 51,000
inpatient admission

Expectant (>8.3) Comfort Care
Combined Injury and Stabilization and monitoring,
Radiation (>1.5) pending resource availability 3,000 20,000 44,000
Estimate of total casualties for triage to RITN
.g 10,000 38,000 63,000
(Moderate + Severe categories)

***Radiation doses are estimates based on clinical presentation and laboratory values.
Table 1: Adapted from Allocation of scarce resources after a nuclear detonation: setting the context’

These categories do not necessarily have distinct divisions as the individual patient’s condition
will dictate the level of care required. Many casualties will require only monitoring of blood
counts as outpatients’ while others will require inpatient supportive care, and an even smaller
percentage of patients will require intensive approaches possibly including marrow
transplantation (Figure 3).

RITN Patient Care Categories

Figure 3: The
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What is critical to the ability to care for a large number of patients is the latency period that
exists between exposure and the clinical manifestation of radiation injury6. Following a
significant radiation dose (> 2 Gy), there may be a short period of symptoms followed by a
latency period lasting up to 3 weeks before there is a substantial decline in peripheral blood
neutrophils and platelets. The early use of bone marrow cytokines can potentially mitigate the
neutrophil depression and the risk of infection®. Just as blood cell counts are monitored in the
outpatient setting routinely in oncology care, so too could this approach be used after a nuclear
detonation. Consequently, many radiation casualties may only need to be sent to a center
where they would be monitored as outpatients. If their condition worsened, they would be
admitted to the hospital until they could be discharged and again followed as outpatients.
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Initial Response

All disaster responses begin locally and are expanded beyond local resources as those local
capabilities are exceeded. Local jurisdictions will rely on mutual aid to meet the initial response
needs, by calling on regional assets for assistance from adjacent counties or states. These
regional resources will help bridge the gap until federal resources arrive to support the
response. Federal assets will likely be immediately placed on alert and prepare to bring
available assets to assist in the response. While initial supply, distribution and response may
begin within 24 hours, it will take days for significant federal resources to arrive on scene.

After the detonation of an IND, casualties will begin to self evacuate away from the detonation
site. Authorities will advise the public within areas containing radioactive fallout to shelter in
place for 12-48 hours, depending on the site. Ad hoc first aid sites are expected to begin to
form wherever there is space available, as people make their way from the epicenter. These
sites could be parking lots, fields, parks, office buildings, warehouses, etc. The sites most likely
will not have the resources to provide much in the form of first aid other than a place to rest
and information on where medical aid may be available. Further out, yet as close as safely
possible, first responders will begin to establish medical aid stations to provide medical aid,
conduct radiological survey and decontaminate (if equipped) and to assist with evacuations.
The next tier will be casualty collection centers established by state or local public health
authorities, which should be capable of collecting, triaging and decontaminating casualties,
while also providing medical treatment and evacuation to the appropriate sites for specialized
medical care (Figure 4).

Conceptual Flow of Victims to a RITN Center
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*** This model does not account for victims with trauma or no injuries.

Figure 4: lllustration of the flow of casualties to a RITN center following a nuclear detonation”®°. RITN centers may
happen to be a local medical care facility, but in general RITN is a network of distant expert care centers.
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The provision of medical care during a national disaster, including the evacuation of patients, is
the responsibility of the state, local, regional and tribal governments. Assistance can be
requested from the Department of Health and Human Services - Assistant Secretary for
Preparedness and Response (DHHS-ASPR). ASPR will notify the NMDP of the need to activate
RITN™. Once alerted by ASPR, the RITN Control Cell at the NMDP would notify RITN centers of
the possibility of patients being distributed to their hospitals. This would be accomplished
through email if the Internet is functioning. Facsimile notification would be used if the Internet
is overwhelmed, along with individual calls via a landline/cellular telephones. Satellite
telephones would be the last resort of communication. Within 12 hours of notification, RITN
centers would be expected to submit a RITN Capabilities Report that summarizes the “Current”
and “Next 24 Hour” status of their staff and available resources. The RITN Control Cell would
consolidate and provide this information to ASPR to assist with the planning for distribution of
patients to the appropriate center(s) for care.
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Patient Movement and Distribution

At casualty collection centers, casualties will be surveyed for contamination, decontaminated if
necessary, triaged for medical care and prioritized for medical evacuation, if applicable. These
casualty collection centers will be scattered around the disaster area (outside the harmful
radiation zone) to provide medical evaluation and treatment to as many casualties as possible
(Figure 4). If a casualty is prioritized for evacuation, he/she will be transported to an
appropriate hospital for care through the National Disaster Medical System (NDMS).

The NDMS includes over 1,000 hospitals that have formally agreed to provide care for disaster
casualties. These hospitals are guaranteed to be reimbursed at 110% of the Centers for
Medicare and Medicaid Services (CMS) rate for patients distributed through NDMS? for the first
30 days of inpatient care. The hospitals must first seek reimbursement from patients’ third
party insurers, if applicable.

NDMS has multiple resources available to distribute patients, ranging from ambulances to
aircraft. Based on the location of RITN centers around the nation, transport to RITN centers will
likely utilize aircraft. According to current planning, patient distribution by aircraft will be
limited initially to distances of no more than 200 miles to reduce the flight time and thereby
allow for more round trips and less exposure to high altitudes, which could worsen some
conditions™®. Al patients will be stabilized before transport. However, as medical conditions
could deteriorate during transport, only a few of the patients on each load will be of the most
critical nature. The patient mix will be controlled to limit overwhelming the small medical crew
on the aircraft, which will considerably reduce the possibility of a major surge of critical
patients arriving simultaneously at any receiving hospital.

Aircraft will fly to one of 72 NDMS Federal Coordinating Centers (FCC), which will then
distribute the patients to their final destination for care’ (Figure 4). FCCs may be co-located
with Community Reception Centers operated by state public health departments. Receiving
hospitals are required to provide periodic patient updates to the FCC. Once care is complete
and the patient is discharged, it is the responsibility of the FCC to return the casualties home.
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Patient Profile

Patients distributed through the National Disaster Medical System will be medically stabilized
and at a minimum grossly decontaminated before transportation. Combined injury (i.e.,
radiation with moderate or severe trauma and/or significant burns) negatively impacts
prognosis. Thus, the vast majority of casualties that receive more than 2 Gy of radiation and
have significant trauma and/or burns will not be candidates for treatment by RITN centers'?.

The removal of clothing alone can reduce external contamination by radioactive fallout and

other material by over 90% 13,14,15

. Internal contamination by ingestion or inhalation is not
expected to be common after an IND detonation, but would require the use of decorporation

agents (more information at www.remm.nlm.gov). Receiving institutions should conduct

radiological surveys of patients before admitting them for care, although patients transported
by NDMS should have already been decontaminated. This will alleviate staff concerns of
potential exposure to radiation and identify any decontamination needs. Of note, medical staff
responding to the 1986 Chernobyl nuclear power plant incident received on average a dose less
than 0.001 Gy*® or the equivalent of less than % of a chest x-ray™®.

Patients distributed to RITN centers will likely have been exposed to whole-body doses of 2-8
Gy and be experiencing signs and symptoms of Acute Radiation Syndrome (ARS)Y, such as:

» Nausea »  Erythema of the skin
» Vomiting »  ltching or altered sensation in the skin
» Anorexia » Swelling and edema
» Reduced number of white blood cells » Diarrhea
(lymphocytes & granulocytes) » Fatigue

» Reduced number of platelets

The RITN Acute Radiation Syndrome Treatment Guidelines'® outline the principles of ARS
management, crisis standards of care, ARS symptoms, and casualty triage. A template for
hospital admission orders for radiation casualties can be found on the Radiation Emergency
Medical Management website'®. There are established algorithms® for prioritizing casualties to
receive marrow growth factors (e.g., G-CSF) and other supportive care as well as consideration
of the extent of injuries, availability of resources and current standards of care.

Methods for estimating the dose of radiation received by a casualty (known as ‘biodosimetry’)
include serial blood counts and chromosome assays, and may be available to help stratify
casualties. Growth factors and antibiotics are widely utilized at RITN centers and additional
supplies may be available through the Strategic National Stockpile, a federal stockpile of
emergency equipment, medicine and medical consumables. Finally, RITN centers will collect
patient data for all casualties after the event. This data will be formatted and submitted using
the standard NMDP online data collection process and then made available to researchers both
inside and outside the NMDP.
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RADIATION INJURY TREATMENT NETWORK

RITN Activation and Casualty Management Timeline (estimated)

Radiation Injury Treatment Network Concept of Operations

Action

Responsible Party

Time
From
Incident

Incident occurs

RITN Control Cell notified to activate RITN

ASPR

0 hour

RITN centers notified of incident via email

RITN Control Cell

<2 hrs

Capabilities Review

Review staff availability

Review current & pending patient activity

Review available resources (equipment, medical consumables
and medications)

Submit Capabilities Report

RITN center

<14 hrs

Ad hoc First Aide Site

Casualties self evacuate to ad hoc first aide site

Casualties receive buddy aid

Direct to nearest medical aid station

Casualties

First 48 hrs

Medical Aid Station

Triage

Radiological survey and decontamination (if capable)

Provide medical aid

Refer and evacuate to casualty collection center

First responders

First 96 hrs

Casualty Collection Center

Triage

Radiological survey and decontamination

Provide medical treatment

Identification of casualties for specialized care

Refer and evacuate to distribution hub

State/Local Public
Health (PH)

1-7 days

Medical Evacuation

Transportation to receiving distribution site

NDMS

Triage

Radiological survey and decontamination

Casualty receipt and medical care assessment

Notification of distribution plan to hospitals

Transportation of casualty to hospital

Federal Coordinating
Center (FCC), NDMS
Patient Reception
Area, State/Local PH

2-14 days

Definitive Medical Care

Triage

Radiological survey and decontamination

Admit or observe as outpatient

Provide ongoing assessment and treatment

Report patient condition to FCC

Complete treatment

RITN center

2->30
days

Transportation of patients to home of record

Local PH/FCC/NDMS

Radiation Injury Treatment Network - Concept of Operations | February 2012

Page 12 of 14




ITN

SADATON U T ATRENT e ok Radiation Injury Treatment Network Concept of Operations
References

1) RITN website: www.RITN.net. Accessed 1/12/2012

2) US Department of Homeland Security. National Planning Scenarios. Scenario 1: nuclear detonation—10-kiloton
improvised nuclear device (IND), version 20.1. http://media.washingtonpost.com/wp-
srv/nation/nationalsecurity/earlywarning/NationalPlanningScenariosApril2005.pdf. Accessed 1/11/2012

3) Douple EB, Mabuchi K, Shore RE; et al. Long-term Radiation-Related Health Effects in a Unique Human Population:
Lessons Learned from the Atomic Bomb Survivors of Hiroshima and Nagasaki. Disaster Med Public Health Prep. 2011;
5 (Suppl 1):5122-5133

4) Planning Guidance for Response to a Nuclear Detonation. 2nd ed. Washington, DC: Homeland Security Council,
Interagency Policy Coordination Subcommittee for Preparedness and Response to Radiological and Nuclear Threats;
2010. http://hps.org/hsc/documents/Planning_Guidance for Response to a Nuclear Detonation-
2nd_Edition FINAL.pdf . Accessed 1/11/2012

5) DiCarlo AL, Maher C, Hick JL; et al. Radiation injury after a nuclear detonation: medical consequences and the need
for scarce resources allocation. Disaster Med Public Health Prep. 2011;5(Suppl 1):532-S44

6) Coleman CN, Weinstock DM, Casagrande R; et al. Triage and treatment tools for use in a scarce resources - crisis
standards of care setting after a nuclear detonation. Disaster Med Public Health Prep. 2011;5(Suppl 1):5111-5121

7) Knebel AR, Coleman CN, Cliffer KD; et al. Allocation of scarce resources after a nuclear detonation: setting the
context. Disaster Med Public Health Prep. 2011;5 (Suppl 1):520-S31

8) Hrdina C. M., Coleman C. N., Bogucki S.; et al. The “RTR” medical response system for nuclear and radiological mass
casualty events: a functional TRiage-TRansport-TReatment medical response model. Prehosp Disaster Med . 2009;
24(3):167-78

9) NDMS Federal Coordinating Center Guide, June 2010;
http://ritn.net/WorkArea/linkit.aspx?Linkldentifier=id&ItemID=2147483772&liblD=2147483772. Accessed 1/11/2012

10) HHS-Assistant Secretary for Preparedness and Response Radiological Dispersal Device Playbook;
http://www.phe.gov/Preparedness/planning/playbooks/rdd/Pages/default.aspx. Accessed 1/11/2012

11) Lamana, J. (May 2011). Understanding the Patient Movement Playing Field: A Global Perspective, Presented at the
2011 Integrated Medical, Public Health, Preparedness and Response Training Summit, Grapevine, TX.

12) RITN Acute Radiation Syndrome Treatment Guidelines, September 2010;
http://www.ritn.net/WorkArea/linkit.aspx?Linkldentifier=id&ItemID=2147483696&libID=2147483696. Accessed
1/11/2012

13) Koenig KL, Goans RE, Hatchett RJ; et al. Medical treatment of radiological casualties: current concepts. Ann Emerg
Med. 2005;45:643-652. doi: 10.1016/j.annemergmed.2005.01.020

14) Mettler FA, Voelz GL. Major radiation exposure—what to expect and how to respond. N Engl ) Med. 2002;346:1554—
1561

15) Radiation Emergency Medical Management External Decontamination Procedures;
http://www.remm.nlm.gov/ext _contamination.htm. Accessed 2/6/2012

16) Stabin, MG. Doses from Medical Radiation Sources. Health Physics Society website.
http://hps.org/hpspublications/articles/dosesfrommedicalradiation.html. Accessed 1/17/2012

17) RITN Basic Radiation Training, January 2012;
http://www.ritn.net/WorkArea/linkit.aspx?Linkldentifier=id&ItemID=2147483897&libID=2147483897. Accessed
January 11, 2012

18) RITN Acute Radiation Syndrome Treatment Guidelines. RITN website; September 2010.
http://www.ritn.net/WorkArea/linkit.aspx?Linkldentifier=id&ItemID=2147483696&libID=2147483696 Accessed
1/20/2012

19) Radiation Emergency Medical Management hospital orders template;

http://www.remm.nlm.gov/adultorderform.htm. Accessed 1/11/2012

Radiation Injury Treatment Network - Concept of Operations | February 2012

Page 13 of 14


http://www.ritn.net/
http://media.washingtonpost.com/wp-srv/nation/nationalsecurity/earlywarning/NationalPlanningScenariosApril2005.pdf
http://media.washingtonpost.com/wp-srv/nation/nationalsecurity/earlywarning/NationalPlanningScenariosApril2005.pdf
http://hps.org/hsc/documents/Planning_Guidance_for_Response_to_a_Nuclear_Detonation-2nd_Edition_FINAL.pdf
http://hps.org/hsc/documents/Planning_Guidance_for_Response_to_a_Nuclear_Detonation-2nd_Edition_FINAL.pdf
http://ritn.net/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=2147483772&libID=2147483772
http://www.phe.gov/Preparedness/planning/playbooks/rdd/Pages/default.aspx
http://www.ritn.net/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=2147483696&libID=2147483696
http://www.remm.nlm.gov/ext_contamination.htm
http://hps.org/hpspublications/articles/dosesfrommedicalradiation.html
http://www.ritn.net/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=2147483897&libID=2147483897
http://www.ritn.net/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=2147483696&libID=2147483696
http://www.remm.nlm.gov/adultorderform.htm

SADATON U T ATRENT e ok Radiation Injury Treatment Network Concept of Operations

Contributors

The Executive Committee of the Radiation Injury Treatment Network would like to recognize
the contributions of the following people in the development of this document.

Ken Bishop, Wake Forest Baptist Medical Center

Cullen Case Jr., National Marrow Donor Program

C. Norm Coleman, Office of the Assistant Secretary for Preparedness and Response, HHS
Ray Hornung Ill, National Marrow Donor Program

Dan Johnson-Powers, University of Minnesota Fairview Medical Center

Leslie Kerns, Northside Hospital

Gary Martin, Johnson County Health Department

Joel Ross, Duke University Medical Center

Jennifer Venero, National Marrow Donor Program

David Weinstock, Dana-Farber Cancer Institute

Questions or comments should be sent to RITN@nmdp.org.

Radiation Injury Treatment Network - Concept of Operations | February 2012

Page 14 of 14


mailto:RITN@nmdp.org

