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Subject:  Patients with Radiation Exposure or Radioactive Contamination
1.
Description of the Threat/Event.  Exposure to ionizing radiation may occur from medical therapy or research, hospital or industrial accident or terrorist event.  Because radiation is invisible and most people are unaware of the extent of ongoing daily exposure from natural sources, the personal response to an event involving radiation exposure is likely to be one of panic.  Consideration of both panic and the effects of radiation must be included in all phases of event management.  Similarly, because radiation is an invisible danger, the identification that radiation has been released in an event may be delayed, unless screening procedures are consistently practiced.  Identification of radiation involvement in an event will be facilitated by appropriate inquiry upon initial facility contact regarding a potential event, and by appropriate inquiry and radiation screening at the point of perimeter entry.

In radiation events involving a radiological dispersal devise (RDD or dirty bomb) or a nuclear weapon, radiation may be accompanied by trauma from the explosive force of the delivery device.  For some victims, radiation exposure and external damage may be minimal, while internal injury from the shock wave may be severe.  Secondary fires may also produce additional injury.  This sample Standard Operating Procedure (SOP) is intended to cover the radiation aspects of such an event.  (Please refer to the sample Trauma Readiness for All-Hazards Disaster Response Plan in the Emergency Management Program Guidebook, Section 7, for more information on management of these additional problems.) 

If an event involves chemical agents, the event should be managed primarily with attention to the chemical agents, and secondarily with attention to the radiological agents.  (Please refer to the sample Chemical Readiness Plan http://vaww.ceosh.med.va.gov/ceosh/Guidebooks/EMP2005/ChETR_Plan.htm
and sample Standard Operating Procedures for External Chemical Events (Sample 6-21) and Internal Chemical Events (Saample 6-22) in Section 6 of the Emergency Management Program Guidebook. 
Factors that must be considered in implementation of the response plan include:


How many victims are involved?


Are the involved victims also injured?


Are victims exposed to or contaminated with radiation?


If victims are contaminated, is the contamination external, internal or both?


If internal contamination is involved, was the route inhalation, ingestion or penetration?


What is the radiation source?


What is the degree of radiation exposure or contamination?


What victim-specific factors must be considered?  Is a special population involved, such as infant, pregnant, elderly or frail victims, etc? 

The number of victims and method of delivery (degree of explosive force if blast involved) will be the prime determinant of the extent of response required.  A Mass Casualty Incident (MCI) (such as an accident involving radioactive materials transportation, detonation of a dirty bomb or of a conventional or improvised nuclear weapon) may require activation of the facility and community disaster plan.  An accident of limited scope within the facility may be handled primarily by facility resources in coordination with mandated regulatory agencies.  The National Council on Radiation Protection and Measurement Report (NCRP) No. 111, Section 4.5, discusses classification of radiation emergencies.

2.
Impact on Mission Critical Systems.  Contamination by radioactive particles may present a significant risk to the critical mission of the healthcare facility.  Remediation will occur after the emergency, and may be extensive and costly.  Thus, detection of radiation contamination of victims and equipment entering the facility following an event is important.  More important is the understanding that treatment of life-threatening trauma always precedes decontamination and consideration of exposure when radiation is the only contaminant.  The Medical Management of Radiological Casualties Handbook (Military Medical Operations Office, Armed Forces Radiobiology Research Institute, International Medical Publishing, Inc.  McLean, Virginia) describes the accepted principle in managing radiation victims as:  No living victim may be so radiologically contaminated so as to constitute an immediate hazard to personnel.  Techniques exist to minimize hospital contamination if victims must enter the hospital for procedures prior to final decontamination.  The handling of radiation victims’ arrival based upon the probability classification into 3 groups is helpful:  Combined (Radiation Contamination + Trauma), External Contamination and Internal Contamination.  Victims with external contamination are at risk for internal contamination leading to incorporation.  Incorporation, or uptake of the radioactive material into internal organs, occurs as a result of internal contamination and is a serious hazard to the patient.  Because victims with external contamination are at risk for internal contamination leading to incorporation, decontamination is urgently needed after patient stabilization.  Thus screening for radiation should occur as soon as life-threatening conditions have been stabilized.  

Management of contaminated materials and wastes is necessary to avoid facility and environmental contamination.  Wastewater should be contained and/or properly disposed of only after clearance by the Radiation Safety Officer (RSO).  However, concern over release of contaminated water should not delay decontamination of the victim.  All contaminated items should be bagged, preferably in sealed plastic bags; labeled; and placed in clearly marked containers.  The RSO should oversee management of all radioactive materials and items.  The importance of maintaining the legal chain of custody in these procedures must be recognized.  (For additional information, please refer to sample Chain of Custody Readiness Plan in Section 7 of the Emergency Management Program Guidebook.)

For additional information on the types of contamination and control, see Attachment A.

3.
Operating Units and Key Personnel with Responsibility to Manage this Threat/Event.  The facility Emergency Medical Response Team (EMRT) should address the radiation response component as emphasized below.  Use of the all-hazards approach to disaster management, with screening for radiation in any potentially deliberate incident, should be considered.  The RSO is a critical member of the team responding to an incident involving radiation, and involvement with the existing facility disaster response team rather than establishing a separate team should be considered.  Facilities without an EMRT may designate selected individuals for the roles and functions described below.  Designation of this function in writing to the involved individual is recommended.  The team positions delineated below are identified to facilitate handling of a radiological event with multiple victims.  In smaller events, certain positions may be combined for management with fewer team members.  

Figure 1:  Designated Radiological Response Personnel 
Key Positions and Functions
	Role**
	Function

	Security Personnel
	Secures the radiation emergency area and controls crowds.  In a Mass Casualty Incident assures facility lockdown with controlled access.  Handles chain of custody.

	Team Coordinator 
	Leads, advises and coordinates with attention to specifics of an event involving radiation.  Specifically, assures laboratory activation for initial and follow-up sampling.

	Triage Officer
	Performs triage with attention to Radiation Triage protocol.

	Patient Tracker
	Tracks and records movement of patients with suspected or known Radiation Contamination.

	Designated Physician or Senior Medical Clinician
	May function as Team Coordinator or Triage Officer.  Provides emergency medical care with diagnosis and treatment of immediate problems, with attention to acute radiation effects and interaction of radiation with trauma.  Assures referral mechanisms for follow-up of intermediate and long-term radiation effects.  

	Nurse
	Assists physician with medical procedures, collection of specimens and decontamination; assesses patient's needs and intervenes appropriately.

	Technical Recorder
	Records and documents medical and radiological data.

	Radiation Safety Officer
	Supervises all aspects of monitoring and contamination control.  Facilitates proper mandatory notification of regulatory agencies in an event.  Assures that personnel in the triage, decontamination and medical areas have sufficient monitors and training in their use and that monitoring for radiation occurs at all significant events and drills.

	Radiation Safety Staff
	Monitors patient and area.  Advises on contamination, with attention to preventing contamination of diagnostic equipment in areas patient must visit for testing or treatment.  Advises on exposure control, tracks time and dose for personnel entering area.  Maintains survey equipment and assures proper use.

	Laboratory Technician
	Assists with collection and analysis of biological samples, with specific attention to collection of initial and follow-up CBC and differential counts, and initial nasal, oral, and wound swabs. 

	Public Information Officer  (PIO)
	Releases accident information to public media.  Specific training on Risk Communication in radiation events is advised for any Public Information personnel who may be placed in this role.

	Medical Center Director
	Coordinates Medical Center response, and assures normal Medical Center operations.  Works with PIO in reassuring public with truthful and forthright communication.

	Maintenance Personnel
	Aid in preparation of the Radiation Contamination Control Treatment Area (RaCCTA).  Following event, coordinates cleanup with Radiation Safety Staff.

	Laboratory Technician
	Provides routine clinical analysis of biological samples.

	Social Worker
	Coordinates information between victims, their significant others and family.

	Chaplain
	Provides spiritual counsel and comfort to the victims, their significant others and family, with special emphasis on those victims who are terminal. 

	Human Resource Management
	In a Mass Casualty Incident involving the community, provides information to significant others or family of workers on site and acts as liaison during an extended event.

	Patient Liaison
	Provides education to the victim on the event, obtains information to answer specific questions for the patient concerning radiation and hazards, facilitates stress reduction through identifying patient needs and mobilizing the appropriate team member.  


 

** As soon as possible upon assignment to these positions, specific education on the unique features of responding to radiation events should be completed.

4.
Mitigation/Preparedness Activities of the Threat/Event.  
a.
Pre-Event Education and Planning.  Damage mitigation for a radiation/nuclear event starts prior to the event.  Because panic associated with the concept of a dirty bomb or other nuclear/radiological event may result in as much or more harm to the public than the actual radiation itself, on-going staff and public education is a significant mitigating action.  Specific education is a highly feasible mitigation strategy for this threat because of the limited number of radiological agents and the very specific technical mitigation strategies.  Such education can reduce much of the advantage of nuclear/radiological agents to terrorists and prepare hospital personnel to respond in a rational and safe manner to any event with a radiation release.  Thus, basic education on radiation should be incorporated into the annual facility-wide education program.  This education should include, at a minimum, the following components:


The nature of radiation, background versus significant exposure with the associated risks and benefits.


Recognition of the radiation hazard symbols.


Risk reduction measures.


Some information on the hospital/community protocols for handling a radiation event.


Decontamination techniques in radiation events.

 

The facility education program should be identified by Administration as a facility contribution to the public health needs of the community and nation.  Adequate pre-event planning requires a consistent ongoing effort that begins with Administrative commitment for facility preparation through team support and development.  The identification of enthusiastic interested team members with ready access to supportive administration is essential.  Following identification of these elements, a systematic program combining didactic education with mini drills, culminating in major drills, should be developed.  After expertise is developed and demonstrated in these exercises, ongoing practice to maintain the team skills will be required.  

b.
Identification of a Radiation Event.  Early identification of the presence of radiation is needed to minimize the risk to the mission of the healthcare facility by radioactive contamination.  Identification may occur through notification of the facility by community authorities, through appropriate screening of victims during their initial facility contact, or by radiation monitoring during the event.  Screening should occur whenever a victim of a possible hazardous material (HAZMAT) incident or deliberate event contacts the facility, and whenever a victim arrives at the perimeter entry point.  The screen should include an inquiry concerning whether signs or symbols indicating radiation hazards were noted and whether symptoms or physical signs of radiation injury are present.  In addition, a radiation detection instrument should be used at the decontamination site for all HAZMAT events.  

1)
Initial Facility Contact and Event Verification.  When the hospital receives a call reporting an event possibly involving radiation, certain information is needed to facilitate adequate actions in preparation for arrivals.  This information includes the number of victims, type and severity of both injuries and symptoms, whether contamination is known to be present and, if known, whether the contamination is external or internal.  This information should be collected and documented in a systematic manner, and is best achieved by a preformatted protocol.  (See Attachment B, Potential or Known Radiation Event - Initial Facility Contact Report; and Attachment C, Initial Multiple Radiation Victim Report.)  The Initial Facility Contact Report form should be completed first.  The Initial Multiple Radiation Victim Report would be used only if multiple victims are involved and if the situation allows sufficient time.  To reduce anxiety on the part of the call recipient and increase the ease and accuracy of data collection, routine “initial contact” mini-drills should be conducted using the forms.  After each contact drill, participants should be allowed to discuss their participation experience and ask for further information.  This educational practice will serve to enhance performance and calmness, should a real world event occur.

2)
Radiation Monitor Screening.  Any event involving multiple casualties that may be intentional should utilize screening with a radiation monitor to exclude the possibility of covert radiological dispersal.  The threat of a dual-release event must be considered, and only active screening at an event can exclude the possibility of radiation.  A number of radiation survey instruments are available for this purpose.  Proper utilization of these devices requires device calibration, battery maintenance and training, with emphasis on proper screening technique and avoidance of survey meter contamination.  (See Attachment D, Radiation Instrumentation and Screening.)

c.
Plan for Reception of Possibly Contaminated Victims - Facility Lockdown and Restricted Access.  In a major event involving radiological or nuclear materials, such as a radiological dispersal device or nuclear weapon, immediate facility lockdown with limitation of access may be necessary to avoid contamination of the facility and to assure continuity of operations.  Immediate facility lockdown with restricted access should be considered as part of a standing facility protocol upon notification of a radiological/nuclear event until the risk of contamination is known.  If the initial facility contact raises the question of contamination and this cannot be ruled out prior to arrival, the facility decontamination plan should be activated.  Assume victims are contaminated until this possibility is excluded by screening.  However, in a radiological or nuclear event, the purpose of this lockdown is not to exclude the entry of patients with life-threatening injuries.  The goal of lockdown in radiation emergencies is to channel patients with life-threatening conditions into the facility along designated routes to allow contamination control until the patient can be stabilized sufficiently to safely undergo decontamination.  If special traffic patterns and entrance routes are specified in this plan, be certain ambulance and other transport personnel are notified.  Some facilities may elect to use stationary pre-deployed signage or to deploy temporary directional marquis to delineate these routes.

The ratio of doors to security personnel for many facilities renders lockdown solely by security personnel impractical due to the time involved.  This difficulty can be overcome by pre-assignment of lockdown of specific doors to designated personnel by area throughout the facility.  The use of mini-drills documenting time to simulated lockdown will verify the effectiveness of the assignments and knowledge of procedures by personnel.  (Please refer to the sample Lockdown-Heightened Security Procedures SOP, Section 6, Sample 6-56, of the Emergency Management Program Guidebook, for additional information.)

Adequate planning for radiation events includes establishment of a Radiation Event Supply Inventory (See Attachment D for a suggested list), and pre-identification of appropriate areas for decontamination of patients without serious injury and for an internal radiation contamination control treatment area.

5.
Response/Recovery from the Event/Threat.

a.
Preparation for Patient Arrival and Reception.
1)
Activation Procedures.  Verify that hospital decontamination procedures are activated and that external perimeters have been secured and appropriate directional signage posted.  (Please refer to the sample Healthcare First Receiver Decontamination Readiness Plan, Section 7 of the Emergency Management Program Guidebook.)

2)
RSO Notification.  Notify the RSO to issue dosimeters, prepare instruments and mobilize nuclear medicine and other appropriately-trained staff to assist with radiation surveys.

3)
Establish Perimeter.  Prepare the Perimeter Entry Point Team with appropriate personal protective equipment (PPE).  Level C PPE with a PAPR is appropriate for decontamination procedures involving radioactive material.  However, this level of protection is not needed in many situations, and the following protective clothing is usually sufficient as described in the REAC/TS discussion under Response Team Preparation:

“Protective Clothing - The purpose of protective clothing is to keep bare skin and personal clothing free of contaminants.  Members of the radiological emergency response teams should dress in surgical clothing (scrub suit, gown, mask, cap, eye protection, and gloves).  Waterproof shoe covers also should be used.  All open seams and cuffs should be taped using masking or adhesive tape.  Fold-over tabs at the end of each taped area will aid removal.  Two pairs of surgical gloves should be worn.  The first pair of gloves should be under the arm cuff and secured by tape.  The second pair of gloves should be easily removable and replaced if they become contaminated.  A radiation dosimeter should be assigned to each team member and attached to the outside of the surgical gown at the neck where it can be easily removed and read.  If available, a film badge or other type of dosimeter can be worn under the surgical gown.  A waterproof apron can also be worn by any member of the team using liquids for decontamination purposes.

This protective clothing is effective in stopping alpha and some beta particles but not gamma rays.  Lead aprons, such as those used in the X-ray Department, are not recommended since they give a false sense of security - they will not stop most gamma rays.”  http://www.orau.gov/reacts/care.htm#Techniques.

4)
Self-Decontamination Area.  Establish or verify that supplies are available in the appropriate area for self-decontamination.  If possible, this should be a pre-selected external site.  (For further information on self-decontamination, please refer to the sample Healthcare First Receiver Decontamination Readiness Plan, Section 7 of the Emergency Management Program Guidebook.)

5)
Staff Selection.  If staff numbers allow selection of those who will work with the contaminated victims, exclude those who are pregnant or potentially-pregnant staff.  If time allows, consider obtaining a baseline CBC and differential for staff selected to work in the contaminated area and a pregnancy test, where applicable.

6)
Staff Briefing.  Brief the nurses and other involved personnel on radiation safety precautions.  Emphasize that staff risk is considered low if these standard precautions are followed.

7)
Selection and Preparation of a Radiation Contamination Control Treatment Area (RaCCTA).

a)
If possible, this should be a pre-selected internal site.

b)
The controlled area should be large enough to accommodate the anticipated number of victims.

c)
If possible, select a treatment area:


Close to the entrance used from the outside decontamination area into the hospital.


That is not critical to facility functions.


That does not contain major stationary equipment.


That is not in a frequently used traffic pathway, and that is as far away from the nursing station and areas used by other personnel as feasible with provision of good medical care.


With private sanitary facilities.


Without carpet.


Where ventilation can be controlled.  Although control of ventilation may be desirable, this is not mandatory.  If available, choose a room with a dedicated or isolated ventilation system.  However, it is considered unlikely that significant quantities of radioactive contaminants will become airborne through the ventilation system.  (Reference American Medical Association, A Guide to the Hospital Management of Injuries Arising from Exposure to or Involving Ionizing Radiation, 1984.)

d)
Remove equipment that will not be needed in treatment of the victims, and cover equipment that will remain in the room.  Large items such as tables or chairs may be covered with leak proof absorbent paper.  Saran wrap or plastic bags may be used to cover smaller items such as telephones, doorknobs, call system controls, and equipment handles.  

e)
Demarcate the controlled area with tape or floor markings.  This control line distinguishes the contaminated from the uncontaminated area.  Place a wide strip of tape on the floor around the entrance to the internal radiation treatment area.  Clearly label the contaminated and the uncontaminated areas.  The contaminated area is the controlled area.  Use a buffer zone or secondary control line for added security.

f)
Cover the treatment table or bed with several layers of waterproof disposable sheeting. 

g)
Cover the floor area with brown wrapping paper or butcher paper.  If paper is unavailable, square absorbent pads may be used.  Tape the floor covering securely to the floor to reduce the fall hazard.

h)
Line several large containers, such as waste containers or boxes, with plastic garbage bags.  Apply the Radiation Hazard label to some of these and clearly label one for contaminated disposable items, one for contaminated non-disposable items, and one for linens.  Management and labeling of biohazard waste must be in accordance with facility infection control policies.  All radiation contaminated items, including linens, clothing, etc, must be appropriately labeled and handled in accordance with standard infection control policies.

i)
Prepare for laboratory sampling of contaminated patients.  Assure that adequate CBC tubes and supplies needed for blood drawing are in the treatment area.  Nasal swabs, 24-hour urine collection jugs appropriately labeled for radiation, zip lock plastic bags with patient identification and radiation labels will be needed.  A deep tray or box lined with absorbent paper and a plastic bag to contain any spills sufficiently large to contain the urine jugs will be needed.

8)
Access Route Preparation.  Selection and Preparation of the route and access to the Radiation Contamination Control Treatment Area (RaCCTA).

a)
If possible, the route and alternates should be pre-selected.

b)
Prevent tracking of contaminants by covering floor areas.  Cover the floor area from the entrance to be used by the contaminated victims to the Radiation Contamination Control Treatment Area (RaCCTA).  This is most easily accomplished by unrolling rolls of brown wrapping paper or butcher paper.  Again, tape securely to floor to prevent falls.

c)
Restrict access to the controlled area.  Rope off the route to prevent unauthorized entry.  Tape the floor along this route to indicate the clean area outside the route.  This will aid in post-event surveying and cleanup.

9)
Preparation to Survey.

a)
Check survey instruments: test battery.

b)
Prepare survey instrument by covering probe or window with thin plastic wrap (such as Saran wrap) or a plastic baggie to avoid contamination of the instrument.

c)
Check and record the background radiation levels for the treatment area, the corridor and the facility entrance.  If your facility has an outside decontamination area, record background for it also.

d)   Review survey procedures.  (See Attachment E:  Radiation Instrumentation and Screening.)

b.
Patient Arrival, Radiation Screening, and Triage.  (See the Emergency Management Program Guidebook sample SOP on Triage During a Mass Casualty Incident, Section 6, Sample 6-49; and sample Healthcare First Receiver Decontamination Readiness Plan, Section 7.)
 

Note:
When chemical contamination is involved, the Standard Operating Procedure for chemical contamination should be used.  Chemical decontamination takes precedence over radiation decontamination.
 

1)
Perimeter Entry Point Screening and Direction.
a)
At the perimeter entry point if the patient is sufficiently stable, screen the ambulance or transportation vehicle and patient for radiation with an appropriate radiation survey meter.  Contamination is possible whenever a radiation survey meter reading above background is obtained.  Question all patients about recent nuclear medicine tests.  Depending upon the situation, consider whether Attachments B, C, D, E or F may be helpful at this point.

b)
If it is known that the patient has not been contaminated, then direct the patient through the designated clean route into the facility.

c)
f contamination is identified and the patient is sufficiently stable, direct the patient to the decontamination area for decontamination prior to entry into the facility.  However, when contamination involves only radioactive material, the patient with serious trauma or life threatening medical problems should always receive medical stabilization before decontamination.  This difference from chemical decontamination exists because of the accepted principle that radioactive contamination from a living patient will not endanger the life of a healthcare worker (reference Medical Management of Radiological Casualties Handbook: Military Medical Operations Office, Armed Forces Radiobiology Research Institute, International Medical Publishing, Inc.  McLean, Virginia).  Incorporation of a pre-decontamination trauma stabilization area into the triage plan for radiation events should be considered to address this contingency.  However, direct entry into the prepared radiation containment area should not be delayed if required for lifesaving intervention.

d)
If contamination is identified and the patient is not medically stable, if possible without significant delay or harm, remove clothing, linens, etc. prior to hospital entry.  All clothing or items removed should be bagged, labeled and handled as legal evidence.  Appropriate procedures must be followed to maintain the legal integrity of the chain-of-custody for these items.  (Refer to sample Chain-of-Custody Readiness Plan, Section 7 of the Emergency Management Program Guidebook.)  Do not delay the patient for clothing removal if the delay will compromise the patient.  Wrap the patient and stretcher in clean sheeting, and secure it to contain any contamination.  Direct the patient to the Radiation Contamination Control Treatment Area.  Transportation personnel and the vehicle should be regarded as contaminated, and should not leave until surveyed and released by the RSO.

2)
Triage and Radiation-Specific Prioritization for Victims in a Radiological Event:

a)
General Triage - Triage of victims from a radiological event should follow the same principles used in sorting victims of any incident.  Since the degree of radiation injury will not be initially apparent for many of the victims, triage criteria will be based primarily on associated injuries and complaints.  The triage method and tagging system used will vary according to local facility practices.  (Refer to sample SOP on Triage During a Mass Casualty Incident, Section 6, Sample 6-49 of the Emergency Management Program Guidebook.)  See Attachment F for a suggested Radiation Patient Intake Screening Tool that provides a quick method for screening and documentation of symptoms, signs and injuries for victims presenting from a potential radiation event. 

b)
Prioritization of Radiological Patients - General principles to assist in appropriately prioritizing patients who have been exposed to radiation include:


Combined injury patients, those with both radiation and injury, constitute the most serious patient population.  The mortality from injury may be significantly increased if the patient has received radiation.  


Decontamination, although not a medical emergency should be performed as soon as possible (ASAP) , since internal contamination and subsequent incorporation may follow.  Incorporation can result in future adverse health effects if the amount of incorporated radioactive material is high.  See Internal Contamination below.


Irradiation of the whole body or some specific body part does not constitute a medical emergency, even if the amount of radiation received is high.  Medical treatment, although needed, is not needed emergently because the effects of irradiation usually are not evident for days to weeks.  Patients with severe symptoms occurring shortly after exposure and that are related to radiation alone will most likely have received a lethal radiation dose.

c)
Severe Radiation Exposure - Victims who have received very high doses of radiation may exhibit signs and symptoms indicating the level of exposure.  Early neurological signs, such as confusion and delirium, when due only to radiation, indicate a lethal dosage of radiation.  Other signs of lethal radiation injury include a high fever, profuse vomiting and bloody diarrhea within 2 hours of exposure (nearly 100% mortality).  In a mass casualty incident such patients should be triaged as Expectant and managed as Palliative Care patients until the patients who are expected to survive have been triaged and received appropriate medical care.  (Refer to Attachment C, Initial Multiple Radiation Victim Report.)

c.
Treatment of Non-Contaminated Patients/Clean Area Patient Management.

1)
Patient Management.  On arrival in the clean area, the patient should again be questioned concerning potential exposure and, if exposure was possible, a baseline CBC and differential drawn and a baseline urinalysis obtained.  All specimens should be dated and timed.  Whenever possible, it may be helpful to obtain a historic, pre-event CBC baseline from the patient’s medical record for comparison.  (See Laboratory Involvement, paragraph f.4 below.)  A radiation survey meter should be available in the clean area; and if a question arises regarding contamination, the person should be re-screened carefully. 

2)
If Radioactive Contamination Is Discovered After Patient Has Been Admitted.  Continue attending to the patient’s medical needs.  Secure entire area where victim and attending staff have been.  Do not allow anyone or anything to leave the area until cleared by the RSO.  Establish control lines, and prevent the spread of contamination.  Completely assess the patient’s radiological status.  Personnel should remove contaminated clothing before exiting area; they should be surveyed, showered, dressed in clean clothing and be re-surveyed before leaving area.

d.
Decontamination of Radioactively Contaminated Patients Without Life-Threatening Conditions.  All patients with possible or proven contamination with radioactive materials whose medical condition is sufficiently stable should undergo decontamination prior to entry into the facility.  The purpose of decontamination is to prevent or reduce incorporation of the material (internal contamination), to reduce the radiation dose from the contaminated site to the rest of the body, to contain the contamination, and to prevent it’s spread (REAC/TS).  Removal of clothes is estimated to remove over 80% of external contamination, with some sources stating this removes over 95%.  Decontamination with water or soap and water should then follow, including the hair and all portions of the body.  Shampoo with conditioner or soap with lotion conditioners should not be used, as conditioners may increase radiation particle adherence.  The teeth should be brushed, and mouth and nose rinsed.  Swabbing the nostrils and mouth prior to rinsing for documentation of radioactivity is preferred.  Even if radioactivity is totally removed from the mouth and nose by rinsing, radioactivity on swabs from these areas indicates the probability of internal contamination through inhalation or ingestion.  After decontamination, the victim should be re-screened with a radiation detector (usually a GM meter), and any areas still positive for radiation so indicated with indelible pen.  Thus, decontamination follows the same procedure as for chemical decontamination with the following exceptions:

1)
Medical Priority:  Patients with radioactive material contamination should always have life-threatening conditions stabilized before decontamination.

2)
Radiation Decontamination Cycle:  The pattern of decontamination for radioactive material contamination is a repetitive cycle of survey, scrub, rinse and resurvey.  For each cycle, the survey count should be dropping.  The goal is less than 100 counts per minute over an area of 10 square cm, or until further reduction is not achieved.  Continue the survey, scrub, rinse and resurvey procedure until this goal is reached.  If this goal cannot be reached, then contain the area with a sealed plastic dressing and obtain professional assistance.  The continued presence of radioactivity may indicate an imbedded radioactive fragment or other internal contamination.  Marking around the site with an indelible pen will allow for ready localization of the site for repetitive decontamination efforts. 

3)
Radiation Safety Principles:  Safety criteria for workers in the contamination area are based upon the three protective factors which limit radiation exposure:  Time, distance and shielding.  Accurate tracking of personnel and time served in the contaminated zone is essential for safety.  Personnel should be rotated frequently to minimize time of exposure, and a record of time spent maintained for permanent records.  Distance is a major factor in reducing exposure, so personnel working in the decontamination area should remain as far from the victim as is possible without limiting the decontamination efforts.  Special shielding other than usual decontamination gear is not usually warranted in the decontamination area.  Any radioactively contaminated objects that must be handled should be handled with forceps or tongs with as long a handle as is available and feasible.  Even centimeters can significantly reduce radiation exposure from many sources.  

e.
Management of Contaminated Materials.

1)
Contaminated water or fluids should be contained and/or released only after clearance by the RSO.  However, concern over release of contaminated water should not delay decontamination efforts.

2)
Clothing, jewelry, and other contaminated items should be bagged preferably in sealed plastic bags, labeled, and placed in clearly marked containers.  Uncontaminated items should be labeled for identity and stored separately.  (Please refer to the sample Chain-of-Custody Readiness Plan, Section 7, in the Emergency Management Program Guidebook.)

3)
If a contaminated patient uses a toilet, it should be flushed three times and the RSO notified for screening/cleansing.  

f.
Management of the Contaminated Injured Patient in the Radiation Contamination Control Treatment Area.

1)
Procedures in the Radiation Contamination Control Treatment Area (RaCCTA).  [See above sections also on Protective Clothing discussion and Selection and Preparation of a Radiation Contamination Control Treatment Area (RaCCTA).]  The following control measures should be used to minimize the spread of contamination and control exposure:

a)
Use of strict isolation precautions, including protective clothing and double bagging.

b)
At a minimum, protective clothing for staff should include gowns, double gloves surgical masks with eye shield, caps, boots.  If available, gowns should be water resistant.

c)
Staff should wear radiation dosimeters, if available.

d)
Change outer gloves whenever the potential for contamination has occurred.  Many gloves will be needed for multiple changes.

e)
Change instruments, drapes, etc., when they become contaminated.

f)
Double bag all contaminated items, including shrapnel and other embedded items, and clearly label with victim identification, date and time.  Chain-of-custody procedures should be followed.  Plastic bags in all sizes will be needed for bagging contaminated items.  Place metallic shrapnel in a lead-lined container, if available.  If a lead-lined container is unavailable, move radiation-contaminated shrapnel to a location at least six feet away from personnel.

1.
Use waterproof materials to limit spread of contaminated liquids

2.
Use plastic-lined containers for clothing, linens, dressings, etc, to control waste.

3.
Control ventilation as possible.

4.
Designate a secured storage area for wastes (outside hospital).

5.
It may be helpful to establish a “safe line” in the room containing a contaminated patient who will be there for some hours and may need staff in the room but not in actual contact.  Seek the RSO’s assistance in establishing this line, which can be marked on the floor with tape.

2)
Patient arrival and order of treatment priority.  (See preceding paragraphs also.)  Patients who have been identified with life-threatening injuries requiring stabilization prior to decontamination may arrive with their clothing intact or partially or totally removed depending on the situation prior to arrival to the RaCCTA.  Upon arrival, stabilization with attention to the ABCs of life support assumes priority over any decontamination efforts.  (See Attachment J, General Order of Medical Care for the Contaminated Injured Patient.)  The approximate order of priority for patient medical management is:

a)
First aid and resuscitation - attend to the ABC’s and emergency treatment protocols to obtain medical stabilization.

b)
Medical stabilization with attention to defining all injuries.

c)
Definitive treatment of serious injuries or life-threatening medical conditions.

d)
 Prevention/minimization of serious injuries.

e)
Assessment of external contamination and decontamination.

f)
Treatment of other minor injuries.

g)
Containment of contamination to treatment area.

h)
Minimization of external radiation to treatment personnel.

i)    Assessment of internal contamination.

j)
Treatment of internal contamination.  (Note:  Contaminated patients admitted with an airway or endotracheal tube must be considered to be internally contaminated.)

k)
Assessment of local radiation injuries/radiation burns:  Note:  Burns from radiation usually develop days to weeks later.  Initial signs of erythema (redness) should be recorded as possible indication of exposure sites, but this initial redness is usually from dilation of blood vessels rather than a true burn and usually disappears after several hours.  Burns present initially are usually thermal or chemical.

l)
Long-term follow-up of patients.

m)
Counseling of patients and family members about long-term effects and risks (Reference NCRP 138).

Although resuscitation and medical stabilization take priority, attention to the method of clothing removal, when necessary during medical care, may minimize the spread of contamination.  Cut clothing with minimal disturbance of the cloth, rather than ripping or unsnapping.  Roll the cut clothing so the outer surface is wrapped inward, thus containing the contamination.

3)
Baseline essential diagnostic testing.  Collect, date and time, and process patient specimens using spill precautions for:

a)
Blood for CBC and DIFF.

b)
Baseline urinalysis.

c)
Urine, 24-hour collection.

d)
Swab each nostril and collect the swabs in separate, labeled containers.

e)
Swab each wound separately and label swabs.

f)
Emesis.

g)
Sputum, if significant quantity is being produced.

h)
Feces, 24-hour collection.

i)
Send the urine, feces, emesis, sputum and individual swabs for radiation counting.

j)
All urine from contaminated patients should be collected in appropriately labeled 24-hour urine collection containers.  Keep these containers in a deep tray or box lined with absorbent paper and a plastic bag to contain any spills.  Contact the RSO for appropriate shielding for the collection box.  If shielding is not available, store this at least 6 feet from any working area with personnel.

4)
Laboratory Involvement:  In an event with possible radiation victims, prediction of both severity of illness and future survival depends upon the total dose of radiation exposure.  The most critical information for estimation of this radiation exposure dosage is the rate of decline of the total lymphocyte count (TLC), which is obtained from a CBC with differential count.  Thus, deployment of a laboratory technician for immediate drawing of a stat CBC with differential count with notation of date and time for each victim is helpful.  The TLC from the time closest to the actual exposure will serve as the post-event baseline.  Each radiation exposure victim that remains on site for 3 to 6 hours should have a second CBC with differential drawn, with repeat testing every 3 to 6 hours for the first 48 hours.  This TLC count is plotted against time and compared with the Andrew’s nomogram for estimation of the severity of exposure.  If after 48 hours the TLC has not fallen significantly, the possibility of a significant radiation exposure can be excluded for that patient.  The CBC and TLC data should accompany the victim wherever he/she is transferred.

a)
Most current hematology analyzers automatically calculate the absolute lymphocyte count.  When the instrumentation does not have this automated function, the TLC is obtained by multiplying the total White Blood Cell (WBC) count by the percentage of lymphocytes from the differential cell count.  

b)
Whenever possible, a historic pre-exposure baseline should be obtained from the patient’s medical record for comparison purposes to exclude a preexisting low baseline TLC.  Most adults have a normal white blood cell count (WBC) in the 5000 to 10,000 cells/ccm range, but some ethnic groups tend to have significantly lower levels (2,500 to 5,000 cells/ccm) without adverse effects.

c)
The most accurate assessment possible for prediction of survival probability can be achieved through combining this quantitative information with the symptomatic and historical information.  Chromosomal analysis can be added at a later time, preferably drawn at 24 hours (or thereafter) post-exposure, as confirmatory data.  (See Attachment K, Cytogenetic Assessment of Radiation Dose.)

d)
Urine and fecal samples should be obtained in the emergency area, and the RSO contacted for instructions on storage and sampling for legal and medical data.  After the initial baseline urinalysis is obtained, all subsequent urine from contaminated patients should be collected in appropriately labeled 24-hour urine collection containers.  Keep these containers in a deep tray or box lined with absorbent paper and a plastic bag to contain any spills.  Contact the RSO for appropriate shielding for the collection box.  If shielding is not available, store this at least 6 feet from any working area with personnel.

5)
Decontamination of injured patients.  Injured patients contaminated with radiation require decontamination after stabilization.  Wounds should be decontaminated first to reduce absorption of radioactive material, and because the open tissue is more easily damaged by radiation or chemicals.  Care must be taken not to recontaminate the wound during further decontamination.

a)
The order of decontamination for the body is:

1.
Wounds.

2.
Orifices.

3.
Areas of high contamination.

4.
Areas of low contamination.

b)
Wound Care - Irrigate open wounds and cover with sterile dressing.  For a procedural demonstration of wound care go to http://www.orau.gov/reacts/procedures.htm.

c)
Intact Skin - It is important not to damage intact skin with overly aggressive decontamination, as broken or irritated skin will allow increased damage to tissue by radiation and increased absorption of any chemicals that are present.

d)
Decontamination should include the following:

1
Survey and mark radioactive areas with waterproof marker.

2.
Brush teeth and rinse mouth frequently if oral contamination.

3.
Soap and water showering (including hair).  Note:  Do not use a shampoo or soap that includes conditioner or moisturizer, as these can increase the binding of radioactive materials.

4.
Repeat the survey.  The goal is less than 100 counts per minute over an area of 10 square cm, or until less than twice background, or until further reduction is not achieved.  The cycle used is to survey, scrub, rinse, and resurvey until this goal is reached. 

5.
If this goal cannot be reached, then contain the area with a sealed plastic dressing and obtain professional assistance.

6.
This decontamination procedure is effective for mixed radiation/chemical contamination.  However, the chemical decontamination protocol should be followed when it is known that chemicals are involved.

g.
Special treatment considerations for the irradiated patient. 

1)
The principle of wound closure in the irradiated patient.  Debride and close wounds primarily rather than allowing to heal by secondary intention, if at all possible.  The usual principle for contaminated wound management in the trauma patient is to leave the wound open and allow it to heal by secondary intention.  However, wound healing is compromised following radiation, and an open wound serves as a potential site of fatal infection.  Even if extensive debridement or surgery is required to allow early closure, this may significantly reduce the risk of fatal infection from the site.  

2)
Window for invasive repair procedures in the irradiated patient.  Wound and burn care, surgery and orthopedic repair should be done in the first 48 hours or delayed for 2 to 3 months.  Many patients who have suffered trauma (from an explosion or burn) combined with an acute exposure to penetrating radiation will have an increased chance of dying as compared to patients who have suffered from the same dose of radiation without trauma.  If a patient has received an acute dose greater than 200 rads, efforts should be made to close wounds, cover burns, reduce fractures and perform surgical stabilization and definitive treatments within the first 48 to 72 hours after injury.  After 48 to 72 hours, surgical interventions should be delayed until recovery of the hematopoietic system and tissue repair processes, usually a period of 2 to 3 months.

3)
Referral for specialized consultations.  Consultation with specialists in hematology/oncology, radiation, and infectious disease should be obtained as indicated.

4)
Extent of radiation injury from exposure.

a)
Exposure to high levels of penetrating radiation can involve the whole body (uniformly or non-uniformly), a significant portion of the body, or a small, localized part.  The exposure can be acute, protracted, or fractionated over time.

b)
Local Injury - Most radiation injuries are local injuries, frequently involving the hands.  These local injuries seldom cause the classical signs and symptoms of the acute radiation syndrome.


Consider local radiation injury in the differential diagnosis if the patient presents with a skin lesion without a history of chemical or thermal burn, insect bite, or history of skin disease or allergy.  If the patient gives a history of possible radiation exposure (such as from a radiography source, X-ray device, or accelerator) or a history of finding and handling an unknown metallic object, note the presence of any of the following: erythema, blistering, dry or wet desquamation, epilation, ulceration.  Local injuries to the skin evolve very slowly over time and symptoms may not manifest for days to weeks after exposure.


Conventional wound management is usually ineffective in these cases.  Consultation with experts regarding definitive diagnosis, tissue dose, treatment, and prognosis is recommended.

 

c)
Generalized radiation exposure.  When an extensive area of the body is involved, systemic effects are more likely and depend both on the body area and site and the radiation dose.  [See Acute Radiation Syndrome (ARS), paragraph 6 below.]

5)
Prevention and Treatment of Internal Contamination and Incorporation.  Treatment of internal contamination should be addressed quickly, since incorporation, the actual entry of radioactive materials into the cell, may follow and can result in future adverse health effects.  Radioactive materials are processed by the body in the same manner as materials that are not radioactive.  The amount of radiation that is incorporated depends on the physiological status of the patient as well as the physical and chemical nature of the contaminant.  The rate of incorporation is variable, and can occur rapidly within minutes, or slowly over days to months.  Thus, time can be critical and treatment (preventing incorporation and enhancing decorporation) urgent.  Several methods of preventing incorporation (e.g., catharsis, emesis, gastric lavage, diluting and alkalinizing medications) might be applicable depending upon which radioactive material was involved, and can be prescribed by a physician.  Some of the medications or preparations used in decorporation should be stocked locally.

If the event involved a nuclear release, then Potassium Iodide (KI) may be used as a blocking agent to reduce incorporation of radioactive iodine.  Most people have heard about KI pills for use in nuclear accidents.  However, many people do not know when this is indicated, when it will not work and when it should not be used or used with much caution.  KI is usually indicated when given within 3-4 hours of radioactive Iodine plume exposure.  It is effective only in preventing the uptake of radioactive iodine by the thyroid gland.  Only one dose is necessary, unless exposure continues due to the short half-life of radioactive iodine, which results in its quick decay.  If exposure to radioactive iodine is prolonged, the dose may be repeated once each 24 hours except in infants, nursing mothers and pregnancy.  KI may produce severe hypothyroidism with resultant mental retardation in the unborn and in infants.  When it is used in these conditions, a physician should guide the treatment and follow the TSH; and if this is abnormal, the Free T4.  Because KI should be avoided in certain conditions, it is advisable when time permits for the victim to consult their physician prior to taking this medication.

If internal contamination is suspected or has occurred, obtaining biological specimens is crucial.  (See baseline essential diagnostic testing, paragraph f.3 above.)  The contaminated patient admitted with an airway or endotracheal tube must be considered to be internally contaminated. 

Decorporation is the process of releasing radioactivity from the body; and certain medications are known to increase this, thus reducing the harmful effects of the radiation.  Some of the medications or preparations used in decorporation might not be available locally, and should be stocked when a decontamination station is being planned and equipped.  Examples of specific agents used for selected radionuclides are given in Attachment G.  Expert guidance is available from NCRP 65, Poison Control Centers, or call REAC/TS (865-576-3131) or the 24-hour emergency number (865-576-1005).  Please refer to the REAC/TS website for more information on decorporation agents, such as Prussian blue and DTPA compounds.

6)
Acute Radiation Syndrome.  Acute radiation syndrome (ARS) is an acute illness caused by irradiation of the whole body (or a significant portion of it).  It follows a somewhat predictable course and is characterized by signs and symptoms that are manifestations of cellular deficiencies and the reactions of various cells, tissues, and organ systems to ionizing radiation.  The acute radiation syndrome is produced if enough radiation reaches enough sensitive tissue.  Important factors in development of ARS are a high dose, a high dose rate, penetrating irradiation, and the degree of body exposure.  The source of radiation does not matter if the dose is high enough; it will produce the same effect (i.e. reactor, nuclear weapon, industrial source, medical therapy source). 

Immediate, overt manifestations of the acute radiation syndrome require a large (i.e., hundreds of rem, usually whole-body) dose of penetrating radiation delivered over a short period of time.  Penetrating radiation comes from a radioactive source or machine that emits gamma rays, X-rays, or neutrons.  The signs and symptoms of this syndrome are non-specific and may be indistinguishable from those of other injuries or illness.

The ARS is characterized by four distinct phases: a prodromal period, a latent period, a period of illness, and one of recovery or death.  During the prodromal period patients might experience loss of appetite, nausea, vomiting, fatigue, and diarrhea; after extremely high doses, additional symptoms such as fever, prostration, respiratory distress, and hyperexcitability can occur.  However, all of these symptoms usually disappear in a day or two, and a symptom-free, latent period follows, varying in length depending upon the size of the radiation dose.  A period of overt illness follows, and can be characterized by infection, electrolyte imbalance, diarrhea, bleeding, cardiovascular collapse, and sometimes short periods of unconsciousness.  Death or a period of recovery follows the period of overt illness.

In general, the higher the dose the greater the severity of early effects and the greater the possibility of late effects.  Depending on dose, the following syndromes can be manifest:


Hematopoietic Syndrome - characterized by deficiencies of WBC, lymphocytes and platelets, with immunodeficiency, increased infectious complications, bleeding, anemia, and impaired wound healing. 


Gastrointestinal Syndrome - characterized by loss of cells lining intestinal crypts and loss of mucosal barrier, with alterations in intestinal motility, fluid and electrolyte loss with vomiting and diarrhea, loss of normal intestinal bacteria, sepsis, and damage to the intestinal microcirculation, along with the hematopoietic syndrome.


Cerebrovascular/Central Nervous System Syndrome - primarily associated with effects on the vasculature and resultant fluid shifts.  Signs and symptoms include vomiting and diarrhea within minutes of exposure, confusion, disorientation, cerebral edema, hypotension, and hyperpyrexia.  Fatal in short time.


Skin Syndrome - can occur with other syndromes; characterized by loss of epidermis (and possibly dermis) with “radiation burns.”  

 

(For further details on management of ARS, see Attachment I.)

The most important clinical laboratory test to obtain is a STAT CBC with differential.  Repeat in 4-6 hours, then every 6 to 8 hours for 24 to 48 hours.  Look for a drop in the absolute lymphocyte count if the exposure was recent (see Attachment I).  If the initial WBC and platelet counts are abnormally low, consider the possibility of exposure a few days to weeks earlier.

h.
Management of the Dead:

1)
Cadaver storage will depend upon the number of victims and amount and type of contamination.  Consult with the RSO for determination of the safety of storage in the usual morgue area and whether decontamination of the body/bodies is needed.

2)
Autopsies, Embalming, Burial and Cremation:  Consult with the RSO for determination of relative risk for the specific victim.  Most victims with low-level radiation contamination can be safely autopsied with appropriate contamination control techniques and protective clothing.  The time of exposure may be limited by rotating the individual performing the post-mortem examination.

i.
Event Follow-up should be coordinated with or directed by the RSO and include:

1)
Personnel follow-up:  Measurement of the incorporated radiation burden of all personnel who were involved in the event should be considered if internal radioactive contamination was involved.  For example, if radioactive iodine was the isotope involved, the thyroid burden should be measured.  Which procedures, if any, are applicable should be determined in consultation with the RSO.

2)
Collection of waste for disposal, decay-in-storage or decontamination.

3)
Decontamination and survey of the involved areas.  Before returning any of the radioactive contamination control area to usual function, it must be decontaminated and released by the RSO.

4)
Removal of Radioactive signage should occur only after clearance by the RSO.

j.
Psychological Stress in Radiation Events:  Anxiety and psychological stress should be anticipated in both patients and staff.  Anticipate that the majority of patients who present from an event involving radiation will be experiencing acute anxiety and are at risk for both acute psychological stress and post-traumatic stress disorder.  Adequate information provided early in the course of the event may alleviate some of this emotional/ psychological reaction and reduce the risk of subsequent post-traumatic stress disorder.  Brief the patient on the anticipated screening procedures, and provide the opportunity to ask questions.  If you do not know the answers, take the patient’s name and contact information and assure him/her that you will have someone provide the information to him.  Do this only if you will follow-up and verify that this is done.  A patient liaison is helpful for this purpose.  Staff and patients should both receive after-action debriefing and counseling to reduce the risk of Post-Traumatic Stress Disorder (PTSD).  Although the risks and benefits of debriefing and counseling have not been definitely documented, at this time it is thought these are most likely beneficial.

6.
External Notification Procedures.

a.
Notification requirements and pathways are determined by the amount and type of radioactive material involved, the quantity of exposure, and the circumstances in which the incidents occurred.  The RSO for the facility will identify the appropriate regulatory agencies requiring notification and coordinate this with the Medical Center Director.  

b.
Radiation emergencies requiring activation of the Emergency Plan may need to be reported to:  the VISN, the VA National Health Physics Program (NHPP), the State Radiation Control Program, the Nuclear Regulatory Commission (NRC) and OSHA, depending upon the specific circumstances.  Consult the RSO for reporting requirements.  

c.
Community Entities.  If the nature of the event could affect the community, contact:


State/Local OES.


State/local Health Department (or entity assigned responsibility for radiation control).

7.
Specialized Staff Training.  Each member of this team should be familiar with the hospital’s written plan and be required to participate in scheduled drills.  More frequent drills (quarterly or semiannually) should be considered by subgroups such as decontamination, triage, or radiological monitoring.  Special training must be instituted to accommodate staff turnover.

The training should include demonstrations and actual hands-on use of equipment, as well as classroom instruction.  Technical staff should be aware of the additional resources and current information referenced in this SOP.  The emergency plan training program should also include training, as needed, for those outside agencies which may be required to respond to an emergency, such as police, fire, ambulance and emergency medical personnel.  This training should include specific instruction in the institution's procedures for notification, basic radiation protection, site access and the expected roles of the trainees.
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