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Introduction

DISCOVERIES’ primary purpose ha s been to  establish an integrated prehospital and hospita l 

telemedicine test be d at Loma Linda University  Medical Center.  This te st b ed facilitate s 

research into prehospital care, which is critical to providing timely, evidence-based medical care 

to the wou nded soldie r on the ba ttlefield.  D uring the p ast 30 year s, prehosp ital care has 

experienced explosive development and growth.  Despite this considerable growth, there  

continues t o be a lack of adequ ate evidenc e on how emergency medical ser vices (EMS) 

systems influence patient outcomes for most medical conditions, and how they affect the overall 

health of the communiti es they serve.  Estab lishment of a prehospital  test bed will provide an  

opportunity for military a nd civilian o rganizations to determine the medical and econ omic value 

of new technologies in an urban, rural, and wilderness prehospital setting.  Significant 

accomplishments include: the e stablishment of  a Center f or Prehospital Care, Ed ucation, and  

Research; development of an Emergency Medical Services Fellowship; and imple mentation of  

an automat ed prehospital data collection system.  Additionally, the pro ject has produced two  

technologies that will enhance the emergenc y response in critical i ncidents:(1) an off-roa d 

capable Mobile Telemedicine Vehicle (MTV),  and (2) the Advanced Emergency Geographic 

Information System (AEGIS).  Both of these  technologies allow real- time information to be 

available to incident managers an d res ponders to improve conseque nce management. The 

project also included three research protocols examining the efficiency and satisfaction of use of 

the electronic medical record, and the use of telemedicine in a nursing home population. 
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Body

Scientific Progress in Terms of the Tasks or Objectives Listed in the Statement of Work 
for this Contract 

Task 1: Create The Center for Pre-hospital Care, Education, and Research (CPCER) 

Milestones 1: Hire Personnel 

Milestone 2: Obtain/Occupy Space 

Milestone 3: Grand Opening of Center with Website  

Milestone 4: Begin EMS Fellowship Program  

Optimal patient care prior to arrival at the hospital does not exist in a va cuum.  Ideal prehospital 

care is inextricably linked to 

education of prehospital care 

providers and o utcomes-based 

research.  This is reflected in the 

document, the EMS Ag enda for the 

Future. This document united the 

many professional groups 

participating in EMS with th e 

common goal of improving system 

performance.  The National Highway 

Traffic Safety Administration 

(NHTSA), which has been responsible for creating national standa rds for EMS education, 

operations and system development since the 1970s, supported the creation of this consensus-

based national EMS strategic plan.  It was clear to these experts that E MS treatments must be 

based on evidence if we are to improve patient outcomes and overall community health. 1 

Critical to th e education of prehospital providers is the need  to include “ knowledge translation” 

into their pr actice.  Mo st EMS pro fessionals, however, are not traine d to critically evaluate 

whether evidence supp orts the u se of new tr eatments.  The Center for Prehospital Care, 

Education, and Research (CPCER) promotes t he concept that EMS p hysicians should provide 

prehospital personnel with the tools to link clin ical research to clinica l care.  This will lead to a 

5 



culture within EMS of promoting research and demanding evidence be fore implementing new  

system modifications, medications, or other the rapies.  As EMS care continues to evolve and  

become more sophisticated, the need for high quality education for EMS personnel is essential. 

Task 1  of DISCOVERIES, to est ablish the Center for Prehospital Care, Education, and  

Research, h as worked t o accomplish this goal.   The established Center offers a coordinated 

approach to prehospital care, education, and research fro m the schools of nursing, medicine,  

allied health, and the  academic healthcare cent er, which currently offer services to prehospital 

personnel.  An office where prehospital per sonnel can r egister for classes, ha ve questions 

answered, or get updated about upcoming events was established. 

Or, “one sto p shopping” via our website, www.lluems.com, gives 24 hour access.  The Center 

provides a centralized  resource th at can assist prehospit al care pro viders and others with  

continuing education, patient care issues, and research related to the prehospital environment. 

6 
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An additio nal outco me of this task was the  

establishment of an Emergency Medical Services 

Fellowship.  Offered to emergency medicine physicians 

who are interested in increasing t heir knowledge of 

prehospital systems by additional training, we have had 

three fello ws successfully complete their t raining. 

These fello ws work closely with EMS personnel to  

provide medical direction and research 

opportunities.  Projects developed by the fellows, in 

conjunction with the achievemen ts of  

DISCOVERIES, include quality assurance activities 

as well as e valuation of  new and e xisting policies,  

procedures, technologies, and equipment.   

Fellows 

have man y 

opportunities to be involved in EMS activities,  including  

Air Rescue, Event Med icine (in cluding major concerts,  

motocross and NASCAR races, an d the Baja 1000) at 

many of the local venues as well a s internationally, and 

disaster drills and regional exercises. 

Task 2: Develop and Implement an Integrated Hospital and Prehospital Data Collection 
System for a Telemedicine Test Bed 

Milestones 5: Begin Prehospital Automated Data Collection 

Milestone 6: Go Live with Wireless Emergency Department Documentation  

Milestone 7: Go Live with Integrated Hospital and Pre-hospital Data Collection 

Millions of dollars are being spent in EMS for care that isn’t evidence based.  W hat we once  

thought made sense doesn’t once it  is rigorously studied.  However, many barriers to obtain ing 

the evidence exist--diverse EM S systems with different medical pro tocols nationwide, no 

standardized EMS data set, most EMS data collection is via a paper r eport, and d ata from the  

numerous care providers is not linked.  For several years the National Highwa y a nd Traffic 
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Safety Agency (NHTSA) has called for outcomes-based re search in  EMS with clear ly defined  

and proven methodologies.2 In response, the Emergency Medical Services Outcomes Projec t 

(EMSOP) has focused its efforts on  recommending methodology and outcomes that could  be 

used to a ssess effectiveness of E MS care. 3  They have recommende d six gener al outcomes 

categories f or use a s b enchmarks in EMS res earch and include impr oving survival, limiting  

disability, alleviating discomfort, increasing sa tisfaction, an d cost-effe ctiveness.  E MSOP also  

developed a set of e mergency medical con ditions tha t they felt sh ould take p recedence in  

outcomes research.  The outcome measure judged to be most import ant for man y conditions 

was not survival, but relief of discomfort.  Unfortunately, most research in EMS does not use this 

methodology.  A revie w of the EMS literature found th at retrospe ctive and case serie s 

predominated.  Very rarely were meaningful outcomes reported.4  

EMSOP al so indicate d that outcome mea sures are a function  of both the treatme nt 

characteristics and the  risk adju stment variables 5,6.  The authors not e, for example, that to  

determine if prehospital CPR affects survival, one must know specifics about the treatment,  

such as who was perfo rming CPR and what technique they were using.  One would also  need 

to know about risk adjustment variab les to put the outcome in context, such as whether or not 

this was a  witnessed a rrest, the a ge of the p atient, and/ or the presence of oth er medical 

conditions.  The effect of the treatment intervention on the outcome measure can only be 

interpreted in the context of these risk adjustment variables.  Without meticulous data collection 

this cannot be accomplished.  The EMSOP a uthors note that without such risk adjustment 

measures “the information available from current out-of-hospital databases will be insufficient to 

answer outcomes questions.”  Obtaining risk ad justment measures will r equire “linkage of data  

from e mergency department, inpatient, outpatient, and in some cases, autopsy records…” 

Findings from the natio ns EMS Research Age nda echo these sent iments.7 There  is a  call for 

integrated information systems, increased research funding, and better consent mechanisms for 

research participation.  Establishment of an  integrated system that links the prehospital record  

with the emergency department and hospital records is  necessary to perform research into t his 

vital area.  The DISCOVERIES Project, throu gh Task 2, allowed for collection and analysis of  

risk adjustment and outcomes variables in a variety of patients and settings. 

General consensus from the regio nal EMS agencies was to  purchase hardware and software 

from HealthWare Solutions for the electronic prehospital data collection tool.  The  participating 

agencies were selected  for their diverse geographic locat ions and have collectively created a  
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test bed re presentative of urban, rural, and wilderness environments.  The ag encies hav e 

received and implemented the electronic system into their prehospital patient care.  Additionally, 

Inland Counties Emergency Medi cal Agency (ICE MA), t he governing body of EMS in Sa n 

Bernardino County, CA sought and  received approval for a Departme nt of Homeland Security 

(DHS) grant to complete the HealthWare Solutions integration after DISCOVERIES started the 

pilot program, thus e xpanding the current system to all th e local agencies.  Currently, the local 

paramedic educational centers in clude training in  the data collect ion system so that all 

graduating paramedics will be able to utilize the system.  This expansi on of the pr ogram was a  

direct result of the initial efforts by the DISCOVERIES Project. 

The Emergency Department electronic real-tim e physician documentation system is now well-

established.  This syste m allows the emergency physician to do electronic bedside order entry,  

histories, a nd physical documentation.  While  historically this has b een done o n paper or 

dictated, electronic capture of this data will allow a completely searchable integrated prehospital 

and hospital database to be utilized for outcomes-based research projects.   

The integrated prehospital and hospital data collection system also included the development  

and implementation of an interface  between the prehospit al data collection devices and the  

hospital medical record.   This interface allows all patient in formation to reside in one database,  

facilitating retrieval for research.  T his system has been completed and tested.  In the future , 

when all county agencies are equipped with electronic record capabilit y through the DHS grant, 

data collection on a county-wide basis can be initiated.  This will result in an incredible database 

for outcomes research. 

Task 3: Create a Regional Emergency Telemedicine Command Center and Network 

Milestone 8: Start Using Integrated Pre-hospital Geographic Information System 

Milestone 9: Successful Telemedicine Consult with Prehospital Site 

Milestone 10: Trial Mobile Emergency Telemedicine Equipped Response  
Vehicle   

Access to timely and  a ppropriate medical care is currently limited for large segments of the  

population.  Several fa ctors have contributed to this problem, including closur e of man y 

emergency departments and acu te care ho spitals, an expanding population , increasing 

numbers of uninsured patients, skyrocketing physician liability rates, and shortage of nursin g 
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staff.  Additionally, medical expertise tends to  be centralized in large urban centers, leaving  

many smaller and rural areas underserved.  

Loma Linda University Medical Center (LLUMC) is  in an ideal positio n to address this proble m 

via the use of telemedicine.  Currently the Emergency Department provides medical direction for 

over 2,000 advanced life support (ALS) scene calls per  month as a paramedic base station.  All 

contacts are originated  by para medics and co mmunications is via an 800 MHz t runked radio  

system or cellular phon e.  In addition, LLUMC receives approximatly 300 patients each month 

that are transferred for higher level of care from outlyin g emergency departme nts, nursing 

homes, military bases, jails, and oth er facilities.  One aim of the project was to demonstrate the 

capability of  a telemedicine connection to preh ospital and transferring facilities.   This would 

permit earlier specialist  evaluation of patients, improving p atient care,  avoiding unnecessary  

transfers, and resulting in better resource utilization. 

With this is mind, the DISCOVERIES project created a regional Emergency Telemedicine  

Command Center (ETCC) and net work. 

The ETCC established a telemedicine  

‘hub and spoke’ syste m to ma ximize 

and leverage all the health care 

resources available at Loma Linda 

University Medical Center and pr ovide 

real-time telemedicin e consult ation 

service to  nursing  homes, mass 

gatherings, disaster  scenes,  and 

underserved areas.  This capability has 

been successfully demonstrated in multiple settings, includ ing a local nursing home and urgen t 

care clinic.  DISCOVERIES has al so worked 

with other University and Medical Center  

groups to establish a telemedicine connection 

to multiple clinics and emergency 

departments throughout Southern California. 

The Emergency Telemedicine Command Center 
at Loma Linda University Medical Center
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As one ‘spoke’ of this network, DISCOVERIES developed a Mobile Telemedicine Vehicle (MTV) 

prototype for emergency and disaster response.  This vehicle, off-ro ad capable and outfitted  

with state-o f-the-art sat ellite communications and telemedicine con nectivity, can connect the  

ETCC with f ield resources at disast er incidents.  Additionally, the MTV  has all the state-of-the-

art technology of the ETCC, allowing it to function as a mob ile command center in the event the  

emergency department or hospital is involved in a disaster.  Specialized com munications 

enhancements within th e MTV provide a “bridg e” between various communications equipment 

(800 MHz radios, cellular, HAM, etc.) that results in interoperability among various agencies and 

communications hardware involve d in incide nt response. Additional medical equipment,  

including tel eradiology, provides the ability to assess and  treat patients and support triage  

activities, both in situ and via telemedicine  to th e LLUMC emergency department.    Disa sters 

that result in multiple casualties, interruptions in transpo rtation networks, communication  

infrastructure failures, a nd issues of  contamination may cre ate an environment whe re it is not  

possible to  bring patients to the emergen cy department.  Seve ral authors  8-13  have 

recommended using telemedicine to assist  with triage and  provide care or consult ation during 

such disasters.  The MTV can help with all of these functio ns, as well as provide an adjunct to, 

or even replacement of, an area’s communication system.  The MTV has been tested at multiple 

venues, including NASCAR events  and the American Mo tocross Association races.  The MTV 

had its first actual deployment to th e Esperanza Fire, where patients were seen, treated, and 

discharged at the site, eliminating unnecessary transports to lo cal emergency departments and 

allowing responders to return to the field.  More information about the MTV can be accessed at 

 http://video.google.com/videoplay?docid=8335735774831241047. 

Integral to responding to emergency situation s is the ab ility to provide useful, up-to-date 

information about the incident.  DISCOVERIE S has developed an emergency medi cal services 

(EMS) to ol using  geographic 

information systems (GIS) that 

integrates b oth static a nd dyna mic 

data into a “smart map.”  This 

Advanced Emergency Geographic 

Information System (AEGIS) allows  

the user to view information such as 

topographic maps, jurisdictional 

boundaries, location  of resource s 
AEGIS® screen showing topographic map with location 
of hospitals, medical response ambulances and 
helicopters, as well as real-time highway traffic video. 
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(e.g. hospit als, fire stat ions, police departments,) and majo r venues in  an integrated graphic.  

Dynamic la yers, includ ing real-tim e helicopte r, ambulance, and fire apparatu s loca tions, 

highway traffic flow, we ather condit ions, and h ospital diversion status, coupled wit h the static 

layers, give the EMS ad ministrator a greatly increased situa tional awareness and th e ability to  

utilize the ir resources much more  effectively.  The AEGIS is used on a daily basis in the  

emergency department by Mobile Intensive Care Nurses (MICNs) to make informed resource  

and destina tion decisio ns from the ETCC.  The system can be used  in the f ield by Incident  

Commanders and responders for improved sit uational awareness an d improved  emergency 

management as well.  The AEGIS was demonstrated during the Esperanza Fires and was well-

received by attending  agencies.  AEGIS has completed  its testing  phase a nd marketin g 

opportunities are being explored. 

Task 4: Study the Medical and Economic Value of a Regional Telemedicine Network in an 
Urban, Rural, and Wilderness Environment. 

Milestones 11: Local IRB Approval 

Milestone 12: Military IRB Approval 

Milestone 13: Collect Data 

Milestone 14: Submit Research Article 

Three proposed studie s were approved by Lo ma Linda University’s Institutional Re view Board 

and subsequently approved by an HSRRB review.  See attached protocols (Appendix A ) 

The Effect of an Electronic Me dical Record Data Collection Sy stem on EMS
Provider Efficiency (EMSE)

This study was to eval uate if the introduction of  an electronic medical record system woul d 

facilitate Emergency Me dicine Service (EMS) a ctivities by reducing time spent on paperwork.  

The pre-implementation data collection for EMSE was initially collecte d, but due to improper  

collection te chnique, th e data was discarde d.  This dela y made the project  un able to be  

completed as the agencies being tested had already imple mented the electronic medical record 

system, thus no pre-implementation data was available.  The study was discontinued. 
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The Effect of Electronic Medical Record Data Collection Sy stem on EMS Pro vider
Satisfaction  (EMSS)

This study proposed that EMS pro viders would prefer an electronic medical recor d to a pape r 

record. Thir ty-five para medics were initially e nrolled in t he study and completed the pre-

implementation survey.  The fo llow-up survey was administered three months after the  

implementation of the  electronic medical record.  Out of the  initial 35 paramedics surveyed, 24 

were available for completion of th e follow-up survey.  Th e other 11 were not available as th ey 

were no longer employed with the ambulance company.  An additional group of paramedics that 

were to be tested could not participate because their agency made a decision to  not implement 

the electronic medical record within the study period.   The results of the study were thus limited 

due to the small numbe rs completing the study.  General c onsensus among those studied felt  

that the electronic medical record was more difficult to use than the paper form, made it more 

difficult to care for the patient and transfer car e, and overall were less satisf ied than using t he 

paper form.  (See Appenidx B).  It should be noted that the number of subjects was limited, that 

the paper form has been in use for years, whereas the electronic form was only in use for thre e 

months at the time of the survey, and that there are always barriers to utilizing new technology. 

The Effect of Telemedicine on Prehospital Care of Nursing Home Patients.

This study proposed to evaluate the use of telemedicine in a select pop ulation of nursing home  

patients. Both the feasibility of telemedicine technology as well as practical effe cts on transfer  

decisions were to be ex amined. Training in the use of the telemedicine equipment, both for the 

physicians in the ED and for the nursing staff at the nursing home were completed.  Consent of  

potential patients at the skilled nursing facility was complete d and updat ed on a weekly basis.  

Additionally, research personnel were present during peak hours of the day to help facilitate th e 

telemedicine component at the sit e.  Despite these interventions, no patients were enrolled in 

the study.  A full report of the study and barriers encountered is attached (See Appendix C). 

An additional project a ddressing t elemedicine application  in manage ment and t reatment of 

trauma patient was proposed but u nable to receive HRPO approval due to complications with  

the ability to provide adequate informed consent. 
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Key Research Accomplishments 

• Created and opened the Center for Prehospital Care, Education, and Research

• Established an Emergency Medical Services Fellowship

• Developed and implemented an integrated prehospital and  hospital documentation 

and data collection system

• Created a regional Emergency Telemedicine Command Center

• Developed and demonstrated real-time telemedicine consultation capability to a local

clinic and nursing home

• Designed and deployed an off-road capable  mobile emergency t elemedicine

equipped response vehicle (MTV)  (Patent Application Number:

PCT/US2007/077931 http://www.wipo.int/pctdb/en/wo.jsp?WO=2008022051)

• Developed a geographic information system for improved resource utilization of local 

emergency medical services and for use during mass casualty incidents (AEGIS)

• Initiated thr ee research protocols examining t he electronic medical record user’s 

satisfaction and efficiency, and telemedicine connection to a nursing home

Reportable Outcomes 

DISCOVERIES has completed all the prop osed tasks involving the development and  

implementation of an integrated prehospital and hospital telemedicine t est bed.  Technologies 

utilized include an electr onic medical record, a r egional telemedicine command center, mobile 

telemedicine vehicle wi th advanced communica tions capa bility, and a  geographic information 

system for emergency services.  These techno logies have been tested at various venues and  

continue to  be evaluated and up dated.  Th e establish ment of a telemedicin e connectio n 

between the LLUMC e mergency d epartment a nd a local nursing home was completed an d 

physicians in the emergency department trained in the use of the equipment.   
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Conclusion 

DISCOVERIES has successfu lly established a telemedicine test bed that allows research, 

evaluation, and validation of new technologies, treatments and protocols within urban, rural, and 

wilderness environments.  These  environments can replica te conditions faced in any location,  

including th e battlefie ld.  An integ rated data collection system, along with easy  access to  

numerous educational activities from the Center for Prehospital Care, Education, and Research, 

will facil itate investigations into prehospital care and outcomes-based rese arch.  The 

development of the  telemedicine network an d emergency medical geographic information  

system enh ances field  responses during daily emergencies and lar ge-scale critical events.   

Telemedicine technolog ies have the potential of leveraging the expertise of a te rtiary care  

medical center to any lo cation in the world, expediting and  improving the emergency response  

and medical care in r eal time. The MTV ca n bring that expertise to many u nderserved 

communities and to disaster sites.  The Advan ced Emergency Geographic Information Syste m 

(AEGIS) all ows real-time informatio n to be available to  incident managers and re sponders at 

command c enters and in the field, enhancin g situationa l awareness and decision-making . 

These accomplishments contribute  to the field  of emerge ncy medicine by offering for the fir st 

time reliable evidence on which to base patient care. 
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11155 Mt View Ave,  Suite 220  
Loma Linda, CA 92354 

(909) 558-7611

 
 
DISCOVERIES Project – Experimental Protocol 
 
Title: The effect of an electronic medical record data collection system on EMS provider 
efficiency. 
 
Principal Investigator:  
   

Elizabeth Lea Lynch, MD 
  Center for Prehospital Care, Education, and Research 
  Loma Linda University Medical Center 
  11155 Mt. View Ave, Suite 220 
  Loma Linda, CA 92354 
  llynch@llu.edu 
  909-558-7611 
 
Research Coordinator: 
   

Stephen W. Corbett, MD, PHD 
  Center for Prehospital Care, Education, and Research 
  Loma Linda University Medical Center 
  11155 Mt. View Ave, Suite 220 
  Loma Linda, CA 92354 
  scorbett@llu.edu 
  909-558-7611 
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Project Manager: 
   

Brett McPherson, RN 
  Center for Prehospital Care, Education, and Research 
  Loma Linda University Medical Center 
  11155 Mt. View Ave, Suite 220 
  Loma Linda, CA 92354 
  brmcpherson@llu.edu 
  909-558-7611 
 
Research Manager: 
   

Harold J. Marlow, PhD 
  Center for Prehospital Care, Education, and Research 
  Loma Linda University Medical Center 
  11155 Mt. View Ave, Suite 220 
  Loma Linda, CA 92354 
  llynch@llu.edu 
  909-558-7611 
 
Locations of Study: 
  Loma Linda University Medical Center 

Department of Emergency Medicine 
  Loma Linda University Medical Center 
  11234 Anderson St. 
  Loma Linda, CA 92354 
 
  American Medical Response 
  7925 Center Avenue 
  Rancho Cucamonga, CA 91730 
  Contact: Edward Van Horne, Director of Operations 
  (See attached letter) 
 
  San Bernardino City Fire Department 
  200 East Third Street 
  San Bernardino, CA 92410 
  Contact: Henry Vasquez, EMS Coordinator 
  (See attached letter) 
 
Time Required to Complete: 3/22/2007 to 3/21/2008 
 
Hypothesis: Introduction of an electronic medical record system will facilitate EMS 
(Emergency Medical Services) activities by reducing time spent on paperwork. 
 
Purpose: The purpose is to determine if introduction of an electronic data collection system 
will facilitate EMS activities by reducing time spent on paperwork. 
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Materials: An electronic (Panasonic Toughbook Tablet PC) data collection system 
(HealthWare Solutions, Eureka, CA) will replace a standard paper system for EMS providers 
in the San Bernardino area (AMR- American Medical Response and San Bernardino City 
Fire Department) (see attached for hardware and software specs). The electronic data 
collection will include not only all data collected via the paper form, but all NEMSIS 
minimum data elements (www.nemsis.org). First responders and transporting medics will be 
issues a tablet pc for use in documentation of patient assessment and treatment. This will 
replace an existing paper data collection system. 
 
Study Population: The target population is the community of EMS providers in southern 
California. The sample population will include EMS providers with the San Bernardino City 
Fire Department (SBCFD) and the AMR-San Bernardino unit. These two agencies include 
over 100 providers with a wide range of experience and backgrounds. The two agencies are 
representative of typical EMS systems in southern California. Together they represent 
municipal agencies, commercial transport systems, and first responders. 
 
A convenience sample will be used such that whenever the researcher is available for data 
collection, the EMS providers will be eligible for participation. Potential subject candidates 
will be those on duty when the researcher is available. Inclusion criteria will be consenting 
EMS providers able to read and comprehend English during periods when the researcher is 
available. Only licensed EMS providers from SBCFD and AMR will be eligible. Exclusion 
criteria for subjects will be when the EMS provider does not with to participate. Subject 
recruitment will occur through contact with the above-mentioned agencies. 
 
Since there are no previous studies looking at the effects of electronic data collection on 
Prehospital provider efficiency it is not possible to make an accurate sample size calculation 
for this study. However, based on previous studies looking at response intervals 
approximately 100 observations seems reasonable (Meislin – 1999). 
 
Procedure/Protocol Design: A researcher serving as an observer will travel with EMS 
providers and not the amount of time spent on various activities. Medic activities will 
arbitrarily be divided into patient care tasks, documentation tasks, and other activities. The 
time spent on each of these tasks will be monitored in the Out-of-service EMS time interval 
(Meislin et al, 1999). Times will start upon dispatch to a call and finish once all patient care 
and documentation is completed and the ambulance is back in service for another call. 
 
The observer will use a dual electronic timepiece to facilitate documentation of task times. 
Both documentation and patient care tasks will be measured directly (see attached data 
collection form). Inter-rater reliability scores will be calculated for both the task time 
collection and the EMS interval records. In these cases data from two observers recording the 
same medic will be compared. For this purpose, ten consecutive cases will be compared both 
before and after implementation of the electronic data collection system. A kappa (k) 
statistics will be calculated. 
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Measures will be made for a two-month period prior to initiation of the electronic record 
system. A subsequent two-month measurement period will follow tow months after 
installation of the electronic system in order to assure that the components are working 
correctly prior to data collection. Availability of study personnel will permit entry of 
approximately 100 EMS calls before and 100 EMS calls after implementation of the 
electronic data collection system. An attempt will be made to evenly distribute the calls 
between the two agencies. All subjects will be observed both before and after implementation 
of the electronic data collection system. Some subjects may be observed more them once 
during both of these intervals. Subjects will be tracked for subsequent observations by 
identifying information on the data form. All Prehospital care personnel unitizing the 
electron data collection system will receive standard orientation and training by the vendor 
(Healthware Solutions, Eureka, CA) and their EMS agency. The two month installation and 
training period will serve as a sufficient wash out interval to mitigate against changes in 
proficiency with time.  
 
Research Interventions that the Subject will Experience: 

1. On duty EMS providers will be consented by the researcher/observer prior to any data 
collection. There are no clinical assessments or evaluations made prior to entry in the 
study. 

2. The researcher/observer will accompany the EMS provider on ambulance calls. 
During that time the researcher/observer will record the time spent by the EMS 
provider on various tasks as described in the protocol. No data collection will be 
made during other times (before and after ambulance calls). 

3. The researcher/observer will not be involved in patient care in any way. The 
researcher/observer will make their recordings from a discrete distance so as not to 
interfere with the EMS provider’s activities. At the request of the EMS provider may 
be participating in the experiment on several occasions over the course of 5 months.  

4. The researcher/observer will make recordings only during the out-of-service interval. 
5. Participation will include recordings made prior to and after implementation of an 

electronic medical record data collection system. For this reason, the EMS provider 
may be participating in the experiment on several occasions over the course of 5 
months. 

 
Primary Outcomes: Differences in the amount of time spent on documentation tasks by 
EMS providers will be compared before and after implementation of the electronic medical 
record using a paired t-test. 
 
Secondary outcomes: The amount of times spent on patient care, documentation, and other 
tasks before and after the electronic record will be compared using ANOVA. In particular, 
Changes in the Out-of-service Interval and changes in times spent on patient care related 
tasks after the intervention will be looked at. Additional information regarding response 
interval metrics and definitions may be found in Meislin et al bibliography. 
 
Description of the Informed Consent Process: Written informed consent will be obtained 
one time on an individual basis from the EMS providers involved in the project prior to 
participation in the study. The consent process will take place at the EMS agency and will be 
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administered by the qualified researcher/observer. An independent third party will be present. 
This third party will be another EMS provider, not participating in the study, and they will 
also serve to witness the event. Adequate time will be provided for the consent process 
including time for decision-making and questions. Informed consent will be obtained at a 
time convenient to the EMS providers such as during their shift change. One copy of the 
Informed Consent Document (ICD) will be given to the subject. The researcher will keep a 
second copy. 
 
California Experimental Subject’s Bill of Rights: The study does not involve an 
experimental clinical procedure and the California Experimental Subject’s Bill of Rights 
does not therefore apply. 
 
HIPAA considerations: The data being collected are not part of the subject’s Protected 
Health Information (PHI) and therefore the provisions of the Health Insurance Portability and 
Accountability Act (HIPAA) do not apply. 
 
Risks/Benefits:  
 
There is no benefit for the subject to participate in this study. 
 
Risks are related to the inconvenience of having an observer accompany the EMS provider 
on service calls. There will be some loss of privacy in the workplace. The observer is also 
potentially obtrusive to the normal work flow of these care givers. To minimize these risks, 
the researcher/observer will maintain a discrete distance from the worker and will exit the 
scene on request. 
 
Risks are also related to the confidentiality of the data. The data will not be shared with 
anyone and will be kept in a locked and secure location. Specifically, the EMS agencies 
(AMR and SBCFD) will not have access to the data. They will only see the published results 
in aggregate without individual or agency identifiers. After data collection is complete, the 
data base will be purged of individual identifiers (name, run number, date, etc.). 
 
This observational study will expose these subjects to minimal risk. 
 
Adverse Events: 
 
There are no foreseeable adverse events associated with participation in this study. 
Nevertheless any serious or unexpected adverse events will be immediately reported to the 
Principal Investigator, Lea Lynch, MD by calling 909-558-4000 and asking the hospital 
operator to page Dr. Lynch at 4505. They will also be reported to the local IRB (IRB 
administrator, Office of Sponsored Research, 11188 Anderson Street, Loma Linda, CA 
92350). 
 
Unanticipated problems involving risk to subjects or others, serious adverse events related to 
participation in the study and all subject deaths will be promptly reported by phone (301-619-
2165), by e-mail (hsrrb@det.amedd.army.mil), or by fax (301-619-7803) to the Army 
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Surgeon General’s Human Subjects Research Review Board. A complete written report will 
follow the initial notification. In addition to the methods above, the complete report will be 
sent to the U.S. Army Medical Research and Materiel Command, ATTN: MCMR-ZB-QH, 
504 Scott Street, Fort Detrick, Maryland 21702-5012. 
 
Disposition of Data: A complete data set will be kept for a period of one year or until the 
data collection is complete. A de-identified set of data and consent forms will be kept for an 
additional period of two years. The DISCOVERIES project authorized personnel (Lea 
Lynch, Stephen Corbett, Brett McPherson, Hal Marlow) will maintain the data. The raw data, 
consent forms, and electronic storage media will be kept in a locked file cabinet in suite 220 
(primary investigator’s office) of the Loma Linda University Medical Center, 11155 Mt. 
View Avenue, Loma Linda, CA 92354. Any incomplete data sets will be destroyed. There 
will be no consequences for subjects that decide to withdraw from study.  
 
As a part of the U.S. Army Medical Research and Materiel Command’s (USAMRMC) 
responsibility to protect human subject in research, representatives of the USAMRMC may 
review research records. 
 
Protocol Modifications: Any protocol modifications will be simultaneously submitted to 
both the local IRB (Loma Linda University Medical Center) and the HSRRB for review prior 
to implementation. In addition to notifying the local IRB, the Human Subject Research 
Review Board (HSRRB) will be notified of any protocol deviations.  
 
Protocol Deviations: Protocol deviations will be immediately reported to the Principal 
Investigator by calling 909-558-4000 and asking the hospital operator to page Dr. Lynch at 
4505. They will also reported to the local IRB (IRB administrator, Office of Sponsored 
Research, 11188 Anderson Street, Loma Linda, CA). 
 
Roles and Responsibilities of the Study Personnel: 
 
Elizabeth Lea Lynch, MD: Principal Investigator, Project Oversight 
 
Stephen W. Corbett, MD, PhD: Research Coordinator, experimental design, data analysis, 
manuscript preparation.  
 
Brett McPherson, RN: Project Manager, consent and recruitment of subjects, data 
collections, data entry, records maintenance. 
 
Harold J. Marlow, PhD: Research Manager, consent and recruitment of subjects, data 
collection, entry, and analysis, manuscript preparation, records maintenance. 
 
Gwyneth Zimmerman, PhD: Statistical Support and consultant, experimental design.  
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DISCOVERIES Project 
Center for Prehospital Care, Education, 
and Research 
Loma Linda University Medical Center 

11155 Mt View Ave Suite 220  
Loma Linda, CA 92354 

(909) 558-7611

 
 
DISCOVERIES Project – Experimental Protocol 
 
Title: The effect of an electronic medical record data collection system on EMS provider 
satisfaction. 
 
Principal Investigator:  
   

Elizabeth Lea Lynch, MD 
  Center for Prehospital Care, Education, and Research 
  Loma Linda University Medical Center 
  11155 Mt. View Ave, Suite 220 
  Loma Linda, CA 92354 
  llynch@llu.edu 
  909-558-7611 
 
Research Coordinator: 
   

Stephen W. Corbett, MD, PhD 
  Center for Prehospital Care, Education, and Research 
  Loma Linda University Medical Center 
  11155 Mt. View Ave, Suite 220 
  Loma Linda, CA 92354 
  scorbett@llu.edu 
  909-558-4000 ext 24848 
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Project Manager: 
   

Brett McPherson 
  Center for Prehospital Care, Education, and Research 
  Loma Linda University Medical Center 
  11155 Mt. View Ave, Suite 220 
  Loma Linda, CA 92354 
  brmcpherson@llu.edu 
  909-558-7611 
 
Research Manager: 
   

Harold J. Marlow, PhD 
  Center for Prehospital Care, Education, and Research 
  Loma Linda University Medical Center 
  11155 Mt. View Ave, Suite 220 
  Loma Linda, CA 92354 
  hmarlow@llu.edu 
  909-558-7611 
 
Locations of Study: 
  Loma Linda University Medical Center 

Department of Emergency Medicine 
  Loma Linda University Medical Center 
  11234 Anderson St. 
  Loma Linda, CA 92354 
 
  American Medical Response 
  7925 Center Avenue 
  Rancho Cucamonga, CA 91730 
  Contact: Edward Van Horne, Director of Operations 
  (See attached letter) 
 
  San Bernardino City Fire Department 
  200 East Third Street 
  San Bernardino, CA 92410 
  Contact: Henry Vasquez, EMS Coordinator 
  (See attached letter) 
 
Time Required to Complete: 4/27/2007 to 4/26/2008 
 
Hypothesis: Emergency Medical Services (EMS) providers will prefer an electronic medical 
record.  
 
Purpose: The purpose is to determine whether EMS providers will prefer an electronic 
medical record to a conventional paper medical record.  
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Materials: An electronic data collection system (HealthWare Solutions, Eureka, CA) will 
replace a standard paper system from EMS providers in the San Bernardino area (AMR- 
American Medical Response and San Bernardino City Fire Department). First responders and 
transporting medics will be issues a PDA/tablet for use in documentation of patient 
assessment and treatment. This will replace an existing paper data collection system.  
 
Study Population: The target population is the community of EMS providers in southern 
California. The sample population will include EMS providers with the San Bernardino City 
Fire Department (SBCFD) and the AMR-San Bernardino unit. These two agencies include 
over 100 providers with a wide range of experience and backgrounds. 
Approximately 100 of these providers will participate in the study. The two agencies are 
representative of typical EMS systems in southern California. Together they represent 
municipal agencies, commercial transport systems, and first responders.  
 
A convenience sample will be used such that whenever that researcher is available for data 
collection, the EMS providers will be eligible for participation. Inclusion criteria include 1) 
that the subject is a licensed EMS provider and 2) consents to participate in the study. There 
are no exclusion criteria. Potential subject candidates will be those available at change of 
shift at AMR or SBCFD. Subject recruitment will occur through contact with the above-
mentioned agencies.  
 
Procedure/Protocol Design: Changes in the EMS providers’ satisfaction with the record 
keeping systems will be reported. Measures will be made before and three months following 
the replacement of a paper medical record documentation system with an electronic medical 
record documentation system. Since there is no currently validated survey instrument for 
EMS satisfaction with various data collection modalities, one was development for this 
purpose via a panel of emergency physicians, EMS Medical Directors and Prehospital care 
personnel. Questions were designed to reflect the logistical challenges of data collection in 
the prehospital environment. The survey attempts to measure the durability, portability, 
accuracy, and ease of use of the different data collections systems. Each EMS provider will 
complete a 17 single item satisfaction survey regarding the written record and then later 
complete a similar satisfaction survey regarding the written record and then later complete a 
similar satisfaction survey regarding the electronic record. The survey instruments have not 
been pilot tested due to the requirement for HSRRB approval prior to implementing this 
study. Differences will be compared using the Wilcoxon signed rank test.  Descriptive 
statistics will be used to illustrate differences in skill level and years of experience. Based on 
out previous experience, approximately 70% of EMS providers will complete the survey 
(Corbett 1998). In the absence of any previously published data regarding variance in this 
type of survey we are unable to do a sample size calculation. Nevertheless, descriptive data 
should be useful in this size sample population.  
 
Research Interventions that the Subject will Experience: 

1. For their own convenience, EMS providers will be consented by the researcher at the 
EMS agency (AMR or SBCFD) around the time of all their shift changes. There are 
no clinical assessments or evaluations made prior to entry in the study.  
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2. The EMS provider will complete a questionnaire regarding their opinions of the 
current paper medical record data collection system. This will take approximately 10 
minutes of their time and will immediately follow the informed consent process. 
Completed survey will be collected immediately. 

Approximately three months later, (at the EMS agency) after installation of an electronic 
data collection system, the EMS provider will complete a second questionnaire regarding 
their satisfaction with the electronic data collection system. This will take an additional 
10 minutes. The completed surveys will be collected immediately by the research 
assistant. 

 
Description of the Informed Consent Process: Written informed consent will be obtained 
from the EMS providers prior to their participation. The consent process will take place at the 
EMS agency, and will be administered by the qualified researcher. An independent third 
party will be present. This third party will be another EMS provider, not participating in the 
study, and they will also serve to witness the event. Adequate time will be provided for the 
consent process including time for decision-making and questions.  One copy of the 
Informed Consent Document (ICD) will be given to the subject. The researcher will keep a 
second copy.  
 
California Experimental Subject’s Bill of Rights: The study does not involve an 
experimental clinical procedure and the California Experimental Subject’s Bill of Rights 
does not therefore apply. 
 
HIPAA considerations: The data being collected are not part of the subject’s Protected 
Health Information (PHI) and therefore the provisions of the Health Insurance Portability and 
Accountability Act (HIPAA) do not apply. 
 
Risks/Benefits:  
 
There is no benefit for the subject to participate in this study. 
 
The main inconvenience of subjects participating in this survey relates to the time required to 
complete the questionnaires (approximately 10 minutes apiece). 
 
Risks are also related to the confidentiality of the data. The data will not be shared with 
anyone and will be kept in a locked and secure location. Specifically, the EMS agencies 
(AMR and SBCFD) will not have access to the data. They will only see the published results 
in aggregate without individual or agency identifiers. After data collection is complete, the 
date base will be purged of individual identifiers. 
 
Questionnaires completion will expose these subjects to minimal risk  
 
Adverse Events: 
 
There are no foreseeable adverse events associated with participation in this study. 
Nevertheless any serious or unexpected adverse events will be immediately reported to the 
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Principal Investigator, Lea Lynch, MD by calling 909-558-4000 and asking the hospital 
operator to page Dr. Lynch at 4505. They will also be reported to the local IRB (IRB 
administrator, Office of Sponsored Research, 11188 Anderson Street, Loma Linda, CA 
92350). 
 
Adverse events that are both serious and unexpected will be immediately reported by 
telephone to the USAMRMC, Deputy for Regulatory Compliance and Quality (301-619-
2165) and send information by facsimile to 301-619-7803. A written report will follow the 
initial phone all within three working days. The written report will be addressed to the U.S. 
Army Medical Research and Materiel Command, ATTN: MCMR-RCQ, 504 Scott St., Fort 
Detrick, Maryland 21702-5012 
 
Disposition of Data: A complete data set will be kept for a period of one year or until the 
data collection is complete. The raw data, consent forms, and electronic storage media will 
be kept in a locked file cabinet in Suite 220 (primary investigator’s office) of the Loma Linda 
University Medical Center, 11155 Mt. View Avenue, Loma Linda, CA 92354. A de-
identified set of data and consent forms will be kept for an additional period of two years. 
The DISCOVERIES project authorized personnel (Lea Lynch, Stephen Corbett, Brett 
McPherson, Hal Marlow) will maintain the data.  
 
Protocol Modifications: Any protocol modifications will be simultaneously submitted to 
both the local IRB (Loma Linda University Medical Center) and when approved, will be 
forwarded to the HSRRB for review and approval before the modification is implemented. 
 
Protocol Deviations: Protocol deviations will be immediately reported to the Principal 
Investigator by calling 909-558-4000 and asking the hospital operator to page Dr. Lynch at 
4505. They will also be reported to the local IRB (IRB administrator, Office of Sponsored 
Research, 11188 Anderson Street, Loma Linda, CA). In addition to notifying the local IRB, 
the project Human Subject Research Review Board (HSRRB) will be notified of any 
protocol deviations.  
 
As a part of the U.S. Army Medical Research and Materiel Command’s (USAMRMC) 
responsibility to protect human subjects in research, representatives of the USAMRMC may 
review research records.  
 
Roles and Responsibilities of the Study Personnel: 
 
Elizabeth Lea Lynch, MD: Principal Investigator, Project Oversight 
 
Stephen W. Corbett, MD, PhD: Research Coordinator, experimental design, data analysis, 
manuscript preparation.  
 
Brett McPherson, RN: Project Manager, consent and recruitment of subjects, data collection, 
data entry, records maintenance. 
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Harold J. Marlow, PhD: Research Manager, consent and recruitment of subjects, data 
collection, entry, and analysis, manuscript preparation, records maintenance. 
 
Gwyneth Zimmerman, PHD: Statistical Support and consultant, experimental design.  
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Last Name First Name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Strongly 

Agree Agree

Neigher 
agree or 
disagree Disagree

Strongly 
Disagree

Anderson Carson 1 2 2 4 2 4 1 4 5 5 5 5 4 4 5 5 5 2 3 0 5 7
Archer Marc 2 2 2 3 2 4 4 4 2 5 4 4 4 4 4 4 5 0 5 1 9 2
Arias Jose EMT 0 0 0 0 0
Armstrong Nathan EMT 0 0 0 0 0
Chastain Graig NE 0 0 0 0 0
Edwards Sean EMT 0 0 0 0 0
Falkingham Rebecca 2 2 2 4 5 2 2 4 4 4 4 2 4 4 3 4 0 6 1 8 1
Galicia Alberto 3 4 4 2 4 5 1 4 4 5 4 4 5 3 4 3 5 1 1 3 8 4
Gibbons Thomas 1 1 4 2 3 3 4 3 1 4 3 2 1 1 3 3 1 6 2 6 3 0
Green James 1 4 4 2 1 3 4 3 2 2 2 3 1 4 2 3 1 4 5 4 4 0
Groff Nick 2 4 2 2 2 4 1 4 5 4 5 4 4 5 3 5 5 1 4 1 6 5
Honeter Jamie 4 3 5 4 3 4 4 5 5 5 4 4 4 2 3 4 3 0 1 4 8 4
Isiordia Gabriel EMT 0 0 0 0 0
Josephson Ashley NE 0 0 0 0 0
Kendall Holly 4 3 5 4 5 4 1 5 2 4 3 1 5 5 5 5 5 2 1 2 4 8
Larkin Michael 1 1 1 1 1 1 4 1 2 1 1 1 1 2 1 3 1 13 2 1 1 0
Linn Adrienne EMT 0 0 0 0 0
Lopez Raphael 0 0 0 0 0
Magallanes Ben 5 3 3 5 4 5 1 2 3 5 5 4 4 4 5 4 5 1 1 3 5 7
Nassetta Joe NE 0 0 0 0 0
Ohlson Kyle NE 0 0 0 0 0
Orosco Greg EMT 4 2 3 4 3 5 2 3 4 5 4 3 3 4 4 4 0 2 5 7 2
Paladini Dave 2 2 2 2 2 3 3 4 5 5 4 2 3 2 3 3 4 0 7 5 3 2
Palkewicz Jeff 5 5 2 2 2 5 1 5 5 2 5 2 4 5 5 5 5 1 5 0 1 10
Rocha Lorenzo NE 0 0 0 0 0
Rodesky Mac 2 3 2 2 2 3 2 3 3 3 3 3 3 3 3 3 4 0 5 11 1 0
Rollins Tom 2 5 5 3 2 5 1 5 5 5 5 1 5 5 5 5 5 2 2 1 0 12
Sanchez Leo 4 4 2 2 2 4 1 4 3 3 3 2 4 5 4 4 5 1 4 3 7 2
Statham Robert 0 0 0 0 0
Stawniczy Adam 4 2 2 4 4 1 3 2 5 2 4 2 4 3 5 4 1 5 2 6 2
Stuart Tatitiana 0 0 0 0 0
Vindiola Lindsay 4 5 5 3 5 5 1 4 5 5 5 2 3 4 5 5 5 1 1 2 3 10

Strongly Agree 4 2 1 1 2 1 10 1 1 1 1 3 3 1 1 0 3
Agree 6 6 9 8 8 0 3 2 5 2 2 5 2 3 1 0 0
Niether Agree or 
Disagree 1 4 2 3 3 4 1 5 3 2 4 2 4 3 6 7 1
Disagree 6 4 3 6 2 7 5 7 3 4 6 7 7 7 5 5 5
Strongly Disagree 2 3 4 1 2 7 0 4 7 10 6 1 3 5 6 7 10

NE = Not Employed
EMT = EMT not using device

Survey Question



PREHOSPITAL EMERGENCY TELEMEDICINE:  CHALLENGES TO 
IMPLEMENTATION IN A PROSPECTIVE RESEARCH STUDY

 
 
 
ABSTRACT 

The prehospital environment represents an area of opportunity for telemedicine to expand 

the reach of emergency physicians’ expertise and also provide earlier evaluations for 

conditions in which time is a critical factor.  We designed a prospective, controlled 

research project to determine the accuracy of emergency physicians’ prehospital patient 

assessments by means of telemedicine.  However, we encountered a number of 

challenges in implementing this study which we report here.  These obstacles included 

those that are common to all disciplines employing telemedicine as well as one particular 

to emergency care research.  These issues should be addressed in future research 

involving prehospital emergency telemedicine. 

 

INTRODUCTION 

Telemedicine is the use of communications and information technology to distribute 

medical knowledge and skills to areas in need.  As such, telemedicine’s primary 

application historically has been in expanding specialty and subspecialty care to rural, 

underserved areas.  Successful telemedicine programs in the specialty of Emergency 

Medicine have been established upon this model of distribution to need.1, 2 

The prehospital environment is also arguably an area in need of specialty 

knowledge and care, and emergency physicians currently provide specialized skills while 

using a rudimentary form of telemedicine whenever Emergency Medical Service (EMS) 

providers make base station contact for medical direction.  When prehospital EMS 



providers need medical direction the current common practice is to make audio contact 

with a physician at a base station through radios or mobile telephones.  If interactive 

video was added to this prehospital contact, it is reasonable to consider whether the 

inclusion of this dimension would confer an advantage in terms of more rapid and/or 

accurate assessments of the patient’s diagnosis.  By “reinventing the house-call,” 

telemedicine could be integrated into daily EMS encounters, with the promise for 

expanding the ability of physicians to evaluate and initiate treatment of patients in austere 

environments and under conditions such as disaster relief and battlefield medicine.  It 

may also help EMS and base-station physicians make more appropriate destination and 

resource decisions according to the medical needs the patient has.4  Several institutions 

have reported in the literature their experiences with prehospital and emergency 

telemedicine.1-4  However, there have been no controlled prospective studies to evaluate 

whether in fact the use of telemedicine would translate into a benefit in terms of 

facilitating earlier and/or more accurate diagnosis, or be able actually to affect 

assessments and care. 

 In the application of telemedicine there are notable challenges that are shared in 

common among disciplines.5  Our experience of the challenges in attempting to apply 

prehospital telemedicine in a prospective, controlled research project is reported here, 

specifically, the evaluation of patients in a skilled nursing rehabilitation facility (SNRF) 

before transport to the ED. 

 

METHODS 



The DISCOVERIES Project (Demonstrating Innovative Solutions to Care for Others Via 

Electronic Real Time Information and Emergency Services) at Loma Linda University 

(LLU) has been investigating ways to use telemedicine in acute care medicine, including 

earlier patient evaluation as they first enter the emergency care system by EMS.  

Sponsorship came primarily through the Department of Defense. 

The study we report here was a component of DISCOVERIES designed to 

evaluate the potential effect that telemedicine might have on prehospital patient 

assessments made by emergency physicians.  Specifically, regarding the accuracy of 

those evaluations:  would physicians’ assessments of patients via telemedicine before 

transport to the ED lead to different conclusions than face-to-face examination in the ED?  

The study population was comprised of the faculty emergency physicians who practice in 

the study site:  a tertiary, acute care, academic medical center, where a minimum of two 

faculty emergency physicians are always on duty in the adult component of the ED. 

Both the LLU and US military Institutional Review Boards (IRB) approved the 

study.  The faculty emergency physicians who comprised the study population were 

consented to participate.  The patients of the SNRF were also consented to participate in 

the telemedicine evaluations as was required by the military IRB. 

 In order to control for and minimize the effect that variations in telemedicine 

equipment and diverse presenting illnesses would have on these assessments a site was 

needed where telemedicine equipment could be installed permanently and where there 

was a relative uniformity of patients.  A SNRF, not affiliated with LLU, is located within 

a few miles of the medical center, and EMS frequently transports patients from there to 

the ED.  After meetings with the administration of the SNRF, standardized 



videoconferencing equipment and the necessary high bandwidth connections were 

installed at their site.  In order to minimize time and effort spent on moving patients to a 

telemedicine suite,2 the equipment was mounted on a mobile pole cart which could be 

wheeled from room to room in order to assess patients via telemedicine before transport.  

Teleconferencing equipment was installed in the “radio room” in the LLU ED.  

Emergency physicians were already accustomed to interacting with prehospital EMS 

contact calls in the “radio room” through radio equipment and telephone calls, which 

made this arrangement a natural extension of their daily practices. 

 If the SNRF nursing staff recognized a need for acute care treatment of a patient, 

their standard procedure was to make a 911 telephone call, thereby activating an EMS 

response.  The patient was then transported to the ED after EMS personnel complete their 

prehospital assessment and necessary procedures.  For this study nurses at the SNRF 

were asked to initiate a telemedicine evaluation after they activated emergency services 

and while waiting for EMS personnel to arrive.  During the study period, a faculty 

emergency physician in the ED was to evaluate the patient over the telemedicine 

connection and fill out a standardized form regarding their assessment of the patient. 

Once the patient arrived in the ED, the other attending faculty physician on duty 

was to care for the patient and fill out another standardized form describing their 

evaluation.  To control for the bias related to the prehospital evaluation, the telemedicine 

physician and treating physician were not to be the same individual.  The two forms 

would then be compared to see if field telemedicine evaluation rendered different 

conclusions from face-to-face assessment in the ED.  This study was intended to be 

purely observational and designed to avoid any change in, or the timing of, standard 



prehospital assessments, prehospital treatments, transport, ED assessments, or ED 

treatments.  The only outcome to be evaluated was whether there were differences 

between the faculty emergency physicians’ telemedicine assessments made before EMS 

transport and their subsequent in-person bedside assessments made in the ED.  The 

telemedicine evaluations were to be limited in time, and terminated upon arrival of EMS 

personnel so as to ensure no delays in patient care or transport. 

 

RESULTS 

The study was conducted from January 2007 to March 2008, with no activations of the 

telemedicine consultation process and no physician assessments enrolled. The SNRF 

continued to send patients to the ED on a daily basis, and during the course of the study 

period we encountered a number of barriers to the use of telemedicine in the acute care 

setting.  The following challenges to the implementation of telemedicine in a prospective 

emergency prehospital were identified during the course of the study: 

The first obstacle encountered was fundamental to any application of 

telemedicine, that is, the challenge of adopting the technology itself.3, 5  Once decisions 

were made about which videoconferencing equipment offered adequate resolution to 

perform medical examinations, pole cart assemblies were arranged to mount the required 

equipment.  Unlike a standard telemedicine clinic, in which patients are brought to a suite 

where the videoconferencing equipment is stationary, the equipment had to be relatively 

mobile in order to go to the bedside of a patient.2, 3  In order to ensure this portability, a 

wireless data connection was chosen, along with an appropriate level of encryption to 

prevent dissemination of private healthcare information.  Installing this wireless network 



required extensive negotiation and eventually an inter-institutional agreement between 

LLU and the SNRF regarding use of the equipment, patient data confidentiality, and 

security issues involved in connecting our two data networks to each other.5 

Furthermore, the attitudes of the healthcare workers at the SNRF towards the 

technology presented a challenge.  The absence of telemedicine consult activations 

combined with a high staff turnover rate meant that the nurses and technicians at the 

SNRF were either uninformed about the study or felt insecure about being the first one to 

make a telemedicine connection.  Additionally, the time required to bring the 

telemedicine pole cart to the patient’s bedside was an extra burden, even if small, added 

to a common daily task.  Instead of simply waiting for EMS personnel to come and 

transport the patient away, the staff would now have to go through the extra, alien steps 

of using a piece of unfamiliar technology to talk with a stranger.  This mixture of social 

apprehension and small new tasks were too much to overcome without institutional 

commitment and leadership to motivate the staff.  Unfortunately, there were no 

identifiably responsible parties at the SNRF to “champion” the telemedicine project to the 

SNRF workers.  The lack of institutional commitment meant both that there were no 

negative motivators for the staff at the SNRF (no “stick”), and no benefit offered for 

activating the telemedicine equipment (no “carrot”). 

In an attempt to provide motivation for the SNRF staff, gift cards were offered to 

thank them for participating in the study if a telemedicine consult was activated.  It was 

hoped that their negative feelings towards unfamiliar technology would be countered by 

this measure of appreciation.  Further, the research study staff increased efforts to 

personally demonstrate the pole cart to the SNRF workers, both so they would become 



more familiar with the way it worked, and as a way of humanizing the experience.  It was 

thought that if they could see the faces at the other end of the connection they might feel 

less unease about a potentially awkward social interaction.  However, due to the lack of a 

“homegrown” telemedicine champion at the SNRF and the high staff turnover rate, each 

of our attempts to familiarize the nurses and technicians at the SNRF was a novel one 

which could easily be ignored. 

Obtaining patient consent for this prospective study presented an obstacle in this 

experience.  In addition to consenting the physicians who were participating in the study, 

the military IRB required consent of the patients undergoing telemedicine evaluations. 

Many of the patients in the SNRF with altered mental status, however, could not be 

consented to participate in the study.  Only a very few patients were consented early in 

the study, and those who could consent were often the least likely to develop any 

conditions requiring transport to the ED while they convalesced.  As a result, the SNRF 

staff usually activated EMS for patients who were not consented to participate in a 

telemedicine evaluation.   

 

DISCUSSION 

Healthcare workers tend to be adverse to change, and understandably so.  There is a 

natural reluctance to embrace novel technologies or approaches because they are 

unproven, and healthcare workers are accustomed to abiding by the dictum, first and 

foremost, to do no harm.  Even though the equipment looked like something universally 

familiar—a television set with a remote control—the idea of using it to speak with 

another human being in real time was unfamiliar.  A number of the nursing staff at the 



SNRF voiced their unease with the equipment and openly stated they would never use it.  

There has been some evidence to suggest that people are comfortable with robots and 

adapt to them quickly.6, 7  One area of future investigation is healthcare workers attitudes 

toward telemedicine and whether they would respond more positively to 

anthropomorphized telepresence robots. 

Our experience confirms the need for “champions” who can encourage their 

colleagues to adopt the process in implementing prehospital telemedicine, a principle that 

has been discovered in other fields.  A respected individual comfortable with the 

application of telemedicine, and identified as a responsible party at the SNRF, would 

have solved a great deal of the motivational problems. Telemedicine’s well-established 

history demonstrating the need for a local “champion” who can motivate those around 

them operates without regard as to which discipline is involved.5

Finally, we experienced, even in this setting of minimal risk, an ethical challenge 

that affected our research.  The irony is that the actual study population was the faculty 

emergency physicians performing the telemedicine assessments.  However, given that the 

patients would receive no material benefit from the study but face some risks involved 

with the technology (such as public transmission of their images), albeit minor, this 

ethical question could not simply be ignored.  The issue of consent and the identification 

of which parties need to be consented in order to perform studies of this nature may 

represent a barrier to prospective research in emergency telemedicine and warrants 

further exploration. 

CONCLUSION 



Our investigation in to the accuracy of prehospital emergency telemedicine’s assessments 

confirmed that a number of the obstacles that face the successful implementation of 

telemedicine are shared across disciplines, including the associated technical issues as 

well as the need for local “champions”.  We also discovered an ethical challenge that, 

along with a number of other ethics issues in emergency and resuscitation research 

requires further investigation and discussion.  These challenges, both those that are 

common to all telemedicine disciplines, as well as the ones unique to emergency 

medicine, must be addressed in order to perform future prospective research in 

prehospital emergency telemedicine. 
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