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Emergency Ambulance
Fire or Police 911

Maryland Poison Center
1-800-492-2414

National Capital
Poison Center 625-3333

Prince George's County
Fire Department

Office of the Fire Chief 925-5200
CPR Class Information 864-LIVE

Career Recruitment
Information 808-1795

Volunteer Recruitment
Information 699-JOIN
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» Prince George's County
: »Fire Depa riment: -, ;
liﬁrnergff.aru.‘.:,r Medlcal Semces
} i
'Ihal"nnwﬂmrgc 's County Fire Daparunf:m is
responsible for providing Emergency Medical Services
(EMS} for all citizens ifi Pnnne Ganrge s Cuumy

E?r r :
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Lassl year, " the Pnnr.e chrgcs County Fn*e
Department responded to over 63,000 medical
emergencies. Pﬂmnar.lemlsrespmdcdmumrzz 000
of these incidents. .

f o "o

The Department corrently maintaing 40
ambulances, which are staffed by career and volunteer
personnel who have received training in Emergency
Care. These personnel are responsible for initiating
Basic Life Support (BLS) patient care. Their skills
include: Cardiopulmonary Resuscitation (CPR), airway
management, treatment for shock, -and splinting
fractures, as well as basic first aid.

Paramedic units, which are Advanced Life
Support (ALS) units, are staffed by Cardiac Rescue
Technicians (CRT) andfor Emergency Medical
Technician-Paramedics (EMT-P). These “paramedics”
have at least one year of experience as an Emergency
Medical Technician (EMT) and over 240 hours of
additional training. They function under the direction
of a Control Physician. Their skills include:
administering medications, interpreting EKG's, cardiac
defibrillation, intravenous "lifelines", and advanced
airway management. This allows the paramedic to
provide advanced life saving procedures 10 patients
wlm are scvcrc]:.r ill or injured at the scene of the

What is an Emergency

o
. An emergency is a siluation in which -

immediate medical attention is needed. For example:

* chest pain, unconsciousness, severebleeding, trouble ”

* breathing, choking, drowning, fractures, etc. In
these and any other serious injury or illness, don't

" delay. Get immediate help!

-
-

To aclivale the EMS system, justdial 911. A +
dispatcher will answer the phone and gather some
necessary information. Please be ready toanswera
few important questions: =

* What is the problem?

* What is the address of the emergency?

* What phone number are you calling from?
* Your name?

DO NOT hang up until the dispatcher tells
you - some emergencies may require additional
information. The dispatcher will send the closest
available ambulance. (On occasion, a firé engine
will arrive first - they are trained inEmergency Care
and arc well equipped to initiate patient care.)
Certain severe emergency situations may warrant
the dispatcher Lo send a paramedic unit. |

The Fire Department asks that citizens not
call for an emergency ambulance unnecessarily.
Many minor illnesses and injuries (colds, small

_cuts, elective surgery, and follow up visits to a
physician or clinic) do notrequire the services of an
emergency ambulance. Cases not requiring the
servicesofanemergency ambulmmemllbcrcl‘c:rrcd

¢ 1o other means of transportation,

¥
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'I‘I'le. crews of ambulances and pammedm units
are trmnéad to evaluate and begin treating a’paticnt’s
condition.’;They then determine the appropriate mode
of transportation.

— h.‘.l >

Life.-thréalening:emergencies suchas: respiralory
orcardiac arrest, severe bleeding, and unconsciousness
are transported (using emergency lights and sirens) to
the closet hospital capable of handling that emergency.

Non-life-threateniing * emergencics requiring
medical attention such as: seizures, minor bums, or
simple fractures will be transported 1o the hospital
without emergency lights and s.:rens and ahulmg with
all traffic re.guIanuns. .

i

Inspecial cases, the Maryland State Police, U.S.
ParkPolice, and other medical helicoptersare available
for Med-Evac transporiation to specialty treatment
facilitics, such as the Trauma Center at the Prince
George's Hospital Cenler or Childrens Hospital
National Medical Center, to name a few.+ 5+

. ' «f
Fire Department Programs
* CPR Training is-offered 10 citizéns at- various
times and locations thronghout the County. Allcitizens
are encouraged to take training in this life saving skill,
For more information, Call 864-LIVE.

Project Idcnuﬁcaunn is apmgram designed for
the special needs of the disabled & handicapped citizen
in the event of a Fire, Police, or Medical Emergency.
For more information, Call 499-8§120.

For additional information, or 1o arrange for a
speaker for a civic group or organization regarding
emergency medical services in Prince George's County,
contact the Bureau of Advanced Emergency Medical
Services at 772-9060.
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Chapter 1

Systems Organization

——

COMPONENTS

R Adams Cowley

INTRODUCTION

The success of any organization depends on three basic ingredients: the expertise
of the individual base units, the comprehensiveness of the “umbrella” unit, and
the effectiveness and coordination of the working interrelationships between the
two. Like puzzle pieces, each of these ingredients can be viewed both as separate
entities, i.¢., self-contained microcosms, and as part of an overall macrocosm.

This formula for success is espedially applicable to the emergency medical sys-
temns (EMS) community. Although much research has established the validity of
trauma centers and their vital contribution to emergency care for the critically ill
or injured patient, >4 some debate still exists about the relative merits of state-
wide versus local trauma care systems. As the following discussion will show, the
experience of the Maryland Institute for Emergency Medical Services Systems
(MIEMSS), and in particular that of its Shock Trauma Center, supports the theory
that a local trauma care system is better than none, but that a statewide (perhaps
someday a national?) system provides the optimal treatment and care.

HISTORICAL BACKGROUND

To understand more fully the mechanisms of action used by today’ various EMS
systems, and how they work, it is necessary first to review how they developed

¥
PRIOR TO 1850

Emergency medicine prior to 1950 was considered more or less the exclusive core
cern of the armed forces. Wartime activities generated lifesaving modifications,
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2 Trauma Care; Surgival Management

delivered under less than oplimal conditions, of existing surgical and medicat
techiniques, as well as improved methods of rapid lranspurt to medical aid, These
advances resulied in decreases in overall mortality ond morbidity from each mil-
itary engagement repardless of the more numerous and sophisticated WA TR
used: from B% in the First World War 1o 4.5% in the second, then o 2.0% and
2.5% in the Korcan and Vielnam conflicts, respectively.!

In Korea and Vietnam, helicopters manned by trained paramedics brought
EMS to the victim, saving lime and increasing chances for survival, This mode of
transport, combined with increased EMS field experlise, lowered the battlefield
death rate but, ironically, increased that at the hospitals, because the helicopters
delivered lo the medical facilities alive, but dying, patients that formery would
have died in the field: Experience gained by military physicians, nurses, and par-
amedics in Mobile Army Surgical Hospital (MASH) unils opened new hordzons
for improving cane,

THIE eé0s

Early Conditions. In the early 1960s, civilian trauma and emergency medical
care received little altentivn, Prehospital care was rudimentary al best, and few
cities had adequate s=bulance service. Fifly-six pereent of all emergency viclims
were transported to the hospital by hearse because those vehicles were the only
ones capable of accommaodalting stretchers and extra equipment.™ No standards
existed for manulacturing ambulances or for converting existing vehicles 1o am-
bulance use. (Cowley, Baltimore City Fire Depariment Chief Marty McMahan,
and others® collaborated 1o design the first modular ambulance; ils first ron oc-
curred in 19630}

Similarly. there were no standards for training ambulance altendants, and first
responder training programs were unknuwn. A trauma victim was routinely de-
livered to the nearest hospital, regardless of ils capdbility to handle the specific
CMErgency.

Mearly all aceredited hospitals claimed to have emergency facilities (2 require-
menl in Maryland), bul most were poorly equipped, Inadequately stalled, and
capable of providing only advanced firat aid. Twosthirds of all emesgency room
visils were rouline evening out-patient care, nol actual emergencies.

NASINRC.  In 1963, members of the National Academy of Sciences, National
HResearch Council (NAS/MRC) Committees on Shock and Trauma joined with
represenlativen from a wide variety of ather organizations to study the existing
EMS conditions and recommend improvemenis. For 4 years they roviewed,
amuong other subjecls, ambulance services, hozpital emerpency and intensive
care unils, shock rescarch projects (and their results), and disaster planning ef-

*The masdular ambulance, an inmevative concepl In prehospital patient cane, was devely , i
signed, and conslnwicd by Dy, Cowley, Chiel Mohatamn, Clicl Warlichd of the Raltimaooe Ciiy Fire
Uepartnawnt, o Mike Margerum of the Schwab Coeach Company, Pennsylvanda,
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forts. In 1964, they published their findings and their laepone T e o n
improvement of thees and olher emergency mediome sranes i ihe mow yJasaie
while paper, “Accidental Death and Disability—the Negheeted Discase of Mod-
ern Sociely™ (see Table 1-1 for a summary of those calsling conditions).™ This
document stressed the need {or an overall organizational approach, rather than
individual cfforts, o solve the problem; il thus heralded the modern era of
EMS systems and provided the impetus for national attention and federal
invalvement.

TABLE 1-1. Exining Conditions in the Early 19608 and Recommendationa for Change

Calegary= Condltion
Acciden facta 52 millien accidental injuries
107,000 dead
1,000,000 hospitalized
10,000,000 disabled
400,000 permanently disabled

Alfects 1 ol every 4 Americans

Public information  General public unaware of statistics and magnitude of prolilem
Lack of general first aid knowledge

Trainlng Mo standard texts for EMS personnel
Inadequate training in cardiopulmonary resuscitation (CPR) and
other advanced lifesaving akills
Mo standard requirements

Transport blortician-supplied hearses provided 50% of the "ambulance” foree
Incomplete and inadequate equipment and supplies
Helicopters used for civilian Iranspart
Mo standard protocols

Communications Rarely posaible between ambulance and hospital

Emergency services  Overcrowded, outdated emergency roan in mist hospitals
No standards for space, equipment, prrsannc]
Mo cooperation between health groups
Me support from local or federal govermnment

Research Inadequate funding and support
Mo datafevaluation system
Category Recommeniations

Accldent facts Decrease accident morbldity and motality rales by means of region-

alized system of trauma care

Public Informatlon  Conduer patlenal forums on all EMS sulyjecis
Stimulate public demand for accident prevention and adequate EMS

Creale active community EMS touncils
(Conlimued)
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TABLE 1-1. Existing Conditions in the Early 19603 and Recommendations for

Conditlon

* Change (continued)
) Calegory
- |
i
=
A Trainlog
]
Transport
ol I
!
aft
s
i
LY
v ot
T Communications
Al l'q._|
» T
]

Emergency services

t Ressarch

Review and analyze safety acts pertaining to government depart-
ments with administrative responsibility in accident prevention
Earmark funds for support of research in trauma therapy and related

cancers

First aid: Extend training to lay population
Prepare aids, texts, courses of instruction for rescue squad personnel,
pelicemen, firemen, and ambulance personncl

Ambulance services: Implement recent traffic salety legialation 1o
ensure compliance, and for qualification and supervision of am-
bulance personpel

Adupt ways and means of providing services appropriate to bcality,
control, and surveillance of services, and copndination of services
with health departments, hospitals, traffic authorities, and com-
munication services

Develop pilot program to study feasibility of physician-staffed am-
bulances

Initiate pilol programs to evaluate autumotive and helicopler ambu-
lance services in sparsely populated areas and areas lacking ade-
quate hospital facilities

Delineate radio frequency channels and equipment for voice com-
munication between ambulances, EDs, and other local, regional,
and national agencies

D elop national pilol studies 1o evaluate models of rading/telephone
Installations to ensure effeclive communication facilitics

Mromote dally use of volce communication facilities by agencles
serving emergency medical needs

Explore feasibility of designating a single nationwide telephone
number 0 SURMON eMErgency asistance

Indiiate surveys in selected citles, small communities, and rural arcas
to determine patterns, numbers, and Iypes of EDs necessary for
wptimal care of emergency surgical and medical casualties

Develop mechanism for continued Inspection, categorization, and
accreditation of EDs

Saoliclt federal funds 1o deslgn, construct, and operate model emer-
pency facilitkes of each type

Eapand intensive care programs to ensure wnlntermupied care

beyund EDs

Eatabliah irauma registries locally and natbenally
Develop studies on the feeaibillty of designating selected injurios 1o
be incorporated under Public Health Service control

Sysiems Organization 5

TABLE 1-1. Existing Conditions In the Early 19608 and Recommendations far
Change lcontinued)

Category

Condition

Form hospital trauma commiliees

Develop shudies on degrees of disability and stages of convalescence
with emphasis on gattiest phases of treatment

Develop judicial application for principle of seeking impartial medi-
cal advice in defermining disability

Replace lay coroners with medical examiners

Institule routine, complete accident victim aulopaies

Develup eenter 1o study the necessary expansion of day-to-day
services to cover mass disaster or national emergency

Solicit increased financial suppurt for trauma research

Establish long-term Anancial support of specialized conters fur elinis
cal eesearch

Tinpand clinical resrarch of war wounds

Expand rescarch in shock, trauma, and emergency medical condi-
tions, with the goal of establishing a National Institute of Trauma

The Feds, In 1966, President Lyndon Johnson signed into law the Highway
Safely Act of 1966 and the MNational Traffic and Motor Vehicle Saflety Act of 1966
these two laws coordinaled individual state efforts by requiring them (in order to
receive federal funding) to make their regulations conform 1o national highway
salety standards (including postaccident care) established by the Department of
Transpartation (DOT). A new governmental agency was established to su pervise
this national effort; it became known as the Nalional 1 lighway and Traffic 5a fety
Agency (NHTSA). The systems and services thus generated were infierently eon-
cerned wilh the prehospital and transportation phase of EMS and did much 1o
raise the public's level of consciousness about emergency care.!

In 1968, the Secretary’s Advisory Committee on Traffic and Safety of the De-
pariment of Elealth, Education, and Welfare (DHEW) provided a cheeklist of spe-
cific recommendations Lo improve the EMS picture:

* Develop leadership and support groups to provide heretofore unachicved sus-
tained growth in environmental health and consumer protection services,

* Ceordinate DHEW rescarch and policies with that of the DOT to maximizo
elfectiveness and accommodate increasing demands.

* Institute highway crash research in accordance with natlonal goals.

* Enact a federal aid program for EMS as it relates to care for traffic accident
victims in which DHEW would have responsibilily for medical aspects and
DOT would have responsisility for engineering akpecta wuch s transportns
Fl'm‘li- eommunications, education and skills for prehospital providers, and so
wril, :
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+ Establish research inlo driving behavior, how drivers learn, and what drivers
should by taught in addition lo machine aperalion,

* Initiate a massive federal program aboul the disease of aleolwlism, especially
an it affects mutor vehicle uperalors.

» Establish a cenler for studying violent behavior, which contributes signifi-
cantly to car crash statistics,

* Expand and inlensify public education eflorts aboul safely measures such as
seal belt use.

= Establish a presidential commission to sludy ways and means of speeding up
the various legal and judicial processes involved in highway crash litigation.

Unloctunately, many of these crucial objectives have yel Lo be accomplished.

Thraughout much of the 1960s, the Division of Emergency Health Services
(DEMS) of the DHEW was the only federal office that assumed significont re-
sponsibility for improving EMS. This office operaled with limiled Tunding and
authorily, and it focused its attention muostly on disaster prepared ness and infur-
mativa dissemination, '

EMS Comferences. “The first national EMS conforence was hoeld in 1969, While it
established emergency medical technician (EMT) training curricula and certifi-
cation programs, standards for EMS vehicles and equipment, and the American
Trauma Society (among, other accomplishments), il also provided intrinsic evi-
dence that the microcosms of individual state and county efforts were slarting to
become parl of a macrocosm—the overall effort on a national seale.”

THE 1970s

The decade of the 1970s saw increasing focus and emphasis on EMS activilies.

When the NAS/INRC evaluated EMS resources again, they found thal profes.
sional and communily vrganizations had been more active than federal agencies
in efforls o upgrade EMS. Their 1972 report deseribed EMS as “one of the weak-
esl links in the delivery of health eare in the nation™ and called for a coordinated
federal effon (o implement comprehensive emergency care:

* Regional EMS programs wilh centralized communications

* Conlinued DOT [e; “ership in setting ambulance standards, providing sulbsi-
dies for cquipment purchases, and funding EMT training

* Standards for emen;ency nurses, physicians, and allicd hwealth personnel

+ Categorizalion of hospltal emergency capabililics

* Emergency facillties In industry, business, and public places

* A nallonal center for disaster EMS

Action on these recommendations came relatively quickly with passage of the
Emergency Medical Services Systems (EMSS) Acts of 1973 and 1975 (rovieed), ™
Thin “earrut and stiek®™ leglalation authorized federat fundipg for planning, estab-
flahing, and evaluating HMS symiems sl neorporated 18 regquined, baste com-
ponents (Tabie 1-2),

Syetems oM e T

TABLE 1-2. The 15 Basic EMS Components

Component

Requiseinents

1. Manpawer

2. Training

3, Communicalivas

Adequate numbers of Irained and experienced personnel
to provide 24-hour-a-day care

Personnel to include first respanders {fire, palice, ric.);
communicators: EMS/resources dispatcher: EMTs,
toth ambulance and paramedics; ED and eritical care
unit registered nurses; ED physiclans and specialists;
EMS systems medical director, adminisirator, and co-
ordinators

Criteria for personnel te incorperate nationally accepled
standards, standards negotiated through the Inter-
Agency Committee en EMS, and standards from na-
tional professional oeganizations and regisiries

Apprupriztecand continuing eduration programs fag
MG prersomaned, gualior petrmaniel, feguands, prark
v, atd eller public salety enspluyees, 1o be coor-
dinated within the gyelem’s service arva

Emphasis to be placed on recruiting anned forces vet-
erans with health care experience

Programs 1o include varlous edocational experiences:
Structured and nonstruechired workshops, seminars,
on-site observations, “hands-on™ clinical expasure,
videocasselte lectures and demonstrations, and satel-
lite-projected programs to reach remote or rural ares
persannel

Service to link persannel, facililles, and equipment

Service 1o ulilize emergency telephunic screening, uni-
versal emergency teleplone number (711), and direct
connectiona and interconnections in (e system and lo
other service arca systems

Service lo designate Contral Cenler responsible for es-
tablishing channels and allocating necessary resources
in an emergency situation

Center 1o have equipment and facilitics neceseary fo
perform designated functions and information ox-
change

Center to perform three pasential functions: (1) recelve
&l requests for ayslom respunse within sery|ce arva; (2)
direct all system response; (3) coandinate ail system
liaieon with other publie salety and emMergency mecha-
nkma

Center 1o address cldpen acoesa, conteal dispatch of rpe
sources, and medical ¢onitol for basic and advances)
life aupport (BLY ancd ALE] services

Center 10 plovide telecummunbcation |ntarface for pey-
sons with suditory hindicaps or for whom Tnglish Ls
not first language

S
.f.l L _. n‘}'ﬁ}.ﬁi’!ﬁﬂ. .

g g
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TABLE 1-2.  The 15 Basic EMS5 Camponents (roniinued)

Component

Requirements

4. Transportation

5. Facilities

Center to provide link between site, recelving hoapital,
and medical control hospital for maximal awarencss of
and preparation for patient’s condition on arrival

Adequate number of properly equipped ground, air, and
water transportation vehicles to supply needs of sys-
tem’s gervior area

Vehicles to meet national and federal standards for de-
sign, performance, and equipment

Operators/attendants to meet national, federal tralning
standards

Elements of BLS ground transport to include ambulance
meeting DOT, ACS, THIEW, and General Services
Administration specificalions; approved, 2-way voice
cummunications for velilcle ! medical comstned and con-
sultation; at least Iwo EMT=As in each ambulance;
S-min response time in 95% of metrupolitan calls;
20-min response lime in 95% of rural calls

Elements of ALS ground transport to fnclude all ground
BLS requirements; personnel trained lo paramedic
(EMT=T) level; advanced biomedical telemetry equip:
ment; exira medical equipment fore eritical care proce.
dures

Elementa for air transpuntatisn to include helicopters for
primary response o geographically determined anvas
(< 30-mile radius) and for secondary response o arcas
within a 30- lo 150-mile radius; fixed wing transpart
for areas greater than 150-mile radius

Additional transport o include emergency boats and
snowmobiles for response under specific geographic
considerations

Identification in each EMS region of each hospital’s ca-
pability to receive, diagnose, and treal emergency (eril-
leally il of Injured) patkenits

Categorization of abave i ensund sdequale number of
appropriate EMS facilities which, collectively, provide
#4-hour-a-day service—with no intrahospital dupli-
eathen of services

Utilization ol critical care services plan 1o Include per-
sonne] training and protocols for equipment, ranapor-
tation, transfer, tiage, and interhospital treatment

Professional critical care advisory groups o ensure
preper service uilllzation and Interrelation across po-
litical boundarics

Elements to include regional hospital categorization (by
means of natlonal eriteria) with at least cne AMA

Sysiems Opgamyialing ¢

TABLE 1-2, The 15 Basic EMS Components (cosfinurid)

Companeni

Hequiremenle

6. Critical care units

7. Public safely agencies

A, Cunvwurmer partisdpatban

9. Accessibility 1o care

10, Patienl iransfer

Category Il hospital providing 24-hour ED pliysician
coverage In each EMS region: regional advisory
groups composed of personnel from all levels af care
and planning io develop and camry out categorization
plan: agreements for interregional assistance

CCUs to provide access to designated critical medical
unils for inter-or intraregional admissions

Utilization plan toincdude personnel tralning; equipment
provision; protocals for transpartation, tranafes, tHage,
and interhospital treatment; and delineation of ne-
spansibility for identifying and providing transfer for
specificd patients

Addvisary group tu vnsure proper wtilizatlon of CCUs

Agency personnel, equipment, eic, to interface willy
standard reglonal EMS system, sharing equipment,
personnel, training, flc., toensure maximal emergency
or disaster response

System lo demonstrate appropriate coondination and
mutual-abd plans lor emergency and disaster response

MNuniratned fmoneaperienced service area restdents fo
~parfitipate in EMS palicy making procedure
“Reasonable representation” to be encouragel

System o provide links to reglonal 1lealth Systems

Agency (HSA) for planning, consumer representation

Care 1o be provided wilhoul inquiry about or evidence of
patient’s ability to pay

Lead agency monitoring 1o ensure care given to all withe
out discrimination on any basis

Syatem to provide patient ranalor 1o apprepriale faciliy
for followsup and rehabilitation care (to epsure max)-
mal recovery In adifition to scute care)

Bystem physlelans and facllithes to have written transfer
agreermenl to facilitiie communicatian, cooperation
Writlen agreements to dotument sign-off amd sign-on
medical respensibility, a3 well as mutual agreement on
treatment, irage, and educational and evaluation pro-

tocols, especially in rural ancas

Expert physician pancls 1o estabiish preliowpital treat-
ment and triage protocols for urban areas

Physiclan growps within each specialty to develop pralo-
cols for patlent selection, feld entification, prehos-
pital care, deatinaton 1o designated facilithes, and gval-
uation methods for EMS region
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TABLE 1-2. The 15 Daslc EMS Components icontinued)

Companent Requlrementa
Transter protacals to ncorparale all oilier componenls
pravide coftinuum of cate
¥ 11. Coordinated record keeping  Each EMS reglon to provide coordinated patient recond

s 12, Public information and
"% education

1

£

i

@

= 13. Review and evaluation

14. Disaster linkage

. 15, Mutusl ald

keeping from initial entry to discharge from system
Records to be used in system evaluation of care delivery

System to educate area residenits and visitors about EMS
reglonal system, how Lo access it, how tu use it prop-
erly, and how ta pay for it

System to provide sell-help, first 2id, and CPR programs
to help citizens understand EMS

Syatem o publish perodic status updates to secure con-
Hrveed muppaert of Us pablic

System to provide intemal review ol status, progress,
and impact (EMS5 Actof 1976 amended uriginal 1973
requirement for external, independent review)

Reviewer to supply description of beginning EMS re-
sources, capability, and performance; description of
alterations instituted (both clinical and system-re-
lated); description of EM5 resources, capability, and
performance during review period; and clinical evalu-
atiens (death and disability) for at least the seven
clinical patient target growps (major accidental irauma,
burn Injuries, spinal curd Injurics, acute coronary,
heart attacks, poisonings, high-risk Infanis/mothers,
snd behavioral paychiatric emergencics)

Plan to assure the system’s capabilily of providing EMS5
during mass casuallies, natural disasters, o1 national
emergencies

Regional EMS system mot fo be the regional disaster
organization

Regional EMS aystem to link with local, regional, and
state disaster organizations

Regional EMS sysiem to work with disaster organiza-
tions 1o ensure dellvery of needed services and care

Reglonal EMS system to participate al least blannually in
disaster planning and cacteizes to test plans

Exch EMS reghon to establish arrangementa with adja-
cent EMS systema 1o provide service (o barder sreas on
a reciprocal basis, regardicss of state wr county line
divisions

- ———

=n
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TABLE 1-2. The 15 Dasic EMS Components fconiinurd)

Camponenl

P a Pr————

Requlremienia
o opeei

Arrangement to be in wrillen agreement form, roviewed
and reevaluated annually

Agrecments 1o ensure consiitent, appropriale care re-
gardless of patient location [rural, wilderness, or urban
Area)

AFPLICATION

The federal impetus, combined wilh a growing publle awareness and concern,
penerated inereased interest and activily in EMS systems developrment during
e wrarly Do gisl 19700, Communitics and health oeganbations anss L comnlry
started working together 1o establish “lecal” emengency services using (he 15
basic components as building bocks, thereby recviving federal amd state
funding.*

The main develupment of the mid- Lo late 19905, however, was the enhance-
ment of such local services into regionalized systems of trauma care. The resull-
ing larger unils provided a more sophisticated level of cane for the trauma patient
throuph coordinated prehospital care, triage, and transportation, amd though
the concentrated bul shared expense of equipment and personnel necessary for
oplimal care, Acceplance of the idea of regionalized care was neither immediate
nor complete in spite of overwhelming evidence of its poleatial benelits; pofitical
a8 well as peographic barriers first had to be addressed and surmounted, anid the
process is slill under way in most arcas. Yel il is that same conceplual base of
regionalized care that today makes trauma a patentially manageable discase.

REGIONAL RESPONSE

e —— ——————

Effective response o any emergency, particularly a health-related one, requires a
system (preplanned at the regional level) that rapidly deploys approgriate and
propesly trained and equipped personnel. To “beat the vadds™ and challenyge the
almost certainty fatal outvome of untreated or inappropriately 1“‘-111":'. il‘llillriES;
victime of major irauma requiee suphisticated, definitive care provided in a fimely
manner through an integrated system of field, medieal, and surgical personnel
armed wilh slate-of-the-art knowledpe, skills, and equipment. Figure 11 shows
the effect of variously limed interventions on the tunma morality rate,

Because supplying such a service involves complex arranpements of essential
personnel and equipment, a trauma/EMS system needs an EME lead agency (o
provide the necesgary fucus and central directipn for planning. Tmplementing,

i
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Madtality A evolved over a petiod of several years, MIEMSS is the overall, slatewish argar
L 7.-""-'-‘;::-"“";-'-"'"""-":;-"““':_::--* i zalion. The EMS Divisien of MIEMSS, which is the frehd nperatwns = tuw,
~ . Ha . - warks 1o coordinale and improve trealment facilitics, Wanspanaiion and wm

wl 'l;l:’f:hﬂrjlill With .;l.' Datinile | municationg equipalent, training of emergency muslt 3l peranee] gl

! ! { & Maume education within each of the five EMS reglons. Local EMS needs in cach of these

] 7 , areas are determined by one of mute professional regional coordinalors and a
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et I ; £ ¢ volunteer EMS Advisury Council. Each coundil is composed of consumers, . e
* i g ’-!h“mil“ providers, institutional personnel, governmenl representatives, and EMS y ! e o
E u :1‘“.. l;--i'.,’;' professionals. - A
5 = 5 L ! Madicsl Carn The Maryland EMS communications system, (he first statewide system uf its : ﬁ, e
N H ] o Tenapon Kina in the natidn, tivs the entire Maryland EMS system togethen, Ambulaces, ik ﬁ-ﬁ-ﬁ,ﬁir

helicopters, huspitals, and central alarms that dispalch emengency medical leams

]
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are all linked with any EMS component in any region throughout the stat
The Systems Communication Center (SYSCOM) is operated 24 hours a day by
trained MIEMSS communication dispatehers whuo are also EMTs.™

NI

The eommunivations syslem plays an imporiant role in EMS by ensuring that

L]
i
o T T ! e any aceident victim, coronary patient, or critically il patient in Marylanad will !
1 15m 3om 80m Hours receive lile-sustaining care within minutes as EMS personnel reach the scene,
- and that the patient will Be transported 1o a treatment facility prepared (o man-
ncure 10, The effcet on the mortality rale of an EMS systeaws approach to trauma care, | age the problem (see also Vol 1, Chap 2). ; 1 |
Ambulance and rescue companies in Maryland couperate wilh the State Palice 4
Med-Evac helicopter sysivm 1o provide extensive and rapid transparl coverag
monitoring, and evaluating. In addition, this lead agency must represent the in- throughout the state. At present, 240 paid and volunteer ambulince companics
terests of both trauma victim and provider and also assume responsibility for all with well-equipped vehicles serve Maryland. In additivn, State Police Med-Evac i
trauma palients in both the public and private sectors within the region. Uniform helicopters are on 24-hour-a-day privrily call o transport palients o specially
programs, guidelines, and protocols for patient care must be identified. The lead refieral conters vither from the scene of the accident of from other hospitals, ‘Two

agency’s traumatologist works with colleagues at various levels within the syslem US. Pack Police and several US. Army Med-Evae helicopters supplement the
to identify prublems, develop practical sulutions, and deploy operativnal proto- slale pulice helicopler service.
cols for prenospital, interhospilal, and trauma center care, as well as for rehabil-
itation services. These protocols provide training and daily procedure guidelines,
an evaluation basis, and a legal standard of care.

Crilical trauma patient care, therefore, demands a regionalized system using |
a protacol approach for both systems operations and palient treatment through- l EMS PATIENT DISTRIBUTION —
out the varduus echelons of care. LEVELS OF CARE

Trauma incidence and patient distribution within any EMS regional system
show that 85% of trauma patients can be managed at the local level, 109% need
further care in standand and intensive care settings, and 5% need the special care
. available unly at American College of Surgeons (ACS)-designated Level [ trauma
e centers.” (These divisions comrespond well with the ACS delincation of care lev-
' els; see Fig. 1-2) The real impact in managing patients in that 5% category lies
not in the importance of one treatment or a single phase of care {such a3 the
prehospital phase) but in the conceptualization and implementation of each
treatment and each care phase as parts of an organized regional traumalEMS | nayne 3. The earrelation leween
system nf care. | yraumy palient categoriralion and e
Maryland's EMS aystem, based on a flve-reglon divigion of the slate [Fig. 1-3), | ACS divisions of eanr.
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ECTIELONS OF CARE

Marylaml has a unique system for providing highly specializcd care lor critfeally
iil uf injured persans who require sophisticated medical saanagement. The s
tem, called the Maryland Echelons of Care System (Fig. 1), consists of the
following™:

» The specialty referral centers, areawide lrauma cenlers, and hospital emee-

gency depariments Lhroughout the state
» The rapid transportation system {land, sea, and air}
* The EMS statewide communications system

SRR

Nl P T

Maryland's specialty referral centers serve the fullowing paticnt populations:
adull and pediatric trauma patients; high-risk infants; paticnts whi need upper
and lower extremily ampulations; poisen control patients; patients with eye i :
trauma, spinal cond injuries, or burns; and patients who need Iy perbaric onypen s
for :IIT‘I‘lHi:l' nr Lo withsalaner inhalation, wininal I11.'|.nﬂ|:l.'l|'li'1'll. r t!rk'{lrli|1fl"ﬁ‘iil‘ﬂ .
symptoms. Maryland also bas nine arcawide Iriuig conlers, vacliol whivh has ’

! satisficd designation eriteria including population, patient fuw, yuality of the
facility, and geographic needs, Selection I8 based on the advice of the regional
EMS Advisury Council. Each center is committed Lo accepling patients within

g '; the stalewide sysiem unless that facility is full {determined by preestabilished -
3 guidelines and parameters), in which case the Shock Trauma Cenler serves as a z
£ back-up. 4
£ oo {g
z ] _ [
E ncure 14,  Cehelons af Care in Maryland. ! {-uls
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16 Trouma Care: Surgical Managemeni

Training for medical personnel and other citizens dealing with emergencies is
vifered through the conperation of various agencies.

Prehospital Personnel.  Ambulance and helicopter crew membaers are trained to
resuscitate and stabilize the patient at the scene of the accident and to maintain
that stable condition en reule lo the hospital. Crew members are certified EMT3
and many are also certified cardiac rescue technicians (CRT5). The CRT training
instructs ambulance atiendanis how Lo use lelemelry equipment, to begin intra-
venous solutions, to defibrillate, to administer drugs ordered by a physician, and
to utilize ather advanced life-support methods such as military/medical anti-
shock trousers (MAST), endotracheal intubation, and establishment of the
esophageal obturator airway. EMTs and CRTs thus become extensiuns of hospilal
emergency departments, and, like hospital personnel, must maintain and update
their skills through accrediled programs and workshops. All prehnspilal person-
nel and programs are under medical control,

Nurses and Physicians. Accredited programs also provide nurses amd physi-
cians with opportunities to update their skills, Nuesing workshops are presented
throughout the slate un such topics as trauma, crisis interventivn, child abuse,
burns, cardiac emergencies, pedialric trauma, neonatal care, urthopedics, blood
gases, diabetic emergencies, respiratory problems, mechanical ventilation, spinal
cord injury, the nurse as a first responder, and principles of patient and family
teaching. Various state and national seminars are presented on trauma and emer-
gency medicine, along with intensive skills-oriented courses for emergency
physicians.

The Public. CP'R and lirst-aid courses are supported for the cilizen. Through
the cooperative efforts of the MIEMSS, the Maryland chapters of the American
Heart Assuciation, and the regional schoul systems, CP'R training has been inteo-
duced into all high schoaol curricula.

MERGING THE MICRO- AND MACROCOSM CONCEPTS

BUMMARY OF “LOCAL’ KFFORTA

The concept of dellvering sophisticated emergency care to eritically Il and in-
jured persona first became operational at the individuel local communily level in
inolated arcas around the country, As the caro, and jta delivery, improved and
expanded, advantages in lerms of response speed, efficiency, improved patient
outcome, and cost-effeclivencss developed from combining the efforts of several
such contiguous communities into a regional system using shared resources. In
Maryland, this regional approach has advanced one step further into a statewide
system (sce the next acclion in this chapler, Systema Evaluation, for an evaluation
of the resulls uf this program compared (o national statistica).

Sysiems Organization 17

Development and imprevement of this countrys overall EMS program, biow-
ever, must aot stop al the statewide system level; it must continue to grow, One
promising recent develupment has been Lhe establishment of an expanded, in-
terstate EMS region. ™

« REGIONAL DEVELOPMENTS

Goals.  As metropolilan areas merged and patient needs more frequently re-
quired transport across state boundaries, the need for interstate continuity of
EMS care became more and more urgent. Based on Maryland’s integrated EMS
system, six Mid-Ritantic slates, the Mid-Atlantic Emergency Medical Services
Councl, Inc., formed and incorperated Lo coordinate interstale EMS activilies
{evaluation, planning, reciprocity, implementation, and operation) to minimize
duplication, increase cost-sharing benefits, and develop procedural recommen-
dations for governmental and other invelved organizations,” Thus, Delaware,
the Distreict of Columbia, Maryland, Pennsylvania, Virginia, and Wesl Virginia
banded together 10 years ago to provide maximal EMS care to any persen any-
where within Uheose six slates,

Organization.  The council is composed of not more than 18 governor-ap-
puinted representatives {3 maxirmum of three from each slate, all from the ficlds
of health planning andfor EMS operation), and ex gfficio representatives from Lhe
US. Department of Transpurtation, the Appalachian Regional Commission, the
EMS Division of DHEW, and the Region Il Field Office ef DHEW's Public Health
Service. Additional regional interstate organizations are invited to participate In
council activities. Since New Jersey has joined the Council, the name has been
chanped to the Attantic Council,

The council’s financial support rests on initial DFEW “seed" money (in 1976),
which has been replaced by slate budget allocations.

The council designated goal-specific committees o facilitate the accomplish-
ment of its overall purpose. Table 1-3 lists each commillee and its respeclive
responsibilitics.

Accamplishments,  In spite of differing EMS laws and developmental stages, the
council has aceum plished the following:

+ Devolaped and Implemented a glandard disaster irage 1y

« Contributed significantly w natlonal effurt for mandatory passive restraints in
all autamobiles by 1984

» Developed compatible interstale communication sysiems

» Supported no-faull insurance through testimony before the U5, Congress

* Developed and printed a council brochure;

+ Obtained legal review of the reglon’s medical practice acts and pacamedic leg-
islation and voiced suggealions for alleviating constraints found In existing
legislation i
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TABLE 1-3. Mid-Atlantic EMS Council Committees

Commiltes Respansibility
frterstate Disaster Triage Tag  Standandize trisge tags to facliltate Intemstate EMS assist-
ance
Hospital Capability Establish council as reference center for EMS capability

evaluationa
Define and standardize capability criteria

EMS Communicalions Coordinate interstale communication sysiems

Legislation and Regulations  Identify minimal and optimal requirements fur interstate
EMS system based on existing and needed criterda and

T resULInces
Manpower Educativn Seck gubematoral support fur inlerstale trainkng standands

and programs

Reimbursement for Services  Reduce fnanclal lusa Tor out-of -slate patlenia

Reciprocily Efect interstale reciprocity agreements through (1) EMT
and paramedic reciprocity and (2) standard certificatlon
requirements and procedures combining Matienal Hegis-
try and individual state criteria

+ Developed a current inventory of existing and proposed legislation
+ Established EMT reciprocity among five of the six states

+ Supported states with liltle gubernatorial support

+ Initiated sleps to become an information resource center

* Established EMT and hespital interstate reciprocity programs,

Future Plans.  Included in the Councils future plans are development of re-
gional, and therefore cost-effective, research and legistativn projects; develop:
ment of regional EMS programs in other areas as a base for a strong national
EMS council with DOT and DHEW funding: and development of public {and
political) education projects lo ensure institulion and maintenance of a national

system.

FUTURE VISIONS

A statewide or even an expanded regivnal program must nat be considered the
ultimate echelon of EMS care. To oblain maximal benefit from specialized medical
authorities, iransportation/communieation lnkages, as well as injury/ireatment
data, resources; and experience, must be -P-u-nl;-:! on a national level, Therefore,
efforts toward establishing a national trauma institute {as the basis for a national
program) must continue."

Such a national institute would require at least two basic companents to en-
sure success: (1) the allocation of adequate funding for continuing research into

Systems Orgamzation 19

the eliotopgy amd effects of trauma, and (2) the establishiue it ol s i vt I gimad
registry to acl as a nationwide clearinghouse for trauna dita, this data would
provide the means for evalualing the results of past Actions dml pingnting
arcas needing revision of improvement (see the following section, Systems Lval-
wation). Only when the cumulative dala can be centrally repistered and evalu-
ated on a national basis will efforts at fighting this disease become truly
successiul.

SYSTEMS EVALUATION

Belavadi 5. Shankar

Amy prragratn eoeetln Irgerg is worth conelitingg: aml if ils
aratd eoarth adiadony 05 ol wortl Prging.
= MK BN

INTRODUCTION

In this woerk! of competing risks (demand) and limited resources, evaluation s
one of the four most important ingredients of any program, whether it is national
health services or a neighborhood recreational center (Fig, 1-5). In a large, ongo-
ing, program, the lessons learned by performing the activities of each of the ele-
menis are passed on 1o the next stage in a continuous fashien until the program
aftaina its highest effectiveness (optimal state). Thus it is a dynamic process. For
the sake of simplicily, “evaluation” is shown as a distinct clement in Fig. 15, but,
whether implicit or well-defined, evaluation is an essential step at every stage of
the program. For example, at the planning stage one might ask auch questions
as, Are the objectives relevant and realistic? Are those abjectives statedl in meas-
urable terms? Webster’s Third New International Dictionary defines "evaluate”
as “1o examine and judge conceming the worth, quality, significance, amount,
degree, or condition of*t Evaluation begins by examining the plan and judging
whether the goals and abjectives are appropriate for the program in question; in
other phases, it examines the structure of the wrganization, the process pre-
seribed Tor achieving U outcome, and finally, the vutcome, Even the evaluation
itaelf will be pvaluated fur the approprialencas of U miethodalpgy used, or for
1he cost, The evaluation should be a duilfin fusction in the program aperation.

A wnll-pla.nm:d evaluation examines struciure, Pmﬂl-ﬂﬂd vuleome of the

*Quated as personal communicatiyn by Waller.™

iy perminston. From Welnter's Thind Mew International Dictionary Unalaidged, p 786, Springfield,

Massachusetls, G & C Merrian Ca, 1967, Copyright © 1967 by G & C Merrdan (4]
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BUDGETING
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system as described by Donabedian,? The basic eriteria necessary fur a survessiul
evaluation inclide the following:

1. Objectives should be clearly stated in measurable terms, which are realistic
and achievable within a defined time interval,

2. Evaluation methodology should be described in advanee and included in the
planning process. o

3. Relevant data should be carefully collected at every level of activity, and one
should make sure that such data are reliable and valid.

4. Evaluation should be conducted by an “ebjective” group of individuals.

5. The results of the evaluation should be considered serivusly amd resulling
recommendations should be implemented whenever necessary. In uther
words, evaluation should be linked with the policy-making process as well.

In addition, in a complex system such as trauma care, where several arfaniza-
tiona and several disciplines are invelved, all participating groups should exhibil
ungualified support and cooperation once they agree on the basic fra mewuork for
evaluation. Fig. 1-6 displays some of the imperiant compunents of a trauma sys-
tem where evaluation should be carrled sut. An organjzed communication sys-
tem of data feedback and “feedforward” among different participating yroups
needs 1o be established beforehand and should be carried out during the course
of the aperation of the program.

Systems evaluation should Iinclude both macro-and microlevel assessments of
performance. For example, although it is important In a trauma care environment
to asceriain whether the overall sysiorms goals and mikalon of reduecing death and
disability have been met, it is equally important to cxamine if the objectives and
subabjectives at various slages of the sysiem opgration have been achieved, Buch
an evaluation will help identlfy “disturbances,” if any, within the system and
make the systemn operalions mure successful,

Sysiees Dhgansition 11

The application of 1 systems control theory, as described 1y Zerriach, * loeval
uate trauma vire syslems may have some limitations in Hhat 3 groal imasy W te
variables ean beeome uncontrollable or even unrecopnizable, Mevertheless, the
salient features of Uhe theory can be adopled in a trauma care program. Another
problem that confronis the evaluator is the difficully and complexity in quanti-
fying some variables, such as the severily of an injury. Although indices ane used
te classify palivats aceording 10 the severity of an injury (the injury scverity
seore—155) or Lo assist in feld triage (trauma score—T5), rescarch to ascerlain
their validity and reliability under different circumstances is inadequate.

A critical aspect of the evaluation is the predetermination of the markees that
are o be wsed i e evaluation of program implementation at various stages of
the system, as well as the predetermination of the outcomes consislent wilh the
overall goals and objectives, Once these measures are defined, a system of data
collection should be put in place from the start of the program implementation
tir grather vebialele and valial information so that the requiaesd meagioes can e
vornp e aveurately, Only then can the evaluation e performed] reasonatily,

Anolher critical factor in the evaluation process is the establishment of “lase-
line™ data that operate Ivfore the implementation of the program; these basdline

noure 16, Components of the system of trauma cane,
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data would then permit computation of “putcome” measures (such as mosality,
morbidity), facilitaling “before and after” comparisons for an assessment of the
Impact. If 1he ovaluntion strategy |8 1o compare two regiona, one that has imples
mented the program and one that has nol, the baseline data should be collecled
in both reglons in an identical manner,

INJURY CONTROL

The dictum “prevention is better than cure” is well known and should apply 1o
almaost all undesirable cvents. A necessary prerequisite o adopling this philoso-
phy is to recognize that an episode is prevenlable, This seems to be Lhe problem
in prevention of injurious accidents. Although proposed 200 years ago, accident
prevention did not find a place in the public health arena until recently. To many,
the leem accident implicd an occurrence random in nature, which lead to e e
lief that it was due 1o bad luck, carclessness, or punishment by God for sins. Ouly
after changing the term accileni prevention Lo fnfury contrd did sume skeptics be-
gin to pay altention.™ Yel, even today, not enough sustained suppurt is given to
injury control programs, Lo systematic evaluation, or Lo the study of the problems
relaled to injury and its causalion, This is a sad slate of affairs, especially consid-
ering that mortality due to injury has numbered among the five leading causes
of death in the United Stales for several decades, and thal currently it ranks as
the third leading cause, next only o heart discases and cancer.

Recent studies (19680-1983) conducied in Maryland clearly indicale an increas-
ing trend in the incidence of traumatic injuries requiring hospitalization among
all age groups (Table 1-4). The data show a clear pattern in the incidence of seri-
ous injuries, which by no means can be considered random. The incidence peaks
consistently during summer months and dips during the winter for children and

TABLE 1-4. Discharges from All Nonfederal Shorl-5iay Hoapitals In Maryland

d=Year
Data Set Year Total
1980 1941 1952 1883
All discharges 579,089 591,337 14,406 626,609 2411457
All trauma cascs 31,183 3330 13,718 33,466 130,668
Severe trauma cases 4,182 4,649 4572 4,745 18,148

{155 = 1)

Totsl populstion inthe 4216978 L243436 4267497 4,293,059
Mate

Incidemes file/ 100,000 .3 10%.8 [P 1108
population

(Hralih Gervices Cost Reyview Commision, Biate of Maryland)

oo coiiniiessmeitaion. . g B
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young adulis, And, jost as consistently, the pattern i reveesad [o7 jeg an sl

65 years ard ulder (Fig, 1 7). During the same period, e awnionoe of Gt el

Ineapacitaling injurics due to motor vehicle crashes also inczoared wigrlioatly,

One explanation for the increasing trend in the incidenng ) IR frum .\i-'iivl‘.'

police autemuobile accident reports, which show that fatal and incapacitating in- i
. juries from vehicular crashes peak during the summer months and are the fwest i

during the winler monihs, and suggest an increasing trend aver time.

Available data alsu show that about 55% of severe injuries resulting in haspi-
tafization are related to vehicular accidents, In the words of Cooper, “Epidemin-
togic information is of greal importance in the allocation of resources (or
treatment and in kemulating policy designed to reduce the Incidence, muorbidity,
and mortality lof head injury)!™” He also noled that, “Because the automobile is
responsible for one-half of all head injury deaths in the United States, teonds in
automobile fatality rates will have a significant influcnce on hepd inju ry marlal-
ity Unfortunately, mocheneedid epidemioligical dats ane nol availabie, or what
i availale camivot be usead owing to lack of specilic definitlans aod siandards, 1t vob
is alse knuwn that all- and lire-related injurics are most prevalent among, oller e
persuns. ILis nut clear, lowever, why the incidence of severe injuries is e Digl-
esl during winter menths anwng older people, While 1t is recognized (hat vehic-
ular accidents are a major cause of traumatic injuries, the ull extent of the
mechanism of such accidents is still unknown in spite of considerable research
in this ficld, Although excess speed and alcohol are blamed for automobile acci-
dents, one does not know how often such accidents are caused by a driver who
lights up a cigarette, louks up al the mirror, has an argument witli a passenger,
or is simply negligent while deiving, The point is, even in the “most understood”
liehd, a lot s still unknown,

The guestion then becumes, If one cannot prevent an accident [becausy futw it
bappens may be unknown), can one at least prevent the sorious injuries such
accidents can vause? For example, can the safety vquipment In antomabiles pre-
vent serious injury when an accident nocurs? Hobertson examined the effect of
federal mutor veliicle sately standards on the occupant death rate from 1975 1o
1978 in the Unitind States and Tound a significant redoction in the number of
deaths in federally regulated vehicles.™ In a systems evaluation, one considers
such ather faclors as speed limits, drunk driving, mix of vebicle size, and public
awareness, in addition to the use of safety devices,

Hartunian and co-workers estimated the incidence-based costs of cancer, heart
disase, motor vehiele injurles, and stroke. 2 According te thelr calculations, mo-
tor vehicle injuries pgencraled $14.4 billion in present-value codts in 1975, net
anly to cancer. Watson and Assogiaies analyzed murtality data for mutorcyclinie
from 1984 Lo 1979 In the United States and found a slpnificant increase in the
mistirreyeling doath rate in ihwse siales that repealed or weakened the helmet use
law (Fig, 1-8).%"% Mullpe palimated that st least $81 milllon could be saved an-
nually if all motorcyclists wire to uae holmois, and Uhat repealing helnigt use Livs
wuuld result in $16 10 $18 million worth of preventatile medieal caege exponditures
annually, o '
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rcuRe 1-8.  Motorcycle fatalities per 10,000 mulorcyele arcidents,
1958-197%. (Data from National Highway Traffic Safety Adminisira-
tion, 1979, Reproduced wilh permission from Walsen G5, Zador L,
Wilks A: Helmet use, helmel use laws, and molorcyclist fatalilics.
Am ] Pub Health 71: 297, 1581)

The debate over the effectiveness of driver educalion for leenagers goes
on, 12 Although empirical evidence suggests that using salely equipment is
effective in reducing vehicular injuries, most states have not passed mandatory
seat bell laws, and many states have even weakened exisling laws governing the
use of motorcycle helmels. Such activity does not seem logical in the face of ex-
Isting data and stalistics; perhaps it is the result of political considerations out.
weighing the benefils derived from health regulations.! In the words of
McLoughlin and co-wurkers, “, . .education for personal responsibitity is not suf-
ficient. Produet maodification {for safoly) and enviramnental ||.!|.|(:5Ip'|i mitist ke
instituted through education and legislation for successiul pontrol of an injury’
A systematic evaluation of injury contrel programs in critieal 1o convince indua-
try; legislators, and the public of the need for stricter safely measures, Systematic
data collectiun under contralled conditlons and replication of that methodology
in different environments are necessary for an objoctive assessment of an injury
prevenlion program’s oulcome,

Although sutomobile accidenta are the major cause of injury among young
adults, recreation-related accidents and falls seent to have been a frequent cause
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26 Trauma Care: Surgical Managemert

of serious injurics amung children over the pasl decade. However, considerable
advances in accident prevention have been made by making toys safer and by
using child-proof lop on medicine bottles. Fisher and co-workers, for example,
reported a 42% reduction in playground equipment hazards and a 22.4% reduc-
tion in playground-related injuries following a 1977 children's playground equip-
ment injury prevention project conducted in Mew Yuork State.™

An injury surveillance system is eritical for the evaluation of an injury preven-
tion program. A brief description of the clements of such a system can be found
in Injury in America,* There may be several strategies to prevent an injury.
The evaluation process should be able 1o assess the impact of each of these ap-
proaches in preventing or reducing the injury. This would permil comparison
among various injury prevention programs for policy making and [ulure pro-
gram planning,.

PREHOSPITAL CARE

When an injury occurs, the system should be able to respond swiltly and effec-
tively to save the patient’s life. According lo Cowley’s "Gulden Hour” theory, a
patient with a traumatic injury can be saved if the appropriale care is given
within 60 minutes postinjury.* To ensure successful functioning, prehospital care
must encompass thoroughly trained EMTs and paramedics: well-equipped and
strategically located I‘E‘Spﬁﬂdﬂr and rescue units; an efficient arvund-the-clock
communication system; and “minute-man”-siyle Irauma leams {al the appropris
ate hospitals) capable of mobilizing well before the patical arrives at the emer-
gency department (ED). For an efficient use of hospital resvurees and eptimal
patient outcome, fickl triage and echelons of care shoull be cleardy defined (see
the first seetion of this chapter, Companents), Margland has a slatewide syslem
encompassing all of these aspects {see Vol [, Chap 2). An evaluation uf this sys-
tem is described below.

A comparison of the Maryland and United States figures for injury deaths
occurring before the patients arrived at a medical facility {DOA) (Fig. 1-4) shows
that the LS. rate [s 2.5 times that of Maryland. Althogh both the nativaal and
state DOA rates declined between 1980 and 1981, the rate of decline in Marylamd
(6. 77%) was twice that of the national decline (3.2%). Marylamds wrell-urganized
training system fur prehospital care providers, its contrally maimtained commu-
nication system, and its coardinated transportation system probably cunbributed
1o the stale’s low DOA rate. In Maryland. thie overagie Hame buetween Injury il

. arrival at & hospital ED, whether by ambulance or helicopier, is less than 1 hous
With all the assumptions and simplifications, the observed differences in e
magnitude and the percentage decline in DOA suggest a pasitive impact of the
statewlde system on Maryland's trauma scenc.

It 1s difficult to ascertain whether every Injured pallent was approprintely
tringed at the scene of the injury. According lo the echelons of care in Marylamd,
critically injured persons are taken loa Level | center of o a specialty care center,

sygleins (rgamizaton X

15 4 14.5%
144 ] |
134
124
114
10+
' E

T
& Low 5.6%

B+
e
34
FE
14

FERCENT DO OUT OF ALL DUE TO INJURY
-

U.E. MD [TH R

1980 1481

poure 1-9,  DOA statistics in Maryland amd US.

severe multiply injured patients are sent to the Level I center in the repion, and
the others 0 1o the nearest hospital. An analysis of hospital discharge records
indicates that Maryland's field Iriage system may nol unly be working appropri-
ately, but actually impraving over time (Fig. 1-10). In 1983, for example, more(han
70% of critically injured multiple trauma victims {155 = 20) and ¢lose to 40% of
severely injured persons (IS5 = 13 = 19) were laken lo desipnated trauma cen-
lers. Daged un the trend analysis, this “compliance” with the echelons wl care s
found 1o be increasing, at an annwal rate of 1,9% in Maryland,

One of the mast important aspects of data gathering is 1o provide feedback to
the originator uf such documents, and both positive and negative findings of the
analysis should be stressed. (Making the data collection instrumentl very simple
and short will undoubledly increase the accuracy) The data so collected should
e uselul o those wive provide it as well as o those who plan, manape, and
evaluate he sysiem. In Maryland, for example, every perlified prebospilal care
provider [s required o submit the “skills performed” report each year for ecer-
lification. Each prehospital care providee, therefore, should keep accurate records
of him e e activities during the year. Such a record I produced on the eomputer
for each individual, i eliminating the need for additivnal paperwork as wall
as increasing the accuracy of the repart.

The critical issues in prehospital care are the response time, the appropriate-
ness of care glven, and triage. To evaluate these functions, one needs accurate
and complete data. Alihough the care providers are Instructed to doowment ool
evanl information un a preserbed form, their primary objeciives at the scena of
an accident are to stabilize and save the life of the injured person; naturally, pa-
perwork becomes @ secondary priority. They may complete the form after the

LR ——T ¢

-




28 Trawma Care: Surgical Management

#04
BO4

E

[4]

3 7o

< ol

- 1 SPINAL CORD INJURY

'"n" 2 BEVERE HEAD INJURY

i 50 3 TRAUMA: 155 = 20

E & TRAUMA: |58 12-18

’ d
LL

w2 T T T T

T T L] T T T 1 T T

T T T
o 1 @ 2 4 5 & T B 8 10 M 12 1 W 15 18

CALENDAR QUARTER BEGINNING JAN. 1580
BASED OM HECRAC DATA FOR 1580-63

ncure 110,  Compliance by iype of trauma In Maryland: 1980 - 1983.

patient is delivered 1o Lhe hospital, bul by then the question of accuracy and
completeness of the data based on memory {or even op partially written notes)
arises. Thus, there has o be a constant reevaluation of the data collection instru-
enit Lo make it simple and useful. ]

" In Maryland, murpe than 300,000 ambulance responses ane n1-*:dn mﬂﬁ iﬂ-\r, in
the recent past, mare than 70% of those annual calls have been “recorde " LA
standardized runsheet, filled out by the responding field personnel and sent o
central processing. A list of missing and incorrect data elements I'm:.mrlh mmlj
pany is generated and sent Lo the state EMS director.’] I|L1_r¢-|3t_=rls. indicale a nee

for inclusion in the training curriculum, as well as in periodic refresher ml.;rsms,
orientation on the purpose and need for accurate data. Because the ambu l-;ml'c
runsheet dala are being vsed 1o provide annual summary repuorts, Inu}w-dun 8 o
not have to keep track of their activities. In addition, monagement m[mrn.;tmn
by ambulance company is provided monthly, and a detailed tabulation of the

sasing the
lance units is sent to each company perlodically, thus increasing t
#:;m:m:b:;nm:"m:unury" data collection syalem amd, copcomitantly, in-

creanlng the responders’ level of olficloncy and aecuracy by “highlighting™ balh
well-and pourly performed areas.

Systems Organization 29

Accurate anud complete prehospital care data are eritical for systems evalua-
tion. In addition, the infurmation is extremely valuable to the medical staff at the
ED in assessing the palient slatus more accurately and speedily. The ambulance
runsheet should become a part of the medical record of the patient.

HOSPITAL CARE

When a patient is brought to the ED, appropriate resvurces should be available:
patient vutcome is a function of the guality and timeliness of prehospital and
hospital care, Time is of the essence in eritical injury situations; a good commu-
nication system will enable the trauma center 1o mobilize a full complement of
the trauma team before the patient arrives.

Itis more difficult to evaluate hospital care than any other type of patienl care
because the treatnent criteria and standards of carc vary widely, and the inter-
pretations depend upan the altending physician. If the trauma team s ot ready
when the paticnt aerives, the ED surgeon will have to decide whether to manage
the patient with his resources or to call in the trauma team. Thus, a second-lovel
triage may take place in the ED,

In Maryland, ten hospitals have been designated Level I trauma centers.* All
these hospitals alse maintain general EDs, More often, the trauma cenler within
such a hospilal represents not a separate physical entily, but a concept based on
the availability of resources and appropriately trained personnel within the ED.
The evaluation of trauma palient care in the hospital should examine whether
the patient was treated by the trauma team or by the general ED personnel (Fig.
1-11). In 1982 in Maryland, 69.3% of all critically injured patienls (155 = 20) were
triaged from the scene 1o one of ted trauma cenlers, f%ﬂi! than half of them
were lrealed by a “trauma team” An improvement in both primary and second-
ary lriage was ubserved in 1983, Reliability and validity of these dala notwith-
slanding, the abserved change may be taken to indicale positive impact of the
system. Each lrauma cenler should institute an internal evaluation of patient out-
come by comparing the complication rates, mortality figures, and lengths of stay
of Iwo groups of patients; the review should ascertain why a Iraumatically in-
jurcd patient was not treated by the trauma team,

The concept of seasitivity and specificity can also be used in the evaluation of
e triage system. Although this concept is frequently used to compare the re-
sults oblained fram a new test against a “standard” test, the technique ean be
employed in a Irauma care System to monitor the trends over time of adherenca
to and appropriateness of triaging,

Consider the outcome of performing a test on N number of subjecia (Tabilo
1:5). Suppose hat, vut of N subjects, N, have the diktase (say diabetes) and N,
do net have the disease. Wien a pest is performed, fudr categories are oblained.
Among, the N, group, the teat may shuw powitive for same (true positive, T} and

*Althusgh general gubdelines for designation heve been susbiniel, ey are na fully adapied.
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1982

1982

COMMUNITY
HOSPITAL
(28.2%)

GENERAL EO
1N A TRALMA
HOSBPITAL
(%)

picume 1411,  Distribution of trauma patients by levels of treatmenl in

Maryland {155 = 20).

negative for others (false negative, Fo.
have posilive test results {false positive,

negative, Ta). Sensitivay and specificity of the test are computed as
Sensitivity = T,/N
Specificity = To/N
positive results for all those who have the
disease and negative results for all those who do not. In reality, owing lo [actors

I, it does nol happen. )
B e Al Pit,lﬁnt very few subjects whi have the disease

low Lhreshold value, for example, fur the

One would like to have the test show

If the test is designed to make sure
are labeled “negative” by choosing a

bleod sugar in the case of the dj.abetes test,
result. On the other hand, a high threshol

number of diabelic patients as normma
copt is represented diagrammatically

two measures (sensitivity and specif icity) are inversel

Likewise, among the N; group. some may
F,) and the others show normal (rue

then a high rate of false posilives will
d value will resull in labeling a large

I, who will then be left untrealed. This con-
in Fig. 112 where “it is apparent that these

TABLE 1-5. Outcome of Performing & Test

on N Subjectn

Tieal Dlseass Tolal
! Present  Absent
Potitive ‘;, FT’ Ny
Megative . . 1
Toul N, N, N

i related 1o one another™

Systems Qegaerdhicn 1)

The figures in Table 1-6 can be used ag additional filusiratuma of tis coneepi
in trauma care. The lwo values are oblained as fullows:

Sonsilivity = J000/6000 = 66.7%
Specificity = 17000/18,000 = HA%

i one considers that seriously injured persons (155 = 13) should be treated ina
designated {or well-cquipped) trauma center, then the triage protocol should
clearly describe the degree of injucy severity for making the selection. The illus-
tralion shows thal 67% of the seriously injured paticnls were laken 10 lRuma
centers (apprapriate], while less than 6% of mildly injured patients wenl to
teauma ventert (inappropriate). Thus, amang these reated in tmuma denters,
2% could be considered false pu_i.itin-. Heduction of this percentage {lalse porgi-
live) can be done by proper changes in the inage protocol, but only at e ex-
pense of increasing the false negative rate (10.5%). Although il is expensive lo
treat a false pusitive patienl in a trawma center, it is even more "costly™ to send 3
erilically injured person 1o an undercguipped community hospilal, Thirs, a bal-
ance has bo be reached. An acceptable equilibrium of false positive and false neg-
ative depends upon the maturity of the system in termis of standardization of
triage protucal, training of prehospital care providers, professional and public
education, and systematic evaluation.

The issue of false positive versus false negative prevails in many situations. The
Committee on Medical Aspects of Automotive Safety made the following
observativng:

ficuRe 112, An illusirzation of the cffects of shifting cutoff
povints on sensitivity and specificity, (Reprinted with permis-
sinn from Friedman GD: Pamer of Epldemiology. New York,
MoGraw-Hitl, 1980)
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TABLE 1+6. [lustration for Senwillvily and Specificlty

Analysis in Trauma Care
Serious Injury  Mild Injury
Facllity Type 55 =11 55=1~=13 Tolal
Trauma center - 4,000 1,000 5,000
Communily hospital 2,000 17,000 19,000
Total £,000 18,000 24,000

1t is difficult on thege scales (abbreviated injury scales) o account for and
compare mulliple injuries. In addition, almost all of the scales base the se-
verily of injury primarily on threal-lo-life, a subjective judgment. . . . The
commiltee on Medical Aspects of Automalive Safely fully realizes that it
has not been able to climinate completely the subjective from the Abbirevi-
ated Injury Seale, but it Belicves that it has eeduced the ermor potential and
has made a big step toward standardization of injury statistivs.*

This statement means that a type of balance has been reached where the false
positive and false negative may still exist. This balance is acceplable in many
other medical and surpical sitvations, for example, surgical remowval of the ocea-
sional healthy appendix (false posilive) to ensure removal of all diseased append-
ices. Therefore, 1l existence of some false positives among the patienl
distribution pattern should rel penalize the overall trauma system in lerms of
accreditation, financial recompense, and so forth. Apgain, it is beiter, both for the
system and the population it serves, o have a few “inappropriale” admissions lo
a trauma center than not to admil a patient whose injuries require thal special
care. In any case, the length of stay of and the resource utilization by “false po-
sitives” should be evaluated periodically, and arrangements should be made to
transfer such patienis to appropriate care facilities as soun as possible.

Every trouma center, like any other “special care” unit, should fully comply
with standards for its particular type of care. The Joint Commissian on Accredi-
tation of |lospitals sets forth the principles and standards for a special care unil
as follows® (see also Vol I, Chap 1 and 2):

Gtandard 1. Special care units shall be properly organized, directed, and intd-
grated with ather depariments or services of the hospital.

Standard 2. Special care unit perspnnel must be prepared for their responsibili-
tiea through appropriate tralning and educational programe,

Standard 3. The design of, and equipment for, apecial care unilg shall facllitate
the effective care of the patient.

Standard 4. There shall be specific written policies and procedures for cach unit,
which supplement the basic hospital pulicies and procedures,

Thus, in addition to patient oulcome, the structure of the trauma center as well
as the process of trauma care should be included in the systems evaluation.
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foURE 1413, “Trends in hospilal death rate in Maryland,

The test of the trauma system livs in effecting a reduction in the patient death
rate, thus increasing the probabitity of survival after injury. Hospilal death rales
and proporlivnate mortality ratios within the system provide measures with
which to judie the performance of the trauma syslem. A comparison belween
traumta hospitals amd the community hospilals wilh respect o trends in crinde
death rates amonp inpatients with injury diagnoses codes based on the ninth
revision of the Inlernational Classification of Diseaser—Clinical Mudification
(ICD-9:CM; 500-959) in Maryland indicates a statistically signilicant decline from
1980 1o 1982 {Fig. 1-13). Sueh analyses should begome a part of the gurveillance of
the aystern operation,

CRITICAL ISSUES IN TRAUMA SYSTEM EVALUATION

THETEAM AUIHOALT]

The succuss of any system depends on harmonious working relationsiips among
atl compunents, The siwcess of a traumasysiem Jikpwrlun depends on he working
interrelationships of prebospital providers, clinical staff, administrators, re-
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3 Traunna Care: Surgfcal Management

searchers, and so forth. Failure of any one component. or of the relationship
between that component and another, can result in the failure of the il syAiem,
Therefore, intercomponent cooperation, cooedination, and communication — in
olfrer words, leamwirk = is mandatory; each individoal component (see the first
section ol this chapter, Components) must be IRleggalid with and linked fo the
previous aad successive components to provide a maximally effective trauma
system. The glory of success and the fault of failure of the system should be
equally shared. .

DATA

Collection. Ducumentation of all activities and findings is a ime-consuming,
often tedious, but necessary component, Saving a paticnt’s life and caring for his
or her injuries is, of course, the primary concern; however, data collection is nec-
esgary (1) to validate thal what was done was both “necessary® and “sufficient”
ard (2) to facilitate feedback essential for making Improvements, Therefore, doce
umentation of each step of a palient’ care provides a benefit not only tn that
individual patient {through checkpoints and as a control against possible errors),
but alsa to the care givers (feedback on effectiveness of ireatment), o the palients
who come aflerward (improved techniques), and to the averall system (review of
strengths and weaknesses). For all these reasons, the trauma system depends on
how diligently the individuals involved comply with the requirement for docu-
mentation and data collection,

Reliability/Validity. Mere compliance with data reporting, however, is not suf-
ficient, Care givers must supply accurate and complete information — on a limely
basis. As stated earlive, (he longer the delay belween event and recond, the lower
is the reliabilily {aveuracy) index of that reported information, The goal, then, is
to decrease the ime lag and thereby inerease the validity of the data,

One method for improving both compliance and accuracy is for a central re-
gistry (sce below) o prowide periodic review meetings and other feedback to the
data suppliers; this feedback will point out areas needing imprevement, will rec-
ognize those areas performed well, and will display the results of combined of-
forts. In short, it will generate interest in {and compliance with) the data
colleclion system because it invalevs the collectors in the averall process, rather
than isalating them as mere “drones” or “cogs in the wheel

Processing/Linkage.  The most efficient and economical way to process the raw
data into meaningful information Is through one contral registey er agency, This
agency can tabulate and correlate information from several different sources into
standard terms and formats, facilitating efficient data storage and retrieval for
apecdy responses to inquiries and, must importanily, for effective evaluation; in
fact, a system wvvaluation would be impuossible without this link belween data
sources. The multiple records of a “typleal” trauma patient provide a good ex-
ample of how this link works,

T

Setenis Chganizaim 2%

A motor vehicle aceldient vietim admitted 1o twe Slinch, Travns Congor for os
amyple, will have hiee basie record reports, each cimtaintg, o el gof i
vidual picces of data. Tlhe police report describes e aceldent amd varings
circumstances of iy The probospital repoct amd=" . o', 2 the
palient condstion al the scenw, the fivld care pravided, any consultations andfor
decisions made by way of télec0mmunieatiiis, the method of transport selected,
the name of the receiving facility, and any other details of that transpart. The
hospital report provides a record of the patient’s condition on arrival, the typrs
and times of medical inlervention, length of stay, outcome, and so forth, Unless
all the data in all three reparts are linked together, the patient profite andd history
will be incomplete, and the full extent of the problem and its outcome will never
be known. Multiplying that amount of data for one patient by total patients per
year produces an enormous amount of raw data, analysis of which requires ires
mendaus computer resources (see Vol 11, Chap 5, for a discussion of compuler
applications in the clinical setting), Although such a computer system may e
resent a hefty financial commitment, it s a mandatory requlrement for the effee-
tive and efficient management and analysis of these data clements crucial Lo the
success of any trauma system,

Access.  As stated earlier, all components providing data input should have ac-
cess to the system resulls, In some instances, however, exlra-system apengios
may provide data and may consequently request access to the computer infor-
mation banks. Senw arrangements should be made to provide this access, but it
mus! occur utider controlled conditions. Patient confidentiality must be formu-
latedd and rigidly enforced, and the types of data to be accessed, ag woll as the
methed of accesy, should be clearly defined. Collaborative research and data
shuaring shuuld be encouraged, and research and propram interests of Individual
participating agenvies should be recognized; however, there must be an explicit
understanding alwut the data sharing process and its limits bfure twe process
begins.

REHABILITATION

Most trauma victims are young with, under normal cireumstances, many years
of productive life ahead of them. Those who survive their critical injuries often
have permanenl disabilitics that prevent them from sesuming their noemal active
ities and places in lile, A successful trauma care system, therefore, will address
nul waly the acule and immediately postacute phases of injury; it will also in-
clude a comprehensive rehabilitation services program for asslsting the trauma
victims to make the adjustments necessary to reestabilish a functional role in so-
ciely (e, see Vol |, Chap 15, and Vol II, Chap 9).

Apgain, data collection and evaluotion play a significant role in the success{ul
achigvement of this goal. Such a program depends on accurate and adequate
data and the interprelation of the results to determine the extent of nead, o
inventory available (and needed) resources and feferral services, o plan maximal
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use of said resources and services, and to evaluate the effectivencss of the
pragram.

TRAUMA REGISTRY

Establishing a trauma registry has recently received increasing interest, both re-
gionally and nationally. Such a registry can ideally function as an impurtant tool
in assessing the impact of a trauma system; however, considerable planning is
required to accomplish that intended purpuse.

A true trauma registry should include all data points in Lhe tolal spectrum of
U teavima care = fromn injury to longsterm rehabilitation. Recause estaldishing
a lrauma repistry can involve considerable expense, the success of any trauma
registry depends on its structure and formal as well as o ils content and vseful-
ness, For example, in Maryland's statewide system, the developing central
trauma regisiry consisls of minimam infucmation amd registeation of all traama
pativnts treated in e system, This eegisiey Gacititates linkimg (0 relevant profus-
pital eare data from the ambulance runsheet, (2) circumstanees of Injury (Trom
the state police file in the case of a velicular accident), aned (3) cost data from the
cost review commission fles, The trauma registry s eliminates duplication of
effort and minimizes the expenses. Each trauma conter is encouraged to maintain
detailed clinical data and follow-up information on the palients treated within
that hospital.

One of the advantages of a central lrauma registry is its rescarch poleniials.
Fur example, the Natiunal Eye Trauma Registry (maintaincd at the MIEMSS eval-
uation vf.ice) can provide an acceptable sample size fora study of eye injury fram
BB guns. Without pooled data from many facilities, such rare injuries cannot be
studied effectively as a group. A centrally maintained trauma regisiry uses com-
puter and statistical resources more efficiently than would mulliple {aod proba-
bly duplicate) individual registries. Of course, such a regisiry will have some
problems, too; for example, the question of confidentialily of patient records oc-
curs quite frequently. Jther concerns include unautharized use of dala and the
lack of Nexibility and «pecificity in the data processing, o meet the needs of in-
dividual participants. Many of these problems can be avoided with proper
planning.

Whether the Irauma registry is established cenlrally in a region or it is main-
tained by each trauma center, matianal standards for the struclure and content
necd 1o be established, along with some general guidelines for reporting and
analyzing the results, Every Lrauma regisiry should consist of 3 minimum data
set, and each data item should be defined uniformiy: otherwise, comparisons
between dala sets will be inappropriale and conclusions therefrom will be in-
valid. A trauma reglstry should include at least the fullowing information:

A. Circumstances of injury
1. Cause
n. Vehleular (driver, passenger, pedestrian)

e
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b, Fall
€. Assault (blunt, penetrating)
d. Fire
e. Other
2. Where
a. Highway
b. Farm
¢. Recreation
d. Tome
¢ Other
A Industrialfwork-related: Yesfno
4. Injury type
a. Head
b. Spinal
¢ Multipe (racture
. Furn
e, (Mther
5. If vehicular, safely equipment used
6. Whether alcoholidrug used
7. Time of day; day of week
B. Prehospital care
1. Vital signs
2. CPR
3. MAST
4. Drugs
5 IV
6. Transporl information
C. Hospital data
L. Vilal signs
2. Diagnosticlireatment data
4. Disposilion
1. Length of staylcos!
5. Attending
. Posthospital data
;. ::’ail'i:nl's destination
- Functional status of G-month interval
3. Health services ulilization pattern i
E. Ceneral
I. Age
2. Sex
3. Race

'l;lllis example may rerve ae a atariing puint. A natlonal consensus pn a minimum
:ﬂn :ll.'v.-l for a !rnl:gna repisity is in order. Whenever applicable, ambulance run-
iceta and the police accident reporis should becomyp a part of The patient’s mnds
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ical record. In addition, the trauma registry record should include the
identification Information as it appears o the mnsheet and the aceident report
if thaese records are alse compulterized. Such a procedure will enlhance e capa-
Bility for enpiuring oll relevant data in v trouma megisiy.

SUMMARY

A necessary prerequisile for a systems evaluation is the collection of complete
and accurate data on the activities of all components of the system. The data also
permit evaluation of these subsystems (components), which will have their own
subobjectives. An elfective funclioning of the system depends upon achievement
of these subobjectives at every level. A breakdown at any vne stage will make the
system auffer. For example, even if the prehospital cane were successful {see Vol
I, Chap 2}, the sysiem would be deemed a failure if resuscitation, stabilization,
and evaluation of that patient in the admitting arca were less than adequate.

Systems evaluation reguires a reasomable and apprapriate evaluation of all
such activilivs, O of the most important waols for sach an evaluation is 4 come-
prehensive trauma registry. Every care provider needs lo be sensilized 1o Lhe
importance of accurale data and should receive the necessary lraining on data
collection.

In this section of Chapler 1, patient features and general principles of systems
evaluation were discussed, Within this framework, specific action steps appro-
priate to the given system need to be developed and incorporated in the planning
documents. Such an evalualion should be an onpgoing activity, The resulls of an
evaluation should be carelully examined and the recommendations promptly
implemented.

REFERENCES '

1. Baker 51 Terel 5 Freedom and protection: A balancing ol interests, Am | Puls Health
TI:295, 1¥81

2, Boyd DR: A symposimn on the linois irauma program: A systems approach to the
care of the eritically injured. | Trauma 13:275, 1943

3. Boyd DR, Edlich RE Micik 5 (eds): Systerns Approach to Emergency Medical Care,
Morwalk, Connectloul, Applelon-Century-Crofis, 1983

4 Compiibied un Medical Aspects of Aulomaetive Salety: Hatlng the spvepily of taaup
damage. I: The abisrevialed seale. JAMA 215{2):277, 1

3 Commitbee on Traune, Amedcan College of Surgeons: Optimal haspital resounces
fore carer anl e serionindy dnguiresd. Dad] Aant Cobl Burg pi{u):1s, 1978

&, Commiltee on Trauma Research. Injury in America, p 29. Washington [XC, Natlenal
Academy ["rosn, 19E3

¥, Cowrper PA o)z 1 hsad linfury. Ballimere, Willlars & Wilkins, 1942

& Crm'leg RA: A total emergency medical sysiem for the sale of Maryland, Md State

4(7):48, 1978

9. Cowley RA: The resuscitation and siabilization of majur multlple trauma patients in
a trauma cender environment. Clin Med 83:14, 1996

Systems Urgamizalion 3%

10, Cowley RA, Marylands hod-Evae helicopier progr.
I ol " -k am T Edperateimal 1 b i
Aviation Mu'm-'lml'. Privcvedings of the .ﬁ.l.'u'i}.llr::" [.‘iﬂrp fusr ﬂl-’llr:r:.:ﬂr:}\*ll:ﬁ‘: |Ii;!':|.=
X [}L"I.'I."'lill“l'u'lll [ALEARDY Conlprence, MNewilly Sur Seine, rane, i dab, a3k BFR
L Cowley RA: Aevudvnial death and tinability: The neghectd disease of modern socis
. E}y—lwlgf l:,lhl.‘dﬁ:t!l component? Ann Emerg Mud 11103652, 1982
: Cowley RA, Bond 5: The Mid-Atlantic ical Service i
i i L Lt i antic Emergency Medical Services Council, Tne. -
13. Cowley RA, Couper 111 AB, Towson DE, Sherlis Lt A stalewide communication system P

fe suppurt a regional ram ivery i
State Med ) 22016, 19730 ¢ erBency health care delivery in Maryland. Md

M. Cowley RA, Hindson E Scanlan E, Gill W, Lull i '
o Hin L Seanlan E,  Lully RJ, Lung W, Kuhn AQ: An economical
and provedd helipupter program for transporting v Y ii i
palienis in haryland, | l'r.-.ﬁm.: 12: 1029, I'!I-;.] B emergency erifically ill anad injiered -
15 DeClagis N, Cowley BA, Trump DF: A systems approach bo inlensive care medicine. '

Arn Surg 45:86, 1979
16 Departrnent of Dealth, Edueation and Wiellare, Diviskon of Emerpency Medical Seme
ks Emergency Medical Seevices, Systems reggram E.iuidulimﬁﬂtl'ul}';rf,:lnl::ﬂ:ﬁ?n
TR-2013), _'-"l'anllinp,lun N, Cavornment 'rinting Office, W75
17 Dun.l!lu-dmn AL A puiade s iedical care adiministration, In Medival Care Appralwl
Aduality il Uiilzation, Vil 2, New York, American Publlc Healih Association, 1965
18, Fisher L., Harris VG, Van Buren |, Quinn ], DeManco A: Assessment of 3 il hild
T&gﬁmund njury prevention project in New York state, Am | Pub Flealth 701000,

19, Friedman G123 Primer ol Epidemivlogy, p 221, New Yok, McGrawl 1l
E A e - M 1940
20, Garrett CW: MIEMSS, Part 2: The Maryland emersoncy motiet s oK i
ri““s lrﬁ'“tnl M‘I e h’n[ I 2?:53' !qr;'n E ql' et SCrvie e Copimaenica-
n. Fu:cT“ LW Ti edduagale or nod 1o educate: 1 that the yuestion? Am | Pab 1 lealth 700625,
12, H.t:lum'ar_hi‘ﬁ,’ﬁpulri Cs. 'Hll.“'l.'lj."‘.";]'.m M5: The incidence and econumie cost ol cancer,
mutof vehiche injurics, cononary heart disvase, and stroke: A i is.
jﬂlm | Euh Health 70:0249, 1940 camparative analysis.
4. Joinl Commission un Acereditation of Hospitals: Special Care Unils. A itati
] ; 1 : : 5. Accreditation
::1{11“?;;5"' Mespitals, p 167, Chicage, Joinl Commission on Accredilation of | fnspie

M. T::élllh L T eddueate or not o edueate is not the questivn. Am J Pab Healih 71:071,
. MacKenzie CF Shin I, Fisher B Cowley RA: Two ity i
I ' . + Twa-year mortality in 750 pationts trans.
ried by helicoptee direct from the road accident scene, Am ey 45:!91, 1979
3. Mcloughlin E. Vince Cl. Lee AM, Crawfond JD: Drafect burn prevention: Oulcome
- ;hlJ. lmpllmllliun. A ] Pub Healih 72:241, 1942
\ n‘!ﬂir{ﬂiﬁ f&?ﬁ'""”"" ol el comig apd benelit of molarcyele laves. Am § Pub Healih

. Hnlh1l1-l‘|1r-l'v|.'|'|-1-|1.'lll}' ol SclenciNational Research Cinineil INABNRCE: Archlental

Deatly andd Dhinalidity: Tl M i 1 7 {1I|I1ﬂ B e HE |..T|1 [l ||I|!

1. F\l‘hlwm wnt r-.rlmim)-.l urrilq», ]"mr.“ eeled Disvase of Muderr Buciety. Washingion DC,
. Meal Rl Covwley R Thee Mary| = 4 faand

s, 5 ot e Sy 1 " "BEPEY el i Pommanications

- Hodsertson [5: ‘raslh invo Vet ; g e il v .

inabed frerm Dl h schasol. Am | 1‘ubu#;.;m%tlswdrf*|'m" Juttes alee s wcation s 2tim

3. Roberlson LS: Automebile safeq i
Pubs Flealth 71#]:K18, 198 ¥ regulations and death reductions in the US, Am |

32, United Statea Depariment of Trang tatlon: Re s Beered E i
miltee on Traffic Safoly. w;.umamllrﬁc_ Mm{#ﬁnunrﬁfmﬁmwc "




B ATy
b

fulet

e W
57 o

=

¥Ry oS

. Zemach R: Program evaluation and system cont

Trauma Care: Surgical Management

i jons: A fable for
: Thi ident, the ugly duckling, and the three preventions:
yn':::ll::tji?uhhen?ﬂr:'::ﬁ {editorial). Am ) Pub Health 64{4):301, lmnd ) A
Walson GS. Zador PL, Wilks Az The repeal of helmet use laws a |n|:‘!|:\;u i
cyclisl mortality in the United States; 1975-1978, Am | Pub Health T06)=574,
Watson G5, Zador PL, Wilks A: Helmet use,

g b i i rel. Am ] Pub Health 63(7):607, 1983

helmet use Liws, and molorcyclist fatal

Chapter 2

Prehospital Trauma Care

. Burton H, Kaplan and Carl V. Valenziano

INTRODUCTION

Abraham Lincoln unce remarked that “to save a man's life is the mest a person
can do for another” Today, the right 1o life—and a healthy one—is reparded not
only as a personal responsibility, but as a basic human right; therefore, it has
become the task of modern society to ensure a full, healthy life for each of its
members, In Uhe United States, the last few decades have wilnessed tangible evi-
dence of socivty’s acceptance of this task: increasing advocation of preventive
medical programs, a growth in public awareness, health education for increas-
ingly younger audiences, salety-and health-related legislation, and the develop-
ment of suphisticated health care systems for the sick and injured.

This growth of emergency medical services (EMS) systems, coupled with
loweer speed limils and higher safety standards (developed by the US. Depart-
ment of Transportalion and the automolive industry), has led to a significant
(M%) decrease in aceldental death rates since 1974.'7 [n recent years, lor cxam-
ple, the Maryland Institute for Emergency Medical Services Systems (MIEMSS),
a fully imtegrated syslem of communications, prehospital eare, and sophisticated
transport amd medical intervenilon, hos reduced early stalowide accident mars
tality by 23% despite increasing numbers of accident victims. Cantinued im-
provemuent depends on two major factors: (1) the community al farge must
becume aware of this decline In deaths from traffic accidents and must come Lo
understand how prehospital care can reduce It even furiher; and (2) community
leadere—legislators, health planners, directors of emergency care programs—as
well as health care providers must be educated about why and how people die,
why and how people survive, and ways to improve the latter,

Understanding life and death processes helps legislators allocate funds and
pass laws to pratect their clilzens, planners to recommend needed resources,
program dircctors to allocate those resources, and providers to develop and de-
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tiver stato-of-the-art medical care Lo these in need—even outside the environs of
a medical facility.

HISTORICAL PERSPECTIVE AND DEFINITION

FRE-1800

Human concern with illness, injury, and death probably predates recorded his-
tory. Earliest accounts indicate that illness was believed to be the result of a gods
anger, but that trauma, that is, bodily injury, was a natural and expected result
of poor safety praclices and necessary wartime activitics, Early civilization's unly
antidotes were magic potions and religious incantations to drive the “devils” out
of the victim's body; failure, of course, resulted in death.

According to the Edwin Smith papyrus, however, by 1500 BC distinct triage
and surgical ireatment profocnls had been developed; the Itabwylomian Coude of
Hammurabi even regulated fees for rauma surgeons, ™ Later, the Romans fol-
lowed a Greek tradition and required a physician to be present during battle; they
also established a system of hospitals close o the battleficld. Many of todays
prehospital treatment techniques are based on Lhese same ancient concepls.

1800-1900™

Dominique Larry {1776-1842), considered by many the father of prehospital care,
was Mapoleon's chicf physician, During the campaigns, he erganized a system of
prehospital transpurtation to carry the wounded from Uhe seeae of battle tn a
centratized location by a horse-drawn wagon called “lie flying ambulange!” He
is also crediled with performing more than 200 amputativns in 24 hours during
the Battle of Burading, Florence Nightingale revolutionized hospital care of the
injured during the Crimean War; by applying simple sanitary measures, she de-
creased the infection mortalily rate from 42% to 2% In just 3 months.

The origin of the Red Cross may be traced back lo 1859 and the Austriv-Serbian
War. Henri Dunant, a Swiss banker and philanthropist, arrived in Solfering, laly,
the day afte, a 15-hour battle between Italian and French versis Austrian armies,
He found 40,000 dead or wounded soliders abandoned on the battlefiehd. His
book, Un Seuvenir de Solfering (1852), brought international attention to the prab-
lem. He called for a world congress o organize societies of volunteers which, in
time of war, would give aid 1o any wounded person regandiess of nationality. As
a result of his offorts, the first two Geneva conventions were held in 186 and
1854, the Red Cross was established, and he shared the fiest Nobel Peace Prize in
1901,

During the American Civll War, Lewis C. Thuncan, a young army caplain, de-
sctibed the situation of the wounded: “A volunteer soldier oifers his dearest pos-
session Lo his country, his blood, his limbs, possibly his life. When that suldier is
struck down, shall his country leave him on the field suffering from cold, pain,

1
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thirst, even hunger; loJie perhaps without aid, unless b drags Biasselt v by
his own painful exertivns? Certainky when he gives his deares] possad s e
counlry should not be niggpardly when abeil-can givedds doflars, bat shouh] apply
an abundance of the best possible means for his succne™™

The Civil War experience supplied the impetus for Joseph K, Barnes, MO, Sur-
geon General of the Army, to establish a system of prehospital care, He desig-

* nated medical corpsmen for on-the-scene management of patients as well as for

transportation o the nearest mobile or fixed medical facility. ™

THE MODERM ERAY ™

Both prebospital and hospital care among the U.S, armed services have improved
after vach war; the mortality rale among the wounded reaching medical facilities
fell from B% in World Wars | and I to 2.5% in the Vietnam conflict, During Warld
War 1, for example, corpsmen began using the Thomas splint tn manage spen or
closed femwral froctores. T Wortd War 11 plasmia, whebe blood, and antiliotics
were introdoced. In fact, Ue lowest mortality rate (L4%) ooourred during the
Ialian campaign where Beecher’s shock lents were available to resuscitale most
of the wounded. In Korea, surgeons improved techniques lor vascular surgery
and developed the artificial kidney; both the Korean and the Vietnamese experi-
ences proved the value of (1) expeditious field stabilization, (2} rapid air trans-
portation for Uhe severcly wounded to appropriate medical facilities, and ()
prolective body armor in reducing wound severity and mortalily.

The medical “advances” developed and learned during one batite or war fell
into disuse during peacetime. Much of what applied to the massively injured
patient was fell te be out of place in civilian practice, and, even had the desire
been present, Uiere was no mechanism for implementing such proceduces. This
alse meant that skills rusty from nonuse had o be relearned ab preal cost with
the onset of each new war: the 70% risk of death carly during the Korean conllict,
for example, fell to 25% as both combatants and medical support leans gained
experience. [y the end of he conflict, the Marines had the lowest mortality mite
(1% compared Lo the Army's 22%), a fact explained by the protective armaor worn
by the Marines and the cluse proximity of their medical suppsrt units to the battle
siles.

Although the past several years have remained relatively war-free, lifesaving
techniques learned during wars have come 1o be used in a new way: to fight
trauma in the peacetime, or civilian, arena,

-

THE 19804

Today, trauma is deflined as a surgical disease. It s caused by excesaive kinetic
energy reacling on thae I'u.u.I].r's systems, disrupting major vascular structurod, o
gans, and tissues; if not ircated quickly by skilled surgeons, it will cause death,
"Clvillan" trauma (accidental death, injury, or disability) has become a nalionally
recognized discase epidemic. Trauma kills mere than 150,000 Americans each
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year and permanently disables 400,000 others. ™ Trauma is the number-one killer
of Americans between 1 and 44 years of age and the number-three killer {alter
arteriosclerotic heart disease and cancer) of all Americans. It is an indiscriminate
killer; it does not dilferentiate between the young and the old, the rich and the
poor, the healthy and the sick,

Muost of this trauma results from road traffic accidents (RTAs), the majority of
which are caused by two major factors: drinking while driving and failing o wear
seat belts. Despite widespread public education campaigns and stricter laws, in-
dividual behavior patterns have remained largely unchanged. Each year, the cost
in lives and money increases; 1984 cosl was more than $90 billion.

WHY DO PEOFLE DIE?

The best way o treal trauma is lo understand the primary causes of lraumalic
death. This chapter focuses on blunt trauma from KTAs, to the exclusion of pen-
etrating and burn injurics. Analysis of RTA-related deaths furms a basis for Jde-
veloping Ideal prehospital lrauma care management protocols.

CAUSES OF DEATH

Trauma from RTAs “begins" as a mulfiple organ disease because of the reaction of
the body lo excessive kinetic energy being dissipated in a short distance and
tirne:

{change in velocity)®
30 X stopping dislance (1)

Gravity =

In & crash, the bodys weight (G) can be multiplicd many times and may exceed
100,000 fool peunds il slopping distance is minimal. Stapp's rocket sled tests have
proved that man can survive enormous rapid deceleration forces: Stapp survived
stops from greater than 600 miles per hour in 1.5 seconds by using a ploncering,
five-point harness restraint system.* Such studies have led to the development
and installation of modern protective devices in cars and airplanes, such as col-
lapsible sieering wheels, seat belts, alr bags, and cjection seats, all of which
should be consldered as modifiers of deceleratlon. The most effective methed
today la the passive restraint air-bag system, which maximizes slopping distance
and better distribules the energy transferred 1o the body.

When injury does occur, the interaction of three factors will determine if death
will be the outcome: the injury (s manifestation of the amount of kinetic energy
teansferred to the Dody), tho age of the injured, and e Hme japse Belween in:
jury and medical intervention. Thin inleraction may be uvspresned in U nondin-
ear and obviously time-dependent Equation 2:

Prelwgpelal Teanmd Carne 35
Py = KENapge) - {vital organ or tissue injury ] ¢ (me)] 4]

where {3} = probabilily of death with values between 0and 1, and whicie i =
kinctic cnergy.

REVIEW OF RTA DEATHS IN MARYLAMND®

That trauma conlinues 1o be one of the leading causes of death in this country
comes as no greal surprise, nor does the fact that, despite continual developmaent
of advanced EMS systems, the same overall patierns persist. Dut this lalter fact
must be viewed closely in order forone o realize that-some changes have
evolved: where death occurs for this patient population is being shifled from the
accident scene to hospital arrival/admission. Maryland's stalewide system per-
sonnel, for example, can soquickly stabilize and evacuale a patient with woumls
previously considered lethal thal the patient survives o eeach the hoapital
awake=uflen, however, unly 10 Jdie soon afterwand in te operating room whicne
frustrated surgeons wape desperale and somelimes futile batile against rarely
encountered injuries {see Vul I, Chap 10). That patienls who never used Lo leave
the accident scene alive now survive to reach surgical intervention at the receiv-
ing facility is directly auributable to the advaneed and integrated communica-
tions, stabilization, and helicopter transport system of prehospital care in
hlaryland.

To determine il muortality could be further reduced during the prehospilal
phase, MacKenzic and associates reviewed all KTA-related dealhs thal occurred
within 24 hours of patient admission (by direct helicopter ransport from the
scene) to the Shock Trauma Center of MIEMSS. 224

A tulal af 05 patients who died within 24 hours of admission were identificd
from a population of 2579 patients admitted over a doyear period from 1976 1o
1960, O these 05 patients, 132 (43.3'%) were dead on arrival (DOA) or declared
dead wilhin 30 minutes of admission aller resuscilation was unsuceessiul (Grop
I). The remaindng, 173 patients of the eriginal 305 (56,7%) arcived alive bun divd
williin 24 howirs af admission (Group 1), Autopsics were performed an 98,39 of
these patlents; only 152 polentially reversible injurics were found. Many of these
were nol the primary causes of death, and there was an averape of more than
five injuries per persan.,

Of those injurivs in Group (1 patients with any possibility of treatment, 32
{H.4%) were acule subdural hematomas, which carry a mortality of greater than
% even when treated carly, Only vight (65%) were airway/hypoxic probloms,
and A (39) were eardipe archylhmias, The greatest number of injuries in this
Aroup were preimoiiionices, 42 (45%), of which 14 were Dlateral. All were df-

*Tha nlslers discusses) e shoishd b viewed as applicable (o accident vicilms anywhere.
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apnosed and treated o the time of admisslon. I is ml known whether any of
these preumolhoraces was the primary cause of death, But Uhis is nol suspecied.

Again, these facls underline the success of the MIEMSS-cuordinated prehws-
pltal system: Patients who would have suffered cardivpulmunary arreat in an-
olher system arrive al @ Maryland Trauma Center privr W this devastating event.

To be maximally clfective, prehospital care protoculs must focus on those in-
juries thal cause the most damage: head and spinal cord injuries remain the
number-one primary cause of death, are commonly associated with respiratory
failure, and should be considered respiratory emergencies. The second most fre-
quent cause of death ks exsanguination from a major organ, or vessel disruption,
especially from injuries o the abdomen, pelvis, and bwer extremities. These bwo
areas alone comprise 33% (o 96% of deaths that occur in the first 24 hours postine
jury. However, victims with even potentially lethal injuries can survive if they
receive prompt, appropriale prehospilal intervention and rapid transportation to
a lrauma care facility.

WILY DO THE INJURED SURVIVE?

STATISTICS

In the past 10 year, the risk of having an RTA has increased as more vehicles are
reglstered. more miles are driven, and individual behavior patterns remain un-
changed {drinking while driving, nonuse of seat bells or helmets)'; yet 30% more
RTA victims survive today than did in previous years. This statistic may be ex-
plained by Bquation 3; the probability of survival (I'[s]) from RTAs may be quan-
tified as a function of kinetic energy (KE), crashworthiness (ew), passive restraint
measures {prm), and the sum of both prehospital and hospilal components (K)
interacting wilh the number of systems injured:

P(s)= KEl(cw]* + (prm}* + K{urgan/tissucs injured)] 2

where I'(s) may oblain any value between 0 and 1. Thus, survival from RTAs
depends on many factors, such as precautions against injury and care afler in-
jury, as well as the number of injurics and their severily.

PRECAUTIONS

During the past 15 years all compenents of Eguation 3 have been Improved sig-
ni:‘ic:rﬁ!y, ‘rﬁ.r.- n:dufnl gmmmi:: has mandated a maximum speed limit of 55
mph throughout llye country; the LB, Departmoent of Tranapartation (DO7) has
previded vohicle manufacturars with erashworthy standards; and Indlvidual
states are beginning to require mandatory seat belt use. The Departmont of
Transpurtation, in conjunction with the Department of Health and Human Re-
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sources, has impriivd The total system of prehospitalv s 14 proswding: fusel o
s]andardizllaii tramning and system development throsglsol the e, g4
}Iﬂﬂﬂi legislation and funling became available threugh e EMS acts an Lothee
If‘“_“i:hr |ﬂli'?| WW:‘ Tm’ EWL‘:!] ”1':' ﬁmerifn:'l College of burfuoris iu - aviled
1spitals with the guidelines necessary (o enable them to resuscitate and treat
petentially lethal injurics in a conglstent and qualified mannerAsw

Ifa furlhm: increase in the survival rale is to eocur, resources must be ex-
panded Lo legislate laws that incorporate mandatory air bags in all vehicles and
to reinstale helmel laws for motorcycle operators. Research funds must be allo-
cated for examining both prehospital and hospital resources capalile of reducing
mlbldil}" l'll'il-lil'l'llll'lql-litf. In addition, whicles must be constructed 50 as o |m-|.._|'.'
ify and altenuate crash forces. If the structural and passive design of a vehicle
enables it lu absorl and dissipate the forces of a crash, the vecupant will not
sustain lethal injuries to vital organs, Aulomobile production lines already incore
parate much of this principle; however, increased emphasis must be placed on
the use of passive restraint mechanisms (air bags, seal bolts, e}

W injurics do occur, skilled personnel must by brought Io the seene in a timely
manner {0 extricate the injured, perform lifesaving procedures, and stabilize and
menhiIEzF the injured fur expeditious transport b desipnated facililies,

The major gual of prehospital care, then, is to deliver, ina maximally expedient
manner, a viable patient to a facility WHERE an exprerienced irauma leam can per-
form resuscitative procedures. ™ The second goal in managing trauma victims
is to do them no harm during the prehospital care phase. ' i

THE IDEAL PREHOSPITAL SYSTEM

The knowledye of why people die and the components necessary for survival
provides a foundativn for an ideal management system for the trauma patient,
But this kniwledge alone is not enough. It must be understoad that prehuospital
care can exist only as a fem effort aimed at early identification of eritically ill or
injured patients, even when only minimal information is available. Each link in
the system, from initial aclivation to trauma center delivery, is vilal,

The prehospital phase may be broken down info four major compnents:

(1) communications, (2} notification and urgency. (3) on-the-soene manapement,
and (1) transporiation,

COMMUNICATINING

Central ta any prehospilal system s an sdvanced communications system thal
functions as an information sxchiange vehiele. Ifrom e Nt plone eall to the
final alr-to-ground monitocing, it must serve Aot only 10 eetify and dsparel bug
atso to make available 1o all involved care persorurel te following erition] infup-
matlon: Identiflcation of the extent of injury and urfiency slalus, Insic safely and
first ald Instructions o the galler, manpower and skill levels required, and the
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necessary mode of transporlation, Of primary importance ia the provision of
{13 a link to remote specialists for consultation and (2) on-ine medical control

through all paris of the prehospilal phase.

HOTIFICATION AND URGENCY

Both Cowley and co-workers” and Andrews? have provided reasons why criti-
cally injured or ill paticnts must be identified carly and Iranspocted expediliously
to designated facilities. Survival in critically ill and eritically injured paticnls re-
mains both a time- and skill-dependent function: the level of urgency must be
delermined as carly as possible to provide both the proper mude of transporta-
tion and the skill levels required al the scene of injury.

1t should be possible to identify critical patients during the notification phase.
The age of computers has alluwed for a centralized notification system for police,
fire, or health emergencics; vnce activated, the system automatically displays the
location and telephwne number of the eatler. Ideatilication of the emerpency by
a tratned operator immediately dispatches a police, fire, or ambalanee unil, With
mobile pulive units, all locations should lvave a (st respomder on site within 3 e
5 minutes of the call. Simultancously, funclivaing from a protecol, Dhe operator
will establish and dispatch the level of emergency care needed and may instruct
the caller, if necessary, in basic first aid procedures and safety.

To incorparale criteria for urgency into the skills level of the operalor, algo-
rithms should be developed that can delermine and recopnize the level of ur-
gency with a minimum amount of essential information. Algorithms would
identify whether the situation is nonurgent, urgent, or erilical (malching cate-
gory levels of 3, 2, or }, respectively}. For example, if an WTA is reported, the
operator would need to determine the following essential information:

« How many vehicles involved?

« Passenger ur driver entrapment? '

+ Number of peaple involved? Fow many appear injured?

« Any of the injured unconsclous or appearing dead?

» Any of the injured with gross injury to head, chest, or abdomen?

{During the call, and until firsl responders arrive on the scene, Uhe siperator may
alao havee 1 instruet the caller in simple alnway management and external Bleed-
ing eontrol.)

If it is determined that

+ Someonc in trapped in any manner

« Anyone is unconscious or appears dead

» The passenger compartment is deformed

» Two or more systems of any one victim are invulved

then a critical (1evel 1) response is indicated. This level of response dictates the
simultaneous dispatching of fe-support units, paramedic supervisurs, and a
helicopter, as well as the notification of the appropriate trauma facility.
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If noapparent njuries hiave occurred (nonurgent, Lovel 3. oo whlils sed 700
pewer would e aleried. In all other situations, a basic iy <y, oot ube® wilh g
minimum of two emergency medical technricians-ambulen e (FAM1 Asiwondd be
dinpateched (urgeor, Level 3),

The victims of all Level | aceldents would be autimatically lriaged to the clogs

esl appropriate trauma facility for resuscitation.

OM-THESCENE MANAGUMENT

The First Resporuler.  Regrettably, the term “first responder” has come to be
understood as the first medical personnel o ardive at an accident seene. Inan
absolute sense, the first responder should be thal eitizen whe first happens upon
the scene, but it would be rather unrealistic to expect every member of the gon-
eral public to koww basic first aid and triage. Therefore, to supply the “miidule
wround™ ofa luge nomber of responsible individuats, all police, fire, and certain
ollwer L'I'-'iE.- slate, vr municipal personnel should be trained for tiese situativns,

_ On arrival il the seene, he fiest responders must quickly assess both the ac-
cident sceme and the patient’s condition. The acdident scene gives information as
to the amounl of enerpy transferred and levels of injuries to be expected. The
palient assessment provides information on the status of the central nervus
respiralory, .-Lr_nd cardivvascular syslems, and in whal onder lifesaving mml;;l.‘zin;
are to be applied. Doth of these assessments can be accomplished in less than 20
seconds. System evaluation, such as monitoring vital sipns, must be assessed
alter every procedure and repeated every 5 minuies.

All first responders would be trained not only in extrication but also In ad-
j-'annu.llﬁrst aid procedures such as airway control, oxypen adminkstration, neck
immobilization, and control of external bleeding. All providers must alsa be
trained to recopnize gross abnormaliticsiitthe contral nervous, rﬁlpimt:lr};; ancl
circulatory systems, They must be trained to monitor these systems using the
simple technivues of inspection and palpation, '

The eentral nervous system ean be quickly evaluated: [s the patient aleri? Is
there any reaclion o pain or voice? 18 the patienl complelely unconscious with

Infury 1o the heasd or pupillary ¢ : -
ately seored as 2, 1, .-mi:I tﬁ, rl-s;tﬂ:ﬁzf;’? These thoy states ot be apprep

The respieatury system can be similarly assessed guite rapidly, s the pationd
ﬂl-‘l|_l." tw 1_-u|t|.r & dewp breath without paln? 1s the patient breathing raphdly with
pain, with some suspivion of thoracie pathulogy? In there olwions thomcie pas
lhﬂlﬂgylnr respiralory arrest? Each state is thon scored 2, 1, and 0, penpectively.

The fiest respunder wonld evaluate the cardiovascular system by checking po-
ripheral pulses, must commonly the radial, The rate and strength of the pulse or
Itn abwence would be rated 2 (normal), | (abnormal). of 0 {nonej, m:pi:ﬂil.\nly.
The presence of gross limb deformily or external bemorthage must also be
considered.

Alter assessing the accident seene for mechanismof injury and gafety, e et
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responders’ prineitics are directed toward airway, cervical spine, and controf of
external blevding. These persenanel must be trained in the use of both ol and
nasal alrways, suction, hard collars, oxygen therapy, and vxiernal pressure
dresaing.

Hard cervical collars should be applied as soon as possible in both conscious
and unconscious patients. When cervical pathology is suspected, this procedure
not anly provides stabilization to the cervical spine, bul also prevents excessive
pressure on the neck veins; poor head position may compress neck vessels and
increase cerebral pressure. Before applying any cervical mobilization device, the
responder should note whether or not the trachea is devialed.

All first responder asscssments and procedures should be performed ina min-
imal amount of time (%0 seconds); they can also be done during an extrication.

This system is developed around a tiered response. When the central operator
has completed his or her inguiries and instructions, and, il necessary, dispatched
advanced life suppart units and appropriate transportation, the first responder
should expect the timely arrival (within 1 to 5 minutes) of both basic and -
vanced life units, followed by the appropriate paramedical supeevision and heli-
copter transport (wilthin 10 1o 15 minutes). When these persunnel arrive, the first
responders are able to pecform other dulies to expedite the exteleation, slabili-
zation, immobilization, and, finally, transport of the patient.

Life-Support Personnel. AL the scene of any accident requiring an ambulance,
there would be at least two EMT=-As providing a basic life support unil, Beyond
this level, ither by initial notification or by an upgeading of the urgency level by
the trained first responder, advanced life supporl units would be dispatched and
a paramedic supervisor might also be en roule from a central location for the area,

Al the scene, if the victim is unconscious and trapped, the paramedic super-
visor or other skilled personnel may elect to stabilize the airway and enhance
oxygenation by use of an endotracheal tube. Today, this mogdality is supplement-
ing esaphageal obturatur airways (EOAs) as a treatment of choice (although there
may be a “middle ground” with use of a pharyngolaryngeal-endotracheal tube).
Omnly in extreme instances {and then only by appropriately trained personnel)
may a needle ericothyroidolomy be performed 1o administer W0% Oy Jduring
these procedures, a second EMT-A simultancously places a large-bore IV in an
accessible veln. The paramedic superviser would continually assess the central
nervoun, resplratury, and cireulatory syatems using the method deseribed abuve,

At the samie time, assessment for, and management of, oiher lifesthrealening
Injurics (sucking chest wound, Aail chest, external hemorrhage) must continue.
host of these injuries are obvious conditions and can be managed expeditivusly
by the majority uf EMTs,

Extricatlon may greatly prolong evacuation, and the field personnel should
nolify the trauma facility of the delay. If necessary, a field team (comprised of a
trauma surgeon, a nurse, and an anesthesiologist) will be dispatched immedi-
ately. When required, this team can perform full surgical procedures, such as
amputation, in the ficld.

R T L T e F o
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For immuobilizalion during extrication, a short board or similar device i e
for the patient whisse neck is already stabilized in a rigid collae The patien i
then transferred to @ long board where military/medical antishach toa e
(MAST} are in place awaiting closure and inflation,

Internal bleeding must be suspected in every conscivus or unconscious patient
when the vehicle's occupant compartment is deformed or other bluni forees are
suspected. Pelvie or multiple fractures and weak, rapid, or absent radial pulses
indicate internal bleeding in the lower budy regions with approximately 25% or
more blind volume loss. External pressure devices must be rapidly applied and
inflated in an attempt o modify and control this luss, These devices not unly
slow internal bleeding but alsu allow rapid immobilization of the lewer hall of
the body. In addition, when inflated, they provide artificial peripheral resistance
enly to the lower hall of the by, thereby supporting perfusion pressures
needed for the heart and brain,

Aftee inflating the MAST, EMTs must repeat the quick assessment, looking for
external bleeding within the inguinal, femuoral, or other arens where external
pressures are fol provided, As the MAST is applied, a veln may become acces-
sible in the upper extremilies for insertion of additional Jarge-bore needles and
infusivn of Ringers lactate. Time should not be wasted insecting lines; only two
altempls should be made. Once the patient is stabilized and no longer in imme-
diate danger, he or she is quickly immobilized on the long backboard and as
sessed for levels of consciousness, respiration, and pulses every 5 minutes; the
patient then is moved to the appropriate mode of transportation. If a life-threat-
ening, condition does oocur, it must be treated immediately.

The patient may be ready for transport in 6 minutes. At this time the field
trauma team should mave the patient to the awaiting transport helicopter or
other vehicle and dispatch him or her to an appropriate specialty center. No fime
should be wasled performing a secondary survey. The total time necessary for
the on-gcene assessment, stabilization, and immobilization should not exceed
360 scconds, or 6 minules (Table 2-1).

TABLE 2-1. Procedure Timing

Frovider Group Procedure Time (sec)
Firsl responders  Initkal assessment 1]
Alreray, cervical collar, suctlon, and oxygen sppilcation an
External bieeding controlled, U an
— —
Suhtndal a0
Baske/acdvanced  MAST and IV 180
lile support Immaubilize &0
Maoniter 30
Subtatal g 270
Total time ]

=
e

o RN MW <
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TRANSPORTATION

With the arrival of the helivopter or other vehicle, aditional personnel are added
to the manpower pool. Un-scene personnel are responsilie for the primary as-
sessment, stabilization, immubilization, and transportation. Time should not be
wasted in the field performing secondary surveys of the critically injured. Once
the patient is placed in either a ground or air ambulance, appropriate monitoring
is continued, vital systems reassessed, and the secondary survey begun. Vehicle
personnel must have additional skills of advanced airway and ventilation
management. )

On arrival at the trauma facility, the patient is met by a resuscitation team for
immediale reassessment, ventilalor support, and placement of additional large-
bore infusion lines. The patient is further evaluated for life-threatening condi-
tions, and emergency procedures are performed if necessary.

The maximum time from dispatch to a trauma center should not exceed 35
minutes for either helicopter or ground ambulances. Both ground and helicopter
ambulances should be strategically located so that the lime requined to move o
and from the scene s minimized. Ground pecsonne] must be able o reach the
scene of injury within 3 to 5 minules; helicopter personnel, within 10 to 15 min-
utes. For the critically injured paticnt, basic stabilization procedures should be-
gin within 3 to 5 minutes after notification, immobilization should be completed
within an additional 5 to 6 minutes, and lransportation toa trauma facility should
not exceed 20 minutes for either ground er air transporlation. Total lime from
notification to trauma center should not exceed 35 minutes, barring difficult
extrication.

Trauma centers must be located strategically statewide with regional geog-
raphy in mind. Along with the multiple trauma centers, cenlers for specialized
management, such as care of burn victims, pediatric victims, and nepnates, spec-
ialized hand care, and reimplantation, are also needed. These special cenlers may
be located apart from or incorporated with a central Level 1teauma facility.

THE MARYLAND S5YSTEM

ORIGINS

Today there is no question that trauma systems save lives, but this was nol always
believed to be true. In the 1950s, highway deaths were a spectre to discuss, yel
public concern wan directed to the Department of Transpartaticn and car manu-
{acturers, wilh little belief that the trauma victlm wan of apecifie Interest (o the
medical field, Unprotected by prehospital treatment or approprinte facilitiva, the
trauma patient, albeit a source of excitement and medical pravado, was virlually
predetermined to die—until 1963, that ls.
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Armed with a US. Army grant in 1963, Ur. R Adams Cowley finally convinced
a few people that trauma deaths aeed net be so frgquent, and hat appropriae
advanced and avcelerated care and adegquate treatment facilities could substans
tially reduce the mortality pnd morbidity of the injured patient. Cowleys rovo-
lutionary system began with just two beds at the University of Maryland Hospital
in Ballimore. Central lo his trauma treatment program was the concept of the

* “Golden Hour"—identilying the crucal period after the lrauma incident when

the mortality of the severely injured patient could be substantially reduced by
advanced medical intervention. !

Mationally, laws were being passed for highway salety to subsidize emergency
medical systems and Lo both study and improve The BTA stalistics,

Along with such suppurt arose a Maryland Stale commitment to continue (-
nancing and legislating a second phase of growlh in Marylands EMS system.,
State police helicopter services were used, and Department of Transportalion
funding was allucated for medical helicopter wse, [n 1969 the Maryland Center
for the Study of Trauma opened,

I 1965, muorticiins supplicd approdmately S0% of the avallable ambulance
service nalionally because their vehicles were the only ones capable of carrying
littersT; by 1970, however, Maryland had introduced successiul ambulance service
pregrams o educate ambulance personnel, establish emerpency care standards,
and develop the transportation and communications systems thal are still vsed
today.

In 1973, the Governor of Maryland and the state legislature mandated the cre-
ation of the Division of Emergency Medical Services (DEMS) and the Maryland
Institute of Emerpency Medicine Systems (MIEMS), formerly Ihe Center for the
Study of Trauma, The vverall goal was Lo ensure that every cilizen would receive
the best emergency medical care regardless of type of illness or injury, severity,
the citizen's persenal cireumstances, or the geographic location,

Ry W76, sepgiomalization in the Maryland system had beea completed, Eawh
regien was presided over by an EMS Advisery Council and a Centeal Regional
EMS Advisory Council, which included representatives of each Council, the
Maryland Hospital Assecialion, Maryland Departiment of Planning, Maryland
State Molice, Maryland Department of Transportation, Comprehensive Health
Planning Agency, Maryland Department of Education, Maryland State Fireman's
Association, Maryland State Ambulance & Rescue Association, and the Medical
and Chirurgical Faculty of Maryland. The Emergency Medical Services Technical
Advisory Council was established by the Depariment of Health and Mental [y-
giene, and the Medical Management Consultant Group was formed to help de-
termine medical needa in delivering emergency care. The Maryland system also
allocated resources for training and continuing education. rapid evacuation and
(ransportatlon, cammunicationg, and specialty refereal crniers.

In 1977 the Maryland leglslatupe combined MIEMS and DEMS to create a sin-

fle controlling by, MIEMSS, responsible for coordinating all emergency medi-
cal systems throughaut the ntane,

e e et e e o
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HOW IHDES THE SYSTEM WORKT?

Communications. A major premise of the MIEMSS is the need to forewarn
treatment facilities of each patient’s condition and impending arrival. This com.
municalion decreases the time lapse from incident to advanced medical interven-
tion. The statewide communications center is located at the MIEMSS
administrative center in Baltimore; it coordinates all statewide helicopter medical
transportations to the various specialty centers and hospitals. Phone lines link
the central Emergency Medical Resources Center in Ballimore with all parts of
Maryland. These two systems are direcily linked and serve as the hub of the
entire trauma system, Thwy are frequently patched together tu deliver proper
communications from the field to an advanced medical facility or trauma spe-
cialist to oblain a radio consult. With the recently instituted statewide 911 cmer-
gency dialing system, police, fire, and EMS dispatchers are automatically linked
an well.

Notification and Urgency.  With the implementation of the 911 system through.
out the state, a central operator can immediately natily the :Eppr::pri.:lu TeSpUnSe
group (pulice, fire, ambulance rescue unit). The determinalion ".'[ the level of ur-
gency, including the request for a helicopter, is the first responsibility of the first
official person on the scene.

Orni-the-Scene Management: The First Responder. 1t was obwious early in the de-
velopment of the Maryland system hat advanced life supporl could notarrive as
a first respunder in the vast majority of cases, and that, in e interim, any non-
injured person at the scene not helping was a wasted resource, For this reason,
in Maryland, all state police and fire persunnel receive a minimum of 40 hours of
training in triage and basic cardiopulmonary resuscitation (CUR). Thus, every
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mure than 5§ years of evperieoce in e feld, and on areival wall dinr gon <0
Lilizativn, One major point ilat experience over e years I Beghl o e ased
to have, at the scene of major Irauma, enough manpower foe sale and rapnd o
of the patient. Thus, by the lime a patient is ransported, stale polics, fire, and
ambulance persennel, a paramedic supervisor, and an avialion trauma techni-
cian may be present.

* In 1976, there were 4000 certified EMT-As in Maryland, each a graduate of an
81-huur course. Today, there are more than 12,000 of these essential paraprofes-
sionals, nearly all of whom are trained in the wse of the MAST and the EOA,
Maore than 1500 cardiac rescue lechniclans (CRTs) have each taken an additional
160 hours in advanged life support eoursework, and 400 paramedics have cach
been trained with a minimum of 300 additional hours above the CRT level. A
large portion of Maryland's educational and training programs include consid-
erable clinical experieace. In 1980 the Aviation Trauma Technicians Progeam be-
gan. Today there are 40 lechnicians in the system whe have each received
certification for compdetiog an adlitional 160-loor conrse, A preliospital prond.
ders must e eecerblwed 0 fowlioe cypeles: EMTS every 3 pears, all olhers, every
year. Continuing education lor all these positions is mandatory.

Once sel In maotion, the modified “swoop and scoop™ method cn have a pa-
tient en ronle by air in 5 or & minutes with neck and bedy Immobilized and with
MAST and at least one IV in place. The MAST garment overlies the long spinal
buard su that its placement is not an additional step. 1Vs ace started during exiri-
cation and can be inserted in less than | minute, I two atiempis fail, no 1V is
begun and the paticnl is lensported, Secondary survey and monitoring are com-
pleted during transpartation to the treatment facility. The Maryland experienee
indicates that I¥s and MASTS, coupled with proper attention to the airway, arne
essential management Lools in the prehospital phase,

Revigions and modifications of the exisling system occur vn a continual basis

o v e

7 houe, every day, there is a roving force of thousands arpund the slate who are to include any situational exception that may have pccurred and to incorporate
1 qualified to begin work at an accident scene belore advanced Imined medical changes in slﬂ‘lu-uhllm--‘llt cane 51"1.“"’“"15'. For example, on July 1, 1985, the usce
i personnel arrive. With the 911 system, a First repomder is no more than M n 5 of Eﬂf‘ht fur airway management in the field began to be replaced by endotr-
o minutes away from any accident site within the state. cheal intubation; this change has required additional training of paramedic por-
¥ The decision for a helicopter request is made by the first responder in response sonnel prior lo implementation. e
o to any of the following three questions: o . ) ) _ i i
gl g P — lfans,unﬂan_ﬂn, F}u: I'n-!.'lrylam:l State Police Medical Evacuation | lelicopler 'ro- . i
E 1. Does the crash scene indicale thala I-'IJ"E"-' encrgy transfes » Sived pramy, combined wilh Lhe state’s volunteer and paid ambulance and rescue coms Eg«.#;..z‘ﬁﬁg‘
% have occurred? (Translation: [t didn't look like anyone could have live panics, form a must efficient and successful shock trauma team, More o 450 R ng;
{T through that!) ; ambulances are i in service in conjunction with six geographically distributed BT R
2. Does anyone appear dead al the scene? helicopters. There are no hosplial-based ambulance rescue units or helicopters in by o
3. 1s there a change in the viclim's mental status, or Is it probable that more than the Maryland system, which serves 4.5 million people, covers 12,600 square miles sl
’ one organ system a injured in any victim? of land, bay, and infand walerways, and recelvas more than 300,000 calls per year. n s 3&
h During nds.r;:;1nll}mn:;§ in 19E3N, a review af more than 3000 statewide au- + Pﬂi"
a : rt Personmel,  In several counties, medic topsy records identifi trauma deaths.? Record abstracts were sludied in e
» E;I:H:riT;;?;ﬁT:ﬁLLﬂ{::rﬁnrml:iﬁl.'d at the samw time that a first re- detail t determine If any of the deaths were preventable. In almosl BO%: of the \ o

cazes, the EMS response was felt 1o be fast and apprppriate; patients who had

sponder receives notification of a severe crash. The paramedic supervisor has
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died were cither dead al the scene or had sustained life-threatening head injurics
and had been transpurted to appropriate facilitics. Only theee deaths were even
questioned as being preventable, an outslanding testimuny to the high calibre of
prehospital EMS care within Maryland,

This Maryland system is by no means perfect, bul it can proudly claim a pa-
tient care and delivery system so rapid and efficient that patients with even lethal
injuries arrive at treatmeni centers alive; and only 6% of trauma deaths oocur
outside of hospital facilitics.

The final factor mentioned in the “ideal system” is destination. It is crilical to
deliver the patient to a center capable of delivering prompt trealment appropriate
far the injury. Maryland has ten Level | trauma facilitivs around the stale to care
for the adult trauma victim, In addition, specially centers have develuoped over
the years to meet specific needs. The Maryland system now incorpurates the
MIEMSS Hyperbaric Center, the Johns Hopkins Pediatric Trauma Center, the
Maryland Regional Neanatal Program (involving four huspitals), the Raymond
M. Curlis Hand Center at the Univn Memaortal Hospital, the Wilmer Bye Clinic
al the Jolns Eopkins < lospital, the Georgelown Eye Center, the Nearolriuma
Center, and Lhe Frangis Scolt Key Uurn Center.!

CONTROVERSIES

A number of reports have questioned the value of prehospital care for the criti-
cally injured; the authuors of these reports feel that the only care that should be
initiated is airway, neck stabilization, and control of external hemeerbage, eipe-
cially if hospital facilitics are only minutes away.* ™12 % They cite as evidence
the studies of McSwain and co-workers® and Gervin and Fischer™ for prolonged
times in placing intravenous lines, and those of Mackenzie and co-workers™ as
well as Bickell and co-workers* for noneffectiveness of external counter-pressure
garments. .

McSwain and co-workers conducied a retrospective study of 100 conseculive
victims of eardiae pulmunary arrest during a 2-month proeriond T Mure than B0
of the arcests were candiae in orlgin, At the time, e prebumpilal gystem Ll o
telemetry or elanding medical orders, and it did not use esophageal obturators,
endotracheal intubation, or MAST. Paramedics had 1o depend un padio contact
with the physician before advanced life support procedures could be Inlliated.

McSwaln and co-workers found that a definlte relationship existed between
total irip lime and successful houpltal vutcomes. Those victims whe died (43) had
an average prehospital time of 43 minules, and those who suevived (7) had an
average prehospital time of 30.3 minutes, a difference of 1.7 minutes., Although
some authors credil this time difference to lime taken 1o insert IV, this explana-
tion seems Lo be o rather simplistie explanation. 1t s hWighly Ukely, as other re-
viewers asserl, that the overall severity of injury was grealer in the patient that
died, therefare requiring more time at the scene for stabilization.

The retrospective study of Gervin and Fischer of 13 trauma viclims wilh pen-
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etrting injuries atlemypled to give credence to the repu w1 Lbaan w.?

woorkers. ™ Al the vietims had been injured within 10 mmutes sml sl e zeans
port Lime b the neacest Wogpital, OF the six pationts (U willouns ot weund
and three slabbing victine) Who reached the hospital it bess than Y minubes wiih
no field treatment, five survived, Each of the other seven patients reached the
huspital In exeess of 25 minules vwing lo extensive in-field trealment; all seven

-died. The extrapulation of these facls creates the assumption thal me in e feld

resulted from standard measures of stabilization; however. the corollary could be
just as true: the extensive measures were undertaken because of the magnitude
of the injurics.

Hun! and associates conducted further studics on patients with full cardiae
pulmonary arrest in the same system McSwain and co-workers studied, ™™ When
all receiving huspilals were included, no differences were found in lhe averape
total transpurl times between those who survived and thase who did nol, Once
the EMS systen was larther improved by the addition of standing medical orders
and the incorporation of MAST and the csophageal gastric obturator, survival
rates improved deamatically. even Uuaegh transport times were identical or even
enceeded those of MeSwain and co-workers,

Mackenzie and co-workers™ 9 ag well as Bickell and eo-workers® fauml thal
MAST had no elfect on the trauma score amony those patients found hypaten
sive at the scene and taken o a trauma facility; however, a close examination of
this data reveals that the MAST group had a higher probability of survival,

Jacobs and associales compared the effects of basic and advanced life support
treatment using trauma and injury severily scores.™ They found that, after ad-
justment of the original trauma score, advanced life suppori prehospital care did
have a significant effect on survival when instituted more immedialely after the
traumatic event. Averape prehospilal time was 31 minntes; the time was some-
whal shorier for patients with more severe trauma (25 minutes).

Experience from the MIEMSS Shock Trauma Center suppors the work of both
Hunt and co-workers anud Jacobs and co-workers (see data given above). 28 Iy [he
studdy of Mackenzie angd co-workers, the primary causes of death were nourolugic
injuries (hoad and spine, 63,79 ) and hemorrhagic infuries (V2% ) associated with
mre [han five injuries per death. As stated, of the deaths that cecurred In the
first 24 hours, nut one was consjidergd preventable, Morsoyen ps was imontionsd
upder the Marytaned System, the prehospilal communicatinnfstabilizationtrans-
poctation system b so coordinated that patients who winild have been dead al
the scene are puw arriving at the Shock Trauma Center with "fatal” injurics.

Examination of the hemurrhagie deaths showed them Lo be secondary to ma-
jor liver and vessel injurivs, massive retroperitoneal hemarshage, and operattonal
deaths during repair of ruptured thoracic anrtas and cardiac injurios. 1t is a eredil
1w the prehospital providers that all suevived to reach the facility,

A core fn point it 8 Meyear-pld black man who arrived o the Shock Trauma
Center facilily within 20 minules postinjury; he sustained Injuries from a high-
speed collision of his motorcycle with a parked car. He arrived consclous, with
Vs inserled and MAST in place, Resuscitation pmcnl,h.l res began with the place-
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ment of large-bure lines and the insertion of an endotracheal tube. Peritoneal
lavage was grosaly bisody and the patient was rushed Lo the operaling room. He
died on the operating table secondary to lethal injuries from transection of e
suprahepatic vena cava, a lorn infrahepatic vena gava, turn hepalle veins,
crushed kidney and spleen, and lacerated liver.

Atl-the-seene care in Maryland demonstrales the success and importance of
resuscitative measures during, and as a part of, extrication, after which the pa-
tient is immobilized on the long board and transported quickly 1o the awaiting
helicopter for a speedy trip to the appropriate trauma center. All procedures are
accomplished in approximately 4 to 10 minutes.

First reponders bear the responsibility for triage and for deciding which mode
of transportalion is appropriate, based on mechanism of injury, number of sys-
tems injured (two or more), and whether or not a death has occurred al the
sCEne.

Maryland procedures have reduced on-scene lime o a minimunt. A major
question to be answered is whether or not additional advanced life support skills,
other than endotracheal intubalion, 1Vs, or MAST application, are requirned in the
initial field stabilization of trauma patients, Although paramedics may be taught
lo use needles for ericothyruidotomy if and when reguired, B is nol known if
decompression of the chest (either by needle or chest tube theracotomy) would
be beneficial in multiply injured patienls in the absence of acute tension
preumothon,

To answer this uestion, the survey of 2579 admissions to MIEMSS noled ear-
lier was analyzed. Of the 60 pertinent deaths in the first 24 hours, 42 victims had
massive head injuries, 35 with massive chest injuries and 20 with sccompanying
C-spine injuries. There were 7 viclims with thoracic aortie ruplures and 11 with
cardiac injuries. Of these same 60 viclims, only 4 were noled wilh respiratory/
alrway difficulty during stabilization and transport: 3 patients wilh facial frac-
tures, 1 patient vomiling. Autopsies on all early deaths revealed 36 victims had
rib fractures {24 bilateral), 21 had pneumotharaces®(7 bilateral}, 23 had hemo-
thoraces (9 bilateral) and 14 had lung contusions, Although the exact cause of
death in those listed as having chest injuries was nol clucidated, it is difficult lo
propose that a pneumothorax was present as a lethal or potentially lethal injury
and could not be treated appropriately at the receiving facility even wilh rapid
transport. It should be puinted out that any massive hemuothorax shoudd sl be
decompressed in the field without the presence of multiple 1% and (Tuiddblosd
resuscitation In progress,

Only 3.7% of all patients who died {(0.4% of admissions) did so with cheal or
alrway problems. Five of these eleven patients had crushed chests. Trying lu
identify which patient might benefit from further feld invasive procedures is
difficuil, but it does not seem practical to add chest tube placement Lo the arma-
mentarium of fleld personnel when there i little, IF any, evidence of need, The
only situation i which such use might arise is an acale lensbon preunwthoras;
this camplication can be managed easily by a needle.

Therefore, there dovs not seem Lo be a justifiable need for tube thoracostomices
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in the field or fur additional training, since ible uee gl o r
1000, With rapid transpert, the M:Hryland mm soemy 'I:: ;:al:::;?nlr}r:1:::~it:-
pying thoracic injuries wheyuately and appropriately. When prolonpedd traapaonl
times are anticipated (gredier than | hour, such as in rural areas), |:1hj'ﬁiri;| s oF
flight nurses may contribute Lo the stabilization of the critically injured,

SUMMARY

ANFE reduction ull deaths from RTAs has occurred in the United States uver the
past 10 years despite an Increase in motor vehicle registration and miles driven
This statistic miy be atiributed to a combination of faciors such as impmvedl
crashworthiness standards, use of passive restraint systems, a system of prelos-
pital care, and the awnreness of the medical community of the Importance of
timely surgical intervention at designated trauma centees, )

The numbeer of inmediate lethal infuries is being reduced and modified 1o
severe life-Whreatening injurivs by ablation of the kinetic enerpy involved, I

The murtality profile of patients with critical life—tl'lrmhuﬁjnr injuries shifed
from the field 1o the hospital environment, although the rate n':..'l}r remain high
The major improvements are scen is in the population of victims will severnl!i’u:
1J1r£':_1tcning and non-life-threatening injuries who no longer die in the field or in
admitling arcas of hospitals,

Prehospital care in Maryland has been developed successfull . The majority of
c}Nuil”}:c?“l will swﬁre IjFa-l::;ealnning injuries are stabilized in the field and

ckly transporied to one of ten areawid iliti
i h]:fns A e trauma facilities where resources are

Potentially lethal and severe life-threatening injuries are triaged by prehnspital
providers and transported to the nearest Level 1 trauma facility, In spite of a
greater number of these types of patients, mortalily in the first 21 hours postin-
Jury has decreased maore than 23% during the past 4 years.* The majority of those
swved owe their lives 1 Marylands fully integrated EMS system. This syslem
mu:!ush.-s mmn;uniralil.;ns,]tranﬁpﬂﬂatiun. tiered response. and skilled, experi-
enced paraprofessionals, all integrated and coordi s J
enced p aul‘;mrit:,r. B rdinated by MIEMSS, the central

Dn-mnr_n:ﬁpunsﬂ Himes after notification average 3 40 5 minules, and patients
are appropriately stabilized and Immobilized In less than 5 to 10 minutes by o
team of first responders, basic and advanced EMTy, and skilled pammedies,

ﬁm rm;ulu'ldz-ru have been delegated the responsibilily for triape and notili-
cation of helicopler tranaportation. Their decisions are baged on the mechanism
of injury, number of systems injured, and whether or not a death has occurred
on the scene. Airway cantrol, neck stabilization, control of external bleeding, and
Intravenous support ane begun during the extrication phase. MAST inﬂ-ﬂl'u;t and
il et ion guickly fillin, e fhe mulliply Iejaresd patlend, no e is wasted
tin second surveys ue on the plagement of traciion. Further tralning to insert chest
tubes has been found 1 be inappropriale tn view of massive pneumothorax or

o
""".r'}

='1 i at

i

i =

i
FRils
3

1 'h 27
u L "
et




=1

o

Vi

o
-
iy
"
L
I...

L

&0 Trauma Care: Surgical Mawagemeni

hemathorax, IV lines are inserted {on the averape) in less than | minute; the
success rales are above 0%, Patients may be fully stabilized and immobilized in
5 to 10 minutes at the scene; normally, by the completion of this phase, helicopter
imnsportation is on the scene and patient responsibility is transferred to the avias
tion trauma technician for speedy delivery o the trauma center. The aviation
trauma lechnician is responsible for moniloring the palient and for completing
the second survey. EOAs are used only on adult, unconscious patients with no
intraoral pathology or bleeding, Endotracheal intubation will replace this
muodality. >

Patients are then transported to one of ten areawide trauma centers to be met
by skilled teams of airway specialists for immediate inserlion of endotracheal
tubes and delivery to the admitting area, where a team of surgeons and nurses
resuscilate and operate if necessary.

The lessans learned from wartime epidemics have been implemented sucevss-
fully in the state of Maryland, The Maryland system has also been adupted in
foto by other countries during the past several years.

In conclusion, the Maryland system closely approximates an ideal Cmengency
medical system,
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