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Welcome to the American Journal of Clinical Medicine (AJCM) Winter 2009.  
The Journal is dedicated to improving the practice of clinical medicine by pro-

viding up-to-date information for today’s practitioners.

The AJCM is the official journal of the American Association of Physician Specialists, 
Inc. (AAPS), an organization dedicated to promoting the highest intellectual, moral, 
and ethical standards of its members, and whose diversity incorporates physicians that 
represent a broad spectrum of specialties including anesthesiology, dermatology, diag-
nostic radiology, disaster medicine, emergency medicine, family medicine obstetrics, 
family practice, geriatric medicine, hospital medicine, internal medicine, obstetrics 
and gynecology, ophthalmology, orthopedic surgery, plastic and reconstructive sur-
gery, psychiatry, radiation oncology, and general surgery.

Part of the mission of the AAPS is to provide education for its members and to pro-
mote study, research, and improvement of its various specialties.  In order to further 
these goals, the AJCM invites submissions of high-quality review articles, clinical 
reports, case reports, or original research on any topic that has potential to impact the 
daily practice of medicine.  Publication of a peer-reviewed article in the AJCM is one 
of the criteria needed to qualify for the prestigious Degree of Fellow in the Academies 
of Medicine.

Articles that appear in the AJCM are peer reviewed by members with expertise in their 
respective specialties.  Manuscripts submitted for publication should follow the guide-
lines in The International Committee of Medical Journal Editors:  “Uniform require-
ments for manuscripts submitted to biomedical journals” (JAMA, 1997; 277:927-934).  
Studies involving human subjects must adhere to the ethical principals of the Declara-
tion of Helsinki, developed by the World Medical Association.  By AJCM policy, all 
authors are required to disclose any and all commercial, financial, and other relation-
ships in any way related to the subject of their article that might create any potential 
conflict of interest.  More detailed information is included in the AJCM Manuscript 
Criteria and Information on pages 34 and 35.

In this issue we are proud to introduce a new, regular feature entitled “Medical Ethics 
Without the Rhetoric.”  Dr. Mark Pastin will offer real-life cases that present ethical 
issues, which are common to the practice of medicine.  After reading the item, email 
your input to him.  The next issue will feature reader perspectives and Dr. Pastin’s own 
viewpoint.  See “Medical Ethics Without the Rhetoric” on page 18.

This issue also features several articles and case studies as well as the “Sounding 
Board,” an open forum where we offer you the opportunity to write in and express 
your thoughts on a subject or suggest new topics for future Sounding Boards.  Let-
ters to the editor, commenting on published articles or offering general comments or 
opinions, are also welcome. 

This Journal represents you–we welcome your input, your articles, essays, observa-
tions, poetry, and sound bites.

The AJCM Editorial Board
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Abstract
Nowhere in emergency medicine are mythology, legend, and 
tradition as conspicuous as they are in the field of prehospital 
care (EMS).  Images of speeding ambulances with lights and 
sirens, aeromedical helicopters in flight, and heroic medical in-
terventions in austere environments are awe-inspiring, thrilling, 
and reassuring to many of us.  As dispassionate scientific scru-
tiny is applied to these and other practices in EMS, however, it 
becomes evident that many of the current practices and proto-
cols in EMS are not based on any level of scientific evidence. 
This article will review current evidence about the costs and 
benefits of some of the most common current practices in EMS.  
These include the use of lights and sirens and helicopters, endo-
tracheal intubation and its alternatives in airway management, 
cardiopulmonary resuscitation, advanced cardiac life support, 
public access defibrillation, and analgesics.  It is hoped that 
by shining the light of scientific scrutiny upon these practices, 
dogma will be replaced by clinical evidence.  Only in this way 
may cost-effective emergency care be provided for the greatest 
benefit to the largest number of citizens.

“It is possible to document exactly how much scientific support 
there is for the efficacy of our present scope of EMS practice, 
and it is impressively deficient.”1

Introduction
Nowhere in emergency medicine are mythology, legend, and 
tradition as conspicuous as they are in the field of prehospital 
care (EMS).  Images of speeding ambulances with lights and 
sirens, aeromedical helicopters in flight, and heroic medical in-
terventions in austere environments are awe-inspiring, thrilling, 
and reassuring to many of us.  As dispassionate scientific scru-
tiny is applied to these and other practices in EMS, however, it 
becomes evident that many of the current practices and proto-
cols in EMS are not based on any level of scientific evidence. 
This article will review current evidence about the costs and 
benefits of some of the most common current practices in EMS.  
These include the use of lights and sirens and helicopters, endo-
tracheal intubation and its alternatives in airway management, 
cardiopulmonary resuscitation, advanced cardiac life support, 
public access defibrillation, and analgesics.

It is noteworthy that, of 5,842 publications on prehospital 
care, only 54 were randomized controlled trials (RCTs).  Of 
these 54 RCTs, four (7%) reported harm from the new therapy, 
and 74% reported no effect at all.  Only seven studies (13%) 
of the RCTs showing a positive outcome of an intervention 
were not contradicted, and only one of these examined a major 
outcome such as survival, and only one of these was placebo-
controlled.1  Thus, there is a dearth of sound scientific support 
for EMS interventions, and a serious reexamination of EMS 
practices is needed.

It is hoped that by shining the light of scientific scrutiny upon 
these practices, dogma will be replaced by clinical evidence.  
Only in this way may cost-effective emergency care be pro-
vided for the greatest benefit to the largest number of citizens.

The use of helicopters in eMs (heMs)
Medical helicopters in EMS were introduced into civilian use 
in the United States in 1972, and since that time there has been 
an exponential proliferation in their use.2  In 2004, there were 
approximately 700 HEMS helicopters in the U.S., and they 
transported more than 300,000 patients. Last year, an estimat-
ed 400,000 people flew on EMS helicopters and the national 
fleet, mostly in for-profit operation, is now over 900.  Thirty 
percent of HEMS flights are scene calls, and 70% are inter-
facility transports.3  Much of the impetus for the initiation and 
growth of HEMS was based on the concept of a “golden hour” 
after trauma, popularized by Dr. R. Adams Cowley.  Further, 
experience with combat casualties in the Korean and Vietnam 
wars supported the efficacy of rapid transport of wounded sol-
diers by helicopter.  It should be noted that the very existence 
of such a golden hour has become the subject of debate.4 The 
literature on HEMS in civilian use has been mixed though, with 
some critics referring to these aircraft as little more than “flying 
billboards.”2

In one study comparing 337 patients transported by HEMS with 
446 matched patients transported by ground ambulance, surviv-
al rates were the same.  The authors concluded that there was no 
evidence that HEMS improved survival.4  In another study, of 
947 consecutive trauma patients transported by HEMS to Santa 
Clara Valley Medical Center in California between 1990 and 
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2000, 45% were felt to have arrived as slowly or slower than by 
ground EMS, and 35% of the HEMS patients were discharged 
directly from the ED.  The authors concluded that <1% of the 
patients in this series had actually benefited from HEMS, and 
that 0.5% of the patients may have been harmed by HEMS.5  In 
a Boston study of more than 1,500 trauma patients transported 
by HEMS from the scene, 24% were considered to have been 
inappropriate.6  A metanalysis of 22 papers with a cohort of 
more than 37,000 trauma patients transported by HEMS found 
that approximately 60% were felt to have had minor injuries, 
and 24% were discharged within 24 hours.7  Another study of 
3,048 trauma patients transported by HEMS found that these 
patients had longer transport times, with no difference in mor-
tality.8  A 2001 study found no difference in quality of life 15 
months after trauma for patients transported by HEMS com-
pared to patients transported by ground ambulance.9  In Hous-
ton, 122 consecutive, non-cranial penetrating trauma patients 
were transported by HEMS.  The authors concluded that HEMS 
did not hasten arrival at the hospital and that scene flights for 
penetrating trauma in Houston were not efficacious.10  In a 
2003 review by Thomas et al. HEMS transport seemed to ben-
efit certain patients in particular systems, while not in others.11  
One US multi-center study of blunt trauma patients found sig-
nificant mortality reduction from HEMS.11  Another study from 
southern Texas, which compared survival rates before and after 
the cessation of HEMS programs, reached the opposite conclu-
sion.12  A five-year study of blunt-trauma patients in an urban 
setting with a sophisticated prehospital care system transported 
either by HEMs or ground ambulance found no survival advan-
tage for patients transported by HEMS.13

Similar conclusions have been reached about HEMS by inves-
tigators in Great Britain, Australia, Norway, Italy, and Hong 
Kong, where HEMS is felt also to benefit a small fraction of 
those transported.14-17

The use of HEMS for children has also been evaluated.  A Los 
Angeles study of 189 pediatric trauma patients transported by 
HEMS found that 57 (33%) were discharged from the ED.19  
These authors concluded that HEMS for pediatric patients was 
associated with a high rate of over-triage, with no additional 
prehosptial interventions, when compared with ground trans-
port.  A Washington, D.C., study of nearly 4,000 pediatric trau-
ma patients transported by HEMS found that nearly 85% were 
over-triaged and did not require HEMS.19 Another study from 
New Jersey evaluated  the utilization of HEMS for pediatric 
trauma patients.  The authors found that pediatric patients trans-
ported by HEMS were equally severely injured as were those 
transported by ground, in contrast to adult patients, for whom 
the HEMS was reserved for the most severely injured patients.  
They speculated that, because trauma triage schemes were de-
signed primarily for adults, ground personnel are more selective 
about which adult patients are flown to a trauma center and less 
selective for children.  They recommended the development of 
pediatric trauma triage protocols.20

It has been estimated that approximately 28% of the US popula-
tion has access to Level I or Level II trauma center care within 

an hour only by helicopter.  The discontinuation of HEMS was 
found to have a detrimental impact on mortality in one system 
in interfacility transport to a tertiary trauma center.21

Noise levels in most helicopters while in flight prevent accurate 
physical examination and auscultation and are a limiting factor 
for managing patients.  Airway interventions are often difficult 
or impossible in flight, and, if the patient deteriorates en route, 
management may be extremely difficult.

Medical helicopters are estimated to cost between $1,500,000 
and $5,700,000, depending on their configuration and equip-
ment.2,23  The annual cost for operating a helicopter is estimat-
ed to be approximately $1 million.13  It is estimated that each 
helicopter requires five hours of maintenance for each hour it 
flies.22  The HEMS system at the University of Michigan had 
operational costs of $6 million, but generated $62 million in 
inpatient revenues and 28% of ICU days.  HEMS patients were 
also twice as likely to have commercial insurance as were other 
patients.2  Some authors have speculated that the proliferation 
of HEMS is a direct result of successful negotiation for favor-
able rates of reimbursement.  In 2004, the number of flights 
paid for by Medicare was 58% higher than three years earlier.  
Spending for HEMS by Medicare more than doubled to $103 
million over the same period.  In 2002, Medicare increased the 
rates for HEMS, with prices of from $5,000 to $10,000 per 
flight, or five to ten times the rate for ground transport.  In one 
study of adult cost per life-year saved, HEMS was calculated to 
be about $2,500.  This compares to $18,000 for neonatal ICU 
stays for birth weights 500-9999 g; $19,000 median for 310 
medical interventions; $23,000 for three-vessel coronary artery 
bypass for severe angina; $32,678 for thrombolytic therapy for 
acute MI; and $41,000 for AZT prophylaxis after needle stick.24   
In a 2002 Finish study that dealt with HEMS transport for both 
trauma and non-trauma diagnoses however, the cost per life-
year saved was $30,000.14

In addition to the debates about the efficacy and expense of 
HEMS is the issue of safety.  As HEMS usage has increased, so 
has the number of helicopter crashes.  There was a steady and 
marked increase in the number of HEMS accidents in the Unit-
ed States from 1993 to 2002.  Over this period, there were 84 
crashes involving 260 people (passengers, patients, crew, and 
pilots).  Of these, there were 72 deaths and 64 injuries.  Fifty-
two percent of the accidents occurred during the last three years 
of the study.25  HEMS aircraft have killed 28 people in seven 
separate accidents in 2008, which has been the deadliest year 
for EMS helicopter crashes to date.  Since 1987, more than 200 
EMS helicopters have crashed, killing 202 people, (Figure 1).  
This year’s fatalities are twice as many as any past year, accord-
ing to the Comprehensive Medical Aviation Safety Database, a 
product of Humanitarian Research Services.

In 2001, there were 12 fatalities per million flight hours for all 
helicopters, but there were 19 per million for HEMS.  Between 
1995 and 2001, the rate of occupational deaths per 100,000 was 
five for all workers, 26 for farmers, 27 for miners, but 74 for 
HEMS crew.  At this rate, it is estimated that a HEMS pilot or 
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crew flying 20 hours per week for 20 years would have a 40% 
chance of a fatal crash.  Thirty-nine percent of all HEMS crash-
es result in one or more fatalities.  HEMS crashes are associated 
with post-crash fire and often occur in darkness or bad weather.  
Darkness more than triples the risk of fatalities, and bad weather 
increases the risk eight-fold.26  According to National Highway 
Transportation (NHTSA) data, causes of HEMS crashes in de-
creasing order are pilot error, mechanical failure, and undeter-
mined causes.25  A 2001, HEMS survey found that many pilots 
felt that they were under unreasonable pressure from manage-
ment, dispatchers, and flight crews to speed response or lift-
off times, to fly when fatigued or ill, and to launch or continue 
flights in marginal conditions.27  Medical specialists in sending 
and receiving hospitals also may feel increased pressure from 
hospital management to use helicopter services when ground 
transport would have sufficed.

The Injury severity score (Iss), Revised 
Trauma score, (RTs) and the Trauma Injury 
severity score 
(TRISS) have all been investigated as predictors of the need for 
HEMS in trauma.  It has been observed that patients whose in-
jury severity is in the mid-range of the bell-shaped distribution 
of trauma severity (i.e., those with ISS between 15 and 45 to 
60) are the ones most likely to benefit from HEMS.   In studies 

from North Carolina and Pennsylvania, those patients with an 
ISS between 15 and 40 had the clearest benefit of HEMS.28,29  In 
a Boston area study of patients with moderate-to-severe trauma, 
HEMS was felt to confer a 24% mortality reduction in a similar 
group of patients who were transported by ground EMS.  The 
mechanism of injury alone has been found to be a poor indica-
tor of who benefits from HEMS.30 

HEMS operational safety could be improved by using stricter 
weather guidelines, medical-necessity algorithms, and stan-
dardized fly/no-fly protocols for pilots.  Also suggested are 
instrument flight rules, night-vision devices, dual pilots, and 
enhanced minimum pilot qualifications.  Regional triage guide-
lines for HEMS should be established and followed.14,26,30, 32-4    
Data-driven and team-based utilization review of the appropri-
ateness of the transport should also take place.  This review 
must be nearly concurrent with the flight, and it must be applied 
to all flights.  Overtriage, (the use of HEMS to transport patients 
who are not critically ill or injured) and undertriage (the fail-
ure to use HEMS to transport patients who are critical) are two 
measures used to judge the appropriateness of HEMS.   Trauma 
centers have a built-in accommodation for an overtriage rate of 
up to 50% in order to have an acceptable undertriage rate (often 
quoted to be up to 10%).14,30

Current medical literature and EMS experts have suggested 
that HEMS resources might be better allocated by following 
the Australian and German models of state-run, rather than 
hospital-owned and based, services.  In the US, HEMS opera-
tion as part of an EMS or governmental entity (e.g., Maryland 
State Police) might also improve appropriate usage.  As stated 
above, a HEMS usage criterion, based on physiological param-
eters rather than on mechanism of injury, has also been recom-
mended.  Also, by concentrating on rural responses rather than 
inter-hospital transfers and urban responses, resources might be 
better allocated.2,30

One HEMS authority, Dr. Thom Mayer of Inova Fairfax Hos-
pital in Virginia, perceptively observes that, “it’s not how long 
it takes the patient to reach the regional critical care center, but 
rather how long it takes the resources of the regional critical 
care center to reach the patient.  In this respect, the critical care 
flight crew is an extension of the regional center and may be a 
key determinant of outcome.”  He has stated that in his EMS 
system, HEMS is appropriate if the patient at the scene would 
have warranted a trauma code if he or she were in his hospi-
tal’s emergency department  (e.g., airway emergency, BP <90 
with signs of shock, GCS < 8, traumatic paralysis, penetrating 
head, neck, or torso injury, major crush or amputation, compart-
ment syndrome, > 20% BSA burn, and extremes of age), unless 
the patient is less than five minutes from the trauma center by 
ground ambulance.30

It was estimated in one study that, in a mixed rural and urban 
EMS system, one may convert air and ground miles estimates 
by using the relationship:  lights and sirens ground miles = 1.3 X 
air miles.  The authors suggested the use of this conversion coef-
ficient in designing reasonable helicopter utilization policies.31

Figure 1: Helicopter EMS crashes since 1987
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The considerable debate on the appropriate use of HEMS will 
continue, and it will be intensified by spiraling health care costs, 
increasing medico-legal scrutiny, the recent uptick in crashes, 
and by health care market forces, among many other competing 
pressures.32-35

Ambulance Light and siren use
The use of lights and siren (L&S) during ambulance transport 
of critically ill and injured patients (a.k.a. “Code 3” transport) 
is commonly employed by EMS systems.  Prominent among 
reasons cited for using L&S are critical patient status and criti-
cal system status, in which there is pressure to return the ambu-
lance rapidly to be available for other calls.   It is clear that the 
indiscriminate use of L&S is a significant contributing factor 
in ambulance crashes.  It has been estimated by a variety of 
sources that Code 3 status is warranted in only approximately 
5% of ambulance runs.  Empirical data confirm that the use of 
L&S far exceeds this estimate.   

A 1994 study evaluated the use of a protocol that limited Code 3 
transport in Pennsylvania.  Before implementation of the proto-
col, L&S were employed in 58 % of ambulance runs.36   Use of 
the protocol reduced Code 3 transport to 8% of ambulance runs.  
Of the remaining 92% of patients transported without L&S, no 
patient was judged to have sustained an adverse outcome re-
lated to transport mode.  A New York study of L&S transport 
found that their use only reduced response times by an average 
of 106 seconds.37  These authors concluded that, “Although sta-
tistically significant, this time savings is likely to be clinically 
relevant in only a few cases.”  A similar study conducted in 
Minnesota over a nine-month period found that L&S use de-
creased response time an average of 3.02 minutes compared to 
non-L&S use.38   A North Carolina study compared transport 
times of EMS with L&S and without, when the trip length was 
less than eight miles.  The authors found that L&S saved an 
average of 43.5 seconds per trip, and they concluded that, “Al-
though the mean difference is statistically significant, it is not 
clinically significant, except in rare circumstances.”39

In a recent Pennsylvania study of 245 consecutive patients who 
arrived by Code 3 transport, only 14% received an ED interven-
tion within 15 minutes of arrival, and only 54% were ultimately 
admitted to the hospital.40  In Cincinnati, L&S were employed 
in nearly two-thirds of over 500 ambulance runs to a pediatric 
medical center.  The use of L&S was considered to be inappro-
priate in 39% of the runs, and its use was more common in basic 
ambulance units than in paramedic units.  The authors conclud-
ed that L&S transport of pediatric patients in their system was 
often inappropriate and that protocols should be established to 
limit L&S use.41

A retrospective study of data from the Rapid Early Action for 
Coronary Treatment (REACT) trial compared the mode of trans-
port of chest pain patients in 20 US cities.  Patients transported 
by private transportation arrived more quickly than those who 
arrived by ambulance (35 minutes vs. 39 minutes).  The authors 
noted that, although activating 9-1-1 is the most rapid way to 

achieve definitive medical care, only 50%-60% of patients with 
chest pain choose to initiate care via EMS, principally because 
of their perception that private transportation is quicker.  “Door-
to-needle” time was faster in the EMS patients, however (32 vs. 
49 minutes).42

The unrestricted use of L&S is not only medically inappropri-
ate, but it is also dangerous.  It has been estimated that 12,000 
EMS crashes result in 120 deaths in the United States and Can-
ada annually.  Most of these crashes are associated with the use 
of L&S and involve more frequent and more severe injuries 
than are sustained in crashes in non-Code 3 transport.41-44  As a 
result of these increased injuries, liability claims are more than 
20 times more likely to result from EMS vehicle crashes than 
are claims involving the EMS patient care.  In 2004, 170 fatali-
ties in the US occurred as a result of emergency vehicle crashes, 
according to NHTSA. 

During the years 1991-2000, the MMWR reported 300 fatal 
crashes involving occupied ambulances, with 82 deaths of am-
bulance occupants and 275 occupants of other vehicles and pe-
destrians.44   A total of 816 ambulance occupants were involved 
in these 300 crashes.  Twenty-seven of the occupant fatalities 
were on-duty EMS workers, representing 3% of all ambulance 
occupants and 33% of occupant fatalities. Most of the 27 EMS 
worker fatalities occurred in the front of the vehicles.  Rid-
ing or driving unrestrained was cited as a major contributor to 
death and injury. Less than half of the EMS workers in the rear 
compartments use restraints, often citing unsatisfactory access 
to the patient for IV insertion, CPR, and airway management.   
Additionally, unrestrained patients in ambulance crashes have 
the potential to become airborne and to endanger other rear 
compartment occupants. Three times as many bystanders (ei-
ther pedestrians or occupants of other vehicles) were killed as 
were EMS personnel.42,44

EMS workers in the United States have a fatality rate of 12.7 
per 100,000 workers, more than twice the national average, 
and most of these fatalities are due to vehicle crashes. By com-
parison, the fatality rate for police is 14.2, and it is 16.5 for 
firefighters.44, 45

Also frequently cited in ambulance crash literature is the “wake 
effect” – the tendency for the racing Code 3 ambulance to pre-
cipitate crashes of other vehicles in its wake.  A study from Salt 
Lake City substantiated the existence and magnitude of wake-
effect collisions.  Sixty ambulance crashes and 255 wake-effect 
collisions were reported.  The study suggested that wake-effect 
collisions are real and that these probably occur with a greater 
frequency than do ambulance crashes.46

Restriction of the use of L&S to a prearranged set of indications 
is likely to minimize ambulance personnel injury. The National 
Association of EMS Physicians (NAEMSP) and other organiza-
tions have policies regarding the prudent use of L&S.  It is clear 
that personnel in many EMS and fire systems feel inadequately 
trained in vehicle operation safety, especially when compared 
to their counterparts in law enforcement. 
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It is also evident that EMS personnel knowledge is poor regard-
ing basic traffic safety laws pertaining to emergency vehicle op-
eration.47  In a sample of 293 EMTs at East Carolina University, 
the median number of correct responses to five knowledge ques-
tions about ambulance operation was one. The median number 
of correct responses to the five knowledge questions was one 
(range zero to four). Thirty-three percent of the EMTs knew 
that other vehicles are required by law to yield while either ap-
proaching or being overtaken by an ambulance with warning 
lights and sirens; 2% knew that due regard for safety is the only 
requirement of an ambulance approaching a red light at an in-
tersection; 14% knew that the minimum following distance be-
hind an ambulance is one city block; and 28% knew that there 
is no speed limit on ambulances with warning lights and sirens. 
Respondents were more likely to score above the median if they 
had taken one or more emergency driver’s education courses or 
had nine years or more of EMS experience.48

In a review from Virginia, while 75% of ambulance runs were 
conducted with L&S, a disproportionate number (91%) of col-
lisions occurred during L&S operation.  The responding ambu-
lance driver had a history of multiple EMS crashes in 71% of 
the collisions.49,50

All operators and front-seat passengers of ambulances must use 
seat belts.  Any patient on a stretcher must be secured while the 
vehicle is in motion, and all EMS personnel in the patient com-
partment must use seat belts when not attending to the patient.  
It is unrealistic to expect the public to use seat belts if health-
care workers fail to use them.

Prehospital Analgesia
In the words of Albert Schweitzer, “We must all die.  But that 
I can save a person from days of torture, that is what I feel is 
my great and ever-new privilege.  Pain is a more terrible lord of 
mankind than even death itself.’’

While the goal of medicine is largely to decrease pain and suf-
fering, pain management in EMS continues to be woefully in-
adequate.  This is despite the observation that up to 70% of our 
patients experience pain as part of their presenting problem.49  
Among the organizations that have position papers on the use 
of analgesia in EMS are the National Association of EMS Phy-
sicians, the American College of Emergency Physicians, the 
American Academy of Pediatrics, the American Medical As-
sociation, the American College of Obstetrics and Gynecology, 
and the American College of Surgeons.

One study showed that up to 20% of EMS patients have mod-
erate-to-severe pain.51  Other studies have revealed that medical 
practitioners in general and EMS workers in particular are poor 
at recognizing and managing pain.  In one EMS study of 1,073 
patients with suspected extremity fractures, only 1.8% were ad-
ministered analgesics and 17% and 25% received ice packs and 
air splints, respectively.52  In another study of 124 patients with 
an emergency department diagnosis of hip or lower extremity 
fractures, only 18.3% were administrated field analgesics.  In 
Australia, of 128 patients with a prehospital diagnosis of femo-

ral neck fractures, only 51% received analgesics by EMS.53,54  
In addition to the infrequent administration of analgesia by pre-
hospital personnel, the patients who receive their first analgesia 
after arrival at the emergency department wait much longer to 
receive them.  In one study, this time was 28 minutes vs. 146 
minutes on average.55  In a second study, the time was 23 min-
utes and 113 minutes respectively.56  There are several barriers 
to adequate analgesia in EMS.  The first is that many states still 
require physician contact before the administration of narcotics.  
Next, few EMS textbooks devote significant attention to analge-
sia, and EMS education is often inadequate in this field.  Also, 
there are many EMS systems that have no written protocol for 
analgesic administration.  In addition, there is often reluctance 
by EMS personnel to administer analgesia for fear of conflict 
with the emergency physician.  Lack of education and research 
and of agent availability are also cited.57   Prejudices about EMS 
analgesia administration may include a belief that its use may 
mask important physical exam findings and that it may lead to 
addiction.  EMS care providers overestimate their abilities to 
accurately assess a patient’s pain by observation alone.  There is 
also an unfounded concern that analgesic administration might 
make later informed consent impossible.  Also cited is a fear 
of regulatory oversight and misunderstanding about the likeli-
hood of adverse events.56  Ethnicity of the patient has also been 
shown to affect pain management.  A UCLA study showed that 
Latino patients with isolated long bone fractures were half as 
likely to receive pain medication as were their non-Latino white 
counterparts.57  A New Orleans study showed the same finding 
for African-Americans.58  Children and adolescents have been 
shown to have less documentation of pain assessment by EMS 
personnel and to be less likely to receive analgesia.59,60  Women 
have been shown to be less likely than men to receive prehospi-
tal analgesia for isolated extremity injuries.61  Decreasing levels 
of income are also associated with decreased rates of analgesia 
administration.56,61,62

Among the most accurate means of pain assessment by EMS 
providers is self-reporting by the patient.  In addition to this, 
visual analog scores, numeric pain scales, and pediatric FAC-
ES pain scales are useful in measuring pain degree and of its 
responsiveness to analgesics.  Multiple studies have demon-
strated that narcotic analgesics actually make subsequent ab-
dominal examinations more accurate.  Further, it has never 
been shown that analgesics given judiciously for legitimate 
pain interfere with informed consent or that they lead to drug 
addiction.63  Several reports have demonstrated the safety of 
EMS narcotic administration.64,65  In one such study of 84 cases 
using small intravenous doses of morphine (2-4 mg), there was 
only one case of respiratory depression.  In another study of 
131 HEMS patients there were no complications from intrave-
nous fentanyl administration.  Of another cohort of 2,129 pa-
tients who received intravenous fentanyl by EMS, 12 patients 
(0.6%) had a transient vital sign abnormality and none required 
any intervention.65  Thirty-seven states allow standing orders 
for narcotic analgesic administration, and 16 states endorse 
standing orders for fentanyl for pain management for extrem-
ity fractures and burns.
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The ideal EMS analgesic has a short onset of action and time to 
peak effect and a short duration.  It causes minimal hypotension, 
respiratory suppression, and nausea.  It is easy to administer, is 
inexpensive, reversible, and it has multiple routes of adminis-
tration.   Fentanyl citrate (Sublimaze) is one such medication.65  
It has intravenous, intramuscular, intranasal, transmucosal, and 
transdermal routes, and it may be used in adults and children.65

Several other medications have been studied in EMS and have 
been found to be efficacious: nitrous oxide (Entonox) and 
methoxyflurane inhalers, morphine sulfate, tramadol (Ultram), 
butorphenol (Stadol), ketamine (Ketalar), and alfentanyl (Al-
fenta).66-76  Non-pharmacological interventions have also been 
studied and have been found to be effective.  Among these are 
guided imagery, biofeedback, breathing exercises, emotional 
support, splinting and positioning, elevation, and ice or heat.  In 
one EMS study, patients who received acupressure were found 
to have less pain, less anxiety, a slower heart rate, and greater 
satisfaction than did patients in a control group.77

Among measures that have improved prehospital pain con-
trol is the use of objective pain instruments in the assessment 
of the presence and degree of pain.78,79  By the agreement of 
EMS physicians and field personnel, administrators, and re-
ceiving hospital personnel, a comprehensive prehospital pain 
plan would liberalize protocols and move most real-time pain 
management decisions from on-line medical control to written 
protocols.   Such a protocol was found to reduce the time to 
morphine administration by 2.3 minutes in one study of iso-
lated extremity fractures.80

In summary, prehospital pain management can be performed 
safely when appropriate drug choices, protocols, education, 
documentation, and quality management tools are integrated.   
Only by emphasis on pain education, research, protocols, and 
monitoring will the assessment and management of pain in the 
prehospital setting improve.  This is both humane as well as 
being good medicine.

eMs Airway Management 
Among the most hotly debated issues in EMS currently is opti-
mal airway management.  With the introduction of paramedics 
in the 1970s, increasingly sophisticated airway care was avail-
able in the field.  In a series of reports in the literature from 
the 1970s and 1980s, it seemed that prehospital endotracheal 
intubation (ETI) was feasible and effective, and it has largely 
come to be considered the standard of prehospital airway care.  
In theory, ETI achieves tight regulation of oxygenation and 
ventilation, protects against aspiration, allows suctioning, and 
provides an alternate route for drug administration.

In 2001, Katz and colleagues took a fresh look at ETI in his 
EMS system.81  For many, the results were shocking.  Fully 
one-quarter of the endotracheal tubes were misplaced, (i.e., 
tip of ET tube above the cords in the hypopharynx, or in the 
esophagus).  In another report in 2003 from Maine by Jemmett 
et al., prehospital endotracheal tubes were misplaced at a rate 
of 12-15%82   In a retrospective review of over 4,000 with se-

verely head injured patients in Pennsylvania, 44% of patients 
were intubated in the prehospital setting, and the rest were intu-
bated after arrival in the emergency department.  The adjusted 
odds ratio for death for the patients receiving prehospital in-
tubation was 3.99.  Prehospital intubation was also associated 
with worse neurological and functional outcomes:  18.2% vs. 
15.5%, respectively.83

In a study of 8,786 adult trauma patients, prehospital ETI and 
positive pressure ventilation in severely injured adults (GCS 
of 8 or lower, and an ISS of 16 or higher) was associated with 
an increased risk of early hypotension and an increased mor-
tality.84  In another series of 852 patients with severe head in-
jury (GCS < 8) who were admitted to one of 13 trauma centers 
from 1995 to 1997, the relative risk of mortality was 1.74 in 
intubated patients and 1.53 in patients undergoing unsuccess-
ful intubation attempts.  A “Best Evidence Topic Report” from 
the Emergency Medicine Journal examined whether prehospi-
tal ETI was superior to bag-valve-mask (BVM) ventilation in 
17,676 patients in eight relevant papers.85  The authors found 
that patients undergoing ETI had longer prehospital times as 
well as higher mortality when compared to the BVM group.  A 
2003 study from the R. Adams Cowley Shock Trauma Center 
in Baltimore prospectively studied 191 severely head-injured 
adult patients who survived at least 48 hours after admission.  
In comparison to the 59% of patients receiving BVM in the 
field, those 41% who were intubated in the field had a longer 
mean duration of mechanical ventilation, longer hospital stays, 
an increased rate of pneumonia, and a higher mortality (23% 
vs. 12.4%).  In a 2005 study, 13,625 moderate-to severely-
brain injured patients were studied.86  Prehospital ETI was per-
formed in approximately one-fifth of the patients.  Intubated 
patients had a mortality rate of 55% compared with 15% in 
those without prehospital ETI.

Gausche and coworkers at Harbor-UCLA Medical Center in 
Los Angeles published a three-year study of 830 pediatric pa-
tients comparing survival and neurological outcomes of pre-
hospital BVM vs. ETI.87 More than 2,500 paramedics in Los 
Angeles and Orange Counties received intensive pediatric air-
way training prior to the study.  The study found no significant 
difference in survival or in achieving a good neurological out-
come among children receiving either procedure.  This was the 
first controlled study comparing the widely used BVM and ETI 
treatments in either adults or children and is the longest and 
largest controlled trial of treatments for children in a prehospi-
tal setting to date.  BVM was found to be as effective as ETI in 
an urban EMS system.  The study also demonstrated increased 
scene times and overall times when ETI was used.  ETI was 
associated with a significant rate (8%) of fatal complications.   
Children are especially susceptible to tube dislodgements due 
to their short tracheal lengths.  Therefore, once an endotracheal 
tube was placed, there was a significant risk of dislodgement, 
which occurred in 14% of cases.   According to Dr. Gausche, “It 
is clear to me that the best way to manage a child’s airway in the 
field who require ventilatory support is via BVM ventilation.”
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In the San Diego Rapid Sequence Intubation (RSI) trial, Dun-
ford et al. found that oxygen desaturation (SaO2 <90%) oc-
curred in over half of cases, bradycardia (heart rate < 50 beats 
per minute) occurred in 19%.88  Despite this, paramedics de-
scribed the intubations as “easy” in 84% of the cases in which 
desaturation occurred.  The RSI group had lower rates of “good 
outcomes,” longer scene times, and more frequent inadvertent 
hyperventilation, when compared to a control group.  Fifty per-
cent of the RSI group experienced transient hypoxia.  It will 
be noted that, in traumatic brain injury, the combination of hy-
poxia and hypocapnea is a recipe for secondary brain injury.  
The PACE II trial studied 1,953 prehospital intubations in over 
40 EMS agencies in Pennsylvania.  In these intubations, 22.7% 
(of 1 in 4.5) patients were exposed to at least one of three errors:  
1) tube misplacement or dislodgement, 2) multiple attempts de-
fined as four or more laryngoscopies, and 3) intubation failure.  
There was significant variability in intubation success rates be-
tween agencies, with some experiencing error rates as high as 
30-40%.89

Another study from San Diego evaluated the relationship be-
tween hypoxia and increased mortality in 13,625 patients with 
moderate to severe traumatic brain injury.  The mortality rate 
was 55% for patients undergoing prehospital ETI compared 
with 15% for those without invasive airway management. In 
two other studies, targeted ventilation rates in traumatic brain 
injury patients were associated with lower mortality when com-
pared to hyper- or hypo-ventilation.90

In a 2005 Texas study, prehospital ETI and positive pressure 
ventilation in severely injured adults was associated with an 
increase in hypotension upon arrival in the ED (54% vs. 33%) 
and decreased survival (24% vs. 45%).90

An observational prospective study at the Indiana University 
School of Medicine found that, of 208 consecutively enrolled 
patients who were intubated in the field (77% medical and 23% 
trauma), 5% of orotracheal, and 11% of nasotracheal ETIs were 
misplaced.91  Stringent paramedic training requirements and 
close medical direction were cited by the authors as possible 
reasons for these lower rates of misplaced ETIs when compared 
with other current studies.

A significant complication of ETI is the aspiration of gastric 
contents.  One new and ingenious method of detecting gastric 
aspiration after ETI was by described by Ufberg et al. at Temple 
University.93  They tested sputum specimens obtained after ETI 
for the presence of pepsin, a marker of gastric contents.  From 
pepsin, they were able to determine the rate of aspiration in 
the prehospital setting.  Their conclusion was that prehospital 
ETI was associated with aspiration with an odds ratio of 3.5 
when compared with ED intubation.   In a second study, Ufberg 
et al. went on to show that aspiration syndrome was present 
in more than half of pepsin assay-positive patients vs. 21% of 
assay-negative patients and that death occurred in patients with 
aspiration syndrome in 44% vs. 12% in patients without the 
syndrome.  Thus aspiration syndrome after emergent intubation 
was strongly associated with death during hospitalization.94

The gold standard in assuring adequate ventilation in emergen-
cy departments and operating rooms is waveform CO2 capnog-
raphy.95  This monitoring technique is not generally available 
in the prehospital setting, where tube placement is usually con-
firmed by a combination of other techniques:  esophageal detec-
tor device, direct laryngoscopic visualization, and colorimetric 
CO2 detector.96,97   In one report, the use of end-tidal CO2 moni-
toring decreased the rate of endotracheal tube misplacement 
from 23.3% to 0%.  Eventually, waveform CO2 capnography is 
likely to become the standard of care in the field.98

Another promising new device in prehospital airway man-
agement is the airway impedance device (ITD, Res-Q-Pod, 
Advanced Circulatory Systems, Inc. Eden Prairie, MN.  This 
device is recommended as a Class IIa device in the 2005 Ameri-
can Heart Association CPR Guidelines, and thus is more highly 
recommended than any other device or drug used by emergency 
personnel for increasing circulation during CPR and for im-
proving resuscitation rates.108  The ITD is introduced between 
the endotracheal tube and bag-valve and is intended to prevent 
over-bagging of intubated patients, thus addressing the hazards 
of increased intrathoracic pressure and impeded venous return.  
In several reports this device has been found to increase systolic 
pressures safely and significantly in patients in cardiac arrest 
compared with sham controls, thus increasing blood flow to the 
heart and brain during assisted ventilation.  It has been shown 
to be effective with standard CPR and with other methods of 
CPR (i.e., active compression decompression - ACD).109  It is 
hoped that its use will increase the rates of survival and normal 
neurological function after cardiac arrest. 

In addition to the problems created by over-bagging of intu-
bated patients are the problems caused by over-inflation of the 
endotracheal tube (ETT) cuff.  Such over-inflation can lead to 
severe complications, such as tracheal necrosis, laryngeal nerve 
palsy, and tracheoesophageal fistulas.  Under-inflation can 
lead to air leaks, inadequate ventilation, and aspiration.  In one 
study, every one of 53 experienced paramedics inflated the ETT 
cuff over the safe pressure limit of 25 cm H2O.  In 66% of the 
cases, the ETT cuff pressure was over 120 cm H2O, and 87% of 
paramedics could not detect an over-inflated ETT cuff by palpa-
tion.  The authors recommended use of commercial ETT cuff 
inflation devices to achieve optimal pressures and the checking 
of cuff pressure with a manometer.110

A potential solution to the problem of prehospital intubation 
failures and complications is to use alternative airways such 
as the Combitube, Laryngeal Mask Airway, and the King LT 
airway (King Systems Corporation).  Regardless of the solu-
tions chosen to avoid airway complications in EMS, it is clear 
that the airway is the paramount consideration in resuscitation 
and rescue.  Misplaced airways are a problem.  Undetected 
misplaced airways are disasters.  Any steps that can assure a 
secure and functional rescue airway in EMS must be adopted 
immediately.111-115
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Cardiopulmonary Resuscitation and Ad-
vanced Cardiac Life support
Sudden cardiac death is a major public health problem affecting 
400,000 patients annually in the United States, with the major-
ity of these occurring in the out-of-hospital setting.116  Mortality 
rates are high and reach almost 100% when prehospital care 
has failed to restore spontaneous circulation.  Overall survival 
remains at approximately 5% in most communities.  Of the sur-
vivors, only about two-thirds have good neurological function.   
Advanced cardiac life support (ACLS) is the “fourth link” in the 
American Heart Association’s “chain of survival”: early EMS 
care, early CPR, early defibrillation, and ACLS.  But among the 
more disturbing recent revelations about the effectiveness of 
ACLS was a 2004 report by Stiell and colleagues that appeared 
in the New England Journal of Medicine.117  The authors, mem-
bers of the Ontario Prehospital Advanced Life Support (OPALS) 
trial, evaluated the contribution of paramedic-provided ACLS 
care to survival.  Patients treated in an initial rapid defibrillation 
cohort were compared to a later group who also had prehospital 
ACLS care.  During the second (ACLS) phase, although there 
was a significant increase in the rate of return of spontaneous 
circulation and of survival to hospital admission, there was no 
increase in survival to discharge.  The authors concluded that 
resources should be concentrated on increasing bystander CPR 
and early defibrillation rather than on prehospital ACLS (e.g., 
intubation, medications).   For prehospital respiratory (as op-
posed to cardiac) distress, the OPALS investigators found that 
there was a decrease in mortality with the introduction of an 
advanced life support program, even though ACLS interven-
tions were rarely used.118  Other symptomatic treatments, such 
as nebulized albuterol and sublingual nitroglycerine, were add-
ed to an existing basic life support system simultaneously with 
the ACLS measures of ETI and intravenous medications.  The 
contribution of the ALS measures to the overall benefit to re-
spiratory distress patients could not be determined in this study, 
but the ALS group mortality was 14.3% vs. 12.4% in the pre-
ALS group.

The effect of advanced life support on survival in children sus-
taining out-of-hospital cardiac arrest (OOHCA) has also been 
studied.  In a 2002 retrospective chart review from Children’s 
Hospital of Pittsburgh, survival rates of children in cardiac ar-
rest who received basic life support (i.e., BVM ventilation) 
were compared with those receiving advanced life support (i.e., 
intubation, defibrillation, epinephrine, bicarbonate, atropine).  
There were no significant differences between the two groups 
in survival to hospital discharge.119

In both the OPALS and other studies, the most important predic-
tors of survival to discharge of OOHCA were arrest witnessed 
by a bystander, early CPR, and early defibrillation.  Valenzuela 
and colleagues showed that time to defibrillation was strongly 
correlated with survival.120  Survival with defibrillation at nine 
minutes was 4.6%, eight minutes 5.9%, seven minutes 7.5%, 
six minutes 9.5%, and five minutes 12.0%.   In the OPALS trial, 
defibrillation before eight minutes correlated with an odds ratio 
of survival of 3.4. 

One fundamental assumption about CPR that may be errone-
ous is that the addition of ventilation to chest compression is 
necessary.  In a well designed 2007 study that was published in 
Lancet, Nagao et al. found that CPR done with chest compres-
sions only was just as effective as that performed with ventila-
tion.120  In this prospective observational study of 4,068 adult 
survivors of OOHCA, 71% had no bystander CPR, and these 
patients had a 2% positive neurological outcome.  Of the re-
maining 29% of patients who received bystander CPR, 11% 
had compression-only resuscitation and 18% had conventional 
CPR with ventilation and compression.  There was a favorable 
neurological outcome at 30 days of 5% in both of these groups, 
with no differences in survival.  Given the possibility that by-
standers in an OOHCA might be reluctant to perform mouth-
to-mouth ventilations, this research supports the efficacy of 
omitting artificial respiration. 

Wik and colleagues investigated whether defibrillation should 
always be attempted first or whether it should be preceded by a 
period of CPR.  They found that when defibrillation was delayed 
more than five minutes, there was an improvement in ROSC in 
patients who received chest compression for three minutes prior 
to defibrillation (58% vs. 38%).121   In another study, 90 seconds 
of CPR prior to defibrillation resulted in higher survival if EMS 
response time exceeded four minutes.121-123

Wik et al. also evaluated the quality of CPR during OOHCA 
in 176 adults in England, Sweden, and Norway, and found that 
a large proportion of CPR was performed poorly.121-123  Chest 
compressions were not performed 48% of the elapsed time that 
there was no spontaneous circulation, (38% if accounting for 
time to evaluate the EKG and for defibrillations).  Further, the 
mean compression depth was 34 mm, compared with the rec-
ommended depth of 38 to 51 mm.  Similar results were obtained 
in a University of Chicago study, which found that chest com-
pressions were performed too slowly and too shallowly, that 
ventilation rate was too fast, and that too long a period of no 
compression took place for CPR to be effective in many cases.  
Thus, the poor quality of CPR itself may have much to do with 
the persistently dismal (5-10%) survival rate after CPR that is 
often quoted.127

The relationship of survival and EMS response times has been 
evaluated.  Papers by Pons et al. and Blackwell et al. have ques-
tioned the generally-accepted national benchmark of eight min-
utes that is used in most urban areas.128,129  It is known from 
the OPALS data that survival after cardiac arrest declines dra-
matically after five minutes,122 yet the National Fire Protection 
Association has set its target for communities to “provide for 
the arrival of an ALS company within an eight-minute response 
time in 90% of incidents.”  But in practice the response time 
target is nine minutes, not eight, since the benchmark actually 
strives for nine minutes zero seconds with 90% reliability.  This 
response time is obviously not likely to improve survival in 
OOHCA (see discussion of AED deployment below).130

It is widely accepted that, for each minute a patient remains in 
VF and defibrillation is not provided, the chances for survival 
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drop by almost 10%.  Further, after ten minutes, the chances for 
resuscitation are near zero.  Considering the pivotal role of de-
fibrillation in survival of OOHCA, public access defibrillation 
has been intensively investigated.  The PAD trial was a mul-
ticenter study sponsored by the National Institutes of Health, 
in which intensive public education was combined with AED 
installation in “high risk” settings.  These included a total of 
1,250 places where there were usually more than 250 people 
over 50 years of age for most of each day, and places where 
OOHCA had occurred within the past two years.  The primary 
endpoint was survival to discharge.  Based on preliminary data, 
approximately 10-15 lives were saved, at a cost of well over 
$100 million.129-130

Several studies have identified locations for automated exter-
nal defibrillators (AEDs) that have been associated with early 
successful defibrillation.131-135  These include gaming casinos, 
airports, nursing homes, and dialysis clinics, among others.  Of 
note, the particular locations where AEDs appear to be cost-
effective vary from one country and one community to another.  
Since 80% of OOHCAs are estimated to take place in the home, 
the value of a more generalized availability of AEDs in the pub-
lic domain is currently being studied.131  The cost-effectiveness 
and feasibility of AEDs in the home remains unproven; one 
study showed that survival in residential AED use was only 
3.3%.131  A multicenter North American study examined the ef-
fect of AEDs on the likelihood of survival to hospital discharge 
in OOHCA.132  Of nine hundred ninety-three units, 85% were 
placed in a public place, primarily in recreational facilities and 
shopping malls.  The remaining AEDs were placed in patients’ 
homes.  The study compared outcome for a lay CPR-only 
group to that for CPR-plus-AED.  There was a 14% survival 
in the CPR-only group and a 23% survival in the CPR-plus-
AED group.  Of the survivors, almost all arrests occurred in an 
area served by the public, rather than the residential, AEDs.  A 
number of communities have equipped police as well as other 
first-responders with AEDs.133,134  In Pittsburgh, 183 EMS resus-
citations were compared to 118 police-applied AEDs.135  Mean 
time to defibrillation decreased from 11.8 minutes in the EMS 
group to 8.7 minutes in the police group.  The earlier shock in 
the police group was an independent predictor of survival to 
hospital discharge.  Another study from the same authors re-
viewed ten years of police AED use.  Overall, 77% of officers 
had used an AED, and 45% had witnessed return of spontane-
ous circulation prior to EMS arrival.  Most (65%) did not feel 
that AED use interfered with other police duties.  But all com-
munities are not the same.  In a study conducted in suburban 
and rural Indiana, a police AED program was compared to a 
standard EMS response.  Mean time to arrival by equipping the 
police with AEDs on scene decreased by 1.6 minutes.  Time 
to first shock decreased by 4.8 minutes.  Despite the shorter 
response and defibrillation times in the police group, survival to 
hospital discharge was not improved in this study.136  The author 
concluded that the lack of improvement in survival was related 
in part at least to a very limited response to out-of-the hospital 
cardiac arrest by police officers.  Despite having almost half 
the defibrillator capability in their counties, police responded 

for traditional EMS in only 6.7 percent of cases.  When asked, 
almost half of the police admitted that they were uncomfortable 
in the role of treating people in cardiac arrest.  They also told in-
vestigators that other responsibilities and long travel distances 
decreased the likelihood that they would respond.

In a report from one suburban community’s experience with 
police AEDs over seven years, survival to discharge for the po-
lice group was 9.9% vs. 11.9% in the ALS group, and time to 
defibrillation was 6.6 minutes vs. 8.4 minutes, respectively.  In 
this study, cost per life-year saved was estimated to range from 
$1,582 to $16,060, which would be more cost effective than 
many other standard medical therapies.136,137

Authors from Scotland investigated the clinical effectiveness, 
public health impact, and cost-effectiveness of PAD.138  Citing a 
recommendation by the American Heart Association to place an 
AED in locations where there is an expected rate of one cardiac 
arrest per defibrillator per five years, these authors estimated 
that AEDs would only address 1-2% of OOHCAs and would 
have a minimal impact on population survival and may repre-
sent poorer value for money than other interventions.

In another estimate of the cost-effectiveness of AEDs in high-
incidence environments (airports, airplanes, casinos), the cost 
would be “less than the typically acceptable $50,000 per qual-
ity-adjusted life- year.”  The authors, epidemiologists from 
the University of Washington, concluded that AEDs appear to 
be cost-effective in locations with high incidences of cardiac 
arrest.128-138

The above data, regarding the crucial role of early defibrilla-
tion in survival and the lack of apparent benefit of ALS mea-
sures, raise important questions about the best way to allocate 
EMS resources.  Might EMT-Ds (defibrillation) and other first 
responders (e.g., police, firefighters) prove more cost-effective 
than paramedic units in improving outcomes of OOHCA?  In-
dividual communities and EMS systems will have to weight the 
evidence and apply it to their own circumstances, but there is 
ample reason to question our current practices. 

Summary
Much of what is currently believed about prehospital care is 
based on custom and tradition rather than on sound scientific 
evidence.  As our healthcare dollar is stretched to a breaking 
point, it becomes increasingly crucial that we evaluate the costs 
and benefits of EMS care in a dispassionate and critical way.   

Recent clinical studies suggest that helicopters and ambulance 
lights and sirens are overused.  Further, cardiopulmonary resus-
citation is performed poorly and rescue breathing may not be 
required.  Defibrillation is performed too late to benefit patients 
in many cases.  AEDs used by first responders and by the public 
may be more effective than later defibrillation by paramedics.  
Pain is managed poorly, if at all, in the prehospital setting.  

Emergency physicians and EMS directors are in a unique posi-
tion at the interface of prehospital and hospital care, and they 
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are the stewards of a precious and finite set of resources upon 
which the public safety depends.  It is sincerely hoped that the 
bright light of scientific scrutiny will continue to be shone on 
many of the current procedures and practices in EMS.  Only in 
this way will the most cost-effective care be rendered for the 
greatest benefit of the largest number of citizens.
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cardiothoracic surgery.  He has practiced emergency medicine 
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M e d i c a l
 e t h i c s
  W i t h o u t  t h e  R h e t o R i c

The cases presented here involve real physicians and patients. Unlike the cases in medical ethics 
textbooks, these seldom involve cloning, bizarre treatments, or stem cell research. We focus on cases 

common to the practice of medicine in a variety of contexts.

I am considered an expert in medical ethics and I have the Harvard Ph.D. 
and academic history to prove it. But the only thing I really know about 
medical ethics is that there are no experts or recipes. The majority of cases 
are circumstantially unique and require the viewpoints of the practitioners 
and patients involved. For this reason, I am soliciting your input at mpastin@
healthethicstrust.com on the cases discussed here. Reader perspectives 
along with my own viewpoint will be published in the issue following each 
case presentation. Of course, we are also interested in cases that readers 
wish to submit for consideration.

c a s e  o n eP u t  t h e  Pat i e n t  F i R s t ?
Your patient is a pregnant 12-year-old girl and you are discussing options with her and her parents, who 
are practicing Catholics. The girl is pregnant by her boyfriend so there is no question of molestation. 
The girl is in poor health and, even putting aside her age, continuing the pregnancy is not medically 
advisable. The parents and the girl do not want to continue the pregnancy but have a special request. 
The request is that the girl’s medical record not state that she had an abortion. In your mind, you know 
you might record the procedure as a D&C with product, as any physician who reads the record will 
understand it. You ask yourself, “Isn’t the only difference between a D&C and an abortion what is in the 
mind of the patient? Is that any of my business?” The family will pay for the procedure out of pocket no 
matter what it is called. You ponder whether or not to honor their wish.

This is a situation I have seen many times, particularly in EDs and practices affiliated with religious sys-
tems that prohibit abortion. Of course, there could be any number of extenuating circumstances and 
additional details. But please address the case on the basis of the information provided as best you 
can. There will be an analysis of this case along with a new case in the next issue.

Mark Pastin, Ph.D.

Your input is requested. Email your responses to: mpastin@healthethicstrust.com
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Lyme Disease and Rocky Mountain Spotted Fever

ABSTRACT
Most reported cases of Lyme disease and RMSF occur in the spring 
and summer months when tick infestations reach their peak.  The 
primary care physician can play an important role during peak 
periods by remaining vigilant to early signs of both Lyme disease 
and RMSF.  Although both Lyme disease and RMSF are treatable, 
clinicians should be aware of early signs of both diseases to help 
reduce long-term complications.  Patients should also be encour-
aged to adopt personal protective measures to minimize exposure 
to ticks and, thus, either of these diseases.  The following is a 
comprehensive overview in which pertinent diagnostic aspects 
of each disease are highlighted with a particular emphasis placed 
upon the role of the primary care physician in treating and mini-
mizing the risks of Lyme disease and RMSF.

Key Words:  Lyme Disease, Rocky Mountain Spotted Fever, 
Rickettsia rickettsii, American dog tick, Dermacentor variabilis, 
Ixodes tick, Borrelia burgdorferi, spirochete, tick-borne disease

Rocky Mountain Spotted Fever (RMSF)

Incidence
3.8 cases per 1 million persons in 2002.1,2  Over 90% of pa-
tients with Rocky Mountain spotted fever are infected during 
summer months (Table 1).1   Is most common in the Southeast-
ern United States.1

Mortality
The overall mortality rate is currently 1.4% 2; however, the case-
fatality rate can be as high as 4.8% in children under the age of 5.2

Discussion
Rocky Mountain spotted fever (RMSF), the most severe of the 
rickettsioses, is a serious tick-borne disease that is endemic in 
the United States.3  It is caused by R. rickettsii and is transmitted 

by Dermacentor andersoni (wood tick) or Dermacentor variabi-
lis (dog tick).4  Although it is most commonly known as a cause 
of fever and rash, it can have systemic manifestations.3  The ini-
tial presentation of RMSF is often nonspecific and may resemble 
many other infectious and non-infectious diseases and can repre-
sent a diagnostic challenge.4  The classic triad for the disease is 
rash, fever, and history of being bitten by a tick.  Unfortunately, 
these findings are present in less than half of cases and only in 
the early clinical presentation.2,4  Most patients will complain 
of fever (98%), rash (97%), nausea and/or vomiting (73%), and 
headache (61%), but can also present with no sign other than the 
rash (>50%).5  Furthermore, although the dog tick is responsible 
for most cases of RMSF, less than half of those infected report 
antecedent tick bites.5

The rash seen in RMSF is characteristically macular, spotted 
(petechial), and begins on the ankles and wrists and then general-
izes throughout the body.6  This, perhaps, is due to the fact that 
the clinical picture changes according to how long prior to admis-
sion the tick bite occurred.6,7,8  For example, in patients presenting 
within the first two weeks after the tick bite, typical symptoms 
would be very elevated fever (often greater than 101), headaches, 
and constitutional symptoms such as myalgias, anorexia, diar-
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rhea, or vomiting.6,7  As a result of the nonspecific nature of 
such symptoms, patients living in endemic areas, who present 
with high fever and a history of tick bite, should be considered 
for the disease.8  Between 60-80% of patients presenting two 
weeks or longer after the tick bite will have the characteristic 
rash along with the aforementioned nonspecific symptoms.1,8

Diagnosis
Laboratory confirmation of the diagnosis can be attained via 
immunofluorescence assay (IFA), complement fixation, latex 
agglutination, or immunodetection to detect bacterial antigens 
in a skin biopsy specimen.2,8  Unfortunately, no rapid diagnostic 
test currently exists for RMSF and serologic confirmation of the 
disorder often requires serum obtained at least two weeks af-
ter onset of symptoms.2  Furthermore, culture of Rickettsia can 
only be done via specialized laboratories and often requires two 
weeks for confirmatory results.2,9  However, the rapid progres-
sion of the disease and the associated mortality make empiric 
therapy a standard of therapy even in the absence of serologic 
confirmation.8,9  Delays in diagnosis and initiation of appropri-
ate therapy are unacceptably common in RMSF, and, as a result, 
patient outcomes are often suboptimal.2,5  This is particularly 
troubling since up to 14% of infected individuals will develop 
neurologic deficits.5

The lack of knowledge of RMSF among clinicians can be re-
sponsible for the diagnostic shortcomings.  For instance, a recent 
study demonstrated that only 21% of family practice physicians 
and 25% of emergency medicine physicians surveyed were 
able to correctly identify the drug of choice for treating RMSF.8  
Continuing efforts to educate first responders and primary care 
physicians on the intricacies of the disorder should focus on 
appropriate selection of antibiotics and prompt initiation of em-
piric prior to the onset of rash in suspected patients.8,9

Treatment
The current treatment of choice for RMSF is 200 mg of doxy-
cycline b.i.d until three days after resolution of fever.2,10  Given 
the high mortality associated with the condition, it is recom-
mended that doxycycline be prescribed empirically in all 
suspected cases.9  The only exception is pregnant women for 
whom doxycycline should be avoided.11  Oral chloramphenicol 
therapy remains the only effective alternative in treating preg-
nant women with RMSF.2,8,11  All individuals suspected of the 
condition should receive prompt antimicrobial therapy to avoid 
potentially fatal complications.9,11

Lyme Disease

Incidence
There are 29.2 cases per 100,000 population with 93% of those 
cases occurring among residents in ten states, mostly in the 
northeastern United States.12

Mortality
Lyme disease is rarely fatal.

Discussion
Lyme disease is a multisystem inflammatory condition caused 
by the organism Borellia burgdorferi, which is transmitted to 
humans by the bite of infected Ixodes ticks.12  The disease exists 
in three distinct clinical stages, but clinical features and symp-
toms of stages may overlap.13  Stage I describes early localize 
Lyme disease, whose common features include flu-like symp-
toms, chills, headaches along with erythema migrans (EM) or 
a circular red rash that tends to generalize from the site of the 
tick bite.12,13  Although EM characteristically exists as a solitary 
lesion, in up to one-fourth of patients, multiple annular lesions 
may also develop.  Stage II or early disseminated Lyme disease 
describes the clinical features of the disorder several weeks to 
months after being infected.14  Characteristic clinical features 
of Stage II include intermittent pain and swelling in the joints, 
especially the knees, weakness in the extremities as a result of 
neurologic deficits, and arrythmias.15-17  Stage III or late per-
sistent Lyme disease is often accompanied by chronic arthritis, 
numbness and weakness in the limbs, and pericarditis.15-18   In-
creased risk of chronic neurologic and cardiac complications 
accompanies the onset of Stage III of the disease.17-18

Diagnosis
Recognition of salient clinical signs and accompanying history 
of exposure are important to accurately diagnose the condition.  
The current diagnostic paradigm recommended is utilization 
of immunosorbet assay (ELISA) or immunoblotting, two tech-
niques considered essential for diagnosis.16,19  Although it can 
be confirmatory, culturing B. burgdorferi from patient serum 
or skin specimens has proven largely ineffective.20,21  Assess-
ing serum for specific antibodies against B. burgdorferi can 
be an effective adjunctive diagnostic test, especially four to 
six weeks after onset of symptoms when such antibodies peak  
in number.20,21

Treatment
Since the preponderance of patients with early Lyme disease 
can be cured with the appropriate therapy, the major goal of 
therapy in the disease is to eliminate the causative organism.22  
Lyme disease tends to be most responsive to therapy, particular-
ly when treatment is initiated early in the course of the disease.  
The treatment of choice for the disorder consists of oral doxy-
cycline 100 mg b.i.d for 21 days or oral amoxicillin 500 mg t.i.d 
for 21 days.15,22  Treating patients in later stages of Lyme can 
pose a challenge.  However, treatment of Lyme-induced menin-
gitis with intravenous penicillin G has demonstrated promising 
results.15,16  Further, Lyme-induced arthritis has been success-
fully treated with oral antibiotics in the past.16,23
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Prevention
Contrary to popular belief, both Lyme disease and RMSF can 
occur throughout the country.  As with any tick-borne disease, 
all patients, especially those living in endemic areas, should be 
encouraged to adopt the following protective measures:24-28

1) Avoid sandals or open-toe shoes;

2)  Wear light-colored garments for easier identification of 
 ticks;

3) Spray tick repellant on exposed skin and over clothing;

4) Wear long-sleeve shirts and long pants whenever possible;

5) Tuck shirt into pants and pants into socks to prevent ticks 
 from reaching exposed skin;

6) Wear a hat;

7) Check body for ticks at least once a day (especially in  
 inguinal regions, on the scalp, and behind the neck);

8) Avoid tick-infested areas, especially during peak months 
 (spring/summer);

9) Wash and dry clothing in high temperature in order to 
 destroy lingering ticks;

10) Clear vines, leaves, or woodpiles around the home, as 
 they can provide shelter for ticks.

Conclusions
Although both RMSF and Lyme disease tend to be most com-
mon to specific geographic locales, both diseases can occur 
throughout the United States.  Since the spring and summer 
months coincide with peak infestation of the ticks responsible 
for the two diseases, clinical awareness coupled with clinical 
preparedness can be instrumental in early recognition of these 
two diseases. Early diagnosis of both RMSF and Lyme disease 
is critical, since untreated infection may cause irreversible dam-
age to the central nervous and cardiovascular systems.
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An Approach to the Initial Care of Patients 
with Chest Pain in an emergency Department 
Located in a non-Cardiac Center
Alex A. Agostini-Miranda, M.D. 
Loren A. Crown, M.D.

Abstract
Emergency department management of chest pain is a com-
mon, with potentially serious problem. With multiple risk fac-
tors, target groups, and care pathways, the myriad etiologies 
of chest pain can be perplexing. This article describes some of 
the diagnostic and risk stratification scenarios currently used in 
departments which do not have percutaneous cardiac interven-
tion capabilities. 

Introduction
Patients who appear in the emergency department, urgent care 
centers, or offices who state that their chief complaint is chest 
pain deserve an appropriate medical evaluation. In the US, 
there are approximately six to seven million visits per year to 
the emergency department or chest pain units due to a chief 
complaint of chest pain, of which 1.6 million are admitted with 
a diagnosis of acute coronary syndrome (ACS). Of these, 25 
percent (400,000) meet criteria for acute myocardial infarction 
(AMI) by EKG criteria of ST elevation (STEMI), whereas 75 
percent meet criteria for the diagnosis of unstable angina (UA) 
or non-ST elevation MI (NSTEMI).1-3 This means that the ma-
jority of chest pain complaints are not due to ACS. Non-cardiac 
chest pain (NCCP) is the second most common reason for pre-
sentation to the ED and accounts for approximately two to five  
percent of all visits.4-5

Though it is obvious that only a minority of these patients have 
a coronary artery problem, the tragedy of a missed diagnosis and 
the resulting medico-legal problem, requires that we should rou-
tinely view chest pain initially as an acute coronary syndrome 
until proven otherwise.  Four other critical causes of acute mor-
bidity or mortality follow closely in the differential; they are: 
pulmonary embolism, aortic dissection, pneumothorax, and 
pneumonia.6 Multiple other etiologies are possible and may need 

to be considered. It is only after an appropriate medical history, 
a physical exam, and investigational steps are completed that 
the physician will be able to exclude some of these entities. Of-
ten it takes multiple investigations over time to come to an ad-
equate definition of the etiology of the chest pain. Nonetheless, 
screening for these critical causes of death are paramount for the 
emergency physician managing chest pain. Finally, remember, 
causes of chest pain are not limited to the thorax. 

Causes of Chest Pain – The short List!
Cardiovascular:
ACS/CAD/Angina
Anomalous left coronary
Aortic dissection
Aortic stenosis
Arrhythmias
Cardiac tamponade
Cardiomyopathy
Hypertrophic cardiomyopathy
Kawasaki disease
Mitral valve prolapse
Pericarditis/ myocarditis
Valvular heart disease

Drug abuse:
Amphetamine
Cocaine 
“Diet pills”
Party Drugs (LSD and Ecstacy)

Gastric:
Diverticular disease
Esophageal spasm
Esophagitis
Gastritis
Gastroesophageal reflux 
disease

Miscellaneous:
Anemia (including sickle cell)
Herpes zoster
Thyroid/adrenal problems
Toxins

Musculoskeletal:
Arthritis
Costochondritis
Fibromyalgic
Muscular strain
Myofasciitis
Trauma

Psychological:
Somataform disorder
Anxiety/panic attacks
Depression

Respiratory/pulmonary:
Asthma/reactive airway disease
Cancer
Foreign Body
Hypoxia
Pleurisy
Pneumomediastinum
Pneumonia
Pneumothorax
Pulmonary embolism
Tracheitis
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Chest Pain in Children
Widespread public information messages have made people 
more aware of heart disease in children, so it is not surprising to 
find many anxious parents camped out in the ED with a healthy, 
non-toxic child who has a complaint of chest pain.  Some of this 
anxiety is based on media cases involving sudden cardiac death 
in young children. It should be remembered that in the majority 
of cases sudden death in children does not include complaints 
of chest pain. The etiology of sudden death in children has been 
postulated to be due to structural defects or to arrhythmias that 
could have its origin in genetic abnormalities of the ion chan-
nels that affect the channel structure and function.7-8 Of all cases 
of chest pain reported in children only 5% are attributable to a 
cardiac etiology.9

As you begin the evaluation of a child with chest pain consider 
that in most cases there will be a child attached to two parents. 
When you remember that the worst nightmare for any parent is 
the loss of a child, make certain to pay heed to the fact that you 
may have three patients and not just one.

Start your evaluation by inspecting the vital signs (they are called 
vital for a reason and the emergency physician will be held re-
sponsible for any abnormal vital sign that remains unexplained) 
making sure to document the four cardinal ones, plus the O2 satu-
ration, as you observe the child.  An active, playful child may 
be the best sign of reassurance that you, the doctor, can obtain, 
but it is rarely sufficient for the parent. Therefore, you must ob-
tain the complete history of pain documenting the quality, inten-
sity, location, temporal relationship to events, provocative and 
palliative factors, and associated symptoms. Trauma, including 
child abuse, must be sought and excluded.  Look to the history 
and review of systems for weight loss, fatigue, headache, syn-
cope, altered mental status, palpitations, pain on exertion, cough, 
wheezing, vomiting, and recent fevers/URIs that may be associ-
ated with myocarditis, athletic heart syndrome, or drug abuse. 

Continue your evaluation by performing an appropriate physical 
exam, concentrating on the cardiovascular, respiratory, gastroin-
testinal, and musculoskeletal systems.  Remember to document 
your findings (“if you didn’t write it, you didn’t do it”).  The fol-
lowing tests could be performed in order to reassure yourself and 
the parents and to clarify doubts about the diagnosis: the chest 
x-ray (PA and lateral) and 12-lead EKG are usually useful, and 
additional hematologic and chemistry profiles may be appropri-
ate for specific cases. 

All chest pain associated with dyspnea, syncope, and palpita-
tions, especially if it occurs during strenuous physical activity, 
will need to be more thoroughly evaluated and often results in 
a pediatric cardiologic consultation.  But, in the vast majority 
of cases, at the end of your evaluation you will not find a defi-
nite cause for chest pain in children seen in the ED.  Be hon-
est with the parents, but always tell them if you do not find 
any of the serious causes of pain that are associated with acute 
morbidity or mortality. Consult as needed; follow up is almost  
always appropriate.

Chest Pain in Adults
Heart disease remains the leading cause of death in the United 
States with an estimated direct and indirect cost of approximate-
ly $142.5 billion for 2006,4,10-11 but certainly not all people who 
arrive in the ED or clinic with the complaint of chest pain are 
experiencing heart disease. Certainly, as patients become older, 
more obese, and less active, the risk of developing coronary 
artery disease and dying from it increases.  It is also important 
to remember that it is not only ACS (whether STEMI/NSTEMI) 
that kills patients, but other etiologies such as pulmonary em-
bolisms, dissecting aortas, pneumothorax, and pneumonias that  
may also kill patients.

Pulmonary embolism is a legendary challenge for emergency 
physicians. The classic description of sudden onset of pleuritic 
chest pain associated with shortness of breath, abnormal vital 
signs, and hypoxia is not the most common presentation. Well’s 
criteria is the most widely used method for evaluating patients 
by stratifying them into risk categories. Low-risk patients cur-
rently are being excluded by use of the d-dimer. All others 
require investigations by ultrasonography and/or CT angiog-
raphy; various strategies exist for thrombolysis.  Patients with 
aortic dissection are described as presenting with severe tear-
ing or sharp chest pain that is sudden in onset. However, this 
classical description is unfortunately not always seen. Many 
patients present with neurological symptoms or syncope as the 
initial complaint. Hypertension in the elderly remains the main 
risk group, but those with historical findings such as connective 
tissue disorders and sudden death in family members are also 
frequently found in the high-risk group. 

Patients with pneumonia should present with fever, cough, and 
infiltrates on the x-ray; however, it is altogether too common 
that they present with merely lack of energy, perception of be-
ing “sick,” and myalgia, especially in the elderly. In addition, 
there are numerous other causes for chest pain (see Table 1) 
including patients with palpable discomfort on chest wall ex-
amination. Remember that up to 15% of acute MI patients may 
present with this finding and it certainly does not prevent them 
from having a concomitant coronary event.12

scoring Risk in ACs
We are all aware of the “door to diagnosis/drug/transfer guide-
lines” set forth for patients who state that they have chest pain. 
At triage, most all hospitals have implemented protocols to 
stratify patients into high-, moderate-, and low-risk groups, 
but remember that protocols are not perfect. Our population 
has dramatically increased its incidence of the obese and mor-
bidly obese (2/3 and 1/3 of the population respectively) and the 
number of patients with metabolic syndrome has burgeoned. 
The percentage of children afflicted has increased and will 
continue to do so. The rate of smoking by females has reached 
or exceeded that of males and in conjunction with birth con-
trol pills and hormone replacement therapy has led to more  
thromboembolic problems.13



AmericAn	JournAl	of	clinicAl	medicine	•	Winter	2009	•	Volume	Six,	number	one26

An Approach to the Initial Care of Patients with Chest Pain

There are tools that help in stratifying these patient risks.  One 
of the earliest tools was Rouan’s (see below). The Goldman 
prediction rules have been used by some. Another system has 
become part of ACLS training over the last decade. 

Most of these strategies are based on age, history of previous 
coronary artery disease, type of pain, EKG findings, cardiac 
markers, and physical examination findings. Utilizing them 
will help you determine which patients deserve more complete 
work ups, monitoring, follow ups, and referrals. It is important 
to notice that one to four percent of patients with normal EKG 
findings could have an acute myocardial infarction14-15 and that 
cardiac enzymes take from two to six hours to become positive 
in the majority of cases.16

Another tool rating risk assessment came from Braunwald et 
al in 2000. Its usefulness in the early evaluation of ED patients 
is somewhat diminished by its complexity and lack of scoring 
specificity, which seems to target its usefulness to post hoc as-
sessments by consultants rather than the ED physician attempt-
ing to stratify the patient.

Clinical Characteristics (Each count as one point)
Age greater than 60 years
Diaphoresis
History of MI or angina
Male sex
Pain described as pressure
Pain radiating to jaw, neck, shoulder, or arms

Score
0
1
2
3
4

Risk of MI (%)
Up to 0.6
Up to 3.4
Up to 4.8

Up to 12.0
Up to 26.0

Rouan’s Decision Rule for Myocardial Infarction

Rouan GW, Lee TH, Cook EF, Brand DA, Weisberg MC, Goldman L. 
Clinical characteristics and outcome of acute myocardial infarction in pa-
tients with initially normal or nonspecific electrocardiograms (a report from 
the Multicenter Chest Pain Study). Am J Cardiology 1989; 64:1087-92.

Short-term high risk for death / 
myocardial infarction in unstable 

angina/NSTEMI

Short-term intermediate risk for 
death / myocardial infarction in un-

stable angina /NSTEMI

Short-term low risk for death / 
myocardial infarction in unsta-

ble angina/NSTEMI
At least one of: No high risk features, but must have one of: No high or intermediate risk features, but 

may have any of:

History
Accelerating tempo of ischemic symptoms in 
preceding 48 hrs

Prior myocardial infarction, peripheral vascular 
disease, or cerebrovascular disease
Coronary artery bypass grafting
Prior aspirin use

None indicated

Character of pain
Prolonged ongoing (>20 min) rest pain Prolonged (>20 min) rest angina now resolved, 

with moderate or high likelihood of coronary 
artery disease
Rest angina (<20 min) or relieved with rest or 
sublingual nitroglycerin

New-onset Canadian Cardiovascular So-
ciety class III or IV angina in past 2 weeks 
without prolonged (>20 min) rest pain, but 
with moderate or high likelihood of coro-
nary artery disease

Clinical findings
Pulmonary edema, most likely caused by 
ischemia
New or worsening mitral valve regurgitation 
murmur
S3 or new/worsening rales
Hypotension, bradycardia, tachycardia
Age over 75 years

Age over 70 years None indicated

EKG
Rest angina with transient ST changes greater 
than 0.05mV
Bundle branch block
New sustained ventricular tachycardia

T-wave inversions greater than 0.2mV
Pathologic Q waves

Normal or unchanged EKG during chest 
discomfort

Cardiac markers
Markedly elevated (eg. Troponin T or Troponin 
I >0.1 ng/mL)

Slightly elevated (eg. Troponin T or Troponin I 
<0.1 ng/mL)

Normal

Risk Assessment Myocardial Infarction/Unstable Angina/NSTEMI

From Braunwald E, Antman EM, Beasley JW, et al. ACC/AHA guidelines for the management of patients with unstable angina and non-ST segment elevation 
myocardial infarction: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Committee on the Man-
agement of Patients With Unstable Angina). J Am Coll Cardiology 2000;36:1062.
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The TIMI scoring scheme shown above is currently in wide-
spread use.  It must be remembered that, for each patient, the 
disease is either present or absent and numbers are only a guide 
based on group studies. It is certain new guidelines will ap-
pear ad infinitum and that the trial attorneys will continue to be 
aware of their existence.

examination of the Adult Chest Pain Patient
Begin your evaluation of the patient with chest pain by visual 
observation of the patient and inspection of the vital signs.  An 
emergency department patient should by this time be in a room 
attached to a cardiac monitor. Do not forget to get O2 satura-
tion! The ABCs should be attended to, of course; if the patient 
is stable, then get a 12-lead EKG, put the patient on oxygen if 
indicated, give an aspirin dose of 325mg (if not allergic), and 
start the most important part of your assessment, the history.  

The history should focus on the onset and evolution of the 
patient’s chest pain.  Document its location, quality, severity 
(using a 1 to 10 scale), radiation, timing, duration, and aggra-
vating and alleviating factors.  Pay close attention to any kind 
of pain that radiates to the jaw, neck, arms, back or abdomen.  
Associated symptoms such as diaphoresis, weakness, vomit-
ing, nausea, palpitations, and syncope should draw special at-

tention.  By this time, and within the ten-minute framework, a 
12-lead EKG should be in your hands and, if no contraindica-
tions have been discovered (such as hypotension), sublingual 
nitroglycerine (0.4mg) should be given to the patient with writ-
ten orders to repeat every two to five minutes times two if chest 
pain continues and if the systolic blood pressure (SBP) is above 
100mmHg.  Alternatively a nitroglycerin IV infusion of 10 to 
20 micrograms per minute may be used.  Titrate to effect, by in-
creasing 5 to 10 micrograms every five to ten minutes until the 
desired effect is obtained. Nitroglycerine must be discontinued 
if the blood pressure drops below 90.  If pain persists, the use of 
morphine is indicated; you can use 2 to 4 mg IV (over 1-5 min-
utes) every 5-30 minutes until the pain improves or the patient 
develops problems such as hypotension or decreased respira-
tory rate.17  Large bore IVs are suggested, as thrombolytics may 
be required or bolus infusions for hypotension may be neces-
sary. Normal saline is commonly used on a “keep open” basis; 
if boluses are necessary, 250 to 500mL amounts are commonly 
given in sequence to bring the pressure back up. 

When inspecting the EKG, look for ST elevation, ST depres-
sion, Q waves, T wave changes, and bundle branch blocks.  
Any patient with chest pain and an EKG showing a left bundle 
branch block (LBBB) needs scrutiny for an acute myocardial 
infarction. It is very helpful to locate a previous EKG to inspect 

Predictor Variable Point Value of Variable Definition
Age > 65 1
> 3 risk factors for CAD 1 Risk factor:

• Family history of CAD
• Hypertension
• Hypercholesterolemia
• Diabetes
• Current smoker

Aspirin use in last 7 days 1
Recent, severe symptoms of angina 1 > Anginal events in last 24 hrs
Elevated cardiac markers 1 CK-MB, or Troponin levels
ST deviations > 0.5mm 1 ST depression > 0.5mm is significant

ST elevation > 0.5mm for < 20 minutes is 
treated as ST-segment depression and 
is high risk

ST elevation > 1mm for more than 20 
minutes places these patients in the 
STEMI treatment category

Prior coronary artery stenosis > 50% 1 Risk predictor remains valid even if this 
information is unknown

Calculated TIMI Risk Score Risk of > 1 Primary End Point in < 14 Days Risk Status
0 or 1
2
3
4
5
6 or 7

5% 
8% 
13%
20%
26%
41%

Low

Intermediate

High

TIMI Risk Score for Patients with Unstable Angina and Non-ST Elevation MI: Predictor Variables

Taken from the American Heart Association Guidelines CPR/ECC 2005: Handbook of Emergency Cardiovascular Care for Healthcare Providers.  Page 38.
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for changes, especially in the bundle branch block patients.  Sol-
id evidence as to the utility of strategies used to determine the 
presence of ACS on top of a LBBB remains elusive. Remember 
that T-wave changes are early signs of ischemia produced by 
transient hyperkalemia in the ischemic cardiac muscle.  Treat-
ment and disposition of the patient is guided by EKG changes 
and the patient’s history, especially their risk factors.  Patients 
(other than those on cocaine) should be given B-blockers (i.e., 
within the first 24 hours) if no contraindications such as hy-
potension, bradycardia, heart block (other than first degree), or 
severe airway disease/pulmonary edema exists.17  For example, 
the patient may be given metoprolol 5mg IV in a two to five 
minute infusion every five minutes times three while in the ED.

The at risk patient population is then divided on the basis of 
the EKG evaluation into ST elevation MI’s (STEMI), non-ST 
elevation MI’s and unstable anginas (NSTEMI/UA), or non-
diagnostic EKG patients still with clinical suspicion of ACS. 
The level of suspicion of cardiac damage and therapy and 
management is different in each of the three groups. The third 
group is divided into high risk, intermediate risk, and low risk 
groups. Patients can move between groups if conditions change, 
i.e., there is a change in their cardiac markers, their EKG, or  
their symptomatology. 

The management of patients with ST elevations will vary by 
institution and often depends on access and availability of per-
cutaneous coronary intervention (PCI). There is persuasive evi-
dence that PCI is more effective than fibromyalgia if it can be 
accomplished within the 90 minutes time frame.18  In many parts 
of rural America, patients with ST elevations will benefit from 
thrombolytic therapy if PCI is not available within 90 minutes 
(after making certain to document the presence or absence of 
contraindications).  Remember every minute counts as “time is 
muscle.” The national goal for administration of fibrinolysis is 
30 minutes and door to PCI is 90 minutes.19  Make sure to docu-
ment any factors that prevent you from achieving these goals. 
If you are not fortunate enough to be at a cardiac center, then 
arrange for appropriate consultation or transfer expeditiously. 
Anti-coagulant, anti-platelet, and fibrinolytic therapy should be 
considered and discussed with the receiving physician. If ap-
propriate, knowledge of the receiving physician’s preferences 
and standing protocols are quite helpful, although by now the 
standard of practice allows emergency physicians to deliver 
such care using widely distributed protocols without direct su-
pervision or specific recommendations by cardiologists. 

Most clinicians order the following laboratory and ancillary 
tests in order to more fully evaluate patients who often have 
multiple medical problems, are on a myriad of medications, and 
are unknown to the emergency physician. Such test include: 
complete blood count, chemistry profile, liver panel, troponin, 
myoglobin, CK-MB markers, TSH and coagulation studies, 
though there is abundant evidence that results from these tests 
rarely change the immediate therapy or management. 

Serial EKGs and cardiac markers are standard over a period 
of time (8-12 hours) although once positive the patient can be 

stratified and referred. Some institutions use continuous EKG 
monitoring, though the value is uncertain. Otherwise, the EKGs 
should be repeated at any time if symptoms warrant, or at least 
every two to four hours.2 Of the cardiac markers, myoglobin 
rise is the earliest to be detected and is very sensitive though 
not very specific; frequently increases are due to non-specific 
factors such as renal impairment and muscle contusions. Myo-
globin levels may be useful for ruling out acute myocardial in-
farction if the levels remain normal during the first several hours 
(4 to 8 hours).  Troponins and CK-MB may take more than four 
hours to rise and may stay positive for quite some time; in the 
case of troponin up to two weeks. The risk of death due to a MI 
correlates with the quantitative value of the troponin.16 After 
excluding an acute coronary syndrome (i.e., STEMI, NSTEMI/
UA) the workup for non-acute coronary syndrome and non-
cardiac chest pain can be started. These workups can be accom-
plished by referral for provocative testing and may take place 
on an outpatient basis.
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Sidebar
1. While not all cases of chest pain turn out to be heart attacks, when you 

are wearing a white coat, treat all chest pain as such during the early 
management phase.

2. In chest pain, time is muscle, but also, time is money.  You are being timed!  
If you fail to diagnose and treat according to CMS and other standards in 
the future, funding may be withheld to the institution. 

3. As soon as the chief complaint of chest pain is documented, GET 
INVOLVED!  You, as the captain of the ship, will be accountable from 
the moment that the patient gets into your building. Make sure the staff 
understands this. 

4. Teach and train all health-related personnel in your area to recognize the 
signs and symptoms of a heart attack.  The nurse, respiratory technician, 
janitor, and receptionist are people who may interface with patients at any 
time, and when they tell you something, heed their advice. Remember, 
you may be the new doctor, but the people in your work area will have had 
many years of experience.

5. When you see a patient who declares chest pain, look, listen, and feel.  
If you think that the patient is not stable, give treatment immediately; 
put them on a stretcher, and let them “lie with MONA” (M=morphine, 
O=oxygen, N=nitroglycerin, A=aspirin).

6. Patients with high-risk scores who have histories of diabetes, hypertension, 
lipid disorders, and thrombotic events must be evaluated very thoroughly.  
This means appropriate observation, follow up, including stress tests, 
2D-Echos, nuclear medicine scans, consultations, and so forth.

7. Once you start the work up for chest pain, finish it. One test or set of 
markers is never enough. Medico-legally you will find few experts to 
testify in your favor if you “rule out” an acute coronary syndrome with 
a single cardiac marker. If the patient tries to leave, make them sign out 
AMA and clearly document the steps taken.

8. Know your limits.  If you are in a facility (non PCI, non CABG) that cannot 
manage the problem the patient has, TRANSFER the patient.  Do not 
ignore EMTALA. Many experts urge PCI if access can be accomplished 
rapidly; most everyone recommends lytics, anti-platelet drugs, and anti-
coagulants early.  Know your local referral options.

9. Get prepared.  Make sure you know what is available in your hospital and 
where the equipment and medications in your department are. Check the 
intubation equipment, i.e., light bulbs, and make sure you have the proper 
blade tube sizes and an assortment of back-up airway devices.

10. Wall-mount the ACS protocols so that you can find them rapidly, check 
them frequently, and keep your information current. While ACLS may 
have detractors, it is a good place to start. 
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Emergency Medicine Afield: The Russian Federation

I recently traveled in the Russian Federation on a tour with my 
college alumni.  I visited the emergency department of the larg-
est hospital in St. Petersburg, the Elizavetinsky, and met with 
the director of the hospital.  There is no formal training in emer-
gency medicine or any certification of emergency physicians in 
the Russian federation.  Their physical plants suffer from severe 
lack of funds for equipment and salaries.  As a result, the health 
of the population has deteriorated, with falling population, birth 
rate, and longevity.

On a previous visit with the International Cardiovascular Soci-
ety, 10th International Congress in 1971, I visited several hospi-
tals in Moscow.  That was the first International Medical Meet-
ing in the Soviet Union, headed by Dr. Denton Cooley of the 
Texas Heart Institute, and we saw what was the best of the best, 
with specialized hospitals for cardiovascular and orthopedics.  
They were clean, well maintained, with intelligent and ener-
getic staffs (who were chain smokers, even on ward rounds).

In spite of that, I found the atmosphere so depressing that I cut 
my tour short and left early.  On my last day, a new friend, a 
cardiologist, took me for a ride to the Lenin Hills overlooking 
the city of Moscow and said, “Of course, you must come back 
soon.”  I did not have the heart to tell him I would never come 
back to the Soviet Union.

However, times have changed over the past 36 years and the So-
viet Union is gone, replaced by the Russian Federation.  I recall 
walking across Red Square at midnight (at that time Moscow was 
the safest city in the world, as long as your papers were in order) 
and watching the changing of the guard at Lenin’s tomb.  I saw 
young blond men doing the “goose-step” as they were coming 
out of the east gate of the Kremlin and changing places with the 
guards at the door of the Mausoleum.  Overhead, flood lit, waved 
the hammer and sickle flag.  If someone had told me then that 
this would all self-destruct in 20 years, I would have said they 
were mad, this empire will stand for another hundred years.

Now, the red, white, and blue flag of the Russian Federation 
flies over the Kremlin, and the country is split between  the 

mass of people, who are poverty stricken, and a few plutocrats, 
who drive Porsche SUVs.  The Lenin Hills are now the Spar-
row Hills. Beggars, hucksters, and pickpockets are everywhere, 
something never seen in the Soviet Union.  The average wage 
of a physician is comparable to US $200-250 per month, which 
is not enough to live on.  Here in the United States young peo-
ple live with their parents by choice, in the Russian Federation 
by necessity.  For instance, our guide was a 40-year old woman, 
who was a teacher, but working as a tour guide in the summer.  
Her husband was a major in the army.  There were five wage 
earners in her extended family, one of which was a doctor.  With 
their combined incomes, they were able to survive.

Since the 1970s medical care has severely deteriorated in the 
Russian Federation, in spite of the fact that the constitution 
guarantees free health care for all citizens, and Russia has more 
physicians and health care workers than any other country in 
the world.  The population is dropping rapidly from a peak 
of 148 million to 142.3 million in 2006, due to falling birth 
rate.  Male longevity is down to an average of 60 years.  Actu-
ally, this has slightly improved from 55 years in 1994.  This is 
mainly due to complications of alcoholism and violence.  The 
Russians smoke as much as ever.  The problem of heavy al-
cohol consumption has been recognized since 1998, but little 
has been accomplished to rectify the situation.  President Gor-
bachev attempted to limit alcohol consumption, but this result-
ed in illegal consumption of anything with any kind of alcohol, 
with devastating health results.  Today, there is no problem get-
ting vodka, the most common Russian drink.  Even drinks such 
as Absinth, which has been illegal in the United States1,2, are 
available.

The most recent UN report states that Russia is “doing too little 
to reverse a critical decline in its population” and predicts that 
the population “could fall to 100,000,000.”3

For comparison, the United States population is 303,000,000, 
with population growth at 1% and a birth rate of 2.1, while 
the Russian federation has a population of 142,000,000, with 
a -0.5% growth and a birth rate of 1.4.  There are 15 deaths 

emergency medicine Afield: 
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per 1000 people, and infant mortality is 15.13/1000.  Needless 
to say, the Russians have no problem with illegal immigration, 
since no one wants to move there (See table 1)4.

The birth rate is falling and is now 1.4, which is not enough to 
sustain population growth.  The death rate is 15/1000, compared 
with 8.3/1000 in the United States.4  There are more abortions 
than live births, 1.6 million to 1.5 million.  Former President 
Vladimir Putin has called the declining population “the most 
acute problem of contemporary Russia.”2  The governor of the 
province of Ulyanovski gave everyone a day off in February for 
“Family Contact” to encourage more pregnancies.

Even worse is the problem of HIV/AIDS, which is the highest in 
the Western world in Russia and the Ukraine.  This is primarily 
due to intravenous drug use, but heterosexual spread is increas-
ing.  Due to poverty, young women are forced into the sex trade, 
which masquerades as “dating services” or “marriage agencies” 
but are really brothels without walls run by criminals.

The office of the Consulate General for the United States in St. 
Petersburg currently warns that:

“Western medical care in St. Petersburg can be expensive and 
difficult to obtain. . . Some facilities offer quality services but 
many restrict services to normal business hours and to persons 
willing to pay for services in advance.”

“The Russian national medical system provided emergency 
care that, while officially free of charge, may be of a quality 
that ranges from uncomfortable to unacceptable.  Moreover, 
Russian doctors may demand payment for disposable needles, 
medications, and other services.”

However, this is denied by those physicians that I talked to.

The Elizavetinsky Hospital is located in St. Petersburg and is 
a 1025 bed hospital (which can house up to 1250 patients in 
the winter) and covers an area of 1 million people;  supposedly 
they have 200 patients a day in the ED, but on the day that I was 
there, it seemed deserted.

I took a taxi from my hotel, which was about an hour away.  It is 
block after block of decrepit Soviet-era apartment houses.  We 

pulled up to a weed-grown lot before a small decrepit building.  
“Is this it?” I asked, being reluctant to get out of the cab and 
be stranded.  The driver pointed to the sign, which indeed said 
Elizavetinsky Hospital (fortunately I can read Russian).  It was 
the gatehouse, and I showed the caretaker my note and got a 
curt nod and a motion to go around the corner.

Eventually, I was able to find the office of the chief physi-
cian, Dr. Boris Tuites, with the aid of his interpreter, Dr. An-
astasia Timoshenko.  We discussed the education of physicians 
in the Russian Federation and that of emergency physicians  
in particular.

Medical education in the Russian Federation is six years after 
secondary school, followed by one year of what is an essentially 
rotating internship.  Specialty training is about two years, which 
for them is a practice track.  There is no emergency medicine 
residency or certifying examinations.  All education is free with 
admission by examination.

I have always been impressed by the dedication and expertise of 
the physicians that I have met in Russia, but unfortunately they 
are hampered by their lack of money and equipment.  Stretchers 
are old and rusty.  Sheets and blankets are in short supply.

UNITED 
STATES

RUSSIAN 
FEDERATION

POPULATION 303,000,000 142,300,000

GROwTH 1% -.05

DEATH RATE 8.3/1000 15/1000

INFANT MORTALITY 6.4/1000 births 15.1/1000 births

FERTILITY RATE 2.1 1.4

LONGEvITY MALE 77.1 Years 60.0 Years

Table 1. Decline in Russia’s Population

Figure 1: Rusty stretchers in the waiting area

Figure 2: Sheets and blankets are in short supply
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I was taken on a tour of the Emergency Department, which 
takes up the entire lower floor of the hospital, most of which 
seemed deserted.  There are supposedly over 300 physicians 
and over 600 nurses who are employed by the hospital.

The emergency physician essentially is a triage officer, who 
takes care of minor problems and calls consultants when they 
are needed for more complex cases.  Unlike in the United 
States, there is no trouble getting consultants, since they are all 
in-house and available around the clock.  All of the major spe-
cialties have their own rooms dedicated to their needs.

The ambulance service is fine in theory.  The Elizavintsky has 
three ambulances parked in the bay with no active calls.  They 
usually have a driver and what corresponds to a paramedic and 
a physician.  Only about 30% of calls are transported to the 
hospital, the rest taken care of on the spot.  Once in the hospital 
emergency department they are seen by a nurse for triage and 
then evaluation by the emergency physician, who will decide 
which specialist to call.  Since the specialists are all present in 
the hospital, there is a minimal delay in getting services.  The 
director stated that the goal is to have all patients seen and treat-
ed within two hours.

The excellent specialty hospitals that I saw on my last visit were 
geared to the treatment of communist VIPs, who suddenly dis-
appeared along with the large amounts of money needed to run 
these establishments.  I was totally unable to get in touch with 
or get a visit to any of the hospitals that I had toured before.

In spite of the dedicated and intelligent physicians that I met, 
my impression is that, if you become seriously ill in the Russian 
Federation, you should seek transfer elsewhere. In St. Peters-
burg this usually means the University Hospital of Helsinki or 
the American Hospital in Paris.  In the past, patients have been 
able to go the Department of Defense hospital in Frankfurt, but 
apparently this is no longer possible due to the pressures of the 
Iraq war.  If you have travel insurance, it is important to read 
the fine print, since most travel policies only cover transport 
to the nearest medical center capable of taking care of your 
problem.  This may mean going from bad to slightly less bad.  
What you want is repatriation to the United States, which very 
few policies provide for.  One is the AMA program (only for 
AMA members who carry AMA insurance), which will repatri-
ate after stabilization.  No one will transfer an unstable patient.  
Another is AIG Travel Guard provided that you have purchased 
insurance for a single trip.

On my last day in Moscow there was a celebration by the armed 
forces paratroopers.  The streets were filled with drunken young 
men, looking for trouble.  It reminded me of Germany in the 
1920s, a once great nation fallen on bad times, with a large 
group of angry young men looking for an outlet for their frus-
trations in violence.  It only requires a charismatic leader to 
unite them.  The Russian Federation is a nuclear powder keg 
waiting for the opportunity to explode.

Summary
Medical care in the Russian Federation has markedly deterio-
rated since the fall of the Soviet Union with decreased lon-
gevity (among males, due to trauma, alcoholism and suicide), 
falling birth rate and population, decrepit facilities, and short-
ages of supplies and drugs.  The AIDS epidemic is the worst 
in the western world.  Emergency medicine is not a recognized 
specialty, and there is no specialized training or certification in 
the field.  

James Meade, M.D., Board Certified in Emergency Medicine, 
practiced in Syracuse, NY, where he was Clinical Assistant 
Professor of Surgery at Upstate Medical Center.  Dr. Meade, 
retired from clinical practice, currently resides in Sarasota, 
FL.  He continues to be active in the oral examination process 
and in the political realm in Tallahassee.

Potential Financial Conflicts of Interest:  By AJCM policy, all authors 
are required to disclose any and all commercial, financial, and other 
relationships in any way related to the subject of this article that might 
create any potential conflict of interest.  The author has stated that no 
such relationships exist.

Figure 3: Plan of the emergency department

Figure 4: The ICU
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Abstract
A 46-year-old female in an acute delusional state arrived by 
EMS to the Emergency Department. She was hypertensive, 
hyponatremic, hypokalemic, and most importantly, hypercal-
cemic with an extremely elevated lipase level. The causes and 
treatment of hypercalcemia are reviewed in this case study. 

Introduction
Regulation of serum calcium, within a range of 8.5 to 10.5 mg/
dl, is tightly managed by two hormones, parathyroid hormone 
(PTH) and calcitriol.  Several factors can affect the body’s abil-
ity to maintain homeostasis.  More than ninety percent of hy-
percalcemia is caused by primary hyperparathyroidism (HPT) 
or malignancy. Determining the etiology can be daunting dur-
ing a hypercalcemic crisis due to the difficulty of obtaining an 
accurate history in the presence of the neurological dysfunc-
tion common when calcium levels are greater than 12 mg/dl. 
Symptoms may also include muscle weakness, constipation, 
anorexia, nausea, vomiting, and abdominal pain. Other concur-
rent electrolyte abnormalities may coexist.  Less common find-
ings, possibly seen in a hypercalcemic crisis when levels reach 
15 mg/dl or more, are pancreatitis, peptic ulcers, hypertension, 
and cardiac effects (bradycardia or shortened QT intervals).  If 
left untreated, hypercalcemic crisis can eventually lead to renal 
failure and/or coma.

Treatment consists of rapid correction of hypercalcemia through 
intravenous hydration and loop diuretics, provided renal function 
is adequate. Several medications can also help maintain calcium 
levels.  However, if the patient is in renal failure, dialysis must be 
considered.  Ultimately the cause must be identified and treated. 

Presentation of Case
A 46-year-old woman, stopped by airport police for erratic driv-
ing, was sent by ambulance to the Emergency Department (ED) 
with an initial complaint of generalized confusion which she 
stated started approximately 24 hours prior.  She was at the air-
port to meet her daughter, who was due to arrive at 1300, but 

the actual time she was detained by the officers was 2030 (7 ½ 
hours after the pickup time).  The daughter was contacted by 
phone and was able to provide a past medical history of alcohol 
abuse, hepatitis B, and hypertension.  The patient was unable 
to recall her prescribed medications; she denied recent illicit 
drug or alcohol use or any allergies to medications.  Her ap-
pearance was that of a clean, well-groomed individual.  She 
was extremely lethargic and fell asleep during her examination.  
Her initial vital signs were: Glasgow Coma Score (GCS) 15, 
blood pressure 199/118 mmHg, heart rate 77 beats per minute, 
respiratory rate of 18 per minute, an oxygen saturation of 98% 
on room air, and a temperature of 97.8 F orally.  Cardiac moni-
toring revealed sinus rhythm in the 70s without ectopy.

The patient’s physical exam was essentially unremarkable with 
no focal motor or sensory deficits.   Laboratory studies included 
the following: comprehensive metabolic panel, complete blood 
count, cardiac enzymes, serum drug screen, and urinalysis.  
Bedside glucose reading was 115 mg/dl.  No odors of acetone 
or alcohol were present and a serum alcohol was negative.  In 
addition, an electrocardiograph (EKG), chest x-ray, and com-
puted tomographic (CT) scan of the head were ordered.  Results 
showed electrolyte derangements as seen in Table 1.   The EKG 
interpretation was normal sinus rhythm with nonspecific repo-
larization abnormality; the CT and chest x-ray were negative.

Serum Drug Screen Results
Acetaminophen (ug/ml): <10.0 10.0-20.0 Ref.
Alcohol, Ethyl (mg/dl): <10.0 0.0-10.0 Ref. 
Salicylate (mg/dl): <1.0 2.0-29.0 Ref.

Urine Drug Screen Results
Urine Analyze Negative Negative Ref. 

Hormone Results
Cortisol (ug/dl) 18.73 3.09- 22.40 Ref.
PTH, intact (pg/ml) 12.0 14-72 Ref.
TSH (uIU/ml) 2.290 0.35-5.50 Ref. 
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Results: 
Units:
Low Ref: 
High Ref:

WBC
1000/mm3
4.0
11.0

RBC
10x6/mm3
3.80
5.30

Hgb
gm/dl
11.7
15.5

Hct
%
36.0
46.0

MCV
fl
80.0
99.0

MCH
pg
25.0
31.0

MCHC
gm/dl
32.0
34.

RDW
%
11.5
14.5

Platelet
1000/ mm3
150.0
400.0

Gran
%
43.0
70.0

Lymph
%
22.0
41.0

ER 2220 15.6 3.69 11.5 33.3 90.3 31.2 34.5 17.3 290.0 90.4 5.9

Day 1 0750 11.7 3.22 10.2 29.3 91.0 31.6 34.7 17.5 243.0 *** ***

Day 2 0400 9.1 31.12 9.8 28.8 92.3 31.3 33.9 17.4 201.0 83.2 10.4

Day 3 0230 8.6 2.64 8.4 24.6 93.4 32.0 34.3 18.5 176.0 78.0 12.0

Day 4 0350 8.3 2.72 8.6 25.4 93.5 31.7 33.8 18.6 217.0 78.9 13.7

Day 5 0423 3.9 2.55 8.0 23.9 93.5 31.5 33.6 18.4 197.0 76.5 15.2

Day 6 0400 6.7 2.79 8.7 26.2 93.7 31.3 33.3 18.0 232.0 73.7 16.7

Results: 
Units:
Low Ref: 
High Ref:

Gluc.
mg/dl
75
110

Na
mEq/L
137
145

K+
mEq/L
3.6
5.0

Cl
mEq/L
98.0
107.0

CO2
mEq/L
22.0
31.0

BUN
mg/dl
9.0
21.0

Creat
mg/dl
0.7
1.5

Ca++
mg/dl
8.4
11.5

Phos
mg/dl
2.4
4.4

Mag
mg/dl
1.4
1.8

Amyl
U/L
30
110

ER2220 101 130 2.1 82.0 36.0 26.0 1.9 21.9 *** 0.9 758

Day 1 0400 95 131 2.6 87 39 25.0 1.8 16.5 *** 1.8 ***

Day1 2100 93 139 3.5 100 32 23.0 1.7 18.4 0.9 1.4 ***

Day 2 0400 91 141 3.9 106 27 21.0 1.7 15.4 2.7 2.3 229

Day 2 1800 137 141 3.3 110 22 17.0 1.5 13.8 1.1 *** ***

Day 3 0230 105 141 4.1 111 22 16.0 1.4 12.5 3.2 1.2 190

Day 5 0400 91 142 4.4 116 20 7.0 1.4 9.4 2.2 0.8 ***

Results: 
Units:
Low Ref: 
High Ref:

Lipase
U/L
23
208

Troponin
mg/ml
<0.10

PT
seconds
9.4
10.8

PTT
seconds
24.0
31.0

Angiotensin Convert. Enzyme
IU/L
9
67

ER2200 11732 0.42 11.3 <21 ***

Day 1 1600 3717 0.34 *** *** ***

Day 1 2100 2600 *** *** *** ***

Day 2 0400 1630 *** *** *** 22

Day 3 0230 1459 *** *** *** ***

Results: 
Units:
Low Ref: 
High Ref:

Spec. Gravity

1.0005
1.0300

pH
units
4.6
8.0

Leuk.

#/ul
Neg

Nitrites

Neg

Protein

mg/dl
Neg

Gluc.

mg/dl
Norm

Ketones

mg/dl
Neg

Urobili

Ehr./ U
Neg

Bili

mg/dl
Neg

Blood

/ul
Neg

ER2250 1020 6.0 100 neg 30 norm neg norm neg 10

Day 4 1700 1.005 7.0 neg neg neg norm neg norm neg neg

Table 1: Laboratory Trends

Complete Blood Count

Chemistry Results

Additional Labs

Urinalysis
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Progress During the emergency  
Department stay
Throughout her stay in the ED, the patient’s blood pressure re-
mained elevated despite administration of 0.1mg clonidine by 
mouth and 20mg diltiazem intravenously.  Her mentation was 
consistently altered until after her admission to the Intensive 
Care Unit.  A potassium chloride drip was initiated immedi-
ately after the panic value was discovered.  Once potassium 
was completed, magnesium was initiated to be infused, as well 
as a fluid bolus of 0.9 normal saline followed by a maintenance 
rate of 100 ml/hr.

Diagnostic Considerations
The patient presented with altered mental status due to severe 
hypercalcemia. She also had acute pancreatitis secondary to 
the hypercalcemia and/or her chronic alcoholism, hypomag-
nesemia, and acute renal failure probably due to dehydration.  
The specific causes of hypercalcemia that need to be considered 
are in Table 2.

The clinical manifestations are often vague, affecting multiple 
organ systems.  However, calcium levels greater than 14mg/dL 
associated with acute symptoms is considered critical and must 
be immediately addressed.  Yet another mnemonic (stones, 
bones, abdominal moans, and psychic groans) will enable one 
to recall many of the signs and symptoms of hypercalcemia.

Outcome
The following morning, the patient was re-evaluated and found 
to have a myriad of symptoms associated with hypercalcemia.  
She complained of weakness, generalized abdominal pain, and 
severe constipation.  Her cardiac monitor showed sinus bra-
dycardia at 56 beats per minute.  Calcitonin, magnesium, and 
phosphorus were initiated to resolve the electrolyte imbalances 
while a maintenance infusion of 0.9% normal saline provided a 
renal buffer.  She remained hypertensive until the hypercalce-
mia resolved, at which time she was transferred from the ICU 
to a step-down telemetry unit.  If warranted, patients in crisis 
may also be given loop diuretics, biphosphates, and hydrocor-
tisone; other treatments will depend on specific causes. The pa-
tient was discharged home after six days with prescriptions for 
metoprolol extended release, amiodipine, oral phosphates, and 
magnesium oxide.  She was instructed to discontinue the hydro-
chlorothiazide, which was probably an important exacerbating 
factor, and to follow-up with her primary care physician for fur-
ther evaluation; abstinence from alcohol was also encouraged.

Loren Crown, M.D., is a clinical professor at the University of 
Tennessee.  Currently, he is the medical advisor for the gradu-
ate training programs in emergency medicine in Jackson and 
Memphis.

Andra Kofahl, EMT-P, has 15 years of experience as an emergen-
cy room paramedic.  Her undergraduate degree is in biotechnol-
ogy.  Ms. Kofahl was recently accepted to medical school.

• Malignancy
 Tumors secreting PTH-related proteins
 Ectopic production of Vitamin D substrates
 Metastatic/lytic bone lesions
 Hematologic cancers  
 (myeloma, lymphomas, leukemia)

• Endocrine
 Parathyroid disease  
 (adenoma, hyperplasia, carcinoma)
 Hyperthyroidism
 Adrenal insufficiency
 Pheochromocytoma
 Multiple endocrine neoplasias  
 (MEN 1 and MEN 2)

• Granulomatous disease
 Tuberculosis
 Sarcoidosis
 Histoplasmosis
 Coccidiomycosis

• Drugs
 Lithium
 Thiazides
 Estrogen
 Vitamin A
 Vitamin D

• Miscellaneous
 Immobilization
  Milk alkali syndrome
  Familial hypocalciuric hypercalcemia
  Aluminum intoxication

Table 2: Common Causes of Hyperparathyroidism

Stones Abdominal 
moans

Psychic groans

Nephrolithiasis
Dehydration  
(impaired urinary 
concentration, de-
creased GFR, pre-
renal azotemia)
Diabetes insipidus 
(polyuria polydip-
sia)

Nausea/ 
vomiting
Pain
Pancreatitis
Anorexia
Peptic ulcer 
disease
Constipation

Memory loss
Confusion
Lethargy/coma
Muscle weak-
ness/fatigue

Bones Cardiovascular
Arthritis/pain Hypertension

Short QT on ECG
Cardiac arrhyth-
mias/blocks

Table 3: Clinical Manifestations of Hypercalcemia
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Abstract
Eye injuries resulting from ocular trauma pose a frequent threat 
to vision the world over.  The setting and causes of eye injury 
are diverse, but previous studies have demonstrated that the 
risk and type of injury is often correlated with age, gender, and 
race.  While a focused history and prompt ocular examination 
are essential to immediate management, patient education re-
garding safety precautions and risk reduction help to prevent  
future recurrences.

This article describes a case of BB gun-related penetrating eye 
injury with a retained intraocular foreign body in a 10-year-old 
male.  The case discussion will review the initial examination, 
resultant management decisions, and final visual outcome.  A 
suggested approach to the management of patients with ocu-
lar trauma with emphasis on the differential diagnosis, clinical 
signs, management, and referral of common injuries to the eyes 
will be discussed.

Introduction
Vision is one of the most valued and powerful senses.  Intact 
binocular vision plays an important role in development, in-
dependence, quality of life, and personal safety.  Ocular injury 
is a frequent and preventable cause of visual impairment.  The 
lifetime prevalence of sustaining any type of ocular trauma ap-
proaches 19.8%.1  Eye injury covers a broad range of severity, 
from a small corneal epithelial abrasion to the more severe pen-
etrating and globe rupture injuries.

The pediatric age group accounts for 8-14% of all eye injuries.  
Pediatric ocular injury is usually accidental and uniocular.2,3  

In contrast, adult ocular injury is usually the result of inten-
tional assault.  Males are more often affected than females, at 
a rate approximating 4:1, and suffer injury at a younger age.1,4,5  

Patients with a prior history of ocular trauma have a threefold 
increase in recurrence risk in a five-year period compared to 
those without prior injury.1  Prompt evaluation and appropriate 
management of ocular injuries are paramount in the preserva-

tion of vision.  Visual acuity, presence of an afferent pupillary 
defect, the type of injury, the location, and extent of penetrating 
injury, type of lens damage, presence and severity of vitreous 
hemorrhage, presence of and composition of intraocular foreign 
bodies mostly contribute to the final visual outcome in patients 
suffering penetrating ocular injuries.6  In this article, we de-
scribe the evaluation and management of penetrating injury and 
intraocular BB foreign body in a 10-year-old male. 

Case Report
M.R. is a 10-year-old male patient who presented to a local 
emergency department complaining of sudden severe left eye 
pain while shooting a BB gun with a friend without adult super-
vision. He reported the sudden onset of intense pain in the left 
eye after being struck by a BB that had ricocheted off a nearby 
tree.  There were no complaints related to the right eye.  He de-
nied wearing any protective or prescription glasses at the time.  
He had no past history of ocular trauma, ocular surgery, glasses, 
or contact lens wear.  Past medical history was unremarkable, 
and he was not on any medications.  Current immunization for 
tetanus was confirmed by the parents. Family history was non-
contributory.  He lives at home with his parents and younger 
sister and attends elementary school.

On examination, M.R. was a well-developed 10-year-old male 
in acute ocular distress.  On examination, his vision, using the 
Snellen visual acuity card at two feet, was 20/40 in the right 
eye and no light perception in the left with good illumination.  
The flashlight examination revealed no facial abnormalities.  
The right eye pupil was round, about 3.5 mm in diameter con-
stricting to about 2.5 mm on direct light exam.  There was no 
reversed afferent papillary defect.  The pupil also reacted nor-
mally to accommodation.  The left pupil was very difficult to 
evaluate due to the presence of blood in the anterior chamber.  
The left eye had normal eyelids without bruising, mild subcon-
junctival hemorrhage, mild conjunctival chemosis, and an ir-
regular linear corneal laceration extending from seven to one 
o’clock.  Examination of the left eye anterior chamber revealed 
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significant iris prolapse through the corneal laceration and hy-
phema. Visualization of the lens was obscured by the hyphema 
and necrotic iris tissue.  Examination of the anterior and pos-
terior segments of the right eye was normal without signs of 
trauma.  Given the extent of the penetrating eye injury, the ocu-
lar examination was terminated, the eyes protected with a fox 
shield, and the patient was prepared for surgery.  A pre-surgical 
computerized tomography (CT) of the orbits revealed a round, 
metallic foreign body at the level of the iris plane.  Otherwise, 
all the other orbital structures were normal.

The diagnosis of penetrating eye injury with corneal laceration 
and intraocular metallic foreign body was made.  The patient 
was given fentanyl for pain control, and informed consent was 
obtained from the parents.  The patient was prepared for exam 
under general endotracheal anesthesia, repair of corneal lacera-
tion, and removal of intraocular foreign body.

In the operative suite the left eye was carefully prepped with 
5% Betadine and a sterile eye drape was placed.  Exam under 
anesthesia revealed a full thickness angled corneal laceration 
extending from corneal apex to seven o’clock approximately 
5 mm and to 1 o’clock another 5 mm.  Marked hyphema and 
an inferior displacement of the crystalline lens was observed 
on anterior chamber exam.  Ten interrupted 10-0 nylon su-
tures were placed to reapproximate the corneal wound.  The 
hemorrhage was aspirated from the anterior chamber using an 
irrigation-aspiration hand piece, and necrotic iris tissue was ex-
cised.  A lensectomy was performed on the inferiorly displaced 
lens.  Multiple attempts at extraction of the BB with BB for-
ceps were unsuccessful.  The BB was noted to move slightly 
posteriorly before attempts were abandoned, with the fear of 
further posterior migration and subsequent retinal damage.  All 
superficial surgical wounds were closed with interrupted nylon 
sutures, and the wound was checked with a Fluorescein strip 
(Fluor-1-Strip, fluorescein sodium 1mg, Bausch & Lomb), and 
found to be watertight (Seidel negative). Subconjunctival injec-
tions, including 100 mg of cefazolin and dexamethasone 2 mg, 
were given inferiorly.  At the end of the procedure topical 1% 
atropine prednisolone acetate 1% and Vigamox® (Moxifloxa-
cin hydrochloride 0.5%, Alcon) were administered.  Tobradex 
ophthalmic ointment (tobramycin and dexamethasone, Alcon) 
a double eye pad, and metal shield were applied to the left eye.  
He was then taken to the recovery area and later admitted in 
stable condition.

On hospital day two, the patient was taken back to the operative 
suite by a vitreoretinal specialist for removal of the BB, using 
a large intraocular magnet, open-sky anterior vitrectomy, revi-
sion of the corneal wound, and intravitreal antibiotic injection.  
The BB was successfully extracted using an external approach.  
The corneal wound was closed, and the anterior chamber was 
reformed.  Intravitreal vancomycin (1 mg) and ceftazidime 
(2mg) were administered. Tobramycin/dexamethasone oph-
thalmic ointment, pressure patch, and a metal eye shield were 
placed over the left eye.

The patient was discharged from the hospital on day three 
with a clinic visit scheduled for the following day.  His par-
ents were advised to keep the metal eye shield in place at all 
times. Discharge eye medications included frequent adminis-
tration of topical prednisolone acetate to control inflammation 
and prophylactic antibiotic coverage with Vigamox®.  Tylenol 
with codeine was to be given as needed up to every six hours 
for pain and discomfort.  The following day vision in the left 
eye remained at no light perception.  The patient was followed 
closely over the next few days without improvement of visual 
acuity.  After discussing the possibility of sympathetic ophthal-
mia, risks, benefits, and alternatives to surgical enucleation, in 
a blind eye, the family decided on enucleation and placement 
of prosthesis in the left socket.  Polycarbonate eyeglasses were 
prescribed to protect the right eye from future injury.

Discussion
Ocular injury is classified into blunt or penetrating, depending 
on the causative factor.  Blunt ocular trauma can be defined 
using the basic physics concept of energy exchange.  Energy is 
transferred between the injurious object and periocular or globe 
structures without intrusion of the injured tissue by the offend-
ing object.7  Penetrating injury involves intrusion into the in-
jured tissue by the offending agent.  Blunt trauma can produce 
a very different clinical scenario and pattern of tissue injury 
when compared to that of penetrating injury.  Classifying the 
injury as blunt or penetrating early in the patient interaction will 
facilitate a more focused and effective exam, reducing the time 
required to provide definitive management.  Initial evaluation 
and identification of penetrating ocular injuries is important in 
minimizing further ocular complications.  Once the diagnosis 
of open globe is made, immediate referral for surgical explora-
tion and repair should be made to the eye specialist.  The eye 
should be protected with a fox metal eye shield while awaiting 
definitive treatment.  Baseline exam findings and visual acu-
ity are important in advising patients and family members on 
the prognosis and final visual outcomes.  Findings supporting 
a favorable outcome (20/50 or better) include a normal lens at 
presentation and an anterior segment location of intraocular 
foreign body.  However, more discouraging findings for final 
visual outcome, many present in the case being discussed, are 
afferent pupillary defect, visual acuity of light perception or, 
worse, prolapse of uveal tissue, BB injury, and foreign bodies 
posterior to the lens.8  If there is a poor view of the fundus, one 
should consider B-scan ultrasonography to examine integrity of 
posterior tissues.  Orbital radiographs or computed tomography 
(CT) scanning should be done if a foreign body may be pres-
ent.  Magnetic Resonance Imaging (MRI) is contraindicated in 
cases involving a suspected metallic foreign body.  If a metal-
lic intraocular foreign body is present, its prompt removal has 
been shown to be important in attaining the best visual outcome 
possible.9  In the case that we presented, the decision to use an 
external approach to remove the BB was based on the greater 
strength of attraction observed between a BB of the same com-
position (copper lining with a steel core) and the large exter-
nal magnet compared to that of the smaller internal magnet.  A 
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series of 70 patients receiving treatment at McGill University 
Health Center in Quebec demonstrated that there was no signifi-
cant difference in visual outcomes between external approaches 
to retrieval versus internal approaches (consisting of pars plana 
vitrectomy with removal using forceps or internal magnet).10

Antibiotics are generally started postoperatively in traumatic 
cases with open globes. Subconjunctival injections of vanco-
mycin, ceftazidime or gentamicin, and dexamethasone postop-
eratively are recommended.  Recommended topical antimicro-
bial therapy includes fourth generation fluoroquinolones, such 
as Vigamox® (moxifloxacin HCL 0.5) and Zymar (gatofloxa-
cin 0.3%, Allergan) or, alternatively, fortified vancomycin and 
ceftazidime.   Inflammation is managed with 1% prednisolone 
acetate ophthalmic solution.  Cycloplegic agents, such as 1% 
atropine, twice daily will help in maintaining the depth of the 
anterior chamber and may enhance patients’ comfort while fa-
cilitating the examination of the fundus. Broad spectrum intra-
venous antibiotics, like vancomycin, ceftazidime or fluoroqui-
nolone, are commonly given preoperatively and discontinued 
after four to seven days.11  The intravitreal injection of antibiot-
ics has been shown to be an effective method of reducing the 
risk of post-traumatic endophthalmitis, a devastating intraocu-
lar infection.12  The risk of endophthalmitis is increased in cases 
of ruptured globe injuries with or without retained intraocular 
foreign body. The most common organisms in post-traumatic 
endophthalmitis include Staphylococcus epidermidis and Ba-
cillus species.

The Seidel test confirms or rules out cases of full thickness inju-
ries to the anterior segment.  In the Seidel test a moistened fluo-
roscein strip (Fluor-1-Strip, fluorescein sodium 1mg, Bausch 
& Lomb) is painted over the suspected injury site.  The orange 
fluorescein changes to apple green if there is a wound leak, and 
a stream of aqueous can be observed with cobalt blue light.

Partial thickness corneal lacerations require topical broad-spec-
trum antibiotic coverage and a cycloplegic agent for relief of 
photophobia and pain associated with ciliary spasm.  A ban-
dage contact lens may also be helpful for structural or tectonic 
support.  Full thickness corneal lacerations, as in the case pre-
sented, require surgical exploration and repair with postopera-
tive administration of antibiotic and steroids.  Thus, in all cases 
of penetrating ocular injury, close daily follow-up is required 
to monitor progress and identify any sign of complications.  
The patient with severe penetrating injuries should be followed 
closely for potential complications like endophthalmitis, recur-
rence of hyphema, ocular siderosis, and sympathetic opthal-
mia.13 When considering pediatric enucleation, the prosthesis 
takes on special importance.  Proper sizing and adjustments 
play a role in the growth and development of the orbit and fa-
cial symmetry, improving chances for an acceptable cosmetic 
appearance and avoiding potential future complications.

epidemiology of ocular trauma
BB-related trauma is one of the most common causes of se-
vere eye injury among adolescent males.13  It is often the re-

sult of a ricocheted trajectory off a hard object near or behind 
the intended target.  The muzzle velocity of projectiles fired 
from nonpowder guns ranges from 150 to 1200 feet per second 
and can maintain near maximum velocity after ricocheting off  
solid objects.14

In a review of National Injury Surveillance System data from 
1993 to 2002, the rate of firearm-related eye injury was observed 
to decline while the rate of nonpowder (BB and pellet gun) injury 
remained relatively constant with a prevalence of approximately 
six per 1,000,000.  Caucasian and Latino males were more likely 
to suffer nonpowder gun injuries, but African-American males 
more often sustained firearm-related eye injury.15 

There is significant variability in the estimated number of eye 
injuries from all causes in the United States.  The wide range 
of estimates can be attributed to the setting reporting the data. 
Inpatient facility reports tend to underestimate figures because 
eye injuries are not often severe enough to warrant hospital-
ization, while inpatient and outpatient (emergency department) 
reports neglect cases of ocular injury treated in private physi-
cian offices.  The prevalence of emergency-department-treated 
eye injuries in the US is 3.15 per 1000 population.  The high-
est rates are among men in their 20s and 30s and among those 
of American Indian and African-American descent.  Most in-
juries are reported to occur in the home and are secondary to 
contusions or abrasions.16,17  The prevalence increases to 6.98 
per 1000 population when eye injuries that require treatment 
in inpatient, outpatient facilities, and private physician offices 
are considered.  The more comprehensive approach used in this 
study also changed the demographics and most common modes 
of injury.  Caucasian men in their 20s experienced the highest 
rates of ocular injury in this study population.  The more com-
mon injury etiologies were superficial erosions, foreign bodies, 
contusions, and open wounds.17,18

classifying ocular injury
Eye injury can be anatomically classified into anterior segment, 
posterior segment, adnexal, and orbital trauma.  Ocular trauma 
can be described as penetrating or perforating.  In a penetrating 
injury only one surface of an ocular structure is damaged (i.e. 
an entrance wound without an exit wound).  Perforating injuries 
are defined as “double penetrating” injuries, creating both entry 
and exit wounds.11  Blunt trauma can result in hematoma and 
contusion of periocular structures and globe ruptures.  A rupture 
is a full thickness injury of the tissue that makes up the external 
boundaries of the globe.  Ocular structures that are vulnerable 
to rupture injury include the limbus, areas of scleral thinning 
just posterior to rectus muscle insertions, and previous surgical 
incision sites.

The Ocular Trauma Classification Group provides a classifi-
cation scheme for mechanical ocular trauma based upon the 
type and mechanism of injury, grade of injury based on visual 
acuity at presentation, and absence or presence of an afferent  
papillary defect.17,19
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Management
A thorough history will help identify and detail the cause of 
injury.  The history should include when, where, and how the 
injury occurred in the patient’s own words.  The reporting and 
documentation of the history and physical exam often have 
medicolegal consequences, as many are work-related or a re-
sult of assault.  The physician should inquire into any previous 
treatments for the current injury and the events occurring from 
the time of injury until the time of presentation.  Past medi-
cal history including eye injuries, ocular surgeries, or history of 
amblyopia, medications, allergies, family history, social history, 
and date of last tetanus vaccination complete the highlights of 
the eye injury history.

The examination should start with an assessment of visual acu-
ity.  Snellen Visual Acuity chart or near card testing are standard, 
but newspaper print is acceptable if neither is available.  Count-
ing fingers, hand movement, light perception, or no light percep-
tion should be documented, if the patient is unable to read the 
largest line (or 20/400 equivalent) on the visual acuity chart.

The examination of the eye should be comprehensive and must 
follow a logical sequence.  A common practice among eye spe-
cialists is to examine the eye from the external and anterior 
structures to those more posterior.  Examination of the trauma-
tized eye thus begins with examination of the external structures 
and bony orbit.  Palpation of the orbital rim detects fractures 
and or crepitus.  The eyelids are evaluated for laceration, noting 
any involvement of the lid margins or lacrimal system.  Ex-
amination of the pupils for their shape, size, symmetry, direct, 
and consensual responses to light should be noted.  The pupil-
lary exam is especially important in cases where intracranial 
injury is possible.  The pupils should not be pharmacologically 
dilated until mental status has been assessed and neurologic sta-
tus deemed stable.  Evaluation of the extraocular muscle func-
tion in all directions of gaze may identify a restriction of gaze 
attributable to muscle entrapment within an orbital fracture or 
traumatic cranial nerve injury.  Slit lamp examination of the 
globe allows classification of conjunctival hyperemia, subcon-
junctival hemorrhage, hyphema, corneal opacities and edema, 
foreign bodies, traumatic iris tears, and lens location and stabil-
ity.  Fluorescein strips can be used to delineate corneal abra-
sions and to detect any active aqueous leakage from the anterior 
chamber using the Seidel test.  Intraocular pressure should be 
measured in all cases of ocular trauma, except those with an 
obvious open-globe injury, in which case manipulation of the 
globe should be minimized until evaluation and surgical repair 
is considered by an ophthalmologist.

Dilated fundus exam provides a view of the retina, macula, op-
tic disc, and ocular vasculature. The red reflex is evaluated for 
brightness, shape, and symmetry between the two eyes.  The 
ocular media is then checked for opacities, foreign body, or 
hemorrhage.  Finally, the retina is evaluated for signs of chor-
oidal rupture, commotio retinae, subretinal hemorrhage, and 
traumatic retinal tears and detachments.  Depending on the type 
of injury, various forms of imaging modalities may be pursued.  
Radiographs, ultrasonography, CT, or MRI may be ordered.  
MRI is always contraindicated when a metallic foreign body is 
suspected.  If perforating injury is suspected, imaging should be 
performed, both eyes patched, and immediate ophthalmology 
referral made for further evaluation and probable surgical re-
pair.  Figure 1 provides a general management model for blunt 
and penetrating ocular trauma.

Injuries to Anterior structures
Orbital Injury:  Trauma to the orbit, like all of ocular trauma, 
can be classified as blunt or penetrating.  Orbital contusion is 
periocular bruising secondary to blunt trauma that can present 
with associated injury to the globe, sinuses, and bony orbit.  
The presence of an afferent pupillary defect, confrontation vi-

Obtain a medical
history

Classify injury as blunt
or penetrating

Blunt trauma Penetrating Injury

Check VA, Pupils,
and EOM

Examine eyelids,
adnexa, and lacrimal

system

Palpate orbital rim for
fractures or crepitus

Examine globe for
conjuncitval or corneal
lacerations, presence of

foreign bodies, or
media opacities
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operating room is

available
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Radiographs Patch both eyes
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Figure 1: Management Guide for Ocular Trauma. 
Adapted with Permission from J Rowe and O Kosoko-Lasaki.
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sual field defect, limited extraocular motility, and proptosis are 
ominous signs that should be further evaluated.  Ice compresses 
can be used for 48 hours after injury to limit the swelling if the 
globe is found to be intact and vision is not affected.  Orbital 
compartment syndrome is caused by the accumulation of blood 
from a retrobulbar hemorrhage. Clinical signs of orbital com-
partment syndrome include a tense orbit, proptosis, resistance 
to retropulsion of the globe, and limitation of eye movements.  
Emergency ophthalmology referral for possible lateral cantho-
tomy is warranted.

Fractures of the orbit most commonly involve the orbital floor, 
and are termed blow-out fractures.  The fracture of the maxil-
lary bone allows prolapse of ocular contents into the maxillary 
sinus.  Signs include diplopia in up or down gaze, enophthal-
mos, and orbital and eyelid emphysema if the patient has blown 
his or her nose since the injury.  Urgent surgery is indicated in 
pediatric cases with signs of rectus muscle entrapment, but can 
be scheduled one week after injury in adults to allow reduction 
of swelling in the meantime.

Eyelid Injury:  Eyelid trauma may often appear trivial but 
can have profound effects on injury associated morbidity.  Re-
covery of full eyelid function and maintenance of the lacrimal 
apparatus are important considerations when approaching lid 
trauma.  An eyelid contusion consists of edema and ecchymosis 
that often follows blunt trauma.  The hematoma is embedded 
within the layers of the orbicularis oculi muscle and cannot be 
surgically evacuated.  The hematoma of eyelid contusions does 
not typically result in ocular compartment syndrome, because 
they are located anterior to the orbital septum.  Traumatic ptosis 
can result from direct injury to the levator muscles or mechani-
cal effects of edema and hematoma and can take months to re-
solve.  Cool compresses for 10-15 minutes a few times a day are 
generally sufficient in cases of isolated lid contusions.

When presented with eyelid avulsion (tearing or shearing in-
jury) or laceration, the restoration of any lacrimal injury should 
be considered prior to repair.  Injury to the canalicular system 
may require silicone tube stenting prior to careful suture place-
ment.  Unrecognized punctal, canalicular, or lacrimal sac inju-
ries that are sutured without the use of a stent can lead to a lac-
rimal drainage obstruction and, subsequently, a chronic tearing 
state.  Injuries to the inferior punctum, inferior canaliculus, or 
common canaliculus are more likely to cause significant tear-
ing.  Referral to an ophthalmologist is mandatory in cases of 
canalicular injury.  The presence of orbital fat in the wound 
indicates a likely violation of the orbital septum and should be 
followed accordingly.  Contaminated wounds should be debrid-
ed and treated with appropriate systemic and topical antibiotics.  
Tetanus vaccination status should be considered in all patients 
with these types of injuries.

Cornea and Conjunctival Injury:  The anterior location of the 
cornea and conjunctiva make the structures vulnerable to both 
blunt and penetrating trauma.  The conjunctiva may be torn or 
lacerated without damage to deeper or adjacent tissue.  An area 
of hyperemia often surrounds the injury, which can be better 

visualized using fluoroscein.  It is important to rule out damage 
to the underlying sclera and to rule out the presence of a for-
eign body.  Smaller lacerations, generally those less than 5 mm 
in diameter, will heal without surgical intervention.  Lacera-
tions larger than 5 mm have the best outcomes when sutures are 
placed.  Topical broad-spectrum antibiotic coverage is applied 
to prevent secondary infection of exposed tissues.

Corneal abrasions consist of epithelial cell erosions with an 
intact Bowman’s membrane.  The patient with a corneal abra-
sion often complains of a painful eye with reflex blepharospasm 
(involuntary lid squeezing) and increased tearing from the af-
fected eye.  The defect should be examined under the slit lamp 
to assess the size, location in relation to the visual axis, and rule 
out the presence of a foreign body.  Application of fluoroscein is 
used to visualize the defect, using a cobalt blue light.  The ben-
efit of patching the eye is controversial; however, it is a com-
mon practice by most health care providers.  Close follow-up of 
the patient until the corneal epithelium has completely healed 
is standard practice.11

Penetrating injuries of the cornea also require a complete eye 
examination to rule out damage to intraocular structures and 
the presence of a foreign body despite the obvious nature of the 
injury. Prolapsed iris tissue may be repositioned or removed 
during surgery, depending on the duration of exposure or the 
state (necrotic or not) of the tissue.  Small puncture wounds and 
shelved lacerations often heal without suturing.  Bandage con-
tact lens and patching are options for treatment under the close 
care of an ophthalmologist.  It is important to remove all for-
eign material and to reform the anterior chamber before placing 
corneal sutures.

Rupture of the cornea and/or sclera can result from blunt trau-
ma.  Susceptible sites of rupture include the limbus, posterior 
to the rectus muscle insertions, and areas of previous surgical 
incision sites.  Signs of rupture include subconjunctival hemor-
rhage, hyphema, a change in anterior chamber depth, limited 
extraocular movements in the direction of gaze towards the 
rupture, and low intraocular pressure (hypotony).  Globe rup-
ture is a surgical emergency.  The patient should be referred to 
ophthalmology for surgical evaluation and treatment.

Hyphema is blood in the anterior chamber, one of the signs of 
severe blunt or penetrating trauma. Partial or microscopic hy-
phema will resolve spontaneously through macrophage phago-
cytosis and via the aqueous drainage system.11  Hemorrhage in 
the anterior chamber can occur up to two weeks after the initial 
trauma event.  If large, the hemorrhage may cause an increase 
in intraocular pressure and blood staining of the corneal en-
dothelium.  Corneal blood staining can occur rapidly but takes 
months to completely clear and may require anterior chamber 
washout. Most cases of hyphema are managed conservatively 
by advising the patient to wear dark sunglasses for comfort.  In 
African-Americans, it is important to avoid the use of carbonic 
anhydrase inhibitors in the lowering of the intraocular pressure 
because of the risk of sickling of the red blood cells in those at 
risk.11  Surgery is indicated if there is blood staining of the cor-
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neal endothelium or in severe medically uncontrolled intraocu-
lar pressure elevation.11

Uveal Injury:  Injury and damage to the anterior iris and cilary 
body can occur with trauma. Traumatic iritis is an inflammation 
of the iris tissue itself with associated hyperemia (perilimbal), 
pain, photophobia, and tearing.  The traumatic event may cause 
tears in the pupillary sphincter muscles.  These tears are seen as 
irregular areas in the pupillary ruff.  Pupillary constriction may 
be limited by the defects in these muscle fibers resulting in trau-
matic mydriasis.  Treatment of traumatic iritis consists of phar-
macologic mydriasis for comfort and topical steroids to control 
the inflammation.  Iridodialysis is the tearing of the iris root from 
the ciliary body.  The tear is permanent, and surgical treatment is 
not needed but may be considered in severe cases. Traumatic iri-
tis may result in the formation of anterior or posterior synechiae, 
iris adhesions to the cornea, and lens capsule respectively.

Lens Injury:  Trauma to the lens may leave a ring of pigment, 
a Vossius ring, on the anterior lens capsule.  This finding is be-
nign and usually clears with time but, in some cases, can per-
manently stain the capsule.  Ocular trauma may also result in 
lens subluxation or dislocation.  Anterior displacement of the 
lens may result in pupillary block glaucoma.  Trauma to the lens 
may also result in premature cataract formation years after the 
inciting injury.

glaucoma Secondary to trauma
Angle recession is a tear between the longitudinal and circular 
muscles of the ciliary body and is the most common complica-
tion of blunt ocular trauma, occurring in 80.5% of cases fol-
lowing blunt ocular trauma.17,20,21  Ten percent of patients with 
angle recession that involves more than 2/3 of the angle de-
velop glaucoma secondary to scarring of angle structures.  The 
damage from angle recession is seen as a widening of the ciliary 
band on gonioscopy.  Treatment involves topical and, in some 
cases, oral medications to reduce a high intraocular pressure in 
the days following the trauma.  Patients with significant angle 
recession injuries should be followed by an ophthalmologist 
for IOP elevations, visual field testing, and optic nerve chang-
es.11  Penetrating injury can also induce elevated intraocular 
pressures and subsequent glaucomatous changes of the optic 
nerve.  A recent review of the United States Eye Injury Regis-
try showed that 2.64% of patients suffering penetrating ocular 
trauma develop glaucoma.17,21  A dislocated lens may also block 
flow through the trabecular meshwork.  Risk factors that have 
been shown to be associated with post-traumatic glaucoma in-
clude: advanced age, lens injury, inflammation of the anterior 
chamber, and a baseline visual acuity of 20/200.20

Intraocular foreign bodies can cause mechanical and other 
tissue alterations that may result in secondary glaucoma.  In-
traocular metals cause characteristic late tissue alterations.  For 
example, iron-containing materials can cause ocular siderosis, a 
staining of the trabecular meshwork, and toxicity to other angle 
structures.  Copper can lead to chalcosis with similar toxicity 
to structures of the iridocorneal angle if left in place.  These 

changes make identification and removal of foreign bodies es-
sential to minimizing late tissue alterations and the development 
of secondary glaucoma.  The viable red blood cells, degener-
ated red blood cells, and macrophages containing ingested red 
blood cell remnants that accompany hyphema can also obstruct 
the trabecular meshwork.

Treatment of post-traumatic glaucoma is aimed at reducing IOP 
by decreasing aqueous formation by the ciliary body, prevent-
ing further obstruction to aqueous outflow, or creating an alter-
nate aqueous drainage route.  An aqueous washout procedure 
can be used in cases of uncontrolled IOP elevation related to 
hemorrhage.11  Ophthalmic preparations of prostaglandin ana-
logues, beta-adrenergic receptor antagonists, alpha-adrenergic 
receptor agonists, and carbonic anhydrase inhibitors are com-
monly used to help reduce IOP.  In acute or refractory cases, 
oral carbonic anhydrase inhibitors or osmotic diuretics can be 
utilized.  In addition, surgical options should be considered in 
cases of elevated IOP that is not controlled with medical man-
agement. Potential surgically therapeutic options include trabe-
culectomy with anti-metabolites or implantation of a glaucoma 
Seton valve.

Injury to Posterior structures
Trauma may manifest in the posterior segment as commotio 
retinae, choroidal rupture, posterior scleral rupture, or retinal 
breaks and detachments.  Commotio retinae generally presents 
as a gray-white discoloration of the retina secondary to disrup-
tion of the outer segment of the photoreceptors.  It may be ac-
companied by choroidal rupture and subretinal hemorrhage and 
can be observed initially as asymmetry of the red reflex in the 
injured eye if sufficiently large and located on the central pos-
terior pole.  Choroidal rupture is a tear in the choroid, Bruch’s 
membrane (the layer between the choroid and retinal pigment 
epithelium), and the retinal pigment epithelium following blunt 
trauma.  These findings on dilated exam are supplemented by 
findings on ultrasound, CT scan, and MRI.  Traumatic retinal 
detachments require emergent evaluation and possible repair by 
an ophthalmologist.11

Sympathetic Ophthalmia:  Sympathetic ophthalmia is the 
most feared complication of ocular trauma.  It is characterized 
by a bilateral, granulomatous uveitis following penetrating eye 
injury. The pathophysiology is believed to involve an autoim-
mune reaction to uveal antigens encountered as a result of the 
initial trauma event.  Inflammation first occurs in the injured 
eye. The uninjured eye is termed the “sympathizing” eye and 
becomes secondarily affected. Symptoms include blurred vi-
sion, photophobia, pain, and ultimately blindness.  Once estab-
lished, sympathetic opthalmia requires steroids and immuno-
suppressant agents to slow the progression.  Onset can occur 
anytime from one week to several years following the injury, 
but most cases do not occur before two weeks after injury.  For 
this reason, injured eyes that have little or no potential for visu-
al recovery are strongly considered for enucleation within two 
weeks after injury.  In the case presented in this article the eye 
had no light perception and was recommended for enucleation.
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Conclusion
Penetrating eye injuries can be challenging to assess, given the 
associated pain and difficulty with examination.  A good history 
and minimal examination will prompt referral for management 
of these serious injuries.

While surgical treatment modalities continue to improve, the 
most effective approach to ocular trauma is a proactive ap-
proach to prevention.  Primary prevention of ocular injury is 
firmly based in improving patient education, proper safety 
equipment and practices, risk reduction, and close supervision 
of all high-risk activities.  Prevention of ocular trauma, like all 
types of trauma, remains an ongoing battle.  Legislation efforts 
regarding nonpowder or air guns are in place or underway in 
30 states.  New York has the strictest regulations in the US.  In 
New York City BB guns are entirely prohibited and licenses are 
not available.  In the rest of the state, no one under the age of 
16 can purchase or use a pellet gun unsupervised.  Florida has 
also enacted legislation aimed at reducing injury rates.  Florida 
state law holds a minor under 16 years of age to be guilty of 
a second-degree misdemeanor if found using a BB gun with-
out adult supervision.  The laws vary from state to state, with 
some states regarding nonpowder guns as firearms and other 
not addressing them at all.  Many authors support wider restric-
tions on the sale and use of nonpowder guns.14  Others promote 
improving safety education and requiring proper apparel while 
using nonpowder guns.  Standardization of warning labels and 
their strategic placement has been considered and modified.  
Perhaps a short safety course and test can be included in store 
packaging to be administered by a supervisory adult prior to 
use.  Whatever means of prevention is pursued, the goal re-
mains to minimize the risk of injury via responsible operation 
and safety precautions.

Finally, we recommend that all patients with previous ocular 
injury should be fitted with protective (polycarbonate) glasses, 
especially if they are involved in active sport activities.
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The Academies of Medicine of the American Association of Physician Specialists, Inc.,  
awards the Degree of Fellow to those members who have demonstrated leadership  

and participation within their Academies by meeting specific criteria.



EXECUTIVE DEPARTMENT
Responsible for management and operations of Executive  

Committee, Board of Directors, Academies of Medicine, House of 
Delegates, Past Presidents, Awards, and Degree of Fellow

William J. Carbone, CEO
Nadine B. Simone, Executive Assistant

GOVERNMENTAL AFFAIRS 
Responsible for State and Federal Legislation, Legislative  

and Recognition Issues, Medical Mission Outlook

Timothy J. Bell, Director of Governmental Affairs
Lauren E. Withrow, Governmental Affairs Coordinator

CME, MEETINGS, RECRUITMENT & RETENTION
Responsible for Continuing Medical Education, Meeting Planning 

and Management, Recruitment and Retention, Publications, Auxiliary

Esther L. Berg, Director of CME, Meetings, and  
Recruitment & Retention

Keely M. Clarke, CME, Meetings, and  
Recruitment & Retention Coordinator

CERTIFICATION DEPARTMENT 
Responsible for all matters pertaining to Certification  

including Initial Inquiries, Requirements, Recertification, 
Boards of  Certification, Examination Information

Cassandra R. Newby, Director of Certification
Susan C. LoBianco, Certification Coordinator

Theresa R. Rodriguez, Certification Coordinator
Marilyn D. Whitfield, Certification Coordinator

FINANCE & OPERATIONS
Responsible for Dues, Billing and Payments, Facilities, and Personnel

Anthony J. Durante, Director of Finance and Operations
Georgine C. Wasser, Finance & Operations Coordinator

Debi S. Colmorgen, Communications Coordinator

The American Association of Physician Specialists, Inc., and the American Board of Physician 
Specialties are proud to introduce our staff and headquarters.

We encourage you to let us assist you with 
association matters – large and small. 

We welcome your ideas and suggestions. Don’t 
hesitate to call on your AAPS Team.



5550 West Executive Drive
Suite 400

Tampa, Florida 33609-1035

2 0 0 9  H O U S E  O F  D E L E G A T E S  &  A N N U A L  S C I E N T I F I C  M E E T I N G

Upcoming
E P I d E m I c S

T h e y ’ r e  n o T  j u s T  i n f e c T i o n s 

San Diego, california
June 22-27, 2009

R e g i s t e r  b y  A p r i l  3 0 ,  2 0 0 9  T o  S a v e  $ $ 
M a k e  Y o u r  H o t e l  R e s e r v a t i o n s  N o w !

earlY regiStratiOn rateS!
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