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Objective: To determine the prevalence of diabetes in Southern California emergency department 
(ED) patients and describe the self-reported general health, demographic and social characteristics 
of these patients with diabetes.

Methods: Between April 2008 and August 2008, non-critical patients at two Southern California EDs 
completed a 57-question survey about their chronic medical conditions, general health, social and 
demographic characteristics. 

Results: 11.3% of the 1,303 patients surveyed had diabetes. Patients with diabetes were similar 
to ED patients without diabetes with respect to gender, ethnicity and race. However, patients with 
diabetes were older (51 vs. 41), less likely to have a high school education (64.0% vs. 84.7%), 
less likely to speak English (44.9% vs. 55.4%), and less likely to be uninsured (33.3% vs. 49.5%). 
Additionally, patients with diabetes had markedly lower self-reported physical health scores (37.1 
vs. 45.8) and mental component score and mental health scores (42.0 vs. 47.4) compared with ED 
patients without diabetes.

Conclusion: In this study of two Southern California EDs, 11.3% of surveyed patients had diabetes. 
These patients were often poorly educated, possessed limited English language skills and poor 
physical health. ED personnel and diabetes educators should be mindful of these findings when 
designing interventions for ED patients with diabetes. [West J Emerg Med. 2010; 11(5):419-422.]

INTRODUCTION
Each year millions of patients receive health services in 

emergency departments (EDs), and, regrettably, for many 
of them, this may be their primary source of care.1,2 A large 
portion of these ED patients have diabetes, and, alarmingly, 
previous research has demonstrated their mean HbA1c is 
over 9%.3 Although numerous innovative programs have 
been created to help high-risk, disadvantaged patients achieve 
adequate glycemic control, none are based out of the ED.4-7 
To create such an ED-based program, we must first uncover 
some basic characteristics of ED patients with diabetes. As 
part of an ongoing needs assessment, we sought to determine 
the self-reported prevalence of diabetes in ED patients, their 
self-reported general health and associated demographic and 
social characteristics. 

METHODS
We conducted an anonymous cross sectional survey of a 

convenience sample of patients presenting to the EDs at both 
the University of California, Irvine (UCI) and Los Angeles 
County Hospital at the University of Southern California 
(LAC+USC) from April -August 2008. The study sites were 
selected to evaluate a possible variance of diabetes prevalence 
across different types of Southern California EDs. UCI is a 
private academic hospital serving approximately 40,000 ED 
patients annually. LAC+USC is a county hospital in central 
Los Angeles and serves approximately 170,000 patients 
annually. Patients were eligible to complete the survey if 
they were 18 years or older, able to complete the survey in 
English or Spanish, and were not critically ill or injured. If 
necessary, the survey was read to the patient in their language 
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of choice, although generally the subjects completed a written 
survey. The protocol was reviewed and approved by the 
institutional review boards of the two institutions. Trained 
research assistants screened patients for eligibility in the 
adult waiting areas at each institution, obtained informed 
consent and administered the survey. The survey included 57 
questions and took ten minutes to administer. Patients were 
queried regarding their demographic characteristics, ethnicity, 
chronic medical conditions, health insurance status and 
reasons for which they were presenting to the ED. Subjects 
then completed the Short Form Health Survey version 2 (SF-
12). This is a validated tool that yields a mental component 
score (MCS) and physical component score (PCS) that can 
be compared across populations. The MCS and PCS for the 
general United States adult population are 50 with standard 
deviation of ten. We transcribed data from paper surveys 
into Microsoft Excel (Microsoft Corp, Richmond Wa.) and 
analyzed it using Stata 10.0 (Statacorp, College Station, Tx). 
Means and 95% confidence limits are reported. We performed 
tests of significance using the Fisher Exact test for categorical 
variables and Mann-Whitney U for continuous variables (as 
the data was non-normally distributed). Finally, we conducted 
a multivariate logistic regression to determine which variables 
were independently associated with a self-reported history of 
diabetes. 

RESULTS
One thousand three-hundred three patients completed 

the survey, 802 at USC and 501 at UCI. Overall, 147 (11.3% 
9.6-13.0%) reported a history of diabetes. Mean age of 
respondents was 42 years and 47% were male. The prevalence 
of disease did not vary significantly by site (11.6% at UCI 
vs. 11.1% at LAC+USC). Table 1 shows characteristics of 
patients with and without diabetes. ED patients with and 
without diabetes were similar in gender, ethnicity and race. 
However, ED patients with diabetes were older, less likely 
to have a high school education (64.0% vs. 84.7 %) or speak 
primarily English (44.9% vs. 55.4%) and more likely to 
be insured (49.5% vs. 33.3%) compared with ED patients 
without diabetes. Additionally, ED patients with diabetes 
had markedly lower self-reported PCS (37.1 [95% CI 35.7-
40.3] vs. 45.8 [95% CI 44.0-46.5]) and MCS (42.0 [95% CI 
39.4-43.6] vs. 47.4 [95% CI 46.8-48.0]) scores compared with 
ED patients without diabetes. On multivariate regression, 
older age and lack of a high school education continued to be 
independently associated with an increased odds of diabetes. 
(See Table 2 for results of the multivariate regression.) 

DISCUSSION
This is the first study to document the prevalence of 

self-reported diabetes in ED patients. Two previous studies 
attempted to document the prevalence of undiagnosed 
diabetes in ED patients. Both, however, were undermined by 
poor follow up for confirmatory testing, leaving the results 

Table 1. Characteristics of emergency department patients with 
and without diabetes.

Patients 
without 

Diabetes

Patients 
with 

Diabetes 

P value 

Age (Median) 41 51 <0.001
Male 47.2% 46.1% 0.86
White 40.5% 35.1% 0.306
Black 8.3% 7.2% 0.855
Asian 9.3% 9.9% 0.863
Hispanic 59.8% 66.4% 0.142
High school education 84.7% 64.0% <0.001
Uninsured 49.5% 33.3% <0.001
Private insurance 21.5% 17.8% 0.372
MediCaid insurance 19.0% 20.7% 0.643
Medicare 7.0% 17.0% <0.001
PCS 45.8 37.1 <0.001
MCS 47.4 42.0 <0.001
Born outside of United States 46.6% 58.0% <0.001
Married 34.7% 44.9% 0.017
Children 63.6% 66.9% 0.459
Primarily English-speaking 55.4% 44.9% 0.018
Primarily Spanish-speaking 36.9% 47.6% 0.015

PCS, physical component score; MCS, mental component score

Table 2. Multivariate logistics regression.
“Self-reported Diabetes”

Odds Ratio (95% CI) p-value
Male 1.23 (0.78-1.95)  0.38
Hispanic 1.59 (0.87-2.92)  0.13
Married 0.95 (0.66-1.37)  0.78
Has children 0.95 (0.56-1.64)  0.88
Race
    White Reference 
    Black 1.13 (0.47-2.78)  0.78
    Asian 0.90 (0.35-2.30)  0.82
Age 
    18-30 Reference
    31-50 2.69 (1.30-5.57) <0.01*
    51-65 4.98 (2.27-10.90) <0.01*
    66-80 3.67 (1.26-10.70)  0.02*
    >80 9.28 (2.97-28.99) <0.01*
Expected source of payment 
    Private insurance Reference 
    Medicare 2.03 (0.87-4.59) 0.09
    Medicaid 0.77 (0.35-1.66) 0.50
    Self pay 0.65 (0.33-1.27) 0.21

Menchine et al.	 Diabetes Characteristics in ED Patients
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difficult to interpret. Our finding that one in nine sampled 
patients has diabetes and that their self-reported health is 
significantly lower than their ED counterparts without 
diabetes, coupled with prior research indicating ED patients 
with diabetes have HbA1c levels over 9%, suggest that the ED 
is an important area in which to plan and focus future 
interventions.3 

Developing treatment interventions for ED populations 
with chronic diseases can be logistically difficult as these 
patients may lack the resources to optimize self-care. Our 
findings confirm some of these impressions. More than 
one-third of ED patients with diabetes had less than high 
school education, nearly half spoke primarily Spanish, and 
33% were uninsured. In addition, their scores for physical 
and mental health were poor. Interventions aimed at helping 
this medically needed population must be mindful of these 
findings. Innovative strategies using nurse educators, 
case managers and community health workers have been 
successfully used in non-ED settings to help similarly 
disadvantaged people achieve improved glycemic control.4-7,10 
Unfortunately, to date, there have been no reported trials of 
ED-based programs to improve glycemic control or quality 
of life in patients with diabetes. Undoubtedly, the acute, 
symptom-driven and episodic care provided in the ED is not 
well suited for the management of chronic diseases such as 
diabetes. However, previous ED-based efforts for conditions 
such as smoking cessation, intimate partner violence, and 
alcohol aversion suggest that interventions for chronic 
conditions can be effective in the ED setting.11-15 It follows 
that the ED visit may represent a unique teachable moment 
during which patients with diabetes can be offered resources 
to improve glycemic control and physical functioning. 
Moreover, for many patients with diabetes, the ED may be the 
primary potential entry point into the healthcare system.

LIMITATIONS
A limitation of our study is that we sampled only two 

academic Southern California EDs with largely Latino 
populations, thus limiting the generalizability of these 
findings. However, the EDs did vary in terms of size (170,000 
vs. 40,000) and primary funding mechanism (county 
vs. private). A second limitation is that this study may 
underestimate the prevalence of diabetes in ED patients as 
some patients may have forgotten about this diagnosis while 
many others may yet be undiagnosed. Recent studies suggest 
the prevalence of undiagnosed diabetes in ED patients may 
be 3-7%, suggesting, if anything, a greater need for ED-based 
diabetes programs.8.9 The use of a convenience sample may 
have introduced some selection bias although we cannot 
determine the direction this may have biased the result. In 
addition, we excluded patients who were critically ill or 
injured as we believed they would not be able to complete 
the survey. Thus, we do not know the prevalence of diabetes 
in this subset of patients. Finally, we did not test patients’ 

glycosylated hemoglobin, and therefore cannot determine 
which variables are associated sub-optimal glycemic control.

CONCLUSION
In this study 11.3% of patients had a self-reported history 

of diabetes. These patients were older, less educated, had 
poorer physical and mental health and were less likely to 
speak English than their counterparts without diabetes. These 
findings should be considered when developing appropriate, 
effective and culturally sensitive ED-based mechanisms to 
help patients achieve glycemic control.
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INTRODUCTION
Many medications are administered according to the 

weight of the patient. Because it is often not available in the 
emergency department (ED), the patient’s weight is therefore 
estimated. Several studies have shown that emergency 
physicians are inaccurate at estimating a patient’s weight.1-3 
Medications to facilitate intubation, induction agents and 
paralytics are often weight-based.This study evaluated the 
accuracy of dosing succinylcholine, a paralytic and etomidate, 
an induction agent, in our ED.

METHODS
We conducted a retrospective chart review of all patients 

intubated in the ED between January 1, 2004 and December 
31, 2004, at an urban Level I trauma center with 
approximately 50,000 ED visits annually. We identified all ED 
intubations by retrospectively reviewing the hospital financial 
databases for intubations of ED patients, and by patients who 
had critical care billing for an intubation procedure or for 
ventilator use in the ED. We also examined ED patient logs to 
identify all patients who were admitted to the intensive care 
unit (ICU), the operating rooms, or had expired. All 
intubations were tied to a unique visit. We reviewed the charts 
to determine if an intubation took place in the ED, and we 
recorded the dosages of all intubation medications used. We 
excluded from our cohort patients who were intubated prior to 
arrival in our ED either by another hospital or by pre-hospital 
personnel. 

We measured the patient’s actual weight using standard ICU 
bed scales on admission and then recorded it. The dosages of the 
intubation medications were calculated in mg/kg and compared 
to the standard dosages (etomidate 0.2-0.3mg/kg and 
succinylcholine 1-1.5mg/kg) to determine if they were accurate. 
We obtained the standard dose of succinylcholine from 
Micromedex Health Care Series Drugdex, which is the standard 
dosing in our ED. Etomidate dosing in our ED is 0.2-0.3mg/kg 

by our standard protocols. Succinylcholine and etomidate are the 
standard medications used for rapid sequence intubation (RSI) 
and were the medications used in all of the ED RSI we 
examined.

We entered de-identified data into a Microsoft Excel 
2003 (Redmond, WA) database. Descriptive statistics, 95 % 
confidence intervals (CI) and standard deviations (SD) are 
reported when appropriate. We analyzed data using SPSS14 
(Chicago Il.). The study was approved by the hospital 
institutional review board. 

RESULTS
We identified 148 patients as being intubated in our 

ED during the one-year study period. This represents 2.7 
intubations for every 1,000 patients seen. Of these, 129 were 
included in the analysis. Nineteen patients were excluded due 
to the absence of a recorded weight and/or medication dosage. 
Table 1 shows the data by gender. Sixty-one (47%) were 
female. The mean weight of patients was 82.9 kg (SD:17) 
for males and 68.7 kg (SD:17) for females. One hundred 
twenty-eight patients were intubated with succinylcholine. 
Seventy-seven patients (60% CI: 51-68) were given 120 mg 
of succinylcholine. Using a range of 1.0-1.5 mg per kg for 
succinylcholine, only 30% (CI: 22-38) of patients received a 
dose in the correct range. In the group of patients receiving 
succinylcholine, four (3%) were underdosed, and two 
(1.5%) were given less than 0.9mg/kg of succinylcholine. 
The mean weight of patients with an underdose was 111 kg 
(CI: 108-114). All of the patients given less than 0.9 mg/kg 
of succinylcholine were male. Sixty-six percent of patients 
received an excessive dose of succinylcholine (51% of men 
and 85% of women). Twenty-four (18%) received more than 
2mg/kg of succinylcholine, including six female patients (5%) 
who received greater than 2.5mg/kg of succinylcholine. The 
mean weight for the group receiving an excessive dose of 
succinylcholine was 67 kg (CI: 64-70). Etomidate was given 
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in 126 of 129 intubations. Ninety-five percent of patients (CI: 
91-99) were given 20 mg of etomidate. Fifty-seven percent 
(CI: 48-66) of patients were given a dose of etomidate within 
the correct range of 0.2-0.3mg per kg. Ten percent (CI: 5-15) 
were underdosed with etomidate. Three patients (2%) were 
given a dose of <0.15mg/kg of etomidate. The mean weight of 
a patient with an underdose of etomidate was 102 kg (CI: 98-
106). Thirty-five patients (27%) were given an excessive dose 
of etomidate. The mean weight of those getting an excessive 
dose of etomidate is 57 kg (CI: 53-61). Seven patients (5%) 
were given a dose of 0.4mg/kg or higher of etomidate. 

LIMITATIONS 
As a single-center retrospective study we are limited in 

our ability to make general statements based on our study 
population. As we saw no pediatric patients, we cannot make 
any inferences about this population. Since there is no central 
way to identify patients intubated in our ED, we used multiple 
methods to identify cases; however, there is a chance we 
could have overlooked a particular group that could alter the 
outcome. Finally, we do not consider the clinical effects of the 
dosages administered; thus, a dose judged as inadequate may 
have been efficacious. Conversely, a dose judged as adequate 
could have been inadequate.

DISCUSSION
The process of RSI is common practice in emergency 

medicine. A key aspect to RSI is administering sedation and 
paralytic medications. Several studies have demonstrated that 
ED physicians have poor accuracy when estimating a patient’s 
weight.1-5 Furthermore, a study by Naguib et al.6 has shown 
that underdosing succinylcholine can make adequate airway 
visualization and intubations more difficult. Our study set out 
to evaluate the accuracy of weight-based paralytic and 

induction agent dosing in ED patients. As an initial step, we 
chose to do a retrospective chart review of all ED intubations 
for a one-year period. Our intubation rate of 2.7 patients per 
1,000 ED visits is very similar to prior work showing an ED 
intubation rate of 2.6 per 1,000 ED visits, which indicates our 
rate is similar to that of other urban EDs.7 From our data there 
seems to be little variation in the amount of induction-agent 
dosing. There also appears to be greater variation in 
succinylcholine dosing, which may be due to weight 
estimation. 

Although the study was not set up to answer why there 
was variation, it does describe the presence of that variation in 
the dosing of paralytics and induction agents. Our data shows 
that men are more often underdosed, and women are more 
likely to be overdosed with succinylcholine. Our data shows 
that succinylcholine was given in doses of 2.5 mg/kg or 
greater in six patients, all of whom were women. Furthermore, 
our data also shows that a small percentage of patients were 
given paralytic doses of less than 0.9 mg/kg. Several studies 
have shown that adequate to higher dosing of paralytics leads 
to more optimal intubating conditions.8-10 Leemans et al. 10 
have shown that higher doses of succinylcholine based on 
patient actual body weight, not lean body weight or ideal body 
weight, can lead to more successful intubation conditions. In a 
patient population with an increasing obesity prevalence, 
dosing medications on estimated actual body weight could 
potentially affect patient care and intubating conditions. Our 
study also provides information on the accuracy of estimated 
weight-based administration of succinylcholine and etomidate 
in ED patients. While we did not study the effects of 
overdosing the amount of succinylcholine, it does help to 
clarify administration of weight-based medications in the ED. 
Further studies are needed to evaluate the effect on intubating 
conditions in the ED when using estimated actual body 

Table 1. Weight-based medication administration.

Demographics All Male Female
Patients 129 68 61
  Mean age years (SD) 63.1 (20.4) 60 (21.6) 67.8 (18.1)
  Mean weight in kilograms (SD) 76.1 (18.5) 82.9 (17.0) 68.7 (17.0)
Medications
Succinylcholine 128 67 60
  % Correct 1-1.5mg/kg (CI) 30% (22-38) 43% (31-55) 15% (6-24)
  % Under 1 mg/kg (CI) 3% (0-6) 6% (0-12) 0% *
  % Over 1.5mg/kg (CI) 66% (59-75) 51% (39-63) 85% (76-94)
Etomidate 126 66 60
 % Correct 0.2-0.3mg/kg (CI) 57% (48-66) 65% (31-55) 50% (38-63)
 % Under 0.2mg/kg (CI) 10% (5-16) 16% (0-12) 5% (1-10)
 % Over 0.3mg/kg (CI) 33% (24-41) 19% (39-63) 45% (33-58)

SD, standard deviation; CI, confidence interval (95%)

Succinylcholine and Etomidate Dosing in ED 	 McGillicuddy et al.
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weights to determine the correct dosing of induction and 
paralytic medications for RSI. 

Having shown the range of overdosing and underdosing 
of both paralytics and inducation agents in our ED, we believe 
that further studies should be done to detect difficulties during 
intubation that could result from this underdosing, including 
multiple intubation attempts, patient movement during 
intubation, and patients requiring redosing.

CONCLUSION
Physicians often give the same dose of RSI-induction 

medications regardless of a patient’s weight. Men are more 
likely to be underdosed and women overdosed. There is little 
variation in the amount of induction agent used, and paralytic 
dosing has more variability. We believe that inadequate 
induction or paralysis may result from this under dosing; 
however, in this paper that potential outcome was not studied. 
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Objective: To describe the characteristics of wrestling injuries occurring in male athletes aged 7-17 
treated in United States (U.S.) emergency departments (ED) from 2000-2006, and to compare injury 
patterns between younger & older youth wrestlers.

Methods: A stratified probability sample of U.S. hospitals providing emergency services in the 
National Electronic Injury Surveillance System was used for 2000-2006. ED visits for injuries 
sustained in organized wrestling were analyzed for male patients ages 7-17 years old (subdivided 
into 7-11 years old [youth group] and 12-17 years old [scholastic group]).

Results: During the study period, there were an estimated 167,606 ED visits for wrestling injuries in 
7-17 years old U.S. males, with 152,710 (91.1%) occurring in the older (12-17 years old) group. The 
annual injury incidence was 6.49 injuries/1,000 wrestlers in the youth group and 29.57 injuries/1,000 
wrestlers in the scholastic group. The distribution of diagnoses was similar in both age groups, 
with sprain/strain as the most common diagnosis, followed by fracture and contusion/abrasion. 
Distributions of injury by location were significantly different between groups (p=0.02), although both 
groups exhibited approximately 75% of all injuries from the waist up. Overexertion and struck by/
against were the most common precipitating and direct mechanisms in both groups, respectively. 
Over 97% of all injured wrestlers were treated and released.

Conclusion: The types of injury in youth (7-11 years old) wrestlers are similar to those of scholastic 
(12-17 years old) wrestlers, although the distribution of body parts injured differs between the age 
groups. The majority of injuries occurs above the waist and may be a target for prevention strategies. 
[West J Emerg Med. 2010; 11(5):442-449.]

INTRODUCTION
Background

The origins of wrestling can be traced back to the 
Sumerians as early as 5000 B.C., and records of ancient 
Olympic wrestling date back to the Greeks in 708 B.C.1 Since 
those early days, wrestling has evolved into many different 
forms practiced all over the world with the major styles 
including freestyle, Greco-Roman and folkstyle. In the United 
States (U.S.), folkstyle is the style in which most athletes 
participate and involves younger athletes in youth programs as 
well as interscholastic wrestling teams at the middle school 

and high school levels. While overall participation has varied 
in recent years, U.S. wrestling participation has averaged 2.5 
million participants per year over 2000-2006, with an average 
of 1.1 million participants wrestling greater than 50 days per 
year.2 Despite having only the sixth highest average annual 
participation of boys in high school sports, wrestling is second 
only to tackle football for frequency of injury in high school 
athletes.3-4

The risk of serious injury is significant in young athletes 
and includes permanent debilitation from fracture, traumatic 
brain injury and rarely, death.5-10 A number of these wrestling 
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injuries can be categorized as major or catastrophic ensuring 
that wrestlers will frequently require emergency treatment 
while some injuries will require inpatient care or even surgery 
depending upon the diagnosis.5-6,9,11-13 Furthermore, the unique 
physical requirements and limb positions in wrestling also 
leads to rare but noteworthy injuries that have been reported in 
the medical literature.14-20 

Because of its violent nature, wrestling has been a target 
of injury prevention efforts. These efforts have included 
regulations that cap excessive and rapid weight loss, mat and 
equipment engineering interventions, and revision of weight 
classes among others with effectiveness noted especially in 
the weight management interventions at the high school and 
collegiate levels.7,8,21-25

Importance
Our current knowledge of the distribution and nature of 

wrestling injuries is incomplete. While organizers, coaches 
and officials have made many efforts to ensure the safety of 
participants, injuries still occur, and the patterns of injury 
remain uncertain in the youngest athletes. Furthermore, the 
extent to which injuries at the youth level differ from those 
at the high school level is unknown. Overall, researchers 
have found that young athletes are more likely to suffer 
from physical injuries and avulsion fractures rather than 
ligament and tendon injuries like their older counterparts.26 
Additionally, the larger body surface area to mass ratio and 
developing motor skills of younger athletes have been shown 
to result in more serious injuries in some sports.27

Goals of this Investigation
Existing data reflect patterns of wrestling injuries 

only on a local or regional level. To our knowledge, a 
national assessment of youth wrestling injuries has not been 
undertaken. Given the lack of knowledge concerning wrestling 
injuries in school-aged athletes, we set out to 1) describe 
injuries in competitive wrestlers at the youth, and the middle 
school/high school levels from a national perspective and 2) 
compare the patterns of injury between these age groups.

METHODS
Study Design

This was a retrospective study using data from the 
National Electronic Injury Surveillance System (NEISS) for 
patients treated from January 1, 2000, through December 31, 
2006. Our institution’s Committee on the Protection of Human 
Subjects exempted the study protocol from institutional 
review board review.

Study Setting and Population
We obtained data from NEISS, which is a national 

probability sample of hospitals conducted by the U.S. 
Consumer Product Safety Commission. Data on injury-related 
visits are obtained from a national sample of 96 - 100 NEISS 

hospitals that was selected as a stratified probability sample 
of hospitals in the U.S. and its territories with a minimum of 
six beds and a 24-hour emergency department (ED). NEISS 
collects data on visits for consumer product-related injuries 
treated in U.S. EDs and provides data on approximately 
350,000 injury-related ED visits annually. It is intended to 
provide national incidence estimates of consumer-product 
related nonfatal injuries and poisonings treated in U.S. 
hospital EDs. For purposes of the present study, all ED visits 
resulting from wrestling-associated injury were included. 
NEISS codes wrestling injuries as those resulting from 
wrestling activities, apparel or equipment. We reviewed the 
narrative portion of each record and included in our analysis 
only those ED visits for injuries resulting from organized 
wrestling activities. In addition, visits derived from wrestling 
activities other than Folkstyle/Scholastic, Freestyle or Greco-
Roman wrestling were excluded (e.g., sumo wrestling, 
mud wrestling, etc.). Finally, because the injury numbers in 
female participants were very low and the NEISS estimates 
were therefore unstable, we restricted our analysis to male 
participants only.

Measurements
NEISS collects information on the date of treatment, 

patient age, diagnosis, body part injured, patient disposition, 
locale in which the injury occurred, the type of product 
associated with the injury and a brief narrative describing the 
circumstances of the injury event. Incident locale is coded by 
NEISS as: home, farm/ranch, street or highway, other public 
property (includes store, office building, restaurant, church, 
hotel, motel, hospital or other medical facility, nightclub, 
theater or other public property), mobile home, industrial 
place, school, place of recreation or sports, or not recorded. 
For the present study, only injuries that occurred at school or 
at a place of recreation or sports were included. Since deaths 
are not fully captured by NEISS, patients who were dead on 
arrival or died in the ED are excluded. Similarly, patient 
outcome subsequent to leaving the ED is not included in the 
NEISS data. Two age groupings were used for analysis: 7-11 
years and 12-17 years. These were intended to approximate 
elementary school age and middle/high-school age. NEISS 
diagnosis was recoded as: contusion/abrasion, strain/sprain, 
fracture, dislocation, laceration, traumatic brain injury (TBI), 
and other. The diagnosis category TBI included NEISS 
diagnosis codes for concussion, for internal injury in which 
“head” was the body part affected, as well as NEISS diagnosis 
code for fracture in which “head” was the body part affected.28 
NEISS body part categories were recoded in combination as: 
wrist/hand/finger, head/neck, shoulder, ankle/foot/toe, trunk/
pubic region, arm (upper or lower), elbow, knee, and leg 
(upper or lower). Information in the narrative was used to 
code precipitating and direct mechanisms of injury as: fall/
takedown, struck by/against, overexertion, other, or unknown/
unspecified. Two researchers coded these variables 
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independently, based upon the standard guidelines of the 
NEISS All Injury Program, defining the precipitating 
mechanism as the initiating mechanism that started the chain 
of events leading to the injury, and the direct mechanism as 
the most immediate mechanism that caused the actual injury.29 
In accord with that program, overexertion was defined as 
“overexertion of one’s body or a body part, causing damage to 
muscle, tendon, ligament, cartilage, joint, or peripheral nerve 
(e.g., common cause of strains, sprains, and twisted ankles); 
overexertion from lifting, pushing, or pulling; damage to body 
parts of a person caused by exertion from excessive force such 
as pulling of a person’s arm, leg, or other body part by another 
person or an inanimate object, equipment or structure.” 
Differences in coding were initially resolved through 
discussion between the two reviewers. When differences could 
not be resolved in that manner, a third independent researcher 
helped to resolve the discrepancy.

Participation data were available through the Sports 
Business Research Network2 and are derived from annual 
reports provided by the National Sporting Goods Association 
(NSGA). The NSGA conducts annual mail based surveys 
of 30,000 pre-selected U.S. households, collecting self-
reported sports participation data for U.S. residents. Eligible 
participants include household members > 7 years of age 
who report participation in wrestling at least once during the 
12-month period. Information collected includes age, sports 
participated in, and number of days participated during the 
previous twelve months. Participation numbers are grouped 
into age ranges and include the same age groups: 7-11 and 12-
17 years. These data were available for the years 2001, 2003, 
2004, and 2006.

Data Analysis
ED visits resulting from injuries involving organized 

wrestling were analyzed for patients 7 through 17 years 
of age. Data were analyzed with SAS (version 9.1.3; SAS 
Institute, Inc, Cary, NC) using the Survey Procedures (PROC 
SURVEYFREQ) to account for the complex sampling design 
and the weighting structure utilized by NEISS. Each case 
was assigned a sample weight by NEISS based on the inverse 
probability of selection. These weights were used to calculate 
national estimates of nonfatal injuries. Confidence intervals 
and coefficients of variation were calculated by using a direct 
variance estimation procedure that accounted for the sample 
weights. Consistent with the NEISS recommendations, we 
designated estimates as unstable when: computations were 
based on fewer than 20 NEISS cases (based on unweighted 
data), individual national estimates were less than 1,200 
(based on weighted data), or the coefficient of variation (CV) 
of the estimate was greater than 30%. Univariate differences 
between the two age groups were examined using weighted 
chi-square testing for categorical variables. Annual injury 
incidence was calculated per 1,000 wrestlers based on NEISS 
estimates and average annual participation numbers for the 
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Table 1. Wrestling-related injuries in athletes presenting to emer-
gency departments by age, United States, 2000-2006

Characteristic National 
Estimate*

% 

Total 173,604 ---
   Male 167,606 96.5%
   Female 5,998 3.5%
7-11 years 
   Male 14,896 91.4%
   Female 1,409 8.6%
   Total 7-11 16,305  100.00%
12-17 years 
   Male 152,710 97.1%
   Female 4,589 2.9%
   Total 12-17 157,289 100.00%

* Based on NEISS-AIP weights	

Figure 1. Age distribution of male emergency department visits 
for wrestling-related injuries, 2000-2006 (n=167,606).

Figure 2. Wrestling participation and United States emergency 
department visits for wrestling injuries, by age group, 2000-2006.
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Table 2. Wrestling-related injury characteristics of male athletes presenting to emergency departments by age group, United States, 
2000-2006

Males
Age 7-11 Age 12-17

Characteristic n* % (95% CL)   n* % (95% CL) p

Total Injuries 14896 -- 152710 -- --
Injuries by Diagnosis 0.28
   Sprain/Strain 5757 38.7 (32.4-44.9) 55910 36.6 (34.7-38.5)
   Fracture 3858 25.9 (20.3-31.5) 33764 22.1 (20.5-23.7)
   Contusion/Abrasion 2422 16.3 (11.5-21.1) 22843 15.0 (13.6-16.4)
   Other/Not Stated 1088† 7.3 (4.1-10.5) 13103 8.6 (7.5-9.7)
   Traumatic Brain Injury 676† 4.5 (1.9-7.2) 9437 6.2 (5.3-7.1)
   Laceration 424† 2.9 (0.8-4.9) 9063 5.9 (5.0-6.9)
   Dislocation 671† 4.5 (1.8-7.2) 8590 5.6 (4.7-6.5)
Injuries by Location§ 0.02
   Wrist/Hand/Finger 2772 18.6 (13.6-23.6) 28193 18.5 (16.9-20.0)
   Head/Neck 2352 15.8 (11.2-20.4) 22169 14.5 (13.2-15.9)
   Shoulder 1776 11.9 (7.7-16.1) 22839 15.0 (13.6-16.4)
   Ankle/Foot/Toe 1661 11.2 (7.1-15.3) 14350 9.4 (8.3-10.5)
   Trunk/Pubic Region 1625 10.9 (6.9-14.9) 15480 10.1 (9.0-11.3)
   Arm, Upper or Lower 1581 10.6 (6.6-14.7) 8087 5.3 (4.4-6.2)
   Elbow 1148† 7.7 (4.5-10.9) 9476 6.2 (5.3-7.2)
   Knee 994† 6.7 (3.5-9.9) 12876 8.4 (7.4-9.5)
   Face/Ear/Eye/Mouth 669† 4.5 (1.9-7.1) 15073 9.9 (8.7-11.1)
   Leg, Upper or Lower 257† 1.7 (0.0-3.5) 3481 2.3 (1.7-2.8)
Injuries by Precipitating Mechanism 0.29
   Overexertion 4900 32.9 (26.9-38.9) 53519 35.0 (33.2-36.9)
   Struck By/Against 4686 31.5 (25.5-37.5) 51903 34.0 (32.1-35.8)
   Fall/Takedown 3387 22.7 (17.4-28.1) 26134 17.1 (15.7-18.6)
   Unknown 1764 11.8 (7.8-15.9)   19061 12.5 (11.2-13.8)
   Other 159† 1.1 (0.0-2.3) 2093 1.4 (0.9-1.8)
Injuries by Direct Mechanism 0.92
   Struck By/Against 6924 46.5 (40.1-52.9) 67886 44.5 (42.5-46.4)
   Overexertion 4918 33.0 (27.0-39.0) 54283 35.5 (33.7-37.4)
   Unknown 1758 11.8 (7.7-15.9) 18783 12.3 (11.0-13.6)
   Fall/Takedown 1062† 7.1 (3.9-10.4) 9622 6.3 (5.4-7.2)
   Other 235† 1.6 (0.0-3.2) 2135 1.4 (1.0-1.9)
Disposition 0.28
   Admit/Transfer/Observation 436† 2.9 (0.8-5.1) 2883 1.9 (1.4-2.4)
   Treated and Released 14460 97.1 (94.9-99.3) 149421 98.1 (97.6-98.6)

* Based on National Electronic Injury Surveillance System - AIP weights
§ Known body parts analyzed only
† National estimates less than 1,200 cases are considered unstable by National Electronic Injury Surveillance System
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study years using 2001, 2003, 2004, and 2006 participation 
data from the Sports Business Research Network.

RESULTS
Characteristics of Study Subjects

There were an estimated 173,604 ED visits for wrestling-
related injuries in 7-17 year olds from 2000 through 2006. Of 
these 96.6% of the visits were by male patients, comprising 
an estimated 167,606 visits. Among male participants, 91.1% 
of all visits occurred in the 12-17 year age group. The gender 
and age distributions of these visits are depicted in Table 1 and 
Figure 1. Participation statistics were available for years 2001, 
2003, 2004, and 2006 and are compared to annual ED visits 
for wrestling injuries in Figure 2. 

Main Results
The characteristics of U.S. ED visits for wrestling-related 

injuries are illustrated in Table 2. There were approximately 
10 times more injuries in the scholastic (12-17 years) age 
group than in the youth (7-11 years) group over the seven-year 
study period. In contrast, the number of wrestling participants 
over the study period for the scholastic group was only 
slightly more than twice that of the youth group, with an 
average of approximately 330,000 participants/year in the 
youth group and 740,000 participants/year in the scholastic 
group. The annual injury incidence for our study period was 
nearly 5 times higher in the scholastic group, equaling 29.57 
injuries/1,000 wrestlers/year (95% CI 26.74-32.40) versus 
6.49 injuries/1,000 wrestlers/year in the youth group (95% CI 
4.97-8.03).

The distribution of diagnoses was similar in both age 
groups, with sprain/strain as the most common diagnosis, 
followed by fracture and contusion/abrasion. There was no 
significant difference between the two age groups. Greater 
than 97% of all injuries were treated in the ED and released. 

The distribution of body parts injured was significantly 
different between the youth and scholastic groups (p=0.02). In 
the youth group, wrist/hand/finger injuries were most common 
(18.6%, 95% CL 13.6-23.6%), followed by head/neck injuries 
(15.8%, 11.2-20.4%) and shoulder injuries (11.9%, 7.7-
16.1%). In the scholastic group, wrist/hand/finger injuries 
were also most common (18.5%, 16.9-20.0%), followed 
closely by shoulder injuries (15.0%, 13.6-16.4%) and head/
neck injuries (14.5%, 13.2-15.9%). In both groups, 
approximately 75% of all injuries occurred above the waist.

Overexertion and struck by/against were the top two 
precipitating mechanisms for both age groups and the 
distribution of mechanism for both age groups was statistically 
similar. For direct mechanism, both groups again had the same 
ranking of categories, although struck by/against supplanted 
overexertion as the most common mechanism in both groups. 
Nearly 80% of all injuries directly occurred via struck by/
against and overexertion in both groups.

DISCUSSION
Our investigation is the first to compare ED treated 

wrestling injuries of youth participants with those of middle 
and high school wrestlers on a national level. We found that 
the overall patterns of injury were similar between both 
groups. This could be due to comparable rules, competition 
structure, and practice regimens at both levels. However, our 
findings are especially interesting given the overall differences 
in injury patterns that Yard et al.30 described when they 
compared high school wrestlers with their collegiate 
counterparts. This disparity might be explained by the fact 
that the rules and level of competition are more comparable 
for youth wrestlers and middle/high-school wrestlers than for 
the high school and collegiate levels.

In general, we found that the frequency of injury in 
scholastic (12-17 years) wrestlers was approximately ten 
times greater than that of youth (7-11 years) wrestlers across 
most categories. This is particularly noteworthy given that 
participation rates in the older group were only about two 
times higher over the entire study period suggesting that there 
may be differences in the rate of injury between the age 
groups. Strauss and Lanesse31 examined wrestling injuries in 
several tournaments and found that the youngest wrestlers 
(8-14 year olds) were injured at a rate of 3.78/100 tournament 
participants, whereas the high school wrestlers’ rate was 
11.15/100 tournament participants. Although many studies 
have attempted to quantify these injury rates in various 
wrestling settings (multiple seasons, individual tournaments, 
high school and collegiate)12,30-35 and have tried to characterize 
the rates in different manners (player-matches, player-
seasons),12,30,31,33 there is still considerable variability in the 
reported data, making comparison difficult. It is likely that the 
older wrestlers in our study faced a much greater time of 
wrestling exposure, participating in daily practices and more 
matches, whereas youth wrestlers often practice once or twice 
weekly with matches only on the weekend. This might explain 
the difference in injury rates. It is also possible that older 
wrestlers are stronger, more violent, or less flexible than the 
younger wrestlers, accounting for the difference in injury 
incidence. Additional evaluation of the level of injury 
exposure in the younger wrestlers may be warranted.

In our study, we found the annual cumulative injury 
incidence to be 6.49 injuries/1,000 wrestlers/year for the 
youth group and 29.57 injuries/1,000 wrestlers/year in the 
scholastic group. While significantly lower than that reported 
by Lanesse et al., this likely reflects the level of injury that 
presents to the ED. However, finding that almost 3% of the 
older wrestlers will require ED evaluation annually suggests 
that wrestling continues to have a very high rate of injury. 
When compared to our previously published results on 
football injury36, the younger athletes’ injury rates in the two 
sports are nearly identical (6.49/1,000 for wrestling vs. 
6.1/1,000 for football), while the older wrestlers rates are 
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almost 3 times those of football players (29.57/1,000 for 
wrestling vs. 11.0/1,000 for football). Future investigation is 
necessary to determine why the scholastic wrestlers are 
experiencing a higher rate of injury requiring ED evaluation.

The distribution of diagnoses in our two groups was 
similar, supporting what has previously been reported in the 
wrestling literature regarding individual tournaments, single 
seasons and collegiate wrestling.12,30,33,35 The distribution of 
diagnoses in our study was also similar to that reported for 
other high school sports such as football, basketball, and 
baseball.11 37,38 However, when compared to results from these 
and other sports, it is apparent that our results contain a higher 
representation of more severe injuries, especially fractures. 
This is likely due to the fact that our data include only injuries 
presenting to EDs and represents a higher level of medical 
acuity than reported in many other studies of practice or 
competition.

Our youth and scholastic groups were significantly 
different when comparing body parts injured. Youth wrestlers 
experienced a greater proportion of finger/wrist/hand injuries 
and head/neck injuries. In contrast, scholastic wrestlers injured 
large joints, such as the shoulder, proportionally more than the 
younger wrestlers. Although differences in body part 
groupings make it somewhat difficult to directly compare our 
findings with those reported by others, the high proportion of 
upper extremity injuries and head/neck injuries that we report 
is consistent with previous studies.8,12,30-33,35 Notably, this 
pattern of higher rates of head/neck and upper extremity 
injuries is more similar to sports like baseball or softball, and 
distinct from those of sports such as basketball or soccer, 
where lower extremity injuries predominate. 11,38-40 This is 
probably due to the unique athletic movements required in 
each of these individual sports. It is interesting to note that in 
our investigation, approximately 75% of all injuries occurred 
above the waist. This suggests possible preventative 
interventions such as equipment or rule changes as the target 
of further investigation. 

The injury mechanisms in our study were also similar 
between the younger and the scholastic-aged groups. Again, 
the overall preponderance of contact injuries (our struck by/
against category) is consistent with existing literature.12,30,33,35,41 
Where our study differs is through re-coding the dataset to 
involve both a precipitating and a direct mechanism. By doing 
this, we attempted to describe more accurately the complex 
interaction between the athlete and his or her competitive 
environment, an approach that has not been undertaken in 
previous wrestling research. Whereas most wrestling injuries 
involve direct contact with the opponent and the mat, many 
injury processes originate with overexertion (as defined by 
NEISS-AIP) in both age groups. This might suggest the need 
for new or different methods of training, stretching and/or 
conditioning. 

Finally, although our findings over-represent serious 
injuries by looking specifically at ED data, wrestlers, coaches, 

parents and fans can be reassured by our finding that 97% 
injuries were treated and released from the ED did not require 
inpatient treatment. However, it must be noted that our data do 
not fully characterize the time loss and rehabilitation costs of 
the wrestling injuries seen in the ED, a major consequence of 
any athletic injury.

Further analysis of wrestling injuries could be improved 
with better information on the duration of athlete exposure, 
especially in the youth wrestlers and would enable 
quantification of risk facing these athletes. The ED is certainly 
a good location to capture injury data on a national basis, but 
future research on national wrestling injuries might explore a 
point of surveillance closer to the athletic competition. 
Additional studies might benefit from more complete or 
universal classifications for injury mechanisms or body parts 
involved, enabling better comparison and reproducibility in 
the literature.

In summary, our national study of wrestling injuries in 
young and scholastic-aged athletes disclosed many similarities 
between both the diagnoses and mechanisms involved. We 
did, however, find significant differences between groups 
when examining the part of the body involved in injury. While 
further study of this relationship is necessary, we suggest 
that patterns of wrestling injury in younger athletes are likely 
different than those of their older counterparts, and may 
benefit from targeted prevention efforts. Furthermore, the 
finding that 75% of injuries occur above the waist may signal 
the need for youth and high school wrestling governing bodies 
to consider prevention strategies including re-examination of 
the rules of competition for opportunities to reduce head and 
neck, trunk and upper extremity injuries.

LIMITATIONS
There are several limitations to our study. While the 

NEISS captures injuries presenting to U.S. EDs, it does not 
address minor wrestling injuries that are seen in a non-acute 
care setting or managed by coaches or trainers. These minor 
injuries likely make up the majority of wrestling injury 
encounters, making our description a significant underestimate 
of overall injury incidence. These minor injuries are frequently 
an important cause of loss of participation, as well as pain and 
suffering. As such, our analysis likely overemphasizes the 
most severe injuries seen in wrestling participation and may 
not be directly comparable to individual teams’ experiences. 

An additional limitation of using NEISS is that it codes 
for only the most severe injury in the case of a multiply 
injured patient, thereby possibly excluding minor injuries. As 
mentioned earlier, catastrophic injuries involving death are 
excluded from NEISS and would be missed in our analysis. 
While death is a rare occurrence in competitive wrestling, we 
are unable to discuss that outcome in our study.5

Our age grouping approximated a youth wrestling 
(amateur club) population and compared it to an 
interscholastic wrestling (middle and high-school) population. 
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Additionally, these groupings are consistent with existing 
participation data. However, it is possible that these age 
groupings overlap somewhat and may confound our data.

We attempted to restrict our analysis to only competitive 
wrestling (practice and competition) through two methods. 
First, by restricting location codes to school and place of 
recreation or sport, we attempted to minimize non-organized 
wrestling settings. Second, by review of the NEISS narrative 
descriptions, we were able to exclude additional records that 
did not involve athletic competition or training. Despite these 
two facets to our methodology, a few cases may have been 
erroneously omitted or included.

Our analysis was limited to descriptive data only. 
Accurate exposure (gym classes, practices and matches) data 
are difficult to obtain for these participants, especially at the 
youth wrestling level. While the National Federation of High 
School Sports maintains detailed annual participation data, the 
organizational structure at the middle school and youth levels 
makes it difficult to obtain similar data. However, generalized 
participation numbers were available for several years of our 
study and provided an overall comparison. 

The annual injury incidence enables comparison of our 
results to reported injury rates in other wrestling studies and 
data from additional sports. Because participation statistics 
were not available for all study years, an average yearly 
participation was calculated using the four years of data out of 
the seven study years. With significant participation variability 
over the study period, the injury incidence may not accurately 
reflect the true exposure of athletes to wrestling injury. 
However, because the NSGA defines a participant as one who 
has participated in wrestling “at least once in the last 12 
months,” the number of participants is likely an overestimate 
of competition level wrestlers. This would cause our 
calculation to be a significant underestimate of the true injury 
incidence.

Finally, because females make up such a small portion 
of the population in question, approximately 7% of all 
participants in our study period, we eliminated females from 
our analysis and our conclusions are limited to male athletes 
only.2
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Patients with a major injury (10.53 K/µl, 95% CI: 9.7 
to 11.3) had a significantly (p<0.0001) higher WBC count 
compared to those with minor injury (8.92 K/µl, 95% CI: 8.7 
to 9.2). However, the average WBC count in both major and 
minor injuries was within normal range (4.5 to 10.9 K/µl). The 
areas under the curve for ED-SBP, ED-DBP and ED-HR were 
0.51, 0.49, and 0.61 respectively (ROC curves not shown). 
Figure 1 compares the ROC curves for WBC counts, BD and 
LAC in differentiating major from minor injury in trauma 
patients. The area under the curve for WBC counts (0.60, 95% 
CI: 0.54 to 0.66) is not significantly different than LAC (0.66, 
95% CI: 0.60 to 0.71) or BD (0.69, 95% CI: 0.63 to 0.74). The 
area under the curve for WBC in only patients with normal 
vital signs was 0.55 (95 % CI: 0.46-0.64). 

DISCUSSION
We studied the use of the WBC count as an initial triage 

screening test in the ED to distinguish trauma patients with 
major versus minor injury. We found that even though the 
WBC count in patients with major (10.53 K/µl) compared to 
minor (8.92 K/µl) injury was significantly higher, the average 
WBC counts in both cases were in the normal range. The area 
under the ROC curve for WBC counts in all patients (0.60) 
and those with only normal vital signs (0.55) was a poor 
discriminator of major versus minor injuries. 

The literature has shown variable conclusions about the 
use of the WBC count for screening trauma patients. Several 
studies have described a significantly higher WBC counts in 
their most severely injured trauma patients. Morell et al.23 in 
their study of 156 blunt trauma patients found a statistically 
significant elevation in WBC counts in patients with an 

elevated ISS (p<0.002) and longer ICU stays (p<0.006), but 
failed to demonstrate a linear relationship between WBC 
counts and these outcome variables. Santucci and colleagues24 
retrospectively studied 279 blunt trauma patients and found a 
statistically higher (p<0.001) mean WBC count in patients 
with a significant injury compared to those without, but also 
found a poor correlation (r = 0.369) with ISS. Holmes et al.25 
performed a retrospective study of 1040 children under 15 
years of age with blunt trauma admitted to their Level 1 
trauma center. They concluded that moderate risk patients 
with intra-abdominal injuries (IAI) (n = 22) had higher mean 
WBC counts compared to those without IAI. However, none 
of these three research groups were able to identify any 
clinically useful WBC cutoffs to reliably exclude major injury.

Chang and colleagues26 prospectively studied 882 blunt 
and penetrating trauma patients to determine the association 
of WBC count with demographics, mechanism and severity of 
injury, outcomes, and the need for therapeutic interventions. 
They found that variations in WBC count were associated 
with race and injury severity, but they were not useful in 
predicting the need for volume resuscitation, transfusion or 
surgery. However, in patients with a Glasgow Coma Scale ≤ 8, 
the mean WBC count was more than the upper limit of normal 
(12,000) suggesting that head injury maybe a confounding 
variable that leads to an elevation in WBC count. Because of 
head injury being a possible confounder in the above poly-
trauma studies we specifically excluded isolated head trauma 
patients. The correlation between head trauma severity and 
elevations in WBC counts is also clearly demonstrated in the 
study by Rovlias and Kotsou27. In their prospective study of 
624 patients with isolated head injury, WBC counts were not 
only higher in more severe head injuries but also correlated 
with degree of severity and neurologic outcomes.

LIMITATIONS
Our study population excludes patients who were unstable 

and/or who met criteria for rapid surgical exploration (e.g., 
gunshot to abdomen) because arterial blood gas measurements 
were not taken before their operating room transfer. Patients 
were enrolled by convenience sample because data abstractors 
were not present 24 hours a day. Because of this time limit, 
a significant percentage of trauma patients may have been 
missed. The above conditions restricted the number of eligible 
study patients and may explain why only 805 trauma patients 
were enrolled over the study period in a large Level 1 trauma 
center. Excluding patients who rapidly went to surgery may 
have falsely depressed the evidence of stress leukocytosis 
in our trauma subjects. These limitations may affect the 
applicability of our results regarding patients who are unstable 
and in need of emergent surgery, but provide valuable data for 
patients with occult injuries. We used ROC curve analysis and 
not a multivariate technique to look for a clinically significant 
cutoff for WBC.

Figure 1. Comparison of receiver operating characteristic (ROC) 
curves for base deficit (BD), lactate and white blood cells (WBC) 
by injury number.
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CONCLUSION
Our findings in a heterogeneous blunt and penetrating 

trauma cohort (excluding isolated head injury) support the 
findings of previous studies of blunt cohorts: although there 
is a statistically significant higher WBC count in patients with 
major injuries, no clinical cutoffs or use are identified. WBC 
count was not a useful addition as a diagnostic indicator of 
major trauma in our study population.
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In preparing a case report on Brown-Séquard syndrome for publication, we made the incidental 
finding that the inexpensive, commercially available three-dimensional (3D) rendering software 
we were using could produce high quality 3D spinal cord reconstructions from any series of two-
dimensional (2D) computed tomography (CT) images. This finding raises the possibility that spinal 
cord imaging capabilities can be expanded where bundled 2D multi-planar reformats and 3D 
reconstruction software for CT are not available and in situations where magnetic resonance imaging 
(MRI) is either not available or appropriate (e.g. metallic implants). Given the worldwide burden of 
trauma and considering the limited availability of MRI and advanced generation CT scanners, we 
propose an alternative, potentially useful approach to imaging spinal cord that might be useful in 
areas where technical capabilities and support are limited. [West J Emerg Med. 2010; 11(5):463-
466.]

INTRODUCTION
While many modern computed tomography (CT) scanners 

contain software that can automatically produce two-
dimensional (2D) multi-planar reformats (MPR) and three-
dimensional (3D) reconstructions, this technology is not 
available in much of the developing world. Additionally, 
magnetic resonance imaging (MRI), which has become the 
mainstay of spinal cord imaging, is also difficult to obtain in 
many places. Commercially available 3D reconstruction 
technology commonly used in paleontology and engineering 
research can be used to perform 3D reconstructions from any 
contiguous series of 2D images. Worldwide, there is a large 
number of single and quadruple slice CT scanners and 
scanners otherwise unable to perform 2D MPR reformats or 
automatic 3D reconstructions. The ability to create 3D 
reconstructions from standard 2D CT images on a standard 
laptop may expand the useful life and use of those CT 
scanners. Having an MRI or CT capable of MPR reformats or 
3D reconstructions is not a prerequisite to having 
neurosurgical capabilities but is often desired for planning 
surgery; as such, this software could additionally decrease the 

barriers to operative intervention and possibly extend the 
usefulness of early generation CT scanners lacking advanced 
software bundles for multi-planar reconstruction. 

In a developing country, such as Mongolia, advanced 
generation CT scanners and neurosurgical support are 
scarce. Mongolia is about 1.7 million square kilometers—
about three times the size of Texas with a population of 2.8 
million people, 1.3 million of whom live in its largest city, 
Ulaanbaatar. This central Asian country has only 14 CT 
scanners and two MRI units. Of the 14 CT scanners, six are 
in the capitol city (Ulaanbaatar) and five of the six can write 
to compact discs (CD). Only one of the six CT scanners 
outside of Ulaanbaatar can write to CD. The two MRIs are 
also located in Ulaanbaatar. As of this writing, there are 
six neurosurgeons in Mongolia performing trauma-related 
operations on the brain and spine. The distribution of CT and 
MRI scanners there is shown in figure 1. Herein, we comment 
on the workup of a patient suspected to have Brown-Séquard 
syndrome to illustrate a potential strategy for imaging patients 
where MRI is either not available or not appropriate and/or 
where advanced generation CT imaging is not available. 
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METHODS
Three dimensional reconstructions were created by 

importing 2D CT scans (in this case, Digital Imaging and 
Communications in Medicine images, 1.25mm in thickness) 
into the image rendering program VGStudio Max 1.2.1 (http://
www.volumegraphics.com). This software is one of several 
commercially available volumetric rendering programs that 
make feasible digital manipulation of CT data (Appendix 
A).1 We manually grouped components of the CT scan 
slices, based on density and removed or made transparent 
undesired regions. Desired isodense regions were digitally 
highlighted and linked over multiple images, producing a 3D 
structure. This allows for manual selection and highlighting 
of desired image densities (tissues), thus achieving clinical 
discrimination of the spinal cord, spinal fluid, thecal sac and 
other tissues from each other and from bone. Interestingly, 
images can be formatted into movies, allowing the viewer to 
observe the 3D scans from any perspective (see web version 
of this manuscript and at http://www.escholarship.org/uc/
uciem_westjem). Amy Balanoff, the person performing the 
reconstructions for this paper, is a paleontologist with no 
medical training and was not privy to the diagnoses of the 
patients we examined for publication of what was originally 

intended to be a series of case reports. Dr. Wintermark, a 
neuroradiologist, reviewed the original CT images as well as 
the reconstructions during the production of this manuscript. 
The map of Mongolia (Figure 1) was provided courtesy of Dr. 
Saandari (MONMAP Engineering Services Co., Ulaanbaatar, 
Mongolia; www.monmap.mn). Data regarding the distribution 
and availability of advanced cross-sectional imaging as well 
as neurosurgical services in Mongolia were provided by Drs. 
N. Saandari and T. Ganzorigt of the Mongolian Public Health 
Service and Achtan Elite Hospital, Ulaanbaatar, Mongolia. 
The CT scanner in use to image the patients shown in this 
report was a GE Lightspeed 16 slice CT scanner (General 
Electric Healthcare, Waukesha, WI). 

Illustrative Case 
A 63-year-old woman with bilateral Harrington rods for 

severe, congenital scoliosis was in a Pilates class when she felt 
a “pop” in her back and developed the progressive onset of 
lower extremity weakness over two days. Upon presentation 
to a university emergency department in the United States 
(U.S.), she complained of worsening right leg weakness to 
the point that she was unable to walk. On exam, she was 
found to have right lower extremity weakness of large and 
small muscle groups in flexion and extension and ipsilateral 
sensory deficits to light touch and proprioception in a spinal 
distribution pattern, with contralateral sensory dimunation 
to pain and temperature at approximately the same spinal 
level—pathognomonic for Brown-Séquard type spinal cord 

Figure 1. Distribution of advanced cross-sectional imaging capa-
bilities in Mongolia. Of the 14 computed tomography (CT) scan-
ning units, six are in the capital city, Ulaanbaatar. Five of six units 
capable of writing to compact discs are also located in Ulaan-
baatar. For multi-detector CT scanners with two or more chan-
nels, 1.25mm slice thickness and 1mm reconstruction intervals 
are possible. There are two magnetic resonance imaging units 
in Mongolia, also located in Ulaanbaatar. Red lines depict the re-
gional borders of the aimags (states) comprising Mongolia and do 
not represent roads. (Map provided courtesy of Dr. M. Saandari, 
MONMAP Engineering Services, Ulaanbaatar, Mongolia)

Figure 2. Two-dimensional computed tomography myelogram 
and corresponding 3D reconstruction of the injured spinal cord 
from the identical data set. Physical examination of the patient 
confirmed complaints with findings pathognomonic for Brown-Se-
quard type spinal cord compression or hemisection (A). Compres-
sion of the thecal sac is definitively demonstrated in high resolu-
tion (B). The normal thecal sac is also demonstrated (C).

Tonna et al.	 Spinal Cord Lesion CT scanner
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hemisection or compression. The Harrington rods were MRI 
incompatible, so a CT myelogram was performed, with 
which a diagnosis of hemi-compression of the spinal cord 
was radiologically confirmed (Figure 2, A-C insets). She 
was taken to the operating room where the Harrington rods 
were removed from the spinal canal. The patient had nearly 
full recovery of motor and sensory function since the cord 
was compressed, not severed. In Figure 2 (main frame), we 
constructed the 2D CT images using the described technique. 
The resultant images enabled direct 3D visualization the 
impingement of the Harrington rods on the spinal canal, thecal 
sac and cord. 

LIMITATIONS 
To our knowledge, this is the first report suggesting 

this combination of image acquisition and processing. Our 
method has not been validated in a clinical trial alone or 
in comparison to other advanced cross-sectional imaging 
techniques, such as MRI or MPR, or compared to clinical 
examination alone. The current processing time for these 
images was about three hours and was performed manually 
by a single individual (AM Balanoff) not medically trained 
but very familiar with the software program used. Compared 
to the time it takes to obtain an MRI technician, radiologist 
and complete a scan, these times are close. Based on the 
adequacy of the reconstructions for lesion visualization in 
a subsequent case (Appendix B), where the 2D CT images 
were without myelography contrast, it is suspected that 
the myelography procedure is not necessary for adequate 
spinal canal visualization after reconstruction. Even so, CT-
myelography is actually a rather rapid procedure, involving 
only setup of a standard lumbar puncture, followed by 
injection of the contrast material (~2 minutes), transport to 
CT scanner and performance of the scan (~5 to 10 minutes). 
During reconstruction, the time required to perform digital 
isolations is variable. Density contrasts between bone and 
soft tissue are important variables in determining the degree 
of processing difficulty. Additionally, the digital processing 
software is rapidly advancing in an inverse relationship with 
processing time. Some patients may not be appropriate for 
CT-myelography, if this is desired, but it should be noted that 
there are no absolute contraindications to the technique and 
it can be performed very quickly (spinal puncture + image 
acquisition). As with any other invasive procedure, it is 
necessary to have expertise in this technique.2 Further research 
and development will be required to realize or confirm the use 
of this technique in the appropriate clinical settings.

DISCUSSION
Worldwide there is a large number of early generation 

single and quadruple slice CT scanners and scanners otherwise 
unable to perform 2D MPR reformats or automatic 3D 
reconstructions. These reconstructions not only aid in the 
diagnosis of the acute spinal cord injury, but have become a 

common part of the neurosurgical pre-operative workup. The 
ability to create 3D reconstructions from standard 2D CT 
images on a standard laptop may expand the useful life and 
use of a large number of CT scanners. Having an MRI or CT 
capable of MPR reformats or 3D reconstructions is not a 
prerequisite to having neurosurgical capabilities, but is often 
desired for planning surgery; as such, this software could 
additionally decrease the barriers to operative intervention. 

As approximately one-fourth of patients have persistent 
spinal cord compression after osseous spinal realignment,3 it is 
sometimes important that providers achieve adequate 
visualization of non-osseous tissues (e.g. of thecal or spinal 
cord compression), especially when neurological deficits exist 
or persist in the setting of trauma or disease. While our 
reformats were post-hoc and thus did not affect management, 
our manual reformat could digitally remove the bony 
structures and highlight the desired regions, thus enabling 
visualization of the non-osseous structures (thecal sac, spinal 
canal). 

The ability to use low-cost Internet-available software to 
process any 2D CT images of acute spinal cord injury into 3D 
reformats (rather than relying on MPR software bundled CT, 
multi detector CT or MRI) has broad implications worldwide 
for the evaluation and treatment of trauma victims and those 
with suspected acute spinal cord compression from other 
causes (eg tumor, epidural abscess or hematoma) where 
multi-detector CT (MDCT) scanners with bundled automatic 
3D reconstruction software are not available, let alone where 
MRI is unavailable. In the described case, the CT scan was 
obtained with myelography contrast. We have subsequently 
performed 3D reconstructions from 2D CT images without 
contrast, with promising results (example shown in Appendix 
B).

Potentially increasing the available imaging modalities for 
acute spinal cord injury could be significant considering the 
burden of disease and healthcare costs associated with this 
injury type. The World Health Organization estimates that 
road traffic accidents, a leading cause of spinal cord trauma, 
will rise to third on the global burden of disease ranking by 
2030.4,5 As estimated by the National Spinal Cord Injury 
Statistical Center in 2009, average yearly expenses as a result 
of spinal cord injury (not including lost wages, productivity 
and fringe benefits) vary from $236,109 to $801,161 in the 
first year with lifetime costs between $500,000 and $3 million 
dollars.5 Thus, any ability to increase the definitive 
characterization of acute spinal trauma and expedite its 
management by enhanced visualization may help decrease the 
healthcare and financial burden from acute spinal cord injury. 
Importantly, the American College of Radiology (ACR) does 
not list trauma as a contraindication for CT-myelography. In 
fact, there are no absolute contraindications to the procedure 
listed by the ACR, including major trauma.2

Three dimensional images and movies may be better 
for surgeons planning operative approach, especially if they 
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are available on mobile computers such as laptops. Such 
3D images may reduce inter-observer variability and may 
give results that are more objective compared to 2D CT 
images. Not all patients are suitable for MRI. Many have 
metal implants, some are on ventilators, and others may be 
claustrophobic. CT additionally enables the neurological or 
orthopedic surgeon to obtain high quality bone images, which 
may be of equal priority. CT scanners are available worldwide, 
whereas MR technology is largely limited to the developed 
world and, even then, largely in urban and wealthier suburban 
areas. We note with interest that myelography is not even 
mentioned in the latest editions of some leading textbooks 
of emergency medicine and may have been prematurely 
eliminated from consideration by the authors and editors 
updating these texts,6 Though most U.S. emergency medicine 
training programs and most U.S. emergency physicians work 
in technologically supportive settings with respect to imaging 
and the ability to transfer patients to higher levels of care, 
most of the world does not have this luxury. As we described 
earlier, in a developing country such as Mongolia, there is a 
dearth of advanced cross-sectional imaging and neurosurgical 
support—that which exists being concentrated in the capital 
city. Furthermore, emergency physicians should be familiar 
with their imaging options in the event a patient is not suitable 
for one modality or another or those modalities are suddenly 
not available. 

CONCLUSION
The finding that high-resolution, 3D CT images of spinal 

cord could be obtained by applying technology and algorithms 
already used in engineering and paleontology to 2D CT 
images and processed on a standard laptop computer raises 
the possibility of extending the useful life and use of a large 
number of CT scanners worldwide, including single slice and 
non-MDCT scanners, and specifically those without 2D MPR 
reformat and 3D reconstruction capabilities. While availability 
of MRI or CT scanners capable of MPR reformats or 3D 
reconstructions is not a prerequisite to having neurosurgical 
capabilities, 2D MPR and 3D reconstructions have become a 
not uncommon part of the preoperative workup. Considering 

MDCTs with two or more channels can routinely produce 
1.25mm slices, these software programs should be able to 
produce reconstructions with reasonably high accuracy, 
extending the use and versatility of older generation CT 
scanners. 

Address for Correspondence: Matthew R. Lewin, MD, PhD, 
Institute for Exploration and Travel Health, California Academy of 
Sciences, 55 Concourse Drive, Golden Gate Park, San Francisco, 
CA 94121. Email: mlewin@calacademy.org

Conflicts of Interest: By the WestJEM article submission agreement, 
all authors are required to disclose all affiliations, funding sources, 
and financial or management relationships that could be perceived 
as potential sources of bias. The authors disclosed none.

REFERENCES
1.	 Stanford University National Biocomputation Center. 3D 

reconstruction software. Available at: http://biocomp.stanford.
edu/3dreconstruction/software/index.html. Accessed Mar 20, 2010.

2.	 Practice guideline for the performance of myelography and 
cisternography. Am College of Radiology; 2008. Available at: http://
www.acr.org/SecondaryMainMenuCategories/quality_safety/
guidelines/dx/head-neck/myelography.aspx. Accessed Dec 31, 2009.

3.	 Allen RL, Perot PL, Gudeman SK. Evaluation of acute nonpenetrating 
cervical spinal cord injuries with CT metrizamide myelography. J of 
Neurosurgery. 1985; 10;63(4):510-20. 

4.	 World Health Organization. The global burden of disease: 2004 
update; Available at: http://www.who.int/healthinfo/global_burden_
disease/2004_report_update/en/index.html. Accessed Dec 31, 2009.

5.	 National Spinal Cord Injury Statistical Center. Spinal cord injury facts 
and figures at a glance, 2009. Birminham, AL. Available at: www.uab.
edu/NSCISC. Accessed Dec 30, 2009.

6.	 Tintinalli J, Kelen GD, Stapczynski JS, et al. Tintinalli’s Emergency 
Medicine: A Comprehensive Study Guide. 6th ed. The McGraw-Hill 
Companies, Inc.; 2004.



Western Journal of Emergency Medicine	 467	 Volume XI, no. 5  :  December 2010

Appendix A: 3D Reconstruction Software
From Stanford University Biocomputation Center
http://biocomp.stanford.edu/

3-D-E
Windows-based contour editor and visualizer from Data Cell Ltd. 
(Platforms: PC; Cost: ~$1500)
3DVIEWNIX
3DVIEWNIX is a transportable, very inexpensive software system 
developed by the Medical Image Processing Group, Depart-
ment of Radiology, University of Pennsylvania, Philadelphia. It 
has state-of-the-art capabilities for visualizing, manipulating, and 
analyzing multidimensional, multimodality image information. It is 
designed to run on Unix machines under X-windows. (Platforms: 
SGI, Sun, PC; Cost: unknown)
Amira
Interactive segmentation and visualisation package for biomedical 
images. (Platforms: SGI, Sun, Windows; Cost: $$$$)
Analyze
Provides an environment for the interactive visualisation and ma-
nipulation of 2-D, 3-D and 4-D biomedical images. An integrated 
set of tools is provided to allow data to be interrogated in both two 
and three dimensions. (Platforms: SGI, Sun, HP, DEC; Cost: $$$)
AutoDeblur
AutoDeblur performs blind deconvolution for 3d data. (Platforms: 
SGI; Cost: unknown)
AVS
AVS - commercial visualization package from Advanced Visual 
Systems, Inc. (Platforms: SGI, Sun, HP, DEC; Cost: unknown)
Oncor
Biomedical image measurement and analysis system. (Platforms: 
Mac, PC; Cost: $$)
Bioquant
3D reconstruction and quantitative histochemistry system. (Plat-
forms: PC; Cost: unknown)
BOB (GVLware)
The Army High Performance Computing Research Center (AHP-
CRC) has been developing a set of tools to work with large time 
dependent 2D and 3D data sets. (Platforms: SGI; Cost: free)
C_Images 3D
3D Image analysis package by Foster-Findlay Associates (UK). 
(Platforms: PC (DOS, Windows), Unix (IBM, Sun, SGI); Cost: 
unknown)
CELLscan
A system for high-resolution 3D fluorescence microscopy. Pro-
vides image acquisition, deconvolution, and analysis capabilities. 
(Platforms:PC; Cost: Unknown)
CT
CT programs by Malcolm Slaney. (Platforms: Many; Cost: free)
Deltavision
Image acquisition and deconvolution software for 5-dimensional 
microscopy. (Platforms: SGI; Cost: unknown)
Dicer
Slicer/Dicer is a volumetric visual data analysis package. (Plat-
forms: Mac; Cost: $)
DIP Station
Macintosh-based reconstruction package. (Platforms: Mac; Cost: 
unknown)
Dr. Razz
CT/MR display and analysis program for Macintosh color comput-
ers. (Platforms: Mac; Cost: free)
EM3D
Electron microscopy reconstruction software package from Stan-
ford. (Platforms: Win, UNix; Cost: free)

EutecticSSRS
Low-end 3D reconstruction, mapping, and analysis system. 
Contour-based using a digitizing tablet. (Platforms: PC; Cost: $24-
28k (NTS), $8-10k (NTSV))
FAST
It is a software environment for visualizing and analyzing Compu-
tational Fluid Dynamics data. (Platforms: SGI; Cost: free)
HVEM 3D
PC-based serial section reconstruction program for microscopy 
created by Kinnamon/Young at UColorado. (Platforms: PC; Cost: 
unknown)
IAP
Imaging Applications Platform is a commercial package for medi-
cal and scientific visualization. (Platforms: Most workstations; 
Cost: $$)
IBM Data Explorer
IBM Data Explorer. (Platforms: IBM, SGI, Sun, HP, DG; Cost: 
unknown)
IDL
IDL (Interactive Data Language) is a package for the interactive 
reduction, analysis, and visualization of scientific data and im-
ages. (Platforms: IBM, SGI, Sun, HP, DEC, PC, Mac; Cost: $$)
Image Pro
Image Pro from Media Cybernetics ($2,999). (Platforms: PC 
(Win3.1, NT, 95); Cost: $$$)
ImageSpace
Software environment for confocal imaging. (Platforms: SGI; Cost: 
unknown)
Image Volumes
Interactive image processing, contour editing, 3D reconstruction 
for confocal, EM, X-ray tomography, and MRI. (Platforms: SGI; 
Cost: unknown)
Imagist
Imagist2 from Princeton Gamma Tech- integrated microscope and 
analysis systems. (Platforms: Sun; Cost: unknown)
IMOD
Image modeling package used for EM tomography and serial sec-
tion reconstruction. (Platforms: unknown; Cost: unknown)
IRAF
IRAF (Image Reduction and Analysis Facility). (Platforms: un-
known; Cost: unknown)
KBVision
Software environment for creating image understanding applica-
tions. (Platforms: Sun, IBM, DEC, SGI; Cost: $$)
Khoros
Very large, general image processing toolkit. (Platforms: Sun, 
SGI, IBM, DEC, HP; Cost: free)
MacCubeView
Designed to display a texture map image of three-dimensional (3-
D) data. (Platforms: Mac; Cost: shareware)
MacPhase
2D data analysis and visualization application for the Macintosh. 
(Platforms: Mac; Cost: unknown)
MacStereology
MacStereology is package designed to make measurements of 
images and to make 3-D reconstructions. (Platforms: Mac; Cost: 
unknown)
MCID
Image analysis and quantification mainly for fluorescence imag-
ing. (Platforms: PC; Cost: unknown)
MEDx
Medical image visualization and analysis program for MRI, CT, 
PET, and SPECT. (Platforms: SGI; Cost: unknown)
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MetaMorph
Integrated microscope image capture, enhancement, reconstruc-
tion, and visualization system. (Platforms: PC; Cost: unknown)
MicroMorph
MicroMorph is the software aid in learning the mathematical 
morphology techniques of image analysis. (Platforms: PC; Cost: 
Varies)
MicroVision II
MicroVision II can be used for for visualising point-sampled data 
volumes. produced by 3D scanning devices such as MRI, PET, 
CT-scanners and confocal microscopes. (Platforms: PC; Cost: 
unknown)
MicroVoxel
MicroVoxel is a 3D imaging package that imports data from Bio-
Rad MRC-600 files, TIFF files, or raw 8-bit data. (Platforms: PC; 
Cost: unknown)
Montage
Montage is one of the first complete serial-section reconstruction 
packages and was produced at the University of Pennsylvania. 
(Platforms: Sun, SGI, IBM, PC; Cost: free)
Mvox
Mvox is a general purpose tool for visualization and manipulation 
of a wide range of 2-4D grey level/colour images and 3D surface 
graphics. (Platforms: SGI, HP, IBM; Cost: $$)
NCSA Tool Suite (DataSlice, Viewit, Tiller)
3D Visualization tools from the NCSA. (Platforms: Sun, SGI, DEC, 
IBM, Cray, Mac; Cost: free)
Neuro_Echo, Neuro_SPGR, Neuro_Lobe
Neuro_Echo aids analysis of double-echo MR brain scans from 
the GE Signa imager. The program uses axial scans to segment 
the brain scans into gray matter, white matter and CSF. (Plat-
forms: Sun; Cost: unknown)
Neurolucida
Interactive image analysis software for neuron tracing and ana-
tomical mapping. (Platforms: PC; Cost: unknown)
NIH Image
NIH Image has painting and image manipulation tools, a macro 
language, tools for measuring areas, distances and angles, and 
for counting things. (Platforms: Mac; Cost: free)
Nuages
This is Bernhard Geiger’s (INRIA) reconstruction package. (Plat-
forms: Sun, SGI, DEC; Cost: free)
OLPARS
On-Line Pattern Analysis and Recognition System from the PAR 
Government Systems Corporation. (Platforms: Sun, DEC; Cost: 
unknown)
Pixar
High-end visualization and rendering for movies, but also for the 
medical community. (Platforms: SGI; Cost: $$$)
Pixcell
Pixcell from Sandia Labs. (Platforms: Sun; Cost: free)
PV-Wave
PV-WAVE from Visual Numerics. (Platforms: unknown; Cost: 
unknown)
RMN
A Nuclear Magnetic Resonance (NMR) data processing program 
for the Macintosh. (Platforms: Mac; Cost: unknown)
Reconstruction Of Serial Sections (ROSS)
Serial-section based reconstruction and visualization system for 
microscopy. (Platforms: SGI; Cost: free)
SciAn
Florida State University scientific visualization package. (Plat-
forms: SGI, IBM; Cost: free)

Semper6
General image Processing and acquisition system. (Platforms: 
PC, DEC, Sun; Cost: unknown)
SGI Explorer
SGI Iris Explorer. (Platforms: SGI, Cray, DEC, HP, IBM, Sun; Cost: 
unknown)
Sunview
Sunview - available from SunSoft. (Platforms: Sun; Cost: un-
known)
SunVision
Sun Visualization software, providing SunIPLib (Image Process-
ing), SunVoxel (volume rendering), SunART (high-quality render-
ing), SunGV (interactive 3D graphics). (Platforms: Sun; Cost: 
unknown)
Synu
UCSD reconstruction/visualization program. (Platforms: SGI; 
Cost: free)
The Explorer
Macintosh-based package from UCLA. (Platforms: Mac; Cost: 
free)
TIM
Tomographic Imaging- PC Software for 3D image processing of 
pixel planes. (Platforms: PC; Cost: unknown)
Theraview
No information available. (Platforms: unknown; Cost: unknown)
V
Public-domain software package for magnetic resonance imaging 
and spectroscopy data. (Platforms: Unix; Cost: free)
Vida
Commercial volumetric display and analysis tool for Unix. (Plat-
forms: Sun, HP, SGI; Cost: $$$)
View
SGI-based program from UNC. (Platforms: SGI; Cost: unknown)
Vis5D
Visualization program for time-varying multi-variate 3-D gridded 
data. (Platforms: SGI, IBM, Sun, HP, DEC; Cost: unknown)
VisAD
Visualization program for interactively steering and visualizing 
scientific computation. (Platforms: SGI; Cost: unknown)
VolPack
VolPack is a portable software library for volume rendering. (Plat-
forms: SGI, Sun, HP, DEC; Cost: unknown)
VolVis
Volume Visualization package from SUNY. (Platforms: SGI, Sun, 
HP; Cost: unknown)
Vox-L
MR and CT visualizer. (Platforms: unknown; Cost: unknown)
Voxblast
Voxel-based 3d volume rendering system developed by Randall 
Frank at the University of Iowa Image Analysis Facility. (Platforms: 
SGI, Sun, DEC, HP, IBM, Mac, PC; Cost: unknown)
VoxelBox
3D Volume renderer for Windows. (Platforms: PC; Cost: $)
VoxelMan 3D
Interactive atlas of skull and brain. (Platforms: unknown; Cost: 
unknown)
VoxelView
VoxelView software from Vital images for 3D reconstruction of im-
ages. (Platforms: SGI, Mac; Cost: unknown)
Voxtool
Voxtool from General Electric. (Platforms: PC, Unix; Cost: un-
known)
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VROOM
VROOM (Vol. Rendering by Object Oriented Meth.). C++ Library. 
(Platforms: unknown; Cost: unknown)
Wavefront
Wavefront Data Visualizer. (Platforms: SGI, Sun, IBM, HP, DEC; 
Cost: unknown)
WHIP
General purpose image processing software from GW Hannaway 
& Associates. (Platforms: SGI; Cost: unknown)
XCOSM
X-Windows interface to Computational Optical Sectioning Micros-
copy. (Platforms: SGI, DEC, Sun; Cost: Free)
Zmode
Software/hardware that can convert a series of parallel MRI/CT 
scan images to a 3D reconstructive model in a CAD system. (Plat-
forms: unknown; Cost: unknown)

Appendix B Figure. Two dimensional (2D) non-contrast comput-
ed tomography (CT) rendered in three dimensional (3D) using the 
identical data set. Physical examination of the patient confirmed 
paralysis from the neck, down. 3D rendering of the 2D images 
correctly identified division of the spinal cord that was not seen on 
the initial CT and only confirmed by magnetic resonance imag-
ing the next day. A and C demonstrate normal spinal canal and 
thecal sac alignment. Subluxation of the vertebrae and spinal cord 
transection at cervical are demonstrated in B.

Appendix B: Use of described technique in two dimensional com-
puted tomography images without contrast

Case:
A 90 year-old female fell from standing. Her family 

helped her into bed because she complained of feeling weak. 
She was transported by emergency medical services to a 
university emergency department where paramedics reported 
she was “unhelpful” getting from the bed to the gurney. On 
exam she was found to have complete sensory loss and motor 
weakness below her neck. Non-Contrast computed 
tomography (CT) demonstrated possible step off fracture of 
cervical four and five (C4/C5), with bony fragments in the 
spinal canal, which radiologically correlated with her clinical 
signs and symptoms

Post hoc, two dimensional CT images were manipulated 
using the described technique to produce three dimensional 
(3D) reconstructions (Appendix B). These reconstructions 
provided remarkable visualization of the spinal canal. Not 
only is the vertebral step off at C4/C5 seen in 3D space, but 
by virtually recreating and highlighting the spinal canal, the 
location and extent of the acute spinal lesion are easily seen.

Spinal Cord Lesion CT scanner	 Tonna et al.
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Purpose: The purpose of this study is to evaluate the needs of internal medicine residents rotating 
through the emergency department (ED).

Methods: A survey was distributed to 100 internal medicine residents (post-graduate years 2 and 
3) from two different residency programs before the start of their emergency medicine (EM) rotation. 
Residents ranked the level of importance and the level of preparedness for 23 different EM topics, 
using a Likert-type scale ranging from 1 (least important/least prepared) to 4 (most important/most 
prepared). We calculated delta values (Δ) from the difference between importance and preparedness 
and undertook significance testing of this difference.

Results: A total of 71 out of 100 surveys were completed properly and returned. Internal 
medicine residents felt most ill-prepared in the areas of orthopedics, environmental emergencies, 
otolaryngology, airway management, and ophthalmology. The largest perceived gaps between 
importance and preparedness lay within the areas of airway management (Δ=1.30), ophthalmology 
(Δ=1.10), environmental emergencies (Δ=0.96), and orthopedics (Δ=0.96).

Conclusion: Our data suggest that internal medicine residents are inadequately prepared 
for EM topics that they feel are important to their education, specifically airway management, 
ophthalmology, environmental emergencies and orthopedics. It is quite possible that other specialty 
residents are also poorly prepared for similar core EM topics. These data will hopefully guide future 
curricular change for off-service residents in the ED. [West J Emerg Med. 2010;11(5):470-473.]

INTRODUCTION
Emergency departments (ED) throughout the country are 

experiencing ever-increasing patient volumes, longer wait 
times, strained personnel and resources, and increased 
pressure to reduce medical error. Teaching programs face the 
additional challenge of maintaining a productive educational 
environment for emergency medicine (EM) residents and 
medical students. Despite a strong desire to learn critical 
thinking in the ED, the educational objectives and needs of 
off-service residents are often overlooked.1

Standards in curriculum do exist for EM residents but not 
for off-service residents, who typically spend only one month 
of their residency in the ED.1-2,3-4 This is in direct contrast to 
developed goals and objectives for EM residents while on 
off-service rotations.5-7 Some off-service rotators attend 

weekly educational conferences, while others only experience 
bedside teaching.8 The goal of the EM rotation is to provide 
off-service residents an appreciation for the limited time frame 
in which to complete a work-up, evaluate for emergent 
conditions, develop a treatment plan, communicate effectively, 
and make an appropriate disposition.9-10 Coming from various 
types of residency programs (obstetrics and gynecology 
[OBGyn], internal medicine [IM], pediatrics, etc.), the 
learning needs for each off-service resident are unique. 
Identification of those needs will not only provide for a more 
complete educational experience, but also change physician 
behavior and potentially improve patient outcomes.11 To tailor 
the curriculum to reflect this new educational directive, we 
undertook a needs assessment.

We used David Kern’s12 six-step model for curriculum 
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development as a guide and framework for this project. Step 
one of the six steps is to identify the problem and perform a 
general needs assessment. In this sense, we are beginning to 
identify the gap between the current approach and the ideal 
approach, specifically with IM residents making up the largest 
group of off-service rotators in the ED. These individuals do 
not have a standardized curriculum to focus education about 
EM concepts and principles. Step two in Kern’s six-step 
model is to develop a targeted needs assessment to ensure 
the most relevant information is obtained from the true 
stakeholders, in this case IM rotators.12 We performed a survey 
analysis to gather this information. Our goal was to identify 
areas of knowledge gaps between the learning needs of the 
rotating IM residents and what is provided by the current 
curriculum.

METHODS
From January to March 2007, surveys were distributed to 

100 IM post graduate years (PGY)-2 and PGY-3 IM residents 

(a convenience sample from two IM residency programs) who 
had not previously rotated in the ED. The survey evaluated 23 
EM core topics. These topics were identified in the following 
fashion: a group of associate or full professor ED physicians, 
experts in their respective EM subspecialty, created an 
expansive qualitative list of topics. This list was then validated 
in a review by a random sample of associate/full professor EM 
physicians in addition to IM program directors. After the 
review, appropriate corrections were made; the resultant 
product became the final topic list to be used in the study.

Surveys were distributed to PGY-2 and PGY-3 residents 
from two academic urban IM residency programs before the 
start of their EM rotations. These surveys were completely 
voluntary, anonymous, and had no bearing on evaluations of 
the residents during their rotations. To obtain a higher 
response rate, multiple requests were attempted via email and 
at noon conferences. 

IM residents were asked to rank the importance they 
placed in and self-preparedness for 23 EM core topics. The 

Table 1. Questionnaire snalysis: importance vs. preparedness (n=71)

Topics Importance Preparedness ∆ Mean p-values  
(95% CI)Mean SD Mean SD MI-MP

Abscesses 2.73 0.72 2.54 0.77 0.20 0.08 (0.02-0.42)
ACLS/shock/codes 3.97 0.17 3.23 0.74 0.74 <0.0001 (0.55-0.93)
Airway management † Ω 3.41 0.73 2.11 0.83 1.30 <0.0001 (1.09-1.50)
Allergy 3.53 0.56 2.90 0.70 0.63 <0.0001 (0.42-0.84)
Cardiology 3.99 0.12 3.40 0.71 0.59 <0.0001 (0.42-0.76)
Dermatology 3.10 0.71 2.26 0.70 0.84 <0.0001 (0.63-1.06)
Endocrine 3.86 0.39 3.41 0.65 0.44 <0.0001 (0.28-0.61)
Eare, nose, throat/dental Ω 2.61 0.79 1.82 0.66 0.80 <0.0001 (0.58-1.02)
ER procedures 3.63 0.62 2.94 0.71 0.69 <0.0001 (0.45-0.92)
Environmental † Ω 2.79 0.63 1.82 0.70 0.96 <0.0001 (0.76-1.15)
Gastrointestinal 3.96 0.20 3.66 0.48 0.29 <0.0001 (0.16-0.41)
Genitourinary emergencies 3.09 0.58 2.55 0.75 0.54 <0.0001 (0.34-0.75)
Intoxication 3.31 0.65 3.00 0.64 0.31 .0014 (0.13-0.50)
Neurology 3.66 0.59 2.74 0.65 0.91 <0.0001 (0.72-1.11)
Obstetrics/gynecology 2.64 0.90 2.14 0.80 0.50 0.0003 (0.24-0.76)
Ophthalmology † Ω 3.06 0.74 1.94 0.59 1.11 <0.0001 (0.92-1.31)
Orthopedics † Ω 2.71 0.82 1.76 0.71 0.96 <0.0001 (0.73-1.18)
Pain management 3.23 0.76 3.06 0.81 0.17 0.1529 (0.07-0.41)
Pulmonary 3.96 0.20 3.56 0.53 0.39 <0.0001 (0.26-0.52)
Psychiatry 2.83 0.78 2.69 0.81 0.14 0.2413 (0.10-0.38)
Surgical abdomen 3.53 0.65 3.13 0.67 0.40  0.0002 (0.20-0.60)
Toxicology 3.20 0.60 2.32 0.60 0.87 <0.0001 (0.67-1.07)
Vascular 3.30 0.69 2.57 0.71 0.73 <0.0001 (0.50-0.95)

† top four largest gap between importance and preparedness
Ω top five topics residents felt least prepared to manage
ACLS, advanced cardiac life support; MI, mean of importance; MP, mean of preparedness; SD, standard deviation
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responses were based on a modified Likert-type scale: 1 
(unimportant/poorly prepared) to 4 (extremely important/well 
prepared).

Only fully completed returned surveys were used as 
eligible data. We used a two-tailed, paired student t-test to 
compare means of importance versus preparedness to identify 
the largest gap, using an online stats calculator and Microsoft 
Excel 2008 for Macintosh.8 

RESULTS
A total of 100 IM residents were given the survey, and 83 

returned it for a response rate of 83%. Twelve surveys were 
discarded as the residents failed to complete the entire survey. 
Therefore, 71 surveys were deemed viable for use in this 
study. 

The results of the study are summarized in Table 1. 
Demographic information of the survey respondents was not 
collected, as all were either PGY-2 or PGY-3 IM residents 
from academic programs. IM residents felt least prepared in 
the areas of airway management, environmental emergencies, 
orthopedics, ENT/dental emergencies and ophthalmology. Of 
the five topics, the largest gap between importance and 
preparedness (i.e., those most important topics that the 
residents felt least prepared for before their rotation) lay 
within airway management, orthopedics, environmental 
emergencies and ophthalmology. 

All topics except for abscesses, pain management 
and psychiatry had a statistically significant difference 
between importance and preparedness. However, upon 
further statistical analysis, only airway management and 
opthalmology maintained a >1 Likert scale difference between 
importance and preparedness based on the 95% confidence 
interval (Table 1).

DISCUSSION
In April of 2007 the University of California at San 

Francisco identified five phases of curricular change. The first 
two phases of change included recognizing a need for change 
and creating a vision for a new curriculum.14 Moving forward, 
a focused needs assessment is a very effective method of 
obtaining information for such change. Although EM 
programs have a specific curriculum for their residents, the 
challenge is to tailor education for off-service residents. While 
certain learning objectives are bound to overlap with current 
protocols, off-service residents can be unfamiliar with this 
material. A needs assessment successfully accomplishes the 
following: 1) it ascertains whether a revised curriculum is 
necessary; and 2) it supports collaboration between 
departments and residency programs in a multi-disciplinary 
approach, benefiting residents and strengthening 
interdepartmental communication.15 

Our needs assessment demonstrates multiple areas of 
deficiency in the EM curriculum for IM residents. In this 
study, nearly every core topic received a mean score of 

“somewhat important” to “moderately important.” Airway 
management, orthopedics, environmental emergencies and 
ophthalmology had the highest significant difference between 
their means, indicating the largest gaps in IM knowledge base. 
Furthermore, airway management and opthalmology had a >1 
Likert scale difference between importance and preparedness, 
suggesting a correlation with clinical relevance. This cut off 
was determined by a team of experts made up of EM and IM 
attending physicians through informal consensus at one of 
many sessions during the course of the project. The identified 
gaps should drive the development of goals and objectives and 
further education of an off-service curriculum. 

LIMITATIONS
There were some limitations to this study, most notably 

being the population of residents used in this study. We 
acquired data from IM residents and not from residents of 
other specialties. However, it should be noted that IM 
residents were chosen as the initial study group as they 
comprised the largest population of off-service residents 
rotating through the ED. Also, we did not conduct a power 
analysis; instead, the number of residents surveyed was based 
on a convenience sample of the two IM residency programs. 
In addition, the background of the individual residents 
involved may differ. Although responses tended to be similar, 
some residents may have more experience in the ED (as a 
medical student or during their intern year) than others. 
Similarly, during their rotation, some residents may not have 
studied as rigorously as others. While there is access to all 
major EM texts in the ED, resident use may have varied. 

Moreover, there are minor differences between the two 
IM training programs. Furthermore, residents may not be able 

Kessler et al. 	 Needs Assessment

Figure 1. David Kern’s six step model for curriculum develop-
ment4



Western Journal of Emergency Medicine	 473	 Volume XI, no. 5  :  December 2010

Needs Assessment	 Kessler et al.

to appreciate the value of the learning experiences they have 
had thus far until they actually practice in the future and have 
the opportunity to test their knowledge. Finally, the 
educational goals of each IM resident can vary and affect their 
rankings of topics. The priorities of a PGY-3 entering 
endocrinology may vastly differ than those entering 
Pulmonology/Critical Care, leading to respondent bias. 

This need assessment indicates two main areas of future 
research. It is clear that information obtained can be useful 
in curriculum development. In addition, such studies can 
easily be replicated on residents of other residency programs 
(i.e, surgery, psychiatry, OB/Gyn) to identify the needs of a 
variety of off-service rotators. We must recognize that this 
needs assessment is only a first step towards future curriculum 
change. More data from residents in other types of residency 
programs are necessary to gain a complete understanding of 
off-service rotators’ needs.

CONCLUSION
A needs assessment is a vital organizational tool in 

developing and targeting curriculum change for individual 
learners. This study ascertains statistically significant 
needs in almost all of the areas included in the survey, with 
particular significance in the fields of airway management, 
ophthalmology, environmental emergencies, and orthopedics, 
which illustrate a gap between importance of the topic and 
level of preparedness. Furthermore, this needs assessment can 
act as a guide and a first step towards progressive curricular 
change for off-service residents in the ED.
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Objective: We sought to characterize the experiences and preferences of applicants to emergency 
medicine (EM) residency programs about being contacted by programs after their interview day but 
before the rank list submission deadline.

Methods: This cross-sectional study surveyed all applicants to an academic EM residency during 
the 2006-2007 interview cycle. Participation was anonymous and voluntary. We used a Web-based 
survey software program to administer the survey in February 2007, after rank lists were submitted. 
Two additional invitations to participate were sent over the next month. The instrument contained 
multiple-choice and free-text items. This study was submitted to our Institutional Review Board and 
was exempt from formal review. 

Results: 240/706 (34%) of applicants completed the survey. 89% (214/240) of respondents reported 
being contacted by a residency program after their interview but before rank lists were due. Of 
those contacted, 91% report being contacted by e-mail; 67% by mail; and 55% by phone. 51% of 
subjects reported that being contacted changed the order of their rank list in at least one case. A 
majority of contacted applicants felt “happy” (58%) or “excited” (56%) about being contacted, but 
significant numbers reported feeling “put on the spot” (21%) or “uncomfortable” (17%). A majority 
felt that it is appropriate for programs to contact applicants after interview day but before the rank 
lists are submitted, but 39% of contacted subjects responded that contact by phone is either “always 
inappropriate” or “usually inappropriate.” Regarding perceptions regarding the rules of the match, 
80% (165/206) of respondents felt it was appropriate to tell programs where they would be ranked, 
and 41% (85/206) felt it was appropriate for programs to notify applicants of their place on the 
program’s rank list.

Conclusion: Most EM residency applicants report being contacted by programs after the interview 
day but before rank lists are submitted. Although applicants feel this practice is appropriate in 
general, over a third of subjects feel that contact by phone is inappropriate. These findings suggest 
that residency programs can expect a majority of their applicants to be contacted after an interview 
at another program, and shed light on how applicants perceive this practice. [West J Emerg Med. 
2010; 11(5): 474-478.]

INTRODUCTION
The National Resident Matching Program (NRMP) is a 

private, not-for-profit corporation established in 1952 that 
aims to provide an impartial venue for matching applicants’ 
and programs’ preferences for each other. In 2007 the NRMP 

enrolled 127 emergency medicine (EM) residency programs in 
the match, which offered 1,288 EM positions and filled 1,282 
of those positions. Of those, 1,027 were filled with United 
States graduates and 234 with independent applicants. A total 
of 1,489 applicants applied to an EM residency program. Of 
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those, 1,105 were graduates of accredited U.S. medical 
schools and 384 were independent applicants.1

In its Statement on Professionalism, the NRMP outlines 
an expectation that all match participants conduct their affairs 
in an ethical and professionally responsible manner. While 
there are specific guidelines for certain explicit violations of 
match ethics listed in the Match Participation Agreement, 
other potential violations are less well-defined and subject to 
interpretation. One such prohibition concerns misleading 
communications. While the NRMP “permits program directors 
and applicants to express a high degree of interest in each 
other,” it “prohibits statements implying a commitment.” The 
distinction between what is an expression of interest and what 
implies a commitment is left up to interpretation by the 
program and applicant. Although statements such as “we plan 
to rank you very high on our list” and “we hope to have the 
opportunity to work with you in the coming year” are noted to 
be non-binding, the NRMP reports that these statements are 
frequently misinterpreted. Applicants are advised to not rely 
on them when creating rank order lists, and program directors 
are advised to avoid making misleading statements in their 
interactions with applicants.2

Previous publications suggest that violations of 
professional behavior in the match process may be 
common.3-11 However, the frequency of misleading 
communications is unknown. In our experience advising 
students applying to EM residency programs, we have heard 
that there is wide variation in program practices regarding 
contacting applicants after the interview day but before rank 
lists are submitted. While some students report only rare 
contact by any means, other students report frequent 
communication by e-mail or phone. Both the variation in 
program practices, and the nature of communication (which 
often is interpreted as at least an “expression of interest”), can 
be confusing and anxiety-provoking for the applicant. 

To our knowledge, there are no published descriptions 
of EM residency programs’ practices regarding contacting 
applicants after the interview day, a communication practice 
with the potential to be interpreted as misleading and impact 
applicants’ decisions in creating rank order lists. We sought 
to describe the experiences of our applicants regarding 
being contacted after interview day by EM residency 
programs, and characterize their perceptions regarding these 
communications.

METHODS 
Study Design

This cross-sectional study surveyed all applicants to our 
EM residency program in the 2006-2007 NRMP cycle. 

Study Setting and Population
This study was conducted at a three-year EM residency 

program that offered nine post-graduate year (PGY)-1 
positions in the 2006-2007 cycle. During the study period, 

our program’s policy was to not contact interviewees after 
the interview day. Invitations to participate in the study were 
offered by e-mail to all 706 individuals who had applied to 
our program. Of these applicants, 62.5% were male, and 
37.5% were female. One hundred twelve applicants (16%) 
had interviewed at our program. To reassure applicants 
of anonymity and emphasize we were interested in their 
overall interview experience rather than their experience 
at our program, the survey did not ask respondents if they 
interviewed at our program. The geographic distribution 
of the 706 eligible subjects included 174 (24.6%) from the 
Midwest, 125 (17.7%) from the Northwest, 96 (13.6%) from 
the Southeast, 193 (27.3%) from the West and 118 (16.7%) 
foreign medical graduates. 

Study Protocol
All applicants to our residency program were invited to 

participate in an anonymous and voluntary Web-based survey. 
A commercially available survey software program was used 
to administer the survey in February 2007, after rank lists 
were submitted but before match results were announced. Two 
additional invitations to participate were sent over the next 
month. This study was submitted to our Institutional Review 
Board and was exempt from formal review. 

Measurements
The survey used a combination of multiple-choice and 

interval-scale type items to assess applicants’ perceptions 
about whether they were contacted by EM residency programs 
after the interview day, followed by items that characterized 
the nature of the contact they received and their feelings about 
being contacted. Applicants who responded that they were 
not contacted were asked analogous questions assessing how 
they felt about not being contacted. Both groups were asked 
a question pertaining to their understanding of the “rules 
of the match.” The survey also asked applicants to provide 
the following information: number of EM programs applied 
to and interviewed at; number of EM programs ranked; 
participation in the couples match; and ranking programs 
outside of EM. The survey was piloted on 10 current residents 
and reviewed before the study was initiated. Minor formatting 
and wording edits were made to avoid ambiguity and improve 
understandability. No significant problems were identified.

Data Analysis
The survey software reported descriptive statistics for 

data. The response rate was calculated as the number of 
applicants who responded to the question that referred to 
our primary research objective (“Were you contacted, in 
any way, by a member of a residency program after your 
interview but before rank lists were due?”) divided by the 
number of applicants who were invited to participate. Other 
items were not made mandatory so that applicants who were 
uncomfortable or unsure answering a certain question could 
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opt out of that question but still participate in the survey. All 
responses collected are reported. Percentages of respondents 
selecting each answer were calculated and compared between 
the contacted and not contacted groups. 

RESULTS
Of 706 applicants invited to participate, 240 (34%) 

completed the survey. Not all respondents completed each 
item, and therefore all percentages are reported for the total 
number of respondents for each item. Table 1 describes the 
type and number of programs respondents applied to, 
interviewed at, and ranked. Fifty-two percent (123/237) of 
respondents answered that they expected to be contacted by a 
residency program after their interview but before rank lists 
were due; 89% (214/240) of respondents reported actually 
being contacted. Fifty-six percent were contacted by 3-5 
programs, with a third of applicants being contacted by more 
than five programs and the remainder of respondents being 
contacted by fewer than three. Out of those who were 
contacted, 91% report being contacted by e-mail; 67% by 
mail; and 55% by phone (some applicants were contacted by 
more than one method, therefore numbers do not add up to 

100%). Fifty-one percent reported that being contacted 
changed the order of their rank list in at least one case. A 
majority of contacted applicants felt “happy” or “excited” 
about being contacted, but significant numbers reported 
feeling “put on the spot” (21%), or “uncomfortable” (17%). 
Of the 25 respondents who were not contacted after the 
interview day, 48% reported feeling “nervous” and 48% 
reported feeling “disappointed” about their lack of contact. A 
majority of applicants in both groups (80% of contacted 
applicants, 73% of not contacted applicants) believed that it is 
appropriate for programs to contact applicants after interview 
day but before the rank lists are in, but 39% of contacted 
subjects responded that contact by phone is either “always 
inappropriate” or “usually inappropriate.”

Table 2 demonstrates responses regarding being 
contacted. Understanding of the “rules of the match” is 
depicted for both groups in Table 3.

DISCUSSION
During the annual residency match, program directors are 

faced with the challenge of adhering to the highest 
professional standards while competing with other programs 

Table 1. Application characteristics of respondents∆

1-5 6-10 11-15 16-20 >20
How many EM programs did you apply to? 1.7% 4.8% 9.6% 20.0% 63.9%
How many programs EM did you interview at? 10.4% 39.1% 40.0% 9.1% 1.3%
How many EM programs did you rank? 14.3% 46.5% 31.3% 7.8% 0.0%

YES NO
Did you participate in the couples match? 7.0% 93.0%
Did you rank programs in a field other than emergency medicine?
(Not including combined programs)*

5.2% 94.8%

∆ Percentages were rounded to the first decimal place, and therefore not all numbers add up to 100%.
* This item received 229 responses. All other items in table received 230 responses.
EM, emergency medicine
Table 2. Applicant perceptions regarding method and initiator of post-interview communication

Percentages of respondents who answered that each scenario is “always” or “usually” inappropriate
Contacted group Not contacted group

Phone contact 81/206 (39%) 9/24 (38%)
E-mail contact 12/206 (6%) 6/23 (26%)
Mail contact 19/206 (9%) 5/23 (22%)
Being contacted by the program director 10/204 (5%) 4/23 (17%)
Being contacted by someone who interviewed you, but not the program director 19/204 (9%) 3/23 (13%)
Being contacted by a resident who did not interview you 93/204 (5%) 17/23 (74%)
Being contacted by a faculty member who did not interview you 113/204 (6%) 17/23 (74%)
Being contacted by the residency coordinator 54/203 (27%) 7/23 (30%)

*For this item, there were a total of 206 respondents in the “contacted” group and 24 respondents in the “not contacted” group. How-
ever, not all respondents completed each subitem. Percentages are calculated from only those respondents who completed each 
subitem.
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for the most qualified applicants. Although the NRMP does 
provide a framework for this process, many decisions, ranging 
from how to select invitees, how to rank applicants, and how 
to communicate with top candidates after the interview day, 
are left up to the individual programs. Even if the nature of 
communication does not violate the rules of the match, 
program directors may risk offending applicants with contact 
that is either too direct, or by not providing communication 
that applicants expect because they are receiving it from other 
programs.

To avoid misleading communication, one pediatric 
residency program recently published their “no call policy” 
between interview day and the day rank lists are due, and 
reported that over a four-year period, 10.3% of respondents 
reported that a recruiting call would have caused them to rank 
those programs more favorably.12 Although communication 
after interview day is not meant to imply commitment, these 
data suggest that it does influence rank order lists for a subset 
of applicants.

To our knowledge, this is the first cross-sectional 
investigation of EM applicants’ perceptions about being 
contacted after the interview day but before the match. While 
over half of applicants reported that they expected to be 
contacted during this period, we were surprised to find that 
89% actually were contacted. Although this represents a 
sample of the global pool of applicants, program directors can 
conclude that it is likely that a majority of their top candidates 
are being contacted by at least one other program after 
interview day. We have seen that the method and nature of this 
contact varies, but that in just over half of respondents, this 
communication did affect the placement of the program on 
their rank order list. This begs several follow-up questions: 
Are applicants flattered, and therefore ranking programs 
higher? Are they offended by the contact, and ranking them 
lower? Or do they perceive that they are not competitive 
because they were not contacted and thus rank the program 
lower in favor of other more persuasive programs?

While further studies are needed to answer these questions 
we did find that the contact that is presently being initiated by 
program directors is eliciting a variety of feelings in 
applicants, who report feeling everything from “happy” to 

“uncomfortable” due to this communication. Some programs 
directors may opt to have a “no contact” policy, but it is 
important to note that nearly half of the applicants who were 
not contacted felt “nervous” or “disappointed.” Programs may 
choose to address the issue directly with applicants by 
presenting the program policy and philosophy regarding this 
practice during or before the interview day. 

For those programs that continue to contact applicants 
after the interview day, decisions must also be made about 
who should do the contacting, and how it should be done. 
While most respondents felt comfortable with e-mail contact, 
over a third deemed phone contact inappropriate – notable 
since 55% of contacted respondents reported receiving 
telephone communication. Similarly, few respondents rated 
being contacted by an interviewer or the program director as 
inappropriate, while a majority responded that being contacted 
by a resident or faculty who did not interview them is 
inappropriate.

In light of the NRMP’s prohibition of statements that 
imply a commitment, either on behalf of the program or 
applicant, we found applicants’ responses regarding the rules 
of the match intriguing. Over three-quarters of applicants felt 
it was appropriate to tell programs where they would be 
ranked, and over one-third felt it was appropriate for programs 
to notify applicants of their place on the program’s rank list. 
Although these practices may be common, they are not in 
compliance with the written rules of the match. Because they 
are not binding, these communications may also be 
misleading. If these results are applicable to a broader pool of 
EM applicants, and especially to applicants across specialties, 
they will be of interest to NRMP and medical school personnel 
charged with educating applicants about the rules of the 
match.

Our results suggest that a decision whether to contact 
top applicants after the interview day, and how to go about 
it, is indeed a decision that may cause reactions in applicants 
and even affect the order of their rank list. Further studies 
will be helpful in determining whether these results have 
external validity across a greater sample of applicants, 
and the most appropriate and ethical means by which to 
conduct communication with top residency candidates. This 

Table 3. Applicants’ understanding regarding the “rules of the match”

Percentages of applicants answering “true” to the following statements:
Contacted group Not contacted group

It is acceptable for me to tell a program where I will rank them 165/206 (80%) 18/24 (75%)
It is acceptable for a program to tell me where they will rank me 85/206 (41%) 8/24 (33%)
It is acceptable for me to ask a program where I will be ranked 13/206 (6%) 5/24 (21%)
It is acceptable for a program to ask me where I plan on ranking them 10/205 (5%) 2/24 (8%)

*For this item, there were a total of 206 respondents in the “contacted” group and 24 respondents in the “not contacted” group. Howev-
er, not all respondents completed each subitem. Percentages are calculated from only those respondents who completed each subitem.
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information is needed from a practical standpoint to best use 
the time and resources of academic departments and from a 
professional standpoint to ensure that our specialty adheres to 
highest ethical standards during a selection process that can at 
times lead us to push the boundaries of our professionalism.

LIMITATIONS
Our candidate pool may differ from the general pool of 

EM applicants in several ways. For example, an interviewee 
at our program may not be representative of candidates who 
consider other areas of the country or prefer a four-year 
program. Although our general applicant pool does represent 
a geographically and gender diverse population, in order to 
reassure applicants of their anonymity we did not collect this 
demographic information on respondents and therefore can 
not determine the ways that respondents differed from non-
respondents. In addition, we opted to survey all applicants 
rather than only our interviewees to broaden our sample, as 
we only are only able to interview approximately the top 
15% of our applicants. We recognized a priori that this may 
negatively impact our response rate, because applicants 
who were not offered an interview may be less interested in 
participating in a voluntary, anonymous study administered by 
our program months after they were not invited to interview. 
However, given the lack of any data on this topic in our 
field, we concluded that a more representative sample was 
more important than a traditionally high sample size, and our 
resulting relatively low sample size is a limitation of the study. 

CONCLUSION
Most EM residency applicants report being contacted 

by programs after the interview day but before rank 
lists are submitted. Applicant perceptions regarding this 
communication vary widely depending on the method 
of communication and who they are being contacted by. 
Although applicants think this practice is appropriate in 
general, over a third of subjects believe that contact by phone 
is inappropriate. Furthermore, half of our respondents reported 
that being contacted by a residency program changed that 
program’s position on their rank list. These findings suggest 
that the decisions that residency programs make regarding 
their communication practices with applicants after the 
interview day are both important and may have a significant 
impact on the outcome of their match.
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Objective: To assess academic emergency medicine (EM) chairs’ perceptions of quality 
improvement (QI) training programs.

Methods: A voluntary anonymous 20 item survey was distributed to a sample of academic chairs 
of EM through the Association of Academic Chairs of Emergency Medicine. Data was collected to 
assess the percentage of academic emergency physicians who had received QI training, the type 
of training they received, their perception of the impact of this training on behavior, practice and 
outcomes, and any perceived barriers to implementing QI programs in the emergency department. 

Results: The response rate to the survey was 69% (N = 59). 59.3% of respondents report that 
their hospital has a formal QI program for physicians. Chairs received training in a variety of QI 
programs. The type of QI program used by respondents was perceived as having no impact on 
goals achieved by QI (χ2 = 12.382; p = 0.260), but there was a statistically significant (χ2 = 14.383; 
p = 0.006) relationship between whether or not goals were achieved and academic EM chairs’ 
perceptions about return on investment for QI training. Only 22% of chairs responded that they have 
already made changes as a result of the QI training. 78.8% of EM chairs responded that quality 
programs could have a significant positive impact on their practice and the healthcare industry. 
Chairs perceived that QI programs had the most potential value in the areas of understanding and 
reducing medical errors and improving patient flow and throughput. Other areas of potential value of 
QI include improving specific clinical indicators and standardizing physician care.

Conclusion: Academic EM chairs perceived that QI programs were an effective way to drive needed 
improvements. The results suggest that there is a high level of interest in QI but a low level of 
adoption of training and implementation.[West J Emerg Med. 2010; 11(5):479-485.]

INTRODUCTION
Academic emergency medicine (EM) is a practice prone 

to medical errors due to the volume and complexity of 
activities that take place.1 Factors such as crowding, resource 
constraints, cognitive workload, diagnostic uncertainty, high 
activity levels, interruptions and distractions, shift changes, 
poor feedback and time pressures can often lead to medical 
errors.1 Emergency physicians (EP) have an especially critical 
role, since emergency departments (ED) are increasingly the 
gateway to acute care and hospitalizations. Between the years 
1993 - 2003, there was a 26% increase in the number of 

annual visits to EDs, but a 12% decrease in the total number 
of departments.2 An increase in patient demand coupled with a 
decrease in EDs suggests potential for further crowding, as 
well as corresponding reductions in physician-patient 
interaction times. With these increased time pressures and 
workloads, we propose that it is critical for EPs to focus on 
continual learning to improve processes of care in EDs and 
ensure high quality efficient care.

In addition to adapting their behavior to reflect current 
clinical best practices, other larger organizational issues often 
affect their ability to practice medicine. EPs often encounter 
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structural and process barriers that impact patient care. For 
example, structural issues in an ED that can affect quality of 
care include the design of the department, how it is equipped, 
availability of ancillary services, staffing mix, and 
departmental policies and procedures.3 Process issues can also 
impact the quality of care delivered by EPs. For example, 
bottlenecks in the ED can create delays in sending and 
receiving information pertinent to patient care, which can 
result in either delayed care or misdiagnosis.4 Physician 
training in quality improvement (QI) programs has the 
potential to prevent medical errors by training EPs to identify 
and correct process and systemic weaknesses. However, little 
is known about the impact of QI training programs on EP 
behavior and practice.

QI tools, such as Plan, Do, Check, Act (PDCA), total 
quality management (TQM), Six Sigma and LEAN, are 
management techniques that focus on improving processes. 
They are built on a foundation of constant learning by 
participants, adaptation to better practices and behaviors, and 
therefore reinforce change. As a result, most QI tools result in 
structural or process modifications within the organization. 
These tools are commonly used to identify, analyze, reduce, 
and monitor medical errors in healthcare organizations today.5, 

6 Several tools, such as Six Sigma and TQM, are data driven 
and focus on the measurement of defects and errors, while 
others, such as Lean and PDCA, focus on removing waste and 
unnecessary steps from processes.7-10 Both TQM and Lean 
focus on cultural changes within the organization to improve 
quality.6,11 

However, getting physicians to change their behavior is 
often difficult. Educational efforts such as continuing medical 
education (CME) are largely ineffective at changing physician 
behavior and performance.12 Additionally, CME rarely trains 
physicians how to solve issues involving other departments 
where there is an impact in the quality of care provided to 
patients in the ED. Furthermore, physicians in academic 
leadership roles have often achieved their position on the basis 
of their clinical expertise or scientific accomplishments rather 
than specific management training. Physicians may lack 
familiarity with basic QI techniques, but are often charged 
with maintaining and improving the quality of care, which 
involves changing the behavior of other physicians. This is a 
difficult task if physician-managers do not have the 
management tools to change structures and processes that 
impact the effective delivery of high-quality medical care. In 
response, many hospitals and academic medical centers have 
implemented QI training programs and are familiarizing 
physicians with these tools in hopes to give physician leaders 
the skills necessary to change the system and improve quality 
of care. 13, 14 

Currently, there are no studies that examine the QI tools 
and techniques available to academic EPs. It is unclear how 
many EPs are being offered QI training, who is being offered 
the training (department chairs or practitioners) and which 

types of QI tools are being implemented. The purpose of this 
research is to assess academic emergency medicine (AEM) 
chairs perceptions of value, both realized and potential, of QI 
training programs. 

METHODS
Study Design

The purpose of this project is to assess AEM chairs’ 
perceptions of value, both realized and potential, of QI 
training programs. No studies published to date have assessed 
academic EP perceptions of the value of QI training programs. 
To achieve this purpose, we developed a 20 item survey 
instrument to assess the percentage of AEM physicians who 
had received QI training, the type of training they received, 
their perception of the impact of this training on behavior, 
practice and outcomes, as well as any perceived barriers 
to implementing QI programs in the ED. This is a mixed-
methods cross-sectional survey design using close-ended 
items with numerical responses and open-ended items on the 
same survey. 15 This mixed method survey design was chosen 
for triangulation purposes, to add breadth and scope to the 
project. 16 

Study Setting and Population
The target population for this study is the chairs of 

academic EDs in the United States (U.S.). After obtaining 
Institutional Review Board approval, we gathered data from 
a sample of academic chairs of EM from the Association of 
Academic Chairs of Emergency Medicine (AACEM). This 
organization, comprised of the chairs of autonomous academic 
departments of EM in the U.S., currently has 85 members who 
are chairs of academic departments at Liaison Committee on 
Medical Education approved medical schools. We received a 
69% (N = 59) response rate to the survey. 

Study Protocol
Surveys were distributed to AACEM members at the 

annual meeting, as well as converted into an electronic form. 
To poll the chairs who did not attend the AACEM meeting, 
E-mails were sent to the AACEM list serve, asking members 
to participate in the survey chairs. Written informed consent 
of human subjects was waived by the authors’ Institutional 
Review Board. 

Measurement
Survey items were created to address the specific aims 

of the study. Table 1 contains a list of specific aims and the 
corresponding survey questions created to address them. Two 
questions addressing demographic information were also 
included to control for length of practice in EM and size of ED.

Data Analysis
We used descriptive, correlation and qualitative analyses 

to determine the association between perceived impact of QI 
training, perceived change in practice and behavior, and type 

DelliFraine et al.	 Quality Improvement
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Table 1. Survey questions and corresponding aims of the study
Specific Aim Survey Questions
1. Investigate if academ-
ic ER physicians have 
access to QI training 
programs through their 
respective employers, 
and the extent of their 
participation in QI pro-
grams.

1. Has your hospital or department adopted a formal quality improvement program for physicians?
 Yes	  No	  Considering in the next 6 months

3. How long ago was the quality program first implemented? ____ months	  NA
4. Have YOU recently participated in any training programs for quality improvement? 

 Yes	   No
5. How many days of training did you participate in the last 12 months?
7. Approximately, how long has it been since you returned from training class?	 Weeks
8. Since you have returned from the training, how many specific projects or processes have been ana-
lyzed by you or your team?

2. Examine the type and 
perceived effectiveness 
of QI program training 
received by academic 
ER physicians.

2. If yes, which of the following best describes this quality program:
 Lean/Toyota Production System
 Six Sigma
 PDCA
 Total Quality Management
 Not sure
 Other, please list ________________________________

6. Who provided the training? 
 Internal Trainers   External Consultants   Other

9. Have you achieved the goals you expected from your training? 
 Yes	  No	  Not Sure

12. What specific impact would you say is most noticeable on your outcomes, if any?
13. Have you measured, in concrete and quantifiable terms, this change in outcomes? 

 Yes	  No
14. What best describes your feelings about the return on investment from quality training? 

 Positive	  Negative	  Neutral/Not Sure
3. Determine if and how 
QI training changes the 
behavior or practice of 
academic ER physi-
cians.

10. Which of the following best describes how you feel about behavioral or process changes in your prac-
tice of medicine based on the quality training your received?

 I will make changes sometime in the foreseeable future.
 I intend to make specific changes in the next 6 months.
 I will make specific changes next month.
 I have already made specific changes to my practice.
 I have made changes and am working to maintain these changes.
 I have made changes which are now permanently engrained in my daily activities.

11. What process changes to your own medical practice or department have you initiated?
4. Examine the over-
all perceptions of the 
impact of QI training, 
including potential value 
to practice and barriers 
to implementation.

15. Do you feel that quality programs could have a SIGNIFICANT positive or negative impact on your 
medical practice or the healthcare industry? 

 Positive	  Negative	  Not Sure 
16. In your opinion, do quality programs have the greatest potential value in which of these areas (please 
choose and rank the top 2):
Rank
__Understanding and reducing medical errors
__Improving specific clinical indicators
__Cost savings or enhanced efficiency
__Improving throughput or patient flow (e.g., reducing wait times)
__Enhancing patient satisfaction
__Standardizing physician care/treatment
__Increased employee morale
__Improving other administrative processes
__Other ____________________
17. Do you feel that that the medical industry has done enough to improve quality of care?

 Yes	  No	  Not sure 
Demographic questions 18. What is the size of your emergency department, in terms of:

Number of physicians____________________
Number of patients seen last fiscal year____________________
19. How many years have you been practicing medicine? ____________________

ER, emergency room; QI, quality improvement

Quality Improvement	 DelliFraine et al.
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of training received. We used qualitative analyses to examine 
open-ended questions and analyzed themes of behavioral 
and practice changes analyzed to determine specific changes 
related to receiving QI training. 

RESULTS
Overall, 59.3% of respondents report that their hospital 

has a formal QI program for physicians. A small percentage 
(3.4%) of respondents report that their hospital considers 
adopting a program in the next six months. The remaining 
respondents (37.3%) report that their hospital has no QI 
training program for physicians. Of the hospitals that have QI 
programs, the surveys indicate that they were implemented 
20.6 months or a little less than two years ago. A majority 

(64.8%) of AEM Chairs who responded to our survey have not 
participated in a program for QI. Of the 19 respondents who 
participated in QI training, the average number of days spent 
in training was three, which did not include one outlier who 
reported over 30 days spent in training. On average, 
respondents reported it had been 18.4 weeks since returning 
from QI training, and that they had completed an average of 
3.78 projects in that time period. 

AEM chairs identified a variety of QI programs at their 
respective hospitals, but 22.5% chairs could not identify which 
type of QI program their hospital used. Figure 1 summarizes 
the types of QI programs identified by academic EPs.

Descriptive analyses show that the majority of 
respondents (63.2%) report that QI training was conducted by 
internal trainers. However, chi-square tests show that there is 
no statistically significant relationship between type of QI 
program implemented and internal or external trainers 
(χ2=4.638; p=0.914). Additionally, the type of QI program 
used by respondents had no impact on goals achieved by QI 
(χ2=12.382; p=0.260), whether or not changes in quality were 
measured (χ2=3.656; p=0.600), or perceptions about the return 
on investment for QI training (χ2=10.827; p=0.371). There was 
also no statistically significant relationships between who 
conducted the training and whether goals were achieved 
(χ2=4.886; p=0.299), changes were measured (χ2=2.825; 
p=0.244), or perceptions about return on investment for QI 
training (χ2=4.554; p=0.336). However, there was a 
statistically significant (χ2=14.383; p=0.006) relationship 
between if goals were achieved and AEM chairs perceptions 
about return on investment for QI training. If projects were 

Figure 2. Academic emergency medicine chairs plans to make changes to their behavior and practice based 
on the quality improvement training received.

Figure 1. Type of quality improvement program used at the hospi-
tals of academic emergency medicine chairs.
PDCA, plan, do, check, act
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successful, then the AEM chairs were significantly more likely 
to have positive perceptions about the return on investment of 
QI training. These findings did not vary significantly by years 
of practice or size of ED. When asked about the specific 
impact of QI training that was most noticeable on outcomes, 
AEM chairs reported (in the order of frequency) increased: 1 
efficiency, 2 patient care quality and 3 morale and teamwork. 
However, 16% of respondents reported no noticeable 
outcomes. Increased efficiency included shorter lengths of stay 
in the ED, fewer patients leaving before treatment, decreased 
supply spending, and general increased physician productivity. 
Improved quality of care included fewer errors related to 
patient hand-offs, shorter wait times for critical procedures, 
and better nursing care. Improved morale and teamwork, both 
within the ED and between the ED and other departments, 
were also reported. 

Figure 2 summarizes respondents’ plans to make changes 
to their behavior based on QI training.

When asked about specific changes initiated in their own 
practice or department, AEM chairs listed the following 
changes: decreased time from patient arrival to initial 
physician evaluation; decreased time from patient arrival to 
the completion of an electrocardiogram for patients with chest 
pain; improvement in compliance with Joint Commission core 
measures for pneumonia; increased compliance with airway 
management protocols; increasing the proper use of certain 
bedside tests (e.g. allowing a stool guaiac test to sit 2-3 
minutes before reading); improving and standardizing end-of-
shift patient hand-offs; improved compliance with Center for 
Medicare & Medicaid Services Physician Quality Reporting 
Initiative measures for stroke, myocardial infarction (MI) and 
pneumonia; implementation of rapid response systems for 
stroke and MI; creating special order sheets for pneumonia; 
improvements in teamwork in a “fast track” area; creation and 
implementation of streamlined admission and discharge 
processes; improvements in overall patient flow; 
improvements in team interactions; movement of patients to 
inpatient hallways to reduce ED crowding; development of 
rapid triage, bedside registration, and medication 
reconciliation processes; implementation of administrative 
“patient safety walk rounds”; development of a “Lean and 
Green” committee to improve efficiency and decrease 
environmental impact, creation of a process to improve the 
completeness of physician documentation, reduction of time 
from patient arrival to definitive care for patients with acute 
MI (“door to balloon time”); and increased follow-up for 
patients who elope from the department and “left without 
being seen” patients. 

Correlation analyses show no statistically significant 
relationship between changes in behavior or practice and type 
of QI training received (χ2=21.867; p=0.643). However, there 
was a statistically significant (χ2=21.659; p=0.017) 
relationship between behavioral changes and type of trainers. 
AEM chairs who received training from internal trainers were 

significantly more likely to have made changes and work to 
maintain those changes. Analysis of variance showed there 
were no statistically significant differences between changes 
in behavior based on number of weeks since returning from 
class (F-ratio=0.39; p=0.846), years of practice experience 
(F-ratio=1.78; p=0.197) or size of ED (F-ratio= 0.29; 
p=0.907). 

When AEM chairs were asked if quality programs could 
have a significant positive or negative impact on their practice 
and the healthcare industry, 78.8% responded that the impact 
would be positive. Only 7.7% perceived that QI programs 
would have a negative impact, and the remaining 13.5% were 
not sure. AEM chairs also overwhelmingly (82%) responded 
that the medical industry has not done enough to improve 
quality of care, while only 6% disagreed, and 12% were 
unsure. Table 2 summarizes the rankings in the areas of 
greatest potential value of QI programs. 

Correlation analyses showed no statistically significant 
differences in perceptions of QI program impact between 
physicians who had participated in training and those who 
had not (χ2=2.920; p=0.232). However, data did show a 
strong statistically significant (χ2=30.781; p=0.000) positive 
relationship between the belief that QI training programs 
could have a positive impact on the healthcare industry 
and the belief that the medical industry has done enough to 
improve quality of care. There was no statistical significance 
among overall perceptions of QI training, years of practice 
and size of ED. 

DISCUSSION
In this study measuring the perceptions of use and value 

of QI training programs in AEM, we collected survey data 
from 69% of the 85 academic chairs in AACEM. This is the 

Table 2. Greatest potential value of quality improvement 
programs

Rating average Overall ranking
Understanding and 
reducing medical errors

1.69 1st

Improving patient flow/
throughput

1.68 2nd

Improving specific clinical 
indicators

1.47 3rd

Standardizing physician 
care/treatment

1.38 4th

Increased employee morale 1.33 5th
Enhancing patient 
satisfaction

1.25 6th

Cost savings or enhanced 
efficiency

1.10 7th

Improving other 
administrative processes

1.00 8th
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first study of their perceptions of QI training and value. The 
chairs reported that QI programs are relatively new to their 
EDs. This finding is somewhat surprising given that some QI 
programs such as TQM and PDCA have been used in hospitals 
for over 20 years and that a majority of U.S. hospitals have 
adopted some form of quality management program.17 
Although most of their institutions offer training in one or 
more QI programs, a majority of chairs (64.8%) have not 
participated in any of these programs. This finding is 
consistent with recent research that found only about one-third 
of physicians have participated in system redesign efforts to 
improve the performance of the system in which they 
practice.18 Of the chairs who participated in a QI program, 
most received a brief exposure provided by internal trainers. 
Nonetheless, many reported that they were able to successfully 
improve some aspect of their clinical practice using the 
principles they learned.

The type of QI training (Six Sigma, Lean, TQM, PDCA) 
received and whether training was administered by external or 
internal trainers did not seem to affect the chairs’ perceptions 
of effectiveness. As might be expected, however, those who 
perceived that the goals of the training had been met were 
more likely to believe that their training program had been 
effective. Although this finding is not necessarily surprising, it 
is surprising that 41.2% of respondents who participated in 
training were not measuring changes in outcomes, given that 
Six Sigma, Lean, and TQM propose establishing goals and 
measuring performance in quantifiable terms.19-20 This finding 
suggests that some QI programs are not being implemented 
correctly, and the lack of measurement of quantifiable 
outcomes and progress towards goals may affect perceptions 
of effectiveness of QI programs. Furthermore, the chairs 
reported that training received from internal trainers was more 
likely to impact their behavior and desire to continue maintain 
the changes that they had made. We speculate that the reason 
for this finding is because internal trainers are likely to serve 
as QI experts and role models and are more accessible than 
external trainers who leave after the training is complete. 

We found that most chairs perceived that QI is important 
and has the potential for improving patient care in U.S. EDs. 
Further analysis of the perceptions of potential benefits by 
the chairs suggests that QI could help to understand and 
reduce medical errors and improve patient flow and cycle 
times, both critical measures of ED performance. When asked 
about specific changes made to their own practice in order to 
improve quality, chairs listed numerous implementations to 
improve quality. These changes are consistent with research 
that shows that QI programs are currently being used in 
EDs to improve throughput and reduce medical errors.21-25 
Outcomes targeted for improvement include ED workload 
or volume, patient wait time, ambulance diversion, patient 
walkout rate, length of stay, patient satisfaction, triage of 

patients, turn-around time of other services such as laboratory 
and radiology, available beds, registration, discharge processes 
and staffing patterns. 21, 23-25 

LIMITATIONS
There are several limitations to this study. First, the 

population of AEM chairs is relatively small. This limits our 
statistical analyses to chi-square and correlation analyses. 
Although we received a 69% response rate to the survey, 
results may have been biased. Chairs interested in QI efforts 
or who have received training may have been more likely to 
respond to the survey thereby creating a positive bias in favor 
of QI in the response. Additionally, the responses to the survey 
are opinions only and are not quantitative measurements of the 
programs or types of changes. 

CONCLUSION
The number of EDs continues to decline while patient 

numbers keep increasing. The result is crowding, less patient 
interaction time for diagnosis and treatment, and the need for 
more efficient processes, practices and behaviors to improve 
core quality measures. Academic EDs will play a pivotal role 
in improving processes of care since they are generally larger 
facilities and treat more complex and diverse cases. This 
results in an increased need for EPs who can learn rapidly, and 
proactively improve processes of care. The implications of 
this research for physicians and administrators in EM are that 
QI efforts are perceived to have value. AEM chairs believe 
that QI programs were an effective way to drive needed 
improvements. Overall, the results suggest that there is a high 
level of interest in QI, but a general low level of adoption of 
training and implementation. Unfortunately, actual testing and 
demonstration of value has been minimal to date and there are 
very few EDs that have monitored and recorded quantifiable 
gains - thereby slowing the adoption of these methods. 
However, initiation and use of QI methods is especially 
important for chairs, who serve as leaders, mentors and role 
models to AEM physicians in the march towards healthcare 
quality. 
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Objective: The Education in Palliative and End-of-life Care for Emergency Medicine Project 
(EPEC™-EM) is a comprehensive curriculum in palliative and end-of-life care for emergency 
providers. We assessed the adaptation of this course to an EM residency program using 
synchronous and asynchronous learning. 

Methods: Curriculum adaptation followed Kern’s standardized six-step curriculum design process. 
Post-graduate year (PGY) 1-4 residents were taught all EPEC™-EM cognitive domains, divided 
as seven synchronous and seven asynchronous modules. All synchronous modules featured large 
group didactic lectures and review of EPEC™-EM course materials. Asynchronous modules use 
only EPEC™-EM electronic course media for resident self-study. Targeted evaluation for EPEC™-
EM knowledge objectives was conducted by a prospective case-control crossover study, with 
synchronous learning serving as the quasi-control, using validated exam tools. We compared de-
identified test scores for effectiveness of learning method, using aggregate group performance 
means for each learning strategy. 

Results: Of 45 eligible residents 55% participated in a pre-test for local needs analysis, and 78% 
completed a post-test to measure teaching method effect. Post-test scores improved across all 
EPEC™-EM domains, with a mean improvement for synchronous modules of +28% (SD=9) and a 
mean improvement for asynchronous modules of +30% (SD=18). The aggregate mean difference 
between learning methods was 1.9% (95% CI -15.3, +19.0). Mean test scores of the residents who 
completed the post-test were: synchronous modules 77% (SD=12); asynchronous modules 83% 
(SD=13); all modules 80% (SD=12). 

Conclusion: EPEC™-EM adapted materials can improve resident knowledge of palliative 
medicine domains, as assessed through validated testing of course objectives. Synchronous and 
asynchronous learning methods appear to result in similar knowledge transfer, feasibly allowing 
some course content to be effectively delivered outside of large group lectures. [West J Emerg Med. 
2010; 11(5):491-498.]
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INTRODUCTION
Over 2.4 million Americans die each year,1 with 

approximately 379,000 deaths occurring in emergency 
departments (ED).2 Unfortunately, the quality of care 
experienced by patients who are nearing death is inconsistent 
and sometimes poor, as physicians across multiple specialties 
report feeling inadequately trained to manage the special 
needs of patients at the end-of-life. 3-14 Terminally ill patients 
need health providers with excellent communication skills 
and knowledge of palliative medicine.14-17

The Education in Palliative and End-of-life Care for 
Emergency Medicine Project (EPEC™-EM) is a federally-
funded, multi-center curriculum design and clinical research 
study that has developed a comprehensive training course in 
palliative and end-of-life care for emergency providers.18 
Although EPEC™-EM teaching materials are designed for 
easy dissemination to physician and nurse learners, 
emergency medicine (EM) educators may still encounter 
challenges to using this curriculum when teaching 
emergency palliative care to novices. To provide the 
EPEC™-EM course in its entirety, significant instruction 
time must be added to an already full resident or staff 
development curriculum. Also, the nature of palliative care 
education requires the simulated practice of new skills, 
which can be difficult for faculty to facilitate in large group 
settings.19 

One suggested method of incorporating new course 
material into an existing educational program is through 
curriculum adaptations that use both synchronous and 
asynchronous learning.20-21 Synchronous learning refers to 
the teaching of a group of students who all attend the same 
instructional session at the same time. Asynchronous 
learning is defined as individualized, self-directed learning 
that occurs away from groups of similar level learners.20 
Although asynchronous learning may afford greater 
flexibility when redesigning a curriculum, it is still unclear if 
such educational experiences are as effective as traditional 
synchronous instruction. Specifically, we are not aware of 
any studies comparing the effectiveness of synchronous and 
asynchronous learning in an EM residency didactic program 
in the United States. 

The objectives of this study are (1) to describe a 
local adaptation of the EPEC™-EM curriculum in an EM 
residency program and (2) to compare asynchronous and 
synchronous learning in our curriculum adaptation.

METHODS
Study Design

This curriculum development project used a six-step 
design approach defined by Kern et al22, as outlined in Figure 
1 and further described in the study protocol. We conducted 
targeted program evaluation for impact objectives reflecting 

knowledge acquisition through a prospective case-control 
crossover study, with synchronous learning serving as the 
quasi-control.

Study Setting
This EPEC™-EM curriculum adaptation was designed 

and implemented for EM residents at Northwestern 
University, Feinberg School of Medicine. Northwestern 
Memorial Hospital is the primary clinical training site for 
the residency program, with an urban ED population of 
approximately 81,000 patient visits per year. An inpatient 
palliative medicine service is on site with 16 available 
beds. Terminally ill patients who routinely present to the 
ED for emergency and end-of-life care generally receive 
treatment from one of four highly active specialty services 
at the hospital: geriatrics, hematology-oncology, transplant 
surgery and heart failure. Hospice patients are occasionally 
transported to the ED as well.

Study Population
Subjects included a convenience sample of all EM 

residents in academic year 2007-08 at the Northwestern 
Emergency Medicine Residency, a PGY 1-4 training program. 
We excluded subjects if they were unavailable or unwilling to 
participate in an unannounced pre-test or if they were unable 
or unwilling to participate in the post-test. Residents were 
informed that de-identified pre-test and post-test performance 
data may be used for educational research purposes. 

The EPEC™-EM Curriculum18 
The EPEC™-EM course was developed by a national, 

multi-disciplinary advisory board of experts in EM, 
hospice and palliative medicine, geriatrics and oncology. 
The curriculum is comprised of 14 learning modules that 
reflect core cognitive domains of emergency palliative 
care. Replication of the entire course requires a total of 16 
hours of instruction time. Course material is disseminated 
nationally through the “Become an EPEC™-EM Trainer” 
Conference, using a train-the-trainer approach in which 
conference attendees are taught both the course material, 
as well as methods to teach that material at their home 
institutions. The EPEC™-EM Project provides each trainer 
with an electronic copy of the detailed course syllabus, 
instructors’ manual and modifiable slides sets for all lectures. 
Trainers are encouraged to adapt course materials to the 
educational needs of learners at their individual institutions. 
Conference attendees participate in a written examination 
at the beginning and end of the conference used to assess 
knowledge acquisition. This examination is comprised of at 
least three multiple choice questions per module, selected 
from a bank of items written and validated by the faculty of 
the EPEC™-EM Project.

Gisondi et al.	 Teaching EPEC-EM to Residents
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Figure 1. Summary of EPECTM-EM adaptation using Kern’s Curriculum Development for Medical Education: A Six Step Approach.22
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Table 1. Pre-test and post-test results by teaching method and module number

Teaching Method:	 Asynchronous Modules
Module 
Number 

Subject Pre-Test % Correct Post-Test % Correct Difference 
(% Post-test - % Pre-test)

1 Prognostication and Trajectories 57 85 + 28
2 Rapid Palliative Care Assessment 40 77 + 37
3 Goals of Care 80 85 + 5
4 Advance Directives 78 91 + 13
5 Caring for Hospice Patients 13 57 + 44
6 Grief and Bereavement 71 98 + 27
11 Chronic Pain 34 91 + 57

Teaching Method:	 Synchronous Modules
Module 
Number

Subject Pre-Test % Correct Post-Test % Correct Difference
(% Post-test - % Pre-test)

7 Withdrawing and Withholding Care 67 97 + 30
8 Family Witnessed Resuscitation 74 85 + 11
9 Death Disclosure 67 93 + 26
10 Common Symptoms 33 74 + 41
12 Malignant Pain 40 74 + 34
13 Complications of Cancer 26 58 + 32
14 Last Hours of Living 38 62 + 24

Study Protocol
We obtained local institutional review committee 

approval to train EM physicians in EPEC™-EM at our 
institution. Our study team used Kern’s six-step curriculum 
design approach to adapt the EPEC™-EM course into 
our local residency didactic program.22 [Step 1] Problem 
identification and a general needs assessment were 
completed through a review of the existing residency 
curriculum for palliative and end-of-life care topics, which 
was compared to the learning objectives of each module in 
the EPEC™-EM course.18 [Step 2] Local needs assessment 
of targeted learners was performed with a written, multiple 
choice examination (pre-test) given to a convenience sample 
of all residents who attended conference on a single day 
in November 2007. The pre-test was the same 42-item 
examination administered to all attendees of the national 
EPEC™-EM conference held in Chicago, IL in August 
2007. Subjects were not told of the timing or content of the 
pre-test before it was distributed. [Step 3] The same goals 
and objectives of each individual module of the national 
EPEC™-EM course were chosen for the new residency 
curriculum.18 [Step 4] The educational strategies selected 
included: synchronous presentation for half of the EPEC™-
EM modules using large group teaching (featuring didactic 
lectures, case based discussions and role playing) and 
asynchronous learning for half of the modules through 

resident review of EPEC™-EM course materials. [Step 5] 
The curriculum was implemented over a four-week period 
in March 2008. Electronic copies of the EPEC™-EM 
course syllabus, lecture slides and a self-study examination 
(post-test) were distributed at the beginning of the month. 
The post-test was collected in April 2008, at which time 
an answer key was provided to all residents, regardless of 
their participation in the pre-test or the post-test. The post-
test was the same 42-item multiple choice examination 
administered at the national EPEC™-EM conference held in 
New Orleans, LA in February 2008. Though the pre-test and 
the post-test use different questions, the items tested similar 
learning objectives and course content. The seven modules 
presented for synchronous learning were chosen based on 
faculty preference for ease of presentation in a large group 
setting. Six of the seven synchronous modules were taught 
by physicians who had completed EPEC™-EM trainer 
certification at a national conference. The seven synchronous 
modules were each presented during an hour of conference 
in the last two weeks of the month to allow resident review 
of the EPEC™-EM course materials prior to the didactic 
sessions. Asynchronous modules consisted of resident self-
study of unaltered electronic copies of the EPEC™-EM 
course media (course syllabus, instructors’ guide and lecture 
slide sets).18 Asynchronous modules were offered throughout 
the four-week curriculum and could be reviewed by the 
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resident at any time. Each module required approximately 
one hour of self-study. Residents who were unable to attend 
a synchronous module lecture due to schedule conflicts were 
expected to review the corresponding EPEC™-EM course 
media in an asynchronous fashion. [Step 6] The curriculum 
adaptation was evaluated through a comparison of group 
performance on the pre-test and the post-test. The residency 
coordinator de-identified individual tests prior to data 
analysis. 

Measurements
All EPEC™-EM course materials and examinations 

were used with permission of the EPEC™-EM Project. We 
compared resident group performance for each test item on 
both the pre-test and post-test with group performance by 
attendees at the respective national EPEC™-EM conferences 
for which the exams were originally administered. We 
removed items that performed differently between the 
two groups from the data analysis to reduce the effect of 
variability among individual lecturers who may have taught 
course material in a way that could skew responses for any 
single item. A significant difference in item performance was 
defined as a majority of respondents correctly or incorrectly 
answering an item that was observed to perform in the 
opposite way in the comparison group. Psychometric experts 
employed by the EPEC™-EM Project reviewed all item 
performance in a meeting with the study investigators to 
insure accuracy of testing. 

Data Analysis
Examination items were grouped by module topic. 

We used descriptive statistics to report group scores for 
the entire residency program on the pre-test and post-
test for each module topic. A difference in pre-test and 
post-test scores was calculated for each module. We 
categorized modules by learning method as asynchronous or 
synchronous. Our primary outcome was the aggregate mean 
difference in pre-test and post-test scores between learning 
methods. We compared this difference with 95% confidence 

intervals with significance defined as an interval that crosses 
1.0.

RESULTS
Figure 1 summarizes the major findings of each of the 

six curriculum development steps used in this protocol.
Of 45 eligible residents in our program, 25 (55%) were 

present at conference on the day of the unannounced pre-test 
that was used for local needs analysis; all of these residents 
participated in the pre-test. Thirty-five residents (78%) 
completed the post-test. Item analysis revealed only one 
post-test question that performed differently between the 
resident cohort and the EPEC™-EM conference cohort; we 
removed this post-test item from module #7 from further 
data analysis.

Tables 1 and 2 summarize the percent difference 
in pre-test and post-test scores observed for the entire 
resident cohort across all 14 learning modules, grouped by 
asynchronous or synchronous learning methods. Mean test 
scores of the residents who completed the post-test were: 
asynchronous modules 83% (SD=13); synchronous modules 
77% (SD=12); all modules 80% (SD=12). Those modules 
that used asynchronous learning demonstrated a range of 
test score improvement between 5% and 57%, with a mean 
improvement of 30% (SD=18%). Modules presented using 
synchronous learning had test score improvement in a 
range of 11% and 41%, with a mean of 28% (SD=9%). The 
aggregate mean difference in pre-test and post-test scores 
grouped by learning method was 1.9% (95% CI, -15.3 and 
+19.0), demonstrating a lack of inferiority for asynchronous 
learning in our curriculum adaptation. 

DISCUSSION
Our study illustrates a successful model for the local 

adaptation of a national curriculum in palliative and end-of-
life care to an existing EM residency didactic program using 
both asynchronous and synchronous learning. We believe 
that our study is the first of its kind to suggest parity of 
knowledge transfer between asynchronous and synchronous 

Table 2. Group performance by teaching method

Teaching Method:	 Asynchronous Modules
Pre-Test % Correct Post-Test % Correct Difference (% Post-test - % Pre-test)

Mean (SD) 53 (25) 83 (13) 30 (18)
Median (IQR) 57 (34, 78) 85 (77, 91) 28 (13, 44)

Teaching Method:	 Synchronous Modules
Pre-Test % Correct Post-Test % Correct Difference (% Post-test - % Pre-test)

Mean (SD) 49 (19) 77 (15) 28 (9)
Median (IQR) 40 (33, 67) 74 (62, 93) 30 (24, 34)

Teaching EPEC-EM to Residents	 Gisondi et al.



Volume XI, no. 5  :  December 2010	 496	 Western Journal of Emergency Medicine

Gisondi et al.	 Teaching EPEC-EM to Residents

delivering some novel palliative care education needed in 
our residency program. Our data suggests that asynchronous 
learning was similar to synchronous learning for selected 
course material in our population. Specifically, there was no 
meaningful difference in post-test scores between 
asynchronous and synchronous modules, with an aggregate 
mean difference between teaching methodologies across the 
entire cohort of only 1.9% (95% CI -15.3, +19.0). 

Based on our general needs assessment, our population 
of learners was thought to be uniform in their lack of 
didactic and clinical exposure to core cognitive domains of 
emergency palliative care. Therefore, we studied the effect of 
our curriculum design on the overall cohort rather than each 
individual learner. This is an especially practical model for 
residency directors who need to introduce new material to an 
entire residency program for the first time. 

Though education literature is replete with descriptions 
of various curricula used to teach palliative care to 
residents7,24-25,28,32, none describe a method for incorporating 
an existing course to an EM residency program. The use of 
locally adapted EPEC™-EM conference materials appears to 
be an effective method of delivering asynchronous self-study 
modules for our curriculum adaptation. In our population, 
post-test scores improved across all EPEC™-EM domains 
with a mean of +29%. 

As palliative and end-of-life care represents a relatively 
new area of focus within EM, many program directors may 
have difficulty identifying faculty members with the 
expertise to create appropriate instructional media. The 
EPEC™-EM curriculum provided a comprehensive and 
useful collection of teaching materials at a low cost of 
faculty training time and conference participation. In 
specific, we implemented the entire four-week curriculum 
adaptation with the assistance of three faculty members and 
three senior residents who were funded to attend a two-day 
EPEC™-EM trainer course. External faculty training via 
EPEC™-EM costs $745 for conference registration at 2009 
rates, plus travel and requisite protected time per 
individual.43 Maintenance of curriculum may be significantly 
less expensive if intradepartmental faculty training can occur 
prior to future cycles of local dissemination.

It is important to note that the method of asynchronous 
learning used in our study differs from that described in the 
ACGME program requirements for EM. As defined in the 
RRC-EM guidelines, “emergency medicine programs may 
utilize individualized interactive instruction for up to 20% 
of the planned educational experiences.”39 We delivered 
50% of our curriculum as asynchronous learning in order 
to have equal numbers of asynchronous and synchronous 
modules for ease of data analysis in this study. Programs 
that adopt our approach to teaching the EPEC-EM™ 
curriculum should plan for no more than 20% cumulative 
asynchronous instruction, in compliance with current 

learning in a United States EM residency training program.
Several developments led to the need for our residency 

curriculum redesign. In 2006, the American Board of 
Emergency Medicine (ABEM) co-sponsored the creation of 
the American Board of Hospice and Palliative Medicine.23 
Subspecialty certification in Hospice and Palliative Medicine 
is now an option for all ABEM-certified physicians, and with 
this opportunity came an institutional desire to expose 
residents to new educational content. 23 In addition, training 
in palliative and end-of-life care has become a standard 
recommendation in numerous guidelines for competency-
based education that address the goals of the Accreditation 
Council of Graduate Medical Education (ACGME) Outcome 
Project.7,10,13,15,24-35 General needs analysis of our residency 
didactic program revealed a paucity of exposure to core 
cognitive domains of emergency palliative care prior to this 
curriculum adaptation. 

The challenge of incorporating a large amount of new 
course material within an existing residency didactic 
program is not a trivial concern to educators tasked with 
curriculum redesign. As a recent comparison, similar 
challenges were encountered with the emergence of 
ultrasound as a necessary educational requirement for EM 
training programs.36-38 Novel curricula often require the 
recruitment of additional faculty or the expert training of 
existing faculty at significant monetary and time costs. 
Competing educational objectives complicate the inclusion 
of new didactic material, especially if the required 
curriculum change is voluminous and inherently skills-based. 

Asynchronous learning offers many potential benefits for 
residency directors when they redesign their didactic 
programs. Both a Council of Emergency Medicine 
Residency Directors subcommittee and the Residency 
Review Committee in Emergency Medicine (RRC-EM) have 
recommendations for the use of asynchronous learning.20,39 
Advantages of asynchronous instruction include: 
customization of a curriculum to an individual learner’s 
schedule and needs; reduction in the burden of additional 
scheduled conference time for both resident learners and 
course faculty; an alternative learning style that may be 
preferred by younger generations of students; delivery of 
material to large numbers of learners in a systematic and 
consistent manner; practice of the life-long learning 
principles required of physicians; the use of faculty at other 
institutions when local expertise does not exist; and instant 
access to electronic media that can be easily revised and 
updated.20,40 Disadvantages of asynchronous learning include 
lack of social interaction among students and limited 
methods of real-time feedback.20 While there may be many 
compelling reasons to employ asynchronous learning, reports 
of the effective use of this methodology in EM education are 
limited.21,40-42

Asynchronous learning proved to be a useful method of 
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RRC-EM requirements. Also, we did not individualize our 
instructional material according to resident year, as our 
general needs assessment indicated that our population of 
learners was uniform in their lack of exposure to emergency 
palliative medicine content. Future cycles of our curriculum 
can be edited for learner experience based on observed 
changes in our local needs assessment. It is expected that 
after a single cycle of instruction, the educational content 
would no longer be novel to all learners; the curriculum 
could then be tailored to intermediate and novice learners, 
or senior and junior residents. Lastly, the EPEC™-EM 
course media used in our study was not interactive, however 
we distributed post-test answer keys after the curriculum 
in an effort to provide feedback and encourage continuous 
self-study. The EPEC™ Project offers online versions of 
the original EPEC™ and EPEC™-Oncology courses that 
are interactive and may serve as a model for asynchronous 
learning that better comply with the RRC-EM guidelines.43 

LIMITATIONS
The most significant limitation of our study is the 

potential for selection bias that results from both a small 
sample size of eligible subjects at a single residency 
program, as well as our protocol for pre-/post-testing. The 
pre-test was administered to a convenience sample of 
residents available on a single day of conference; the 
response rate might have been higher if we tested over 
multiple conference dates. The post-test was distributed 
several weeks ahead of its required due date, and it was 
returned by respondents at variable times before a final due 
date. A higher response rate was observed for the post-tests 
collected in this manner compared to the pre-tests, however, 
there is the potential that post-tests were completed either 
without review of the asynchronous materials or in an 
“open-book” or shared format by some respondents. Tests 
were not paired by individual resident, but rather the scores 
were averaged to observe aggregate group performance. We 
do not know which residents participated in either the 
pre-test or post-test, nor do we know if individual residents 
demonstrated any benefit from the curriculum or the pre-test 
itself. In addition, our analysis lacked comparison to a 
separate, nonintervention true control group that might have 
tested differently had they not received the curriculum or 
pre-test at all. While pre-test and post-test examinations 
tested learning objectives specific to a particular module, it is 
possible that content taught in synchronous modules may 
have helped subjects answer questions from asynchronous 
modules as well. 

The testing materials that we used only assessed for 
knowledge acquisition. Our curriculum included goals 
and objectives for both new knowledge and skills; future 
cycles of our adapted curriculum will need to include 

skills assessments. We do not know if gains in knowledge 
were retained longer than the interval of time between the 
curriculum and the post-test. As comparison, we adapted 
our study from the national EPEC-EMTM course, which 
administers their validated post-tests immediately after each 
hourly lecture during the two-day conference. In our study 
the post-test was collected one month after the educational 
intervention, a significantly longer latency period than 
that used by the EPEC-EMTM Project. Future cycles of the 
curriculum might reveal higher pre-test scores if content was 
retained by the learners still in the residency program. Lastly, 
we did not assess health outcomes measures of patients with 
palliative or end-of-life care needs that might have been 
changed due to our educational curriculum. 

CONCLUSION
EPEC™-EM adapted materials improved knowledge of 

core palliative medicine domains for a cohort of residents, 
as assessed through validated testing of course objectives. 
Asynchronous and synchronous learning appeared to result 
in similar knowledge transfer, feasibly allowing some 
course content to be effectively delivered outside of large 
group lectures. As palliative and end-of-life care emerges 
as an educational priority for emergency physicians, 
this curriculum adaptation model may be useful to other 
residency programs.
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Background: Seizure as the initial manifestation of aortic dissection is rare.

Case report: An 88-year-old female experienced a first generalized tonic clonic seizure, which was 
terminated with midazolam. Acute cerebral magnetic resonance imaging and angiography were non-
informative. After awaking she complained about cramping pain in the right upper extremity, which 
was accompanied by involuntary flexion movements of the right upper extremity. Blood pressure 
was initially normal. Blood gases revealed metabolic acidosis and blood chemical investigations 
a markedly increased D-dimer. Consecutively blood pressure declined and transthoracic 
echocardiography showed pericardial effusion. A computed tomography scan of the thorax revealed 
an aortic dissection type A. The patient died 16 hours after admission after cardiothoracic surgeons 
had refused surgical treatment. 

Conclusion: This case shows that a generalized tonic-clonic seizure may be the initial manifestation 
of an aortic dissection type A in the absence of thoracic chest pain and that brachyalgia may not 
develop earlier than with progression of the dissection. [West J Emerg Med. 2010; 11(5):510-511.]

INTRODUCTION
Seizure as the sole initial manifestation of aortic 

dissection in the absence of chest pain has been reported only 
once.1 Here we report a second patient in whom aortic 
dissection type A initially manifested exclusively as 
generalized seizure without chest pain.

CASE REPORT
The patient is an 88-year-old female with a previous 

history of arterial hypertension, obstructive lung disease and 
bilateral total hip endoprosthesis. She was not drinking 
alcohol and was living well on her own in an asylum. While 
riding a tram on her way to a festival, she experienced a 
sudden onset generalized seizure with loss of consciousness 
and cloni of the upper and lower extremity with right-sided 
predominance. A dose of 15mg midazolam from the 
emergency physician stopped the seizure and when she arrived 
at the emergency department she was comatose and 
quadriplegic and the brain stem reflexes were absent, except 
for the pupils, which were widened and reacted slowly to light 

bilaterally. Deep tendon reflexes were generally absent and 
there was general muscle hypotonia.

Blood pressure was 130/80mmHg. Blood chemical 
investigations revealed moderate renal insufficiency, elevated 
liver function parameters, leucocytosis of 12.3/nl (n = 4.0-9.0/
nl), slight anemia and a D-dimer of 20.0microg/ml (n 
<0.5microg/ml). Blood gas analysis revealed metabolic 
acidosis with a pH of 7.36, a base excess of -8.5, and a lactate 
of 2.4mmol/l. Electrocardiogram (ECG) showed sinus rhythm. 
Magnetic resonance image (MRI) of the cerebrum 45 minutes 
after the seizure did not show ischemia or intracerebral 
bleeding. On MR angiography no major abnormality of the 
vasculature was detected. Her state of consciousness improved 
from coma to somnolence, and she started to move her 
extremities. 

After awakening she complained about recurrent 
cramping pain in her right shoulder and right upper arm, 
which was accompanied by automatic flexion of the right 
upper limb. Aortic dissection was suspected and a computed 
tomography (CT) of the thorax initiated. Before carrying 
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it out, however, she developed low blood pressure to non-
measurable values and was transferred to the intensive care 
unit for suspected cardiac shock where hydroxi-ethyl starch 
and vasopressin helped to increased blood pressure. However, 
the right pupil widened and became non-reactive to light, 
and she developed left-sided hemiplegia. Echocardiography 
showed normal systolic function, a small right ventricle and 
a pericardial effusion with an embedded clot. Subsequently, 
a CT scan of the thorax and the aorta showed aortic 
dissection type A extending into the left descending aorta, the 
brachiocephalic trunk with occlusion of the right common 
carotid artery. For right-sided pain she received sufentanil 
with success. Carotid ultrasound eight hours after onset 
confirmed the complete occlusion of the right carotid artery. 
After two cardio-thoracic departments had refused surgical 
intervention the patient died without regaining consciousness, 
16 hours after admission.

DISCUSSION
The patient is interesting for the epileptic seizure without 

chest pain as the initial manifestation of an aortic dissection 
type A. Such a scenario has been previously reported in a 
single 46-year-old patient, who presented with right 
hemiconvulsive movements due to ischemic right middle 
cerebral artery stroke.1 The only risk factor for aortic 
dissection in the present patient was arterial hypertension. 
Whether steroids in the broncholytic spray favored the 
development of the aortic dissection, as has been previously 
reported in a patient with systemic lupus erythematosus, 
remains speculative.2 Disorders predisposing for aortic 
dissection, such as X-linked heterotopia or Turner syndrome 
were excluded.3,4 

Why seizure was the initial manifestation remains elusive. 
However, one could speculate that the dissection initially 
resulted in general cerebral hypoperfusion and thus hypoxia or 
stenosis of the common carotid artery, as well cerebral 
ischemia, which did not show up on diffusion-weighted 
imaging. The B1000 sequence might have been negative 
because the MRI was carried out too early or because 
ischemia was initially not intensive enough. Neither her son 
nor her friend reported previous seizures or syncopes. While it 
is conceivable that the seizure was not the consequence but the 
cause of the dissection, arguments against such a scenario are 
that she did not have a history of epilepsy (her history was 
negative for a cerebral lesion) nor have seizures been reported 
as triggers of aortic dissection. One could also speculate that 
the initial event was a rhythm abnormality with cerebral 

embolism inducing the seizure but spontaneous resolution of 
the clot. Worsening after the MRI could be attributed to 
progression of the dissection resulting in complete occlusion 
of the right carotid artery leading to a non-reactive right pupil 
and left-sided hemiplegia. Possibly, hemiplegia already 
existed at the initial presentation but was masked by the 
sedation with midazolam. However, because the pupils were 
reactive, though delayed, at the initial investigation, 
progression of the dissection during or after the cerebral MRI 
is more likely. Neurological manifestations are not infrequent 
at onset of an aortic dissection, but in the majority of the cases 
they are accompanied by chest pain.5 Altogether about one 
third of the patients with aortic dissection and chest pain 
initially present with neurological manifestations.5 Seizures 
occur in 3% of these patients. 

This case shows that a generalized tonic-clonic seizure 
may be the initial manifestation of an aortic dissection type A 
in the absence of thoracic chest pain and that brachyalgia may 
not develop earlier than with progression of the dissection. 
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A 61-year-old man with a history of diabetes, 
hypertension, hyperlipidemia and polysubstance abuse 
presented to the emergency department complaining of bony 
growths on his lower jaw. He had noticed these growths 
intermittently in the past. He reported pain only when his 
dentures were in place and food lodged against the growths. 
The patient denied ulceration, bleeding and drainage. He 
reported good compliance with dental care. On exam he had 
sublingual bony-appearing growths covered in normal oral 
mucosa. There was no lymphadenopathy. The growths were 
nontender and without discharge or fluctuance.

Torus mandibularis is a bony sublingual protuberance, 
typically near the canine and premolar teeth.1 The etiology of 
tori is unclear. Possible causes include masticatory 

hyperfunction, continued bone growth, genetic factors and 
environmental factors such as diet.1,2 The prevalence of tori 
has been estimated from 12.3% to 26.9% with an average age 
of onset typically in the fourth decade of life, and an increased 
prevalence in males.2 

Tori tend to grow gradually, are usually nodular, and the 
majority remain less than 2mm in size.2 They may be either 
unilateral or bilateral and singular or multiple.2 Tori are 
usually asymptomatic, but patients may present with ill-fitting 
dental prostheses, mucosal ulceration or concern regarding 
oral cancer.2 While it is usually unnecessary to remove tori, 
the most common reason for removal is interference with a 
dental prosthesis.2 One case report describes a patient with 
large bilateral torus mandibularis resulting in intubation 
difficulty.3
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Figure. Two sublingual bony protuberences. Used with permis-
sion of Sarah Unterman, MD, Jesse Brown VA Medical Center, 
Section of Emergency Medicine, Chicago, IL.






























