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Introduction: Patients with ST elevation myocardial infarction (STEMI) require rapid identification and 
triage to initiate reperfusion therapy. Walk-in STEMI patients have longer treatment times compared 
to emergency medical service (EMS) transported patients. While effective triage of large numbers of 
critically ill patients in the emergency department is often cited as the reason for treatment delays, 
additional factors have not been explored. The purpose of this study was to evaluate baseline 
demographic and clinical differences between walk-in and EMS-transported STEMI patients and 
identify factors associated with prolonged door to balloon (D2B) time in walk-in STEMI patients.

Methods: We performed a retrospective review of 136 STEMI patients presenting to an urban 
academic teaching center from January 2009 through December 2010. Baseline demographics, mode 
of hospital entry (walk-in versus EMS transport), treatment times, angiographic findings, procedures 
performed and in-hospital clinical events were collected. We compared walk-in and EMS-transported 
STEMI patients and identified independent factors of prolonged D2B time for walk-in patients using 
stepwise logistic regression analysis.

Results: Walk-in patients (n=51) were more likely to be Latino and presented with a higher heart 
rate, higher systolic blood pressure, prior history of diabetes mellitus and were more likely to have 
an elevated initial troponin value, compared to EMS-transported patients. EMS-transported patients 
(n=64) were more likely to be white and had a higher prevalence of left main coronary artery disease, 
compared to walk-in patients. Door to electrocardiogram (ECG), ECG to catheterization laboratory 
(CL) activation and D2B times were significantly longer for walk-in patients. Walk-in patients were 
more likely to have D2B time >90 minutes, compared to EMS- transported patients; odds ratio 3.53 
(95% CI 1.03, 12.07), p=0.04.  Stepwise logistic regression identified hospital entry mode as the only 
independent predictor for prolonged D2B time. 

Conclusion: Baseline differences exist between walk-in and EMS-transported STEMI patients 
undergoing primary percutaneous coronary intervention (PCI). Hospital entry mode was the most 
important predictor for prolonged treatment times for primary PCI, independent of age, Latino ethnicity, 
heart rate, systolic blood pressure and initial troponin value. Prolonged door to ECG and ECG to CL 
activation times are modifiable factors associated with prolonged treatment times in walk-in STEMI 
patients. In addition to promoting the use of EMS transport, efforts are needed to rapidly identify and 
expedite the triage of walk-in STEMI patients. [West J Emerg Med. 2014;15(1):81–87.]
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INTRODUCTION
Patients with ST elevation myocardial infarction (STEMI) 

require rapid identification and triage to initiate reperfusion 
therapy. In the United States, primary percutaneous coronary 
intervention (PCI) is favored over thrombolytic therapy as the 
mode of reperfusion.1 However, delay to performing PCI is 
associated with worse clinical outcome.2 Various factors are 
associated with prolonged treatment times, and nationwide 
efforts are underway to address these issues.3-6 

In 2008, the Los Angeles County Emergency Medical 
System (EMS) established a regionalized care system 
for patients with STEMI. Patients with a pre-hospital 
electrocardiogram (ECG) showing STEMI are transported to 
designated STEMI receiving centers for primary PCI.3 Patients 
with STEMI may also present directly to the emergency 
department (ED) via self or family transport and are referred 
to as “walk–in” patients. Prior studies suggest that walk-in 
STEMI patients have longer treatment times compared to 
EMS-transported patients.7-9 While effective triage of large 
numbers of critically ill patients in emergency departments 
is often cited as the reason for treatment delays, additional 
factors have not been adequately evaluated. 

The goal of this study was to evaluate baseline 
demographic and clinical differences between walk-in 
and EMS-transported STEMI patients and identify factors 
associated with prolonged door to balloon (D2B) time in 
walk-in STEMI patients.

METHODS
Study Population

Patients were included in this study if they had chest 
pain (or an angina equivalent), an ECG showing 1 mm 
of ST segment elevation in 2 contiguous leads consistent 
with STEMI and were referred for emergency coronary 
angiography and primary PCI. This study was performed 
at an urban academic medical center from January, 2009 
through December, 2010. Patients were identified for this 
retrospective, observational study using the Los Angeles 
County + USC Medical Center Cardiac Catheterization 
Laboratory STEMI database. Data abstraction was performed 
by one physician (EB) and all data was reviewed as part 
of our ongoing institutional quality assessment and quality 
improvement STEMI program. For EMS-transported patients, 
the diagnosis of STEMI was made by paramedics when a 
pre-hospital ECG showed STEMI. For walk-in patients, the 
diagnosis of STEMI was made by the emergency physician 
(EP) when the initial or subsequent ECG showed STEMI. The 
cardiac catheterization laboratory was activated for presumed 
STEMI patients by EPs using a bundle-paging system. If the 
pre-hospital ECG or initial ECG was later interpreted by the 
interventional cardiologist as not showing STEMI and if the 
patient did not undergo emergent coronary angiography, they 
were excluded from the study. Patients were also excluded 
if they did not undergo primary PCI, died in the ED prior to 

receiving coronary angiography, were transferred-in from 
another institution for primary PCI or if they were transferred 
out to another institution during their index hospitalization. 

Primary Percutaneous Coronary Intervention
Procedures were performed by 4 experienced 

interventional cardiologists. Use of mechanical or rheolytic 
thrombectomy devices prior to stent placement, the decision 
to place a bare metal or drug eluting stent, the choice of 
the anticoagulation used for the procedure and the use of 
vascular closure devices were left to the discretion of the 
treating interventional cardiologist. Following the procedure, 
all patients received aspirin (325 mg once daily) and either 
clopidogrel (300 mg or 600 mg orally followed by 75 mg 
once daily) or prasugrel (60 mg orally followed by 10 
mg once daily). Clopidogrel or prasugel was continued 
for at least 1 month following placement of a bare metal 
stent and for 12 months following placement of a drug-
eluting stent. Life-long aspirin therapy was recommended. 
Ejection fraction was assessed prior to hospital discharge by 
transthoracic echocardiography. 

Study Parameters and Outcome Measures
We defined EMS-transport as patients being transported 

by EMS services. Walk-in patients were defined as those 
arriving to the hospital by self or private transportation, 
taxis, public transportation or walking to the hospital. The 
demographic and clinical parameters of the study population 
included age, gender, ethnicity, initial complaint and medical 
history. We defined hypertension as systolic blood pressure 
>140 mm Hg or diastolic blood pressure >90 mm Hg or 
receiving anti-hypertensive medications. Hyperlipidemia was 
defined as a total cholesterol level >220 mg/dl or receiving 
medications for hyperlipidemia. Diabetes mellitus was defined 
as a hemoglobin A1c level >6.5% or treatment with insulin 
or an oral hypoglycemic medication. We defined chronic 
lung disease as the use of medications for chronic obstructive 
pulmonary disease. Peripheral vascular disease was defined 
as a claudication, prior history of peripheral angioplasty, stent 
placement or atherectomy, prior history of lower extremity 
bypass surgery or prior history of carotid endarterectomy. 

Presentation variables included congestive heart failure 
or cardiogenic shock at the time of hospital admission, 
admission heart rate and systolic blood pressure and the 
initial troponin value. We defined congestive heart failure 
as physical findings consistent with congestive heart failure 
and radiographic evidence of pulmonary edema. Cardiogenic 
shock was defined as a systolic blood pressure of less than 
90 mmHg for at least 30 minutes following adequate fluid 
resuscitation of at least 1 liter of normal saline or the need 
for inotropic agents to maintain a systolic blood pressure of 
at least 90 mmHg. Clinical signs of hypoperfusion, including 
decreased urine output, altered mental status and peripheral 
vasoconstriction were also required to establish the diagnosis 
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of cardiogenic shock. For patients with a swan ganz catheter 
in place, we defined cardiogenic shock as a pulmonary 
capillary wedge pressure >18 mmHg and a cardiac index <2.0 
liters/minute. Angiographic variables included the number 
of coronary vessels diseased with luminal diameter stenosis 
>70% by visual assessment. Left main coronary artery 
disease was defined as >50% luminal diameter stenosis by 
visual assessment. Procedures performed during the index 
hospitalization included coronary artery bypass grafting 
surgery (following 24 hours from coronary angiography) and 
placement of an intra aortic balloon pump. Ejection fraction 
was measured by transthoracic echocardiography prior to 
hospital discharge. 

 We studied the following time intervals: door to ECG 
time, ECG to cardiac catheterization (CL) activation time, 
CL activation to balloon time and D2B time. The primary 
endpoint of this study was D2B time. In-hospital clinical 
events included cardiogenic shock, cerebrovascular accident, 
congestive heart failure, reinfarction, respiratory failure, blood 
transfusion and in-hospital mortality. We defined reinfarction 
as subsequent elevation in cardiac biomarkers associated 
with angina requiring repeat emergent coronary angiography 
following the initial PCI procedure. 

Statistical Analysis
We compared baseline demographic and clinical 

characteristics, treatment time intervals, in-hospital clinical 
events and in-hospital mortality between the EMS-transported 
and walk-in groups. We used chi-square test for comparing 
proportions, and the Student t-test or the Wilcoxon ranked sum 
test, wherever appropriate, was used for comparing means. 
We used non-parametric analysis of covariance to compare 
the D2B time between the two groups adjusting for significant 
baseline characteristics found between the two groups. Mean 
± standard deviation are reported for continuous variables and 
number (percentage) are reported for categorical variables. 
We included significant risk factors identified in the univariate 
analysis in the stepwise logistic regression analysis from 
which significant independent factors were derived. Statistical 
significance was defined as a p-value <0.05. We used the 
Statistical Analysis System (SAS version 9.1) for all analysis.

RESULTS
Study Population

Between January 2009 and December 2010, 136 patients 
undergoing emergent coronary angiography for STEMI were 
evaluated. We excluded 21 patients because PCI was not 
performed (left main and/or multivessel disease requiring 
surgery n=5, cardiomyopathy n=12, no culprit lesion identified 
n=4), yielding a study population of 115 patients. Fifty-one 
patients (44%) arrived as walk-in (Walk-in group) and 64 
(56%) were transported by EMS (EMS-transport group). 
EMS-transported patients were older and more likely to be 
white compared to walk-in patients (Table 1). Walk-in patients 

were more likely to be Latino, had a higher prevalence of 
diabetes mellitus and presented with a higher heart rate and 
higher systolic blood pressure than EMS-transported patients. 
A higher proportion of the walk-in patients presented with an 

Table 1. Baseline demographics and presenting characteristics of 
emergency medical services (EMS)-transport and walk-in STEMI 
patients undergoing primary percutaneous coronary intervention.

EMS-transport
n=64

Walk-in 
n=51 p-value

Age1 60 ± 11 56 ± 7 0.03
Gender, % (n)
Male 75% (48) 78% (40) 0.6
Female 25% (16) 22% (11)

BMI1 28 ± 6 28 ± 4 0.37
Ethnicity, % (n)
White 20% (13) 4% (2) 0.02
African-American 13% (8) 4% (2) 0.10
Asian 14% (9) 10% (5) 0.49
Latino 50% (32) 77% (39) 0.004
Other 3% (2) 6% (3) 0.47

Initial Complaint, 
% (n)
Chest pain 83% (53) 94% (48) 0.07
Other 17% (11) 6% (3) 0.06

Medical history, 
% (n)
Hypertension 58% (37) 55% (28) 0.75
Hyperlipidemia 42% (27) 33% (17) 0.33
Diabetes mellitus 27% (17) 49% (25) 0.01
Current smoker 20% (13) 29% (15) 0.26
Dialysis 3% (2) 0% (0) 0.20
Chronic lung
disease 6% (4) 4% (2) 0.69

Prior MI 11% (7) 8% (4) 0.75
Prior CHF 2% (1) 0% (0) 1.00
Prior PCI 11% (7) 10% (5) 0.84
Peripheral
vascular disease 3% (2) 0% (0) 0.50

Atrial fibrillation 2% (1) 0% (0) 0.37
Presentation, % (n)
Congestive heart
failure 3% (2) 8% (4) 0.40

Cardiogenic
shock 8% (5) 0% (0) 0.07

Heart rate (bpm)1 75 ± 22 91 ± 21 0.001
Systolic blood
pressure 
(mm Hg)1

135 ± 34 151 ± 32 0.041

Elevated
troponin, % (n) 64% (41) 88% (45) 0.005

1Mean ± standard deviation; BMI, body mass index; MI, 
myocardial infarction; CHF, congestive heart failure; PCI, 
percutaneous coronary intervention; CABG, coronary artery 
bypass graft surgery; BPM, beats per minute
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elevated troponin value, compared to EMS-transport patients, 
88% versus 64%, p=0.005, respectively. The number of 
diseased coronary vessels was similar between EMS-transport 
and walk-in patients (Table 2). A higher proportion of EMS-
transport patients had significant left main disease compared 
to walk-in patients, 22% versus 8%, p=0.04, respectively. 
The use of bare metal stents and drug eluting stents, the need 
for coronary artery bypass surgery, use of intra aortic balloon 
pump and ejection fraction prior to hospital discharge were 
similar between the groups. 

Treatment Times and In-hospital Clinical Events
Door to ECG and ECG to CL activation times were 

significantly longer in the walk-in compared to EMS-
transported patients (Table 3). CL activation to balloon time 
was similar between both groups. D2B time was significantly 
longer in the walk-in versus EMS-transported patients, 
136±169 versus 60±31 minutes, p<0.0001, respectively. 
The proportion of patients with D2B time ≤ 90 minutes was 
significantly higher in the EMS-transport versus the walk-in 
patients, 91% versus 59%, p<0.0001, respectively. In-hospital 
clinical events, including cardiogenic shock, cerebrovascular 
events, congestive heart failure, reinfarction, respiratory 
failure, blood transfusion and mortality, were similar between 
both groups. 

Comparison of D2B time between Walk-in and EMS patients
Univariate analysis comparing walk-in and EMS-transport 

patients identified the following significant risk factors: 
mode of entry, age, Latino ethnicity, left main disease, initial 
troponin elevation, admission heart rate, admission systolic 
blood pressure, and diabetes mellitus. These variables were 
included in the logistic regression model to derive an adjusted 
odds ratio for D2B time >90 minutes. Table 4 provides the 
unadjusted and adjusted odds ratio for D2B time >90 minutes 
for walk-in as compared to EMS-transport patients. 

Identification of independent risk factors for D2B time 
>90 minutes

Univariate analyses comparing patients with D2B time 
≤90 minutes and D2B time >90 minutes identified hospital 
entry mode, Latino ethnicity and history of diabetes mellitus 
as significant risk factors. Stepwise regression analysis 
identified hospital entry mode (walk-in versus EMS-transport) 
as the only independent factor associated with D2B time >90 
minutes (data not shown). 

LIMITATIONS
This study has several limitations. The number of patients 

included is small given that the study period was only 23 
months. We excluded 21 patients from the analysis because 

Table 2. Angiographic findings and procedures performed of 
emergency medical service (EMS)-transported and walk-in 
STEMI patients undergoing primary percutaneous coronary 
intervention.  

EMS-transport
n=64

Walk-in
n=51 p-value

No. of vessels 
diseased, % (n)

One 28% (18) 24% (12) 0.50

Two 34% (22) 45% (23) 0.24

Three 38% (24) 31% (16) 0.49

Left main disease1 22% (14) 8% (4) 0.04

Stent, % (n) 92% (59) 94% (48) 1.00

Bare metal stent 64% (41) 57% (29) 0.66

Drug eluting stent 28% (18) 37% (19) 0.30

CABG, % (n) 0% (0) 4% (2) 0.19

Intra aortic balloon 
pump, % (n) 9% (6) 12% (6) 0.68

Ejection fraction2 51 ± 18 (n=29) 46 ± 8 (n=11) 0.11
1Left main disease defined as >50% diameter stenosis; CABG, 
coronary artery bypass graft surgery. 2Mean + standard deviation.

Table 3. Treatment times and in-hospital clinical events of 
emergency medical service (EMS)-transported and walk-in STEMI 
patients undergoing primary percutaneous coronary intervention. 

EMS-transport
n=64

Walk-in
n=51 p-value

Treatment Times1

Door to ECG 6 ± 15 40 ± 147 <0.0001

ECG to CL
activation 2 ± 20 40 ± 87 <0.000

CL activation to
balloon 54 ± 16 56 ± 16 0.43

Door to balloon 60 ± 31 136 ± 169 <0.0001

Door to balloon <90
mins, % (n) 91% (58) 59% (30) <0.0001

In hospital clinical 
events, % (n)

Cardiogenic shock 11% (7) 4% (2) 0.29
Cerebrovascular
event 0 0

Congestive heart
failure 3% (2) 6% (3) 0.65

Reinfarction 3% (2) 0% (0) 0.50

Respiratory failure 11% (7) 6% (3) 0.51

Blood transfusion 2% (1) 0% (0) 1.00

Mortality 11% (7) 4% (2) 0.29
1Mean + standard deviation; ECG, electrocardiogram; CL, 
catheterization laboratory. 



Volume XV, NO. 1 : February 2014	 85	 Western Journal of Emergency Medicine

Bansal et al	 Importance of Hospital Entry Method in STEMI

they did not undergo PCI. Although the primary endpoint of 
this study was D2B time and therefore required inclusion of 
patients undergoing PCI, exclusion of 21 patients represents a 
loss of data and a decrease in the overall sample size. Patients 
were evaluated by numerous different physicians, nurses 
and staff in the ED during the study period. While there is 
a standard triage for patients presenting with non-traumatic 
chest pain, variations in the triage process may have altered 
time to ECG acquisition, time for ECG interpretation and time 
to CL activation. Inherent in the retrospective nature of the 
study are issues related to the inability to collect information 
not available in the medical records. The use of a single data 
abstracter reduces heterogeneity but may also have introduced 
some bias into data collection. The current study was 
performed at a large, urban academic teaching hospital with 
activation of the CL done by EPs using a single bundle-paging 
system, and as such our results may not be applicable to other 
hospital systems.

DISCUSSION
In the present study of STEMI patients undergoing 

primary PCI, 64% arrived via EMS-transport and 44% by 
walk-in transport. As observed in prior studies, walk-in 
patients had a significantly longer D2B time compared to 
EMS-transported patients, 136 ± 169 versus 60 ± 31 minutes, 
p<0.0001, respectively. Although there were significant 
baseline differences between walk-in and EMS-transported 
patients undergoing primary PCI, we found that hospital entry 
mode was the most important predictor for prolonged D2B 
time. In evaluating the treatment processes for walk-in STEMI 
patients, we found that prolonged door to ECG and ECG to 
CL activation times contributed to the prolonged D2B time.

The evaluation of walk-in patients with chest pain in 
the ED is multifaceted and requires a complex number of 
decisions at multiple levels throughout the triage process.10-12 
Patients arriving via walk-in transport to ED fail to receive 
a number of components that EMS-transported patients 
routinely receive. The most essential of these is a pre-hospital 
ECG that allows rapid identification of a STEMI, thus 
mandating rapid triage on arrival. Use of a pre-hospital ECG 

reduces door to needle time in those receiving thrombolytic 
therapy and reduces D2B time in those undergoing primary 
PCI.13,14 Current American College of Cardiology/American 
Heart Association Guidelines indicate that an ECG should 
be obtained within 10 minutes of hospital arrival for patients 
with chest pain or an anginal equivalent or other symptoms 
suggestive of STEMI.15 The ability to identify walk-in patients 
with chest pain who require an ECG at the time of initial 
triage is critical. Several recent studies have explored various 
methods in an attempt to reduce this arrival or door to ECG 
time.16-19 Takakuwa et al16 found that use of registration clerks 
to screen patients for chest pain followed by expedited orders 
for an ECG improved the percentage of patients receiving an 
ECG within 10 minutes of arrival from 16% to 64%. Zarich 
et al17 performed routine ECGs on all males >35 years of age 
or women >40 years of age with nontraumatic chest pain 
and reduced the door to ECG time from 15 to 7.6 minutes, 
p<0.001. Caputo et al18 reduced door to ECG time from 8.4 
to 3.7 minutes by obtaining a “more rapid ECG assessment of 
patients presenting with a complaint consistent with angina;” 
additional details on how these patients were identified at the 
time of triage were not described. Purim-Shem-Tov et al19 
used a dedicated ED greeter stationed in the triage area who 
screened all patients for chest pain, shortness of breath, acute 
mental status change in nursing home patients and dizziness 
and nausea in diabetic patients. Use of this protocol reduced 
the door to ECG time to 8.8 minutes. In addition to obtaining 
an ECG within 10 minutes of hospital arrival, rapid and 
accurate interpretation of the ECG and prompt activation of 
the STEMI team by EPs using a bundle paging system are 
additional essential components.20,21 

Given the documented benefits of EMS-transport for 
STEMI patients, few studies have specifically evaluated 
walk-in STEMI patients undergoing primary PCI.7-9 Canto et 
al8 evaluated over 300,000 patients enrolled in the National 
Registry of Myocardial Infarction (NRMI) database and 
compared baseline characteristics and management between 
EMS and self-transport (walk-in) patients. While use of EMS 
was associated with shorter treatment times, only 10% of the 
study cohort underwent primary PCI, and factors associated 

Table 4. Odds ratios (OR) from logistic regression model for D2B time >90 minutes.
D2B>90

No./Total no. (%) OR (95% confidence interval) p-value

Univariate model
Walk-in 21/51 (41.18) 6.78 (2.47, 18.55) 0.0003
EMS-transport 6/64 (9.38) 1 (Reference)

Multivariate model*
Walk-in 18/47 (38.3)** 3.53 (1.03, 12.07) 0.04
EMS-transport 6/59 (10.17) 1 (Reference)

*Adjusted for (variables with p<0.05) age, Latino ethnicity, left main disease, initial troponin elevation, admission heart rate, admission 
systolic blood pressure, and diabetes mellitus.
**Sample size decreased due to missing values in the covariates.
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with prolonged treatment times in the walk-in cohort were not 
explored. So et al7 evaluated STEMI patients arriving via EMS 
versus self-transport to 2 hospitals in Canada. Three hundred 
twenty- three of the 356 patients (91%) received thrombolytic 
therapy and 33 of the 356 patients (9%) received primary PCI; 
the reasons for prolonged treatment times in the self-transport 
(walk-in) primary PCI cohort were not explored. Despite 
nationwide efforts to promote the use of EMS-transport, 
walk-in patients constitute approximately 40% of STEMI 
patients.7,9 A recent study from the National Cardiovascular 
Data Registry Acute Coronary Treatment and Intervention 
Outcomes Network Registry – Get With the Guidelines 
(ACTION Registry-GWTG) found that older patients, those 
living farther from the hospital and those with hemodynamic 
compromise were more likely to use EMS-transport.9 

 
CONCLUSION

In addition to promoting the use of EMS-transport for 
STEMI patients, efforts are needed to rapidly identify and 
expedite the triage of walk-in STEMI patients. Prolonged 
door to ECG and ECG to CL activation times contribute 
to treatment delays in walk-in STEMI patients and should 
continue to be a focus of the quality improvement process.  
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Introduction: There has been concern of increased emergency department (ED) length of stay (LOS) 
during the months when new residents are orienting to their roles. This so-called “July Effect” has 
long been thought to increase LOS, and potentially contribute to hospital overcrowding and increased 
waiting time for patients. The objective of this study is to determine if the average ED LOS at the 
beginning of the hospital academic year differs for teaching hospitals with residents in the ED, when 
compared to other months of the year, and as compared to non-teaching hospitals without residents.

Methods: We performed a retrospective analysis of a nationally representative sample of 283,621 
ED visits from the National Hospital Ambulatory Medical Care Survey (NHAMCS), from 2001 to 
2008. We stratified the sample by proportion of visits seen by a resident, and compared July to 
the rest of the year, July to June, and July and August to the remainder of the year. We compared 
LOS for teaching hospitals to non-teaching hospitals. We used bivariate statistics, and multivariable 
regression modeling to adjust for covariates.

Results: Our findings show that at teaching hospitals with residents, there is no significant difference 
in mean LOS for the month of July (275 minutes) versus the rest of the year (259 min), July and 
August versus the rest of the year, or July versus June. Non-teaching hospital control samples 
yielded similar results with no significant difference in LOS for the same time periods. There was a 
significant difference found in mean LOS at teaching hospitals (260 minutes) as compared to non-
teaching hospitals (185 minutes) throughout the year (p<0.0001).

Conclusion: Teaching hospitals with residents in the ED have slower throughput of patients, no 
matter what time of year. Thus, the “July Effect” does not appear to a factor in ED LOS. This has 
implications as overcrowding and patient boarding become more of a concern in our increasingly 
busy EDs. These results question the need for additional staffing early in the academic year. 
Teaching hospitals may already institute more robust staffing during this time, preventing any 
significant increase in LOS. Multiple factors contribute to long stays in the ED. While patients seen 
by residents stay longer in the ED, there is little variability throughout the academic year. [West J 
Emerg Med. 2014;15(1):88–93.] 

INTRODUCTION
“July Effect” or “July Phenomenon” is a well-known entity 

among the medical community. Many hold the belief that one 
would never want to have a family member in the hospital 
during July, when trainee doctors are beginning their new roles. 

Highland Hospital, Alameda Health System, Oakland, California

As medical students become interns and junior residents 
become senior in July, the amount of collective experience 
among trainees in the hospital is significantly less than the 
month prior. This effect is postulated to be responsible for 
increased errors resulting in poor outcomes. Previous studies 
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have evaluated morbidity and mortality, surgical outcomes, 
hospital length of stay, and hospital charges early in the 
academic year as compared with non-academic hospitals or 
other times of the year.1-16 To date, these studies have yielded 
mixed results. 

Little information exists on this effect within the 
emergency department (ED). While there are studies of length 
of stay (LOS) in the hospital during the month of July, it is 
unknown if the ED LOS varies throughout the academic year. 
ED LOS data is becoming increasingly important as ED usage 
rates increase, contributing to increasing ED crowding and 
boarding of patients. The objective of our study was to assess 
if length of stay varies throughout the year at teaching and 
non-teaching EDs. 

METHODS
We used publicly available micro-data files of the 

1996-2009 National Hospital Ambulatory Medical Care 
Survey (NHAMCS). NHAMCS is a national probability 
sample survey of visits to hospital outpatient and emergency 
departments, conducted by the National Center for Health 
Statistics (NCHS) of Centers for Disease Control and 
Prevention (CDC). Data is gathered for approximately 25,000 
visits a year from approximately 600 EDs and outpatient 
centers.17 As this data is public and no patient identifiers are 
used, we were granted an exemption from our institutional 
review board review.

 We performed a cross-sectional analysis of NHAMCS 
data. Pursuant to NHAMCS specifications, we weighted data 
by patient visit weight (patwt) and used the “cstratm” variable 
to reflect the multi-stage sampling design of the survey for 
variance estimation. 

The “Length of visit” variable is calculated in the 
NHAMCS ED micro-data file from 2001 through 2009 and 
was used to define ED LOS in this analysis (n=295,870). We 
examined distribution of LOS using descriptive statistics, 
histograms, and Shapiro-Wilk W test for normal data. Both 
means and medians were calculated for this study population. 
Medians may be a more accurate way to represent ED LOS; 
a skewed distribution can affect the mean, favoring the 
direction of more lengthy ED stays, given the high frequency 
of patients boarding in the ED.19 Because of skewness in 
LOS data (for example, for January at non-teaching hospitals, 
mean=193.7 minutes with 95% confidence interval (CI)  from 
184.5 to 202.9; median=139, IQR=80-230), for the purpose of 
regression analysis, we transformed LOS to natural logarithm 
of LOS. 

We defined “teaching hospital” by proportion of ED 
visits seen by residents and interns as specified by “resint” 
variable in NHAMCS. Per precedent, using methodology from 
a previous large NHAMCS study,18 a hospital was defined 
as a “teaching hospital” if the provider was recorded as ED 
resident/intern in more than 25% of ED visits in that hospital 
per year.

We compared LOS in “teaching” and “non-teaching” 
hospitals by month and year using descriptive statistics. We 
then compared LOS in the month of July vs. LOS in all other 
months, July versus June, July and August versus May and 
June, and July and August vs. all other months in teaching 
and non-teaching hospitals. We performed bivariate and 
multivariate analysis of log-transformed LOS in teaching 
vs. non-teaching hospitals including the following variables: 
year of visit, admission to the hospital, metropolitan/non-
metropolitan status area, and safety-net status of the hospital, 
according the definition promulgated by the Centers for 
Disease Control and Prevention. All analyses were performed 
using STATA 11.0 (STATA Corp., College Station, Texas, 
USA) and a p-value equal to or greater than 0.05 was 
considered to be non-significant.

RESULTS
Using NHAMCS data, 295,870 ED visits from 2001 to 

2009 were examined. These visits provide a purposeful and 
representative sample of ED visits within the United States 
(U.S.) during that timeframe. The majority (252,360) of these 
visits occurred at non-teaching hospitals. The remainder of 
these visits (43,510) occurred at teaching hospitals. 

At teaching hospitals, the July and August median LOS 
was 169 min (IQR 95-288 min). During May and June, the 
median LOS was also 165 min (IQR=94-273). In the month of 
June, the median LOS was again 165 min (IQR 95-276 min).

When comparing teaching to non-teaching hospitals 
(Table 1), we did find a significant difference in LOS. LOS 
is significantly shorter at non-teaching hospitals throughout 
the year (median LOS=140 min, IQR 81-232 min at non-
teaching hospitals, median LOS 165, IQR 94-276 min at 
teaching hospitals.

Adjusting for all covariates (Table 2), we found that 
teaching hospitals have 15% longer ED LOS throughout the 
year compared to non-teaching hospitals (95% CI=11-20%). 
We noted no difference in July and August LOS as compared 
to the rest of the year controlling for all covariates (adjusted 
LOS ratio=1.01, 95% CI=0.98-1.04). 

Examining both means and medians by month, we found 
little variation in LOS throughout the academic year among 
teaching hospitals (Figure). Given that previous studies of the 
July Effect used several different timeframes to compare the 
earlier to later academic year, we computed linear regression 
coefficients for July versus June, July versus the rest of the 
year, and July and August versus May and June, all with 
and without adjustment for covariates. We failed to find any 
significant differences using any of these calculations. 

Linear regression coefficients were estimated controlling 
for a variety of factors that could influence LOS. Admitted 
and non-admitted patient visits, urban and rural hospitals 
(defined by Metropolitan Statistical Area), and safety-net 
and non safety-net hospitals (as defined in NHAMCS) were 
all examined. Of note, adjusting for all other covariates, the 
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LOS of admitted patients was 91% longer than non-admitted 
patients (95% CI=81%-98%). Also, the LOS of patient visits 
at urban hospitals were 42% longer than at rural hospitals, 
controlling for all other covariates (95% CI=34%-51%).

LIMITATIONS
Several limitations exist within our study. As with other 

retrospective studies, we were not able to control for a variety 
of factors which may have influenced the outcomes measured.

Teaching EDs also may increase staffing in July, using 
physician assistants and nurse practitioners to provide 
coverage as new residents acclimate to their roles. Also, 

hospitals may increase the number of attending physicians 
and senior providers working in the ED in July to provide 
closer supervision to new residents and interns and facilitate 
greater efficiency. 

It is important to note that not all academic years begin 
in July. While the preponderance start in July, some teaching 
programs begin the academic year in mid-June or August, or 
rarely, have variable start dates, incorporating one resident at a 
time into the program throughout the year. 

Our definition of teaching hospital was one in which more 
than 25% of patient visits were seen by residents/interns. This 
does not encompass all teaching hospitals by any means. We 

Table 1. Length of stay (LOS) in minutes in teaching* and non-teaching hospitals by month, emergency department NHAMCS (N= 
262,382), 2001-2009.

Teaching (n=43,510) Non-teaching (n= 252,360)

Month Mean LOS (95% CI) Median LOS (IQR)** Mean LOS (95% CI) Median (IQR)

January 223.5 (196.4, 250.5) 159 (82-265) 193.7 (184.5,202.9) 142 (82-232)

February 222.0 (196.3, 247.6) 163 (96-270) 200.7 (188.9,212.5) 145 (84-242)

March 227.2 (202.7, 251.7) 160 (93-266) 207.4 (192.4,222.4) 147 (82-245)

April 230.1 (211.0, 249.3) 165 (95-275) 187.1 (178.8,195.4) 137 (81-225)

May 216.8 (194.6, 239.3) 168 (95-268) 189.3 (179.5,199.2) 139 (81-227)

June 228.4 (196.5,260.4) 165 (94-272) 188.7 (179.2,197.2) 135 (79-224) 

July 248.5 (206.4,290.6) 164 (90-278) 191.8 (182.8,200.7) 140 (82-232)

August 254.4 (209.8,299.1) 171 (101-295) 195.1 (184.8,205.4) 144 (83-239) 

September 241.3 (215.2,267.3) 170(98-290) 191.7 (182.6,200.9) 143 (83-236) 

October 212.6 (188.8,236.4) 154 (90-263) 184.6 (175.6,193.6) 135 (79-226) 

November 210.2 (190.4,230.0) 153 (90-245) 189.8 (175.6,193.6) 143 (83-233) 

December 219.8 (189.7,249.8) 163 (88-273) 190.1 (179.7,200.5) 137 (78-228) 

IQR, interquartile range 
*A teaching hospital is a hospital where >25% of visits are performed by resident/intern as reported in NHAMCS survey

Table 2: Factors associated with length of stay (LOS)*, 2001-2009.

Characteristics	
Unadjusted LOS regression coefficient

(95% confidence interval [CI])
Adjusted LOS regression coefficient**

(95% CI)

Teaching (vs. non-teaching) 1.17(1.12, 1.23) 1.15 (1.11, 1.20)

Visit month

July (versus June) 0.97 (0.93, 1.01) 0.97 (0.93,1.00)

July and August (versus May and June) 1.03 (1.00, 1.07) 1.03 (1.00,1.06)
Year of visit (2001-2009)$ 1.03 (1.02, 1.04) 1.03 (1.02,1.03)
Admitted (versus not admitted) 1.95 (1.89, 2.01) 1.90(1.84,1.96)
Metropolitan statistical area (versus non-MSA)& 1.47 (1.38, 1.56) 1.42 (1.34,1.51)
Safety-net hospital (versus non-safety-net) 1.03 (1.00, 1.06) 1.01 (0.99,1.04)

*LOS was transformed to natural logarithm of LOS in linear regression models. Coefficients were exponentiated to calculate ratio of 
LOS associated with 1 unit change in each covariate;
**Models included teaching status, visit month (one comparison at a time), visit year, hospital admission, MSA and safety-net;
$LOS ratio is associated with each year change from 2001- 2009;
&Based on actual location in conjunction with the definition of the Bureau of the Census and the United States Office of Management and Budget.
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were not able to separate those hospitals with an emergency 
medicine (EM) residency program or those who had non-EM 
residents working in the ED. Also, NHAMCS does not record 
year of training of the resident for the patient visit, thus did 
not allow us to assess length of stay based on level of training, 
which may have played a role in our findings. 

Another limitation within our study is inability to control 
for the multitude of factors influencing LOS, beyond academic 
year cycles. Length of stay has been associated with elective 
surgical admission, number of ED admissions, and hospital 
occupancy.20 Seasonal trends in ED usage may exist, such 
as in flu season or in warm weather when more trauma 
patients are seen in EDs, which could contribute to LOS. By 
comparing teaching to non-teaching hospitals directly, we 
hope to control for some of these factors.

Crowding within the ED has been demonstrated to 
correlate with increased LOS in several studies. A recent study 
showed that in patients with asthma who were ultimately 
discharged, length of stay increased as the ED became more 
crowded.21 Crowding also influences LOS in higher acuity 
patients who require admission.22 Within our study, crowding 
and patient boarding could be responsible for increases in LOS 
throughout the year within both types of EDs. It is unclear if 
crowding varies between academic and non-academic EDs 
based on the current body of literature.

DISCUSSION
According to NHAMCS data, the number of ED visits in 

1992 in the U.S. was approximately 90 million.23 Data from 
2008 demonstrated 124 million visits,24 a 38% increase over 
that 16 year interval. compared with a 19% increase in U.S. 
population over the same period.25 EDs have become the 
safety net for the medically underserved, such as patients with 
Medicaid.26 These growing patient volumes give new urgency 
to patient wait times, crowding, and the need to board patients 
in the ED; all issues that may have been seen as less important 
in an earlier era.

Given the increased patient volumes, it is not surprising 
that ED LOS has steadily increased within the U.S. over the 

last several years.27 With patients staying longer in the ED, 
sick patients in the waiting room may wait longer to been 
seen, and patients may leave the ED without being seen. 

Whether the “July Effect” actually exists or is simply 
a belief based on anecdote is hard to definitively establish. 
Previous studies have yielded mixed results. While it 
seems intuitive that there must be a measurable outcome of 
performance that is affected by the beginning of the academic 
year, previous research has yielded conflicting results. There 
are no studies to our knowledge examining the “July Effect” 
in the emergency department.

A recent study examined preventable complications 
and deaths in the first two months of the academic year as 
compared to the last two months of the year at an academic 
level I trauma center.10 This study showed increased rates of 
preventable complications early in the year, however these 
complications had no impact on mortality. 

Similar results have been found in studies of surgical 
outcomes. For example, a retrospective review compared 
outcomes for patients undergoing appendectomy at two 
public teaching hospitals early in the academic year 
and found no difference in wound infection or length of 
hospitalization.16 Other studies of similar outcomes in 
surgical patients also demonstrate no change in morbidity 
and mortality early in the year.5

While there appear to be some variables that do change 
early in the year based on these studies, such as longer 
operative times, ultimately, patient-centered outcomes 
were not affected.5,16 This argues against the July Effect as 
a clinically significant entity. However, these results are in 
conflict with other studies of surgical outcomes which have 
found small differences early in the year for hip fracture 
mortality and pediatric shunt placement outcomes.1,11

The “July Effect” has been examined as an entity 
outside of the realm of surgical outcomes as well. Within the 
obstetrical literature, a single study using a national database 
showed no difference in rates of cesarean section, bladder 
injury, perineal lacerations or shoulder dystocia early in the 
academic year.6

This finding disagrees with a retrospective cohort study 
which examined undesired events among new anesthesia 
trainees at a single institution. In this study, an increased rate 
ratio of undesired effects such as nerve injuries, patient de-
saturation, and endotracheal tube mis-placement.8 

Medication errors have also been studied for the month 
of July. U.S. death certificates were used to evaluate observed 
number of deaths and compared to expected number of 
deaths for the month of July. Using counties with and without 
teaching hospitals throughout the U.S. to measure effect, 
percentage of fatal medication errors was significantly higher 
in counties with teaching hospitals than those without in the 
month of July.12

Among several studies on length of hospital stay as a 
marker for the July Effect, authors have reached different 

 
Figure. Comparing emergency department length of stay medians (in 
minutes) for teaching and non-teaching hospitals throughout the year.
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conclusions. In one study, hospital mortality and LOS in 
the intensive care unity was examined retrospectively at 
multiple hospitals in one region of the U.S. Adjusting for 
illness severity, no differences in mortality were found 
early in the academic year. Intensive care unit LOS was 
unchanged throughout the year.3 A study at a single center 
yielded similar results. Analyzing hospital LOS and ancillary 
charges, no differences were found.4 In comparison, a study 
in a single institution over many years demonstrated a steady 
decline in LOS over the academic year.13

Our study adds to the argument that the July Effect is 
more colorful lore than observable phenomenon. We found 
that patients spent the same amount of time in the ED 
no matter what time of year. While a short LOS does not 
necessarily mean better care, it is an important factor when 
considering ED quality. A functional and efficient ED leads to 
shorter stays, which do not vary much throughout the year in 
our study.

Given little EM literature exists in this area, further 
research could include rate of test ordering, experience level 
of providers, length of patient sign outs at change of shift, or 
unexpected return visits to the ED.

CONCLUSIONS
A variety of factors contribute to ED LOS, but the July 

Effect does not appear to be among them. In teaching hospitals, 
which we define as hospitals in which 25% or more of patient 
visits in the ED involve a resident, the length of stay does not 
vary throughout the year. Our study did show a significantly 
shorter LOS in non-academic as compared to teaching hospitals. 
Thus, when a higher proportion of residents are responsible for 
patient care (more than 25% versus less than 25%), length of 
stay is increased. Our study, using a large sample size, adds to 
the current body of literature that argues the “July Effect” is not 
a clinically significant entity. 
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Envision a shift years from now. You treat patients but never 
sit at a computer to document or enter orders. You wear a set 
of clear glasses with a computer screen built into the lens. 
Navigation of medical records occurs by voice command 
into a nearly invisible speaker built into your eyewear’s 
frame. No lag exists between your spoken command and the 
instantaneous flash of information desired. Patient notes and 
orders are entered immediately and hands free from voice 
controlled dictation before you leave a patient’s room. You 
finish your procedure note for a central line or intubation 
before you remove your gloves because you verbally entered 
that information as it was performed. During physical exam, 
you command the photo of a patient’s wound or bedside 
ultrasound findings from a miniscule camera inconspicuously 
situated into the frame of your eyewear. The images are 
uploaded and available immediately. Your lens alerts you 
the second critical lab values result. Electrocardiograms 
are transmitted to your lens too, and previous tracings are 
retrieved automatically. To page a consultant, you simply 
demand it from your hands free mobile command post. 
Prescriptions are sent electronically to and instantly received 
by local pharmacies once you speak the words. Drug doses, 
side effects, mechanism of action, and retail costs are all 
linked seamlessly from your order menu. For every fleeting 
query, you state what you want from which source, and it 
appears immediately. This is the future of medicine.

Google Glass is a voice controlled wearable head mount 
display smart-phone-like computer currently tested by select 
applicants for $1500 (Figure 1).1,2 Such hardware may be 
our first glimpse of a spectacle-based computer-integrated 
future. Apache helicopter pilots have had display mounts 
built into their helmets that stream night vision imagery for 
years. Dragon Dictation is a program that permits hands free 
patient encounter documentation. The iPhone5’s Siri searches 
for answers to our questions by voice command. Epocrates, 
Lexicomp, Sanford’s Antibiotic Guide, and Pub Med yield 

William Beaumont Army Medical Center, Department of Emergency Medicine and 
Department of Aviation medicine, Fort Bliss, Texas

valuable information we need every day to function optimally 
in our respective fields. Current microprocessors can deliver 
information as fast as we can request it. Wireless networks 
remotely link us to the internet. Google Fiber is supposed to 
provide internet connections 100 times faster than broadband.

Physicians are bogged down by the inefficiencies of 
data retrieval and transcription. The average emergency 
physician (EP) spends 30-40% of total shift time in a medical 
record.3 One study found EPs spend only 25% of total shift 
time in direct patient care.4 The technology already exists for 
the aforementioned vision. The individual constituents just 
need to be seamlessly integrated on a convenient interface. 
Wait times and costs could decrease. Improved efficiency 
could amplify profits. Physician experience and knowledge 
could accelerate. If this brighter future is not desired, it is 
needed. The quantitative and qualitative demand for medical 
care burdened to every provider seems only to increase. I 
encourage you to push us to this bright, more efficient, and 

Figure. Google glasses.
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more capable future. Advise your electronic medical record 
carrier to mold their interface into new applications for 
hardware such as the Google Glass and inevitable subsequent 
comparable models, integrate highly useful software adjuncts, 
and foster the adoption of these progressing technologies.
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Introduction: Non-contrast computed tomography (CT) is widely regarded as the gold standard 
for diagnosis of urolithiasis in emergency department (ED) patients. However, it is costly, time-
consuming and exposes patients to significant doses of ionizing radiation. Hydronephrosis on 
bedside ultrasound is a sign of a ureteral stone, and has a reported sensitivity of 72-83% for 
identification of unilateral hydronephrosis when compared to CT. The purpose of this study was to 
evaluate trends in sensitivity related to stone size and number. 

Methods: This was a structured, explicit, retrospective chart review. Two blinded investigators used 
reviewed charts of all adult patients over a 6-month period with a final diagnosis of renal colic. Of 
these charts, those with CT evidence of renal calculus by attending radiologist read were examined 
for results of bedside ultrasound performed by an emergency physician. We included only those 
patient encounters with both CT-proven renal calculi and documented bedside ultrasound results. 

Results: 125 patients met inclusion criteria. The overall sensitivity of ultrasound for detection of 
hydronephrosis was 78.4% [95% confidence interval (CI)=70.2-85.3%]. The overall sensitivity of a 
positive ultrasound finding of either hydronephrosis or visualized stones was 82.4% [95%CI: 75.6%, 
89.2%]. Based on a prior assumption that ultrasound would detect hydronephrosis more often in 
patients with larger stones, we found a statistically significant (p=0.016) difference in detecting 
hydronephrosis in patients with a stone ≥6 mm (sensitivity=90% [95% CI=82-98%]) compared to 
a stone <6 mm (sensitivity=75% [95% CI=65-86%]). For those with 3 or more stones, sensitivity 
was 100% [95% CI=63-100%]. There were no patients with stones ≥6 mm that had both a negative 
ultrasound and lack of hematuria.

Conclusion: In a population with CT-proven urolithiasis, ED bedside ultrasonography had similar 
overall sensitivity to previous reports but showed better sensitivity with increasing stone size and 
number. We identified 100% of patients with stones ≥6 mm that would benefit from medical expulsive 
therapy by either the presence of hematuria or abnormal ultrasound findings. [West J Emerg Med. 
2014;15(1):96–100.] 
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INTRODUCTION	
Computed tomography (CT) is widely accepted as a gold 

standard imaging modality for the detection of renal calculi and 
hydronephrosis.1 Unfortunately, CT is costly, adds time to the 
total emergency department (ED) visit and exposes patients to 
ionizing radiation. This last factor is of particular concern as 
renal calculi tend to recur and the mutagenic risks of radiation 
are cumulative in patients who undergo multiple studies.2,3 

In contrast, ultrasound (US) is non-invasive, can be 
performed quickly at the bedside and emits no ionizing 
radiation. Focused bedside renal US for the detection 
of hydronephrosis by emergency physicians (EP) is an 
established practice and is now integrated within the core 
emergency medicine curriculum of residency training 
programs.4 The finding of hydronephrosis on emergency 
bedside US is an indirect sign of a ureteral stone and has a 
reported sensitivity of 72-83% when compared to CT.5,6 

The presence of hydronephrosis on US in the clinical 
setting of suspected renal colic can provide sufficient 
information to guide the treatment and disposition of the 
patient, obviating the need for further imaging.7,8 Nonetheless, 
CT imaging, alone or in addition to bedside US, remains near-
universal in the evaluation of patients with suspected renal 
colic in the United States.

Because rates of spontaneous stone passage (e.g., without 
medical or surgical intervention) are closely correlated to 
stone diameter, treatment algorithms often hinge upon stone 
size as a branch point in decision making. The purpose of this 
study was twofold. First, we aimed to determine the overall 
sensitivity of bedside US performed by EPs and to compare 
this to previously reported sensitivities. Second, we sought to 
determine how sensitivity varied with stone size and number. 
 
METHODS 
Study Design and Setting

We performed a structured, explicit, retrospective chart 
review, closely following previously published criteria for 
medical record reviews.9,10 The study was based at an urban 
academic ED with an annual census of approximately 160,000 
patient visits and was approved in advance by the local 
institutional review board committee.  
 
Selection

All adult patients (≥18 years) from July 1, 2009, to January 
31, 2010, with an ED diagnosis of renal colic were queried. 
ICD-9 codes including kidney calculus (592.0), ureter calculus 
(592.1), urinary calculus unspecified (592.9), bladder calculus 
(594.1), ureteral calculus (594.2) and renal colic (788.0) were 
included. Of these charts, those with a CT from the selected 
visit showing evidence of renal calculus by attending radiologist 
read were examined for results of bedside US performed by a 
resident or attending EP during the same visit. All bedside US 
studies in the ED are performed by EPs who have successfully 
completed a 2-day course in bedside US. Only those patient 

encounters with both CT-proven renal calculi and documented 
bedside US results from the same ED visit were included. 
Patients were excluded for no other reasons.    

Methods of Measurement
We used a set of precise operational definitions of relevant 

variables. An ultrasound was considered positive if the EP 
recorded a notation of hydronephrosis [e.g., mild, moderate, 
severe, small, stage I, stage II, or stage III] or if there was a 
documented finding of sonographically evident stones. The 
number of stones was recorded from attending radiologist CT 
read. When a specific number was not given,we interpreted the 
words “several,” “few,” and “multiple” as ≥3. In patients with 
multiple stones, we used the size of the largest stone recorded 
by attending radiologist read. 
 
Data Collection and Processing

Abstractors were trained during dedicated sessions using 
mock medical records. Two investigators, each blinded to the 
study hypothesis, used a standard data abstraction form to 
independently review charts. The abstractors’ performance 
was monitored by a third investigator throughout the data 
abstraction process by reviewing the computerized database 
for invalid entries. To ensure good inter-rater reliability, we 
independently screened a random sample of 5% of the study 
records by both reviewers and compared for all data fields. 
Inter-rater reliability was 100%. For each patient, an electronic 
copy of the written ED chart, electronic laboratory results, 
electronic radiology reports, and electronic clinic follow-up 
notes were reviewed when available. We resolved coding 
conflicts by consensus among the authors. 
 
Primary Data Analysis

We compared the final CT report and the results 
of bedside US demonstrating either hydronephrosis or 
sonographically visible stones. We used STATA 10 software 
(College Station, TX) to analyze data. We estimated that a 
sample size of 100 patients would be necessary to establish 
a sensitivity of 80.0% and 200 patients for a sensitivity of 
90.0%, respectively, assuming 100% prevalence of ureteral 
stones.11 Sensitivity of ultrasound is reported with 95% 
confidence intervals. The differences between sensitivity for 
larger stones versus smaller stones were done using two-
sample test of proportions with the a priori condition that the 
difference would be greater than zero (Ha diff >0). We used a 
chi-squared test for trend to evaluate the relationship between 
stone number and sensitivity of ultrasound. 
 
RESULTS

There were 511 subjects during the study period with a 
diagnosis of renal colic, of which 198 subjects had CT-proven 
stones. One hundred twenty-five subjects had both CT-proven 
stones and documentation of a bedside ultrasound performed by 
the treating physician; this is our study population (Table 1).
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Table 1. Characteristics of study subjects. 

Subjects with emergency department (ED) 
diagnosis of renal colic 511

Subjects with computed tomography (CT) 
evidence of stone 198

Subjects with CT evidence of stone and ED 
bedside ultrasound (US) performed 125

Gender (% female) 37%

Mean age (years) 40.5

Bedside US evidence of stone        98

Mean stone size 7.66 mm

Mean number of stones 1.26

Table 2. Sensitivity of ultrasound (US) in all patients. 

n=125 US 
hydronephrosis

US
stone

Overall 
positive finding 
(hydronephrosis 

or stone)

ED bedside 
US evidence 98 11 103

Sensitivity 78.4% 8.8% 82.4%

95% CI 70.2-85.3% 3.8-13.8% 75.6-89.2%

Table 3. Sensitivity of ultrasound (US) by stone size. 

Stone size <6 mm ≥6 mm

Total patients 65 60

Positive emergency department bedside 
US (hydronephrosis or stone) 49 54

Sensitivity 75% 90%

95% CI 65-86% 82-98%

Table 4. Sensitivity of ultrasound (US) by stone number. 

Number of stones 1 2 ≥ 3

Total patients 100 17 8

Emergency department 
bedside US evidence 75 16 8

sensitivity 75% 94% 100%

95% CI 65-83% 82-100% 63-100%

Table 5. Sensitivity of either hematuria or ultrasound by stone size. 

Computed tomography proven 
stone size <6 mm ≥6 mm

Total patients 65 60

Patients with microscopic 
hematuria 46 50

Sensitivity 70.0% 83.0%

95% confidence interval 58.0-81.0% 71.0-91.0%

Total number of patients with 
either microscopic hematuria or 
positive emergency department 
(ED) bedside US

58 60

Combined sensitivity of hematuria 
or positive ED bedside US 89.0% 100%

95% confidence interval 78.0-95.0% 93.0-100%

The prevalence of US detection of hydronephrosis was 
78.4% (95% CI: 70.2, 85.3%). There were 5 subjects with a 
stone size greater than 10 mm and absence of hydronephrosis 
on bedside ultrasound. Stones were visualized on ultrasound 
among 8.8% (95% CI: 3.8%, 13.8%) of subjects. The 
overall sensitivity of a positive ultrasound finding of either 
hydronephrosis or visualized stones was 82.4% (95% 
CI:75.6%, 89.2%) (Table 2).

Based on a prior assumption that US would detect 
abnormalities more often in patients with larger stones, we 
found a statistically significant difference (p=0.016) in patients 
with a stone ≥6 mm (sensitivity=90% 95% CI=82%-98%]) 
compared to a stone <6 mm (sensitivity=75% [95% CI=65%, 
86%]) (Table 3). For those with 3 or more stones, sensitivity 
was 100% (95% CI=63-100%). Sensitivity in patients with 2 
stones was 94% (95% CI=82%-100%) and 75% (95% CI=65-
83%) with a single stone (Table 4). The chi-squared test for 
trend was statistically significant (p=0.048). 

Microscopic hematuria was absent in 23% of cases, 
including 4 patients with stones greater than 10 mm in diameter. 
When combining both microscopic hematuria or positive ED 
bedside ultrasound, sensitivity improved based on stone size 
from 89% (95% CI=78%-95%) in patients with a stone <6 mm 
to 100% (95% CI=93%-100%) in patients with a stone ≥6 mm. 
All patients with a stone size greater than 5 mm had either a 
positive ultrasound or microscopic hematuria (Table 5). 

DISCUSSION
Historically, ultrasound has been shown to be effective 

in guiding the diagnosis and management of suspected renal 
colic. Kartal et al7 showed that more than 50% of patients with 
acute flank pain were safely discharged from the ED without 
further investigations based on urinalysis and hydronephrosis 
on bedside US. Using a combination of IVP, CT, or passage 
of stone as the standard, bedside US showed a sensitivity 
of 81% for the detection of hydronephrosis in the setting of 

ED, emergency department; CI, confidence interval

CI, confidence interval

CI, confidence interval
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renal colic. Using a similar standard, Rosen et al.5 found a 
sensitivity of 72%. When using the CT read of the attending 
radiologist as the gold-standard, Gaspari and Horst6 showed 
bedside US to be 83% sensitive. 

In our study, 100% of patients with stones ≥6 mm were 
identified by either the presence of hematuria or abnormal 
bedside US findings. Moreover, we have demonstrated that the 
sensitivity of bedside US improves with increasing stone size 
and number. We are unaware of any previous studies looking 
at statistical trends in sensitivity of EP-performed bedside US 
based on size or number of stones. Because stones ≥6 mm are 
less likely to pass, the improving sensitivity of US with larger 
stones may help EPs select patients that require treatment.12,13 
Prospective studies, however, are needed to better define 
the test characteristics of bedside US in the emergency 
management of patients with undifferentiated flank pain.

In a recent study that used bedside US as part of an 
algorithm to evaluate patients with suspected renal colic, 
Kartal et al7 found that 11 of 27 patients with both negative 
urine results and the absence of hydronephrosis on ED bedside 
US had stones demonstrated on subsequent pyelography 
or CT imaging. However, they did not include stone size 
in their analysis. In our study, patients without evidence of 
stones on ED bedside US and without hematuria could be 
safely assumed to have stones less than 6 mm if detected 
on CT. Given that these smaller stones typically do not 
require surgical intervention and do not appear to benefit 
from medical expulsive therapy, we hypothesize that clinical 
assessment followed by urinalysis and bedside US could 
obviate the need for CT in this subset of patients.14 
 
LIMITATIONS

Limitations of our paper include those inherent in any 
retrospective chart review performed at a single institution. 
Although we used strict criteria for our chart review, incomplete 
documentation, missing charts, unrecoverable or unrecorded 
information, difficulty interpreting acronyms, and variance in 
the quality of information recorded are all limitations.

Our cohort includes only patients with a final diagnosis 
of renal colic and not all patients presenting to the ED with 
flank pain. Inclusion of patients with CT-proven stones 
only may have introduced bias. Over half of the patients 
with a diagnosis of renal colic did not receive CT imaging; 
those who did may have had more severe symptoms and 
subsequently a higher grade of obstruction. This may have 
led to an overestimation of the frequency of hydronephrosis. 
Nonetheless, our reported sensitivities compare favorably to 
prior published studies.

We based US data only on what was recorded in the 
chart, so it is possible that some of the 73 patients with no 
record of US received one that was not documented. Although 
all EPs performing bedside US met a minimum standard for 
training, there was significant variation in the US experience 
among them. Finally, patient characteristics, such as body 

habitus or body mass index, were not considered and may 
have limited the both the acquisition and interpretation of CT 
and bedside US studies.  
 
CONCLUSION

In our population with CT-proven urolithiasis, ED 
bedside ultrasonography had similar overall sensitivity to 
previous reports but showed better sensitivity with increasing 
stone size and number. We identified 100% of patients with 
stones ≥6 mm that would benefit from medical expulsive 
therapy by either the presence of hematuria or abnormal 
ultrasound findings. 
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Introduction: Board scores are an important aspect of an emergency medicine (EM) residency 
application. Residency directors use these standardized tests to objectively evaluate an applicant’s 
potential and help decide whether to interview a candidate. While allopathic (MD) students take 
the United States Medical Licensing Examination (USMLE), osteopathic (DO) students take the 
Comprehensive Osteopathic Medical Licensing Examination (COMLEX). It is difficult to compare 
these scores. Previous literature proposed an equation to predict USMLE based on COMLEX. 
Recent analyses suggested this may no longer be accurate. DO students applying to allopathic 
programs frequently ask whether they should take USMLE to overcome this potential disadvantage. 
The objective of the study is to compare the likelihood to match of DO applicants who reported 
USMLE to those who did not, and to clarify how important program directors consider it is whether or 
not an osteopathic applicant reported a USMLE score. 

Methods: We conducted a review of Electronic Residency Application Service (ERAS) and National 
Resident Matching Program (NRMP) data for 2010-2011 in conjunction with a survey of EM 
residency programs. We reviewed the number of allopathic and osteopathic applicants, the number 
of osteopathic applicants who reported a USMLE score, and the percentage of successful match. 
We compared the percentage of osteopathic applicants who reported a USMLE score who matched 
compared to those who did not report USMLE. We also surveyed allopathic EM residency programs 
to understand how important it is that osteopathic (DO) students take USMLE. 

Results: There were 1,482 MD students ranked EM programs; 1,277 (86%, 95% CI 84.3-87.9) 
matched. There were 350 DO students ranked EM programs; 181 (52%, 95% CI 46.4-57.0) matched 
(difference=34%, 95% CI 29.8-39.0, p<0.0001). There were 208 DO students reported USMLE; 126 
(61%, 95% CI 53.6-67.2) matched. 142 did not report USMLE; 55 (39%, 95% CI 30.7-47.3) matched 
(difference=22%, 95% CI 11.2-32.5, p<0.0001). Survey results: 39% of program directors reported 
that it is extremely important that osteopathic students take USMLE, 38% stated it is somewhat 
important, and 22% responded not at all important. 

Conclusion: DO students who reported USMLE were more likely to match. DO students applying 
to allopathic EM programs should consider taking USMLE to improve their chances of a successful 
match. [West J Emerg Med. 2014;15(1):101–106.]

Staten Island University Hospital, Department of Emergency Medicine, Staten Island, 
New York
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INTRODUCTION
Board scores represent an important aspect of a medical 

student’s application for an emergency medicine (EM) 
residency position.1,2 United States Medical Licensing 
Examination (USMLE) scores have been shown to correlate 
with overall success in EM residency3 and with in-training 
scores.4 Therefore, residency directors use these standardized 
tests to objectively evaluate an applicant’s potential and help 
decide whether to interview a candidate.1,2 

While allopathic students take the USMLE as part 
of their licensing process, osteopathic students take the 
Comprehensive Osteopathic Medical Licensing Examination 
(COMLEX). Since allopathic and osteopathic students take 
different examinations, it is difficult to compare board scores 
between these applicants. This may make it difficult for 
allopathic programs to decide whether to offer osteopathic 
students an interview. Although previous literature has 
suggested a correlation between COMLEX and USMLE 
scores,6 and proposed an equation to predict USMLE scores 
based on COMLEX scores, more recent analyses suggested 
that this conversion may no longer be accurate.7-9 A recent 
study of osteopathic applicants to one allopathic EM residency 
program showed no correlation between COMLEX-1 and 
USMLE Step I scores.10 Therefore, to overcome this potential 
disadvantage, some osteopathic students will also take the 
USMLE. A recent survey of graduating osteopathic medical 
students found that 59.5% reported taking at least one step 
of the USMLE, of which 35.3% stated the primary reason 
they took USMLE was “to enhance my chances of getting 
into an allopathic residency.”11 In the same survey, 70.2% of 
graduates also recommended that students take at least one 
step of the USMLE.

The first objective of this study was to compare the 
likelihood of osteopathic applicants who reported a USMLE 
score to match in an allopathic EM residency to osteopathic 
applicants who did not report a USMLE score. The second 
objective was to clarify how much emphasis is placed by 
program directors on whether an osteopathic applicant 
reported a USMLE score. 

METHODS
This study had two components: 1. A review of ERAS 

and NRMP data, and 2. A survey of all EM residency program 
leadership. This study was approved by our local institutional 
review (or human subjects) committee. Waiver of informed 
consent was granted.

Review of ERAS and NRMP data
Application and match data were collected for allopathic 

and osteopathic applicants to all allopathic EM residency 
programs for application season 2010-2011. This season 
began September 1, 2010 and continued through match day 
March 17, 2011. Application and match data are published 

annually by the National Resident Matching Program (NRMP) 
in “National Resident Matching Program, Results and Data,” 
(www.nrmp.org). This publication was reviewed to obtain 
the number of allopathic and osteopathic applicants and the 
percentage of successful match. Additional unpublished data 
was obtained through NRMP and the Electronic Residency 
Application Service (ERAS). NRMP representatives queried 
their database and supplied the number of osteopathic and 
allopathic students who ranked allopathic EM programs, 
the number of osteopathic and allopathic students who 
successfully matched in an allopathic EM program, and 
whether the osteopathic students reported a USMLE score. 
ERAS representatives queried their database and provided the 
number of osteopathic students who applied to allopathic EM 
programs and how many reported a USMLE score. 

Survey
To clarify how much weight is placed by program 

directors on whether or not an applicant reported a USMLE 
score, we sent a questionnaire to all allopathic EM residency 
programs accredited by the Accreditation Council for 
Graduate Medical Education (ACGME). Each program was 
allowed one response to the survey. Osteopathic EM residency 
programs approved by the AOA were excluded. Programs 
with dual ACGME and AOA accreditation were not excluded. 
The survey is presented in Figure 1. It was sent electronically 
(www.surveymonkey.com) to all EM programs via the 
Emergency Medicine Association of Residency Coordinators 

Figure 1. SURVEY

Osteopathic study

Is your residency an osteopathic (DO) residency program?

Yes No

How would you describe your hospital's location?

Urban Rural Suburban

Which geographic area is your hospital in?

Northeastern Central Southern Western

What is the structure of your residency program?

1-2-3 1-2-3-4 2-3-4

How many residents are in your EM program?_____________

Does your program consider applications from osteopathic (DO) students?

Yes No

How many osteopathic (DO) residents are in your EM program?_____________

How many residents are in your incoming EM class for academic year beginning July 

2011?_____________

How many osteopathic (DO) residents are in your incoming class for academic year 

beginning July 2011?_____________

How many osteopathic (DO) students prematched at your residency program for the 

academic year beginning July 2011?_____________

How many osteopathic (DO) students matched at your residency program through NRMP 

for the academic year beginning July 2011?_____________

When applying to your program, how important is it that osteopathic (DO) students take 

USMLE?

Not important at all Somewhat important Extremely important 

Please Comment _____________c Residents

Osteopathic study
Figure 1. Survey.
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(EMARC) Listserv. Program directors were subsequently 
contacted individually by e-mail to encourage completion of 
the questionnaire. 

To prevent duplicate responses from the same program, 
we encouraged program directors to complete the survey 
together with their program coordinators. In addition, 
internet protocol (IP) addresses of respondents were 
reviewed. Where IP addresses were the same, duplicate 
responses were excluded. Where these responses differed 
from each other, the “worst case scenario” response was 
kept. For example, if two responses were received from the 
same IP address, one responded “Not important at all” and 
one responded “Extremely important”, the “Not important 
at all” response was kept and the “Extremely important” 
response was excluded.

Outcome measures
The primary outcomes were the percentage of osteopathic 

students who matched in allopathic EM residencies, and 
percentage of osteopathic applicants who reported a USMLE 
score matching in an allopathic EM residency in application 
year 2010-2011. The secondary outcome was the percentage 
of allopathic EM residency program directors responding to 
the survey who feel it is important for osteopathic applicants 
to take USMLE.

Data Analysis
Categorical data are presented as percentages with 95% 

confidence intervals (CI). The percentages of osteopathic 
and allopathic students matching in allopathic EM residency 
programs and the rates of osteopathic students with or without 
a reported USMLE score who matched in an allopathic EM 
program were compared by Fisher’s exact test. Statistics were 
calculated using GraphPad InStat (Version 3.05, for Windows 
95/NT, GraphPad Software, San Diego California USA, 
Copyright 1992-1998 GraphPad Software Inc.).

Sample size analysis was performed. In previous 
match years, the overall match rate for EM applicants was 
approximately 85%. Assuming this match rate, to show a 10% 
decrease for osteopathic applicants 131 subjects would be 
required (90% power, alpha 0.05).

RESULTS
ERAS and NRMP data

In application year 2010-2011, 153 allopathic EM programs 
participated in NRMP for 1,626 positions.13 The number of 
allopathic and osteopathic applicants, how many reported a 
USMLE score, and how many matched is displayed in Figure 2. 
Among allopathic students, 86% ( 95% CI 84.3-87.9) successfully 
matched compared to 52% (95% CI 46.4-57.0) of osteopathic 
students (difference=34%, 95% CI 29.8-39.0, p<0.0001).13 

All 
Applicants 

to EM 
Spots

Osteopathic 
(DO)
576 

Applied13

Did Not 
Match 

87
(61%)

Matched
126

(61%)

Did Not 
Match 

82
(39%)

Ranked 
Allopathic 
Program
148216

Ranked 
Allopathic 
Program

14215 

Did Not 
Rank 

Allopathic 
Program

158  

Ranked 
Allopathic 
Program

20815

Did Not 
Rank 

Allopathic 
Program

68

COMLEX 
+ USMLE

27613

(48%)

COMLEX 
Alone
300

(52%)

Allopathic 
(MD)
1630

Applied14

Matched
1227
(86%)

Did Not 
Match 

205
(14%)

Matched
55

(39%)

Figure 2. Flow of applicants.
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Among osteopathic students who reported a USMLE 
score, 61% (95% CI 53.6-67.2) matched compared to 39% 
(95% CI 30.7-47.3) of those who did not report a USMLE 
score (difference=22%, 95% CI 11.2-32.5, p<0.0001).

Survey
One hundred thirty survey responses were received. 

Duplicate IP addresses were identified for 16 responses and 
an additional 16 responses were from osteopathic programs. 
These were excluded. The remaining 98 programs formed 
our data set, and represent 64% of all allopathic programs. 
Programs responding to the surveys had a total of 106 (59%) 
osteopathic applicants who successfully matched through 
NRMP and 14 pre-matched applicants. Demographics of the 
programs are presented in Table 1.

Six programs (6%) stated they do not consider 
applications from osteopathic students. One program stated 
they ask osteopathic students to complete a transitional year 
before applying to their program. Seventy-seven programs 
(79%) had osteopathic residents in their residency program. 

Programs were asked, “When applying to your 
program, how important is it that osteopathic students 
take USMLE?” and 91 responses were received. Survey 
results are reported in Table 2 and Figure 3. Thirty-nine 
percent of program directors reported that it is extremely 
important that osteopathic students take USMLE, 38% 
stated it is somewhat important, and 22% responded not at 
all important.

DISCUSSION 
In the 2010-2011 application season, allopathic students 

were more likely than osteopathic students to match in an 
allopathic EM program. Osteopathic students who reported 
a USMLE score were more likely to match into an allopathic 
EM residency position than those who did not.

In our survey sample, 94% of allopathic programs 
consider applications from osteopathic applicants and 
79% have osteopathic residents in their program. Seventy 
eight percent stated it is somewhat important or extremely 

Figure 3. Importance of the United States Medical Licensing Exam.

Table 1. Demographics of programs responding to survey.

Hospital type n (%)

    Urban 75 (77%)

    Suburban 21 (21%)

    Rural 2 (2%)

Geographic location

    Northeast 36 (37%)

    South 22 (22%)

    West 13 (13%)

    Central 27 (28%)

Residency length

    1-2-3 75 (77%)

    1-2-3-4 20 (20%)

    2-3-4 2 (2%)

    No response 1 (1%)

Residency size number

    Minimum 6

    Maximum 60

Table 2. Survey results.

Does your program consider applications from 
osteopathic students?

n (%)

Yes 92 (94%)
No 6 (6%)
When applying to your program, how important is it 
that osteopathic students take USMLE?

Extremely Important 36 (39%)
Somewhat Important 35 (38%)
Not At All Important 20 (22%)
No Response 1 (1%)

Comments n
Somewhat Important
     USMLE Step I is required, Step II preferred 1
     “We highly recommend taking USMLE but do not 
make it mandatory”

1

     “If an osteopathic student expects to compete 
with an allopathic student they should take USMLE”

1

     USMLE allows them to better compare applicants 6
     Prefer USMLE 4
     A strong USMLE score is more meaningful than a 
strong COMLEX score

2

Not At All Important
     We don’t require it but it sure is helpful 1

USMLE, United States Medical Licensing Exam; COMLEX, 
Comprehesnive Osteopathic Medical Licensing Exam
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important that osteopathic students take USMLE. Even 
among those who said “somewhat important,” several 
commented that they recommend or prefer it.

Residency directors evaluate many aspects of an 
applicant’s file when deciding how high to place them on 
their rank list. Whereas course grades may have different 
meaning in different medical schools, USMLE scores reflect 
performance on a standardized examination taken by all 
students across the country. This allows program directors 
to better compare students across the entire spectrum of 
applicants. This may be the reason that program directors feel 
it is so important for osteopathic students to take USMLE. 

It would be helpful for allopathic residency directors to 
have a conversion between COMLEX and USMLE scores. 
Previous literature reported such a conversion factor,6 
however subsequent studies suggested this conversion factor 
is not accurate.8,9 In a letter to the editor, the president and 
chief executive officer of the National Board of Osteopathic 
Medical Examiners stated, “it is not possible—or even 
desirable—to make a direct numerical comparison between 
the scores of the COMLEX-USA examination series and 
those of the USMLE.”7

Osteopathic students applying to allopathic EM 
programs frequently ask if they should take USMLE to 
be more competitive. The findings in this study will help 
advisors answer that question.

LIMITATIONS
Our study represents data from a single application 

season. It is possible that the likelihood of an osteopathic 
student to match varies from year to year. Future studies can 
examine several years of match data.

Many factors other than board scores affect a student’s 
likelihood of matching. This study did not look at the 
actual score the students received on USMLE or COMLEX 
since these were not available to us. It is possible that 
the students who took USMLE also had better overall 
applications and interviewed better. Similarly, it is feasible 
that some osteopathic students took USMLE but did not 
report their scores via ERAS. Students who did not report 
their scores may have had weaker overall applications. 
Thus, it is possible that we are observing association rather 
than causation. 

Some programs have dual accreditation from both the 
ACGME and the AOA. These programs were not excluded 
from the ERAS and NRMP data. In addition, some of 
these programs may have been included in our survey. 
Respondents were asked, “Is your residency an osteopathic  
residency program?” If they responded yes, they were 
excluded. Programs with dual accreditation may not have 
answered yes and would have been included in our data. 
However, we believe this makes our results even stronger. 
Programs with dual accreditation would be more comfortable 
with COMLEX scores and would be more likely to accept 

applicants without USMLE scores. So, including these 
programs in our study would make it more difficult to show 
that applicants with only COMLEX scores were less likely 
to match and would skew our results in the direction of less 
program directors stating it is important for osteopathic 
applicants to report a USMLE score. Despite including these 
programs in our study group, we still showed that applicants 
with only COMLEX scores were less likely to match and 
a majority of program directors still felt it is important for 
applicants to report a USMLE score.

 We assessed the number of osteopathic students who 
matched as a percentage of those that ranked EM programs 
in NRMP. We did not include osteopathic students who 
obtained positions outside the match. In the 2011 match, 
osteopathic students were eligible to accept positions directly 
from program directors prior to the match (known as “pre-
match”). From the sample set of our survey respondents, 
approximately 13% of osteopathic students who began 
allopathic residency in 2011 pre-matched. Osteopathic 
students may also have obtained unfilled positions after the 
match (known as “the scramble”). In 2011, only five EM 
positions at two programs were available in the scramble 
period. However, we were specifically studying the effects 
of reporting a USMLE score on the chances of that student 
to obtain a position in the NRMP match. Future studies can 
include applicants who pre-matched and those who obtained 
positions in the scramble period.

It is possible that some students ranked other specialties 
higher than EM and matched in those specialties. We included 
all applicants who ranked EM positions, not only those for 
whom EM was their first choice. In the 2010-2011 application 
season, approximately 90% of applicants who ranked EM 
ranked it as their only choice or their first choice.17

The survey was sent out via the EMARC Listserv. It is 
possible that some residency programs are not members of 
EMARC. However, in academic year 2010-2011, all 153 
allopathic EM residencies were members of EMARC.18 
In addition, all program directors were contacted directly 
by e-mail, thus ensuring that all programs had the ability 
to complete the survey. The response rate to our survey 
was 64%. It is possible that programs that do not consider 
osteopathic applicants were less likely to complete the 
survey. It is also possible that programs who did not respond 
to the survey do not consider osteopathic students who have 
not taken USMLE. 

CONCLUSION
In the 2010-2011 application season, allopathic students 

were more likely than osteopathic students to match in an 
allopathic EM residency. Osteopathic students who reported 
a USMLE score were more likely to match into an allopathic 
EM residency than those who did not. Osteopathic students 
applying to allopathic EM programs should consider taking 
USMLE to improve their chances of a successful match.
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Dislocation of a total hip prosthesis is a painful and 
mentally stressful orthopaedic emergency.1 It may be 
long-standing and asymptomatic, typically involving the 
femoral portion.2-4 This report describes a peculiar chronic 
dislocation of both components of a total hip prosthesis. A 
93-year-old female patient, thin and of short stature, had 
come to our attention for recent onset of lumbar pain at 
the orthopaedic department. She walked with significant 
unequal lengths of the lower limbs. She had previously 
been operated on for bilateral total hip replacement, in 
which the left hip, a Brunelli version (Brescia, Italy, 
1977), was performed 30 years ago for dysplasia.5 At 
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and Traumatology Department, Italy
Georgia Regents University, Department of Orthopaedic Surgery, Augusta, 
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the emergency department, lumbar spine and pelvis 
radiographs were taken, showing scoliosis and vertebral 
arthrosic deformations, along with dislocation of both total 
left hip replacement components (Figure). It was detected 
that the femoral stem was loosened. Patient denied any fall 
injury or accident to the operated left hip. It was decided 
not to perform surgery because of the patient’s age. Many 
case reports have discussed hip dislocations in which a 
femoral component was involved. To our knowledge, this 
is the first case of dislocation of both prosthetic elements 
of a hip replacement that was completely asymptomatic 
while walking. 

 
Figure. Bilateral hip prosthetization with dislocation of both prosthetic components of the left hip. This is a Brunelli THR version, peculiar 
for the squared and cemented socket. On the right is visible a color photo of an explanted cup. The cemented socket is rotated and the 
cemented straight stem is loosened. Surgical approach used was the Watson-Jones (wire cerclage is visible around greater trochanter).
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A 43-year-old Caucasian male with history of mechanical 
mitral valve was found down outside a recreational park 
shortly after daybreak. Examination on arrival to the 
emergency department revealed altered mental status, right 
hemiplegia, forced leftward gaze, and complete aphasia. 
Patient was ineligible for tissue plasminogen (TPA) 
therapy due to unknown time of symptom onset. Computed 

University of Tennessee College of Medicine Chattanooga, Chattanooga, Tennessee

Figure 1. Transverse (left) and coronal (right) computed tomography angiogram demonstrating abrupt cutoff of the left middle cerebral 
artery at the site of the thrombus (marked by arrows).

tomography angiogram (CTA) revealed occlusion of the left 
middle cerebral artery (MCA) with acute thrombus (Figure 1). 
Computed tomography perfusion scan (CTP) revealed a large 
ischemic penumbra with no evidence of infarcted brain tissue 
(Figure 2). The patient was taken for emergent endovascular 
therapy with successful retrieval of left MCA thrombus. The 
patient had almost complete resolution of symptoms with a 
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Figure 2. Computer-generated perfusion map demonstrating 
the region of the left cerebral hemisphere (CBF) with decreased 
cerebral blood flow and prolonged mean transit time (MTT) (marked 
by arrows). Note that this region of the brain has normal cerebral 
blood volume (CBV) indicating potentially salvageable brain tissue.

pre-discharge National Institute of Health Stroke Scale of 1. 
History prior to discharge revealed that the patient was non-
compliant and had been off of his warfarin therapy for months 
prior to the stroke. The patient was discharged home on 
warfarin and statin therapy.

Acute stroke patients with unknown time of symptom 
onset are traditionally excluded from acute interventional 
therapy due to increased rates of fatal intracranial 

hemorrhage when patients with infarcted brain are treated 
with TPA or endovascular therapy beyond the recommended 
time windows.1,2 CTP of the brain is a rapid means of 
distinguishing between viable and non-viable brain tissue.3 

Early in the course of stroke, there is prolonged mean transit 
time (MTT), decreased cerebral blood flow (CBF), and 
equal or greater cerebral blood volume (CBV) in ischemic 
areas of the brain. As brain tissue infarcts, both the CBF and 
CBV decrease. Assessment of differences between CBF and 
CBV in areas of brain with prolonged MTT allows one to 
determine both the size of the stroke as well as the amount of 
salvageable brain tissue. CTP has the potential to guide acute 
stroke interventional therapy in patients with unknown time of 
symptom onset.
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The early diagnosis of necrotizing fasciitis is often ambiguous. Computed tomography and magnetic 
resonance imaging, while sensitive and specific modalities, are often time consuming or unavailable. 
We present a case of necrotizing fasciitis that was rapidly diagnosed using bedside ultrasound 
evaluating for subcutaneous thickening, air, and fascial fluid (STAFF). We propose the STAFF 
ultrasound exam may be beneficial in the rapid evaluation of unstable patients with consideration of 
necrotizing fasciitis, in a similar fashion to the current use of a focused assessment with sonography 
for trauma exam in the setting of trauma. [West J Emerg Med. 2014;15(1):111–113.]

INTRODUCTION
Necrotizing fasciitis is a severe soft-tissue infection with 

significant morbidity and mortality, reported between 25% and 
75%.1 In the United States, the annual age-adjusted incidence 
is approximately 4.3 infections per 100,000 of the population. 
This produces a heavy financial toll, with a mean hospital 
length of stay of 36 days, resulting in an average cost per 
patient of $62,846.2

Although necrotizing fasciitis is primarily a clinical 
diagnosis, patient presentations can be ambiguous. While a 
computed tomography (CT) is traditionally used to confirm 
the diagnosis prior to surgery in uncertain cases, newer 
research shows ultrasound may be a specific modality in 
confirming the diagnosis and preventing delays in definitive 
surgical treatment.3 

CASE REPORT
A 44-year-old female presented to the emergency 

department (ED) with a 3-day history of left groin and inner 
thigh redness, pain, and swelling; associated with fever, 
chills, and vomiting. The patient was seen the prior day 
in a local urgent care at which time she was treated with 
intravenous vancomycin for cellulitis and discharged on 
oral antibiotics. The patient presented to the ED within 24 
hours of discharge from the urgent care. The initial ED vitals 
revealed an afebrile (36.9°C), normotensive (126/63) patient 
with tachycardia (124) and mild tachypnea (22). On physical 
exam, the patient had left inner thigh and groin induration 

measuring 12 cm x 12 cm. The patient was morbidly obese 
with a BMI>45 kg/m2, making crepitus difficult to appreciate 
on physical exam. Her initial labs were as follows: lactate 
3.5 mmol/L, WBC 18.2 x 103 per mm3, hemoglobin 12.3 
g/dL, sodium 136 mmol/dL, glucose 225 mg/dL (12.5 
mmol/L), and creatinine 1.8 mg/dL (159 µmol/L). This 
gave her a laboratory risk indicator for necrotizing fasciitis 
(LRINEC) score of 6, C-reactive protein (CRP) excluded. 
(CRP was not ordered in the ED). A bedside ultrasound was 
performed, which showed positive subcutaneous thickening, 
air, and fascial fluid (STAFF) concerning for necrotizing 
fasciitis (Video 1). The patient’s soft tissue ultrasound 
findings are significantly different when compared to normal 
soft tissue ultrasound (Video 2). The patient was started 
on intravenous vancomycin and piperacillin/tazobactam 
empirically, and surgery was consulted.

Based on the LRINEC score, ultrasound findings, 
and physical exam, the patient was taken immediately to 
the operating room for presumed necrotizing fasciitis and 
forwent either CT or magnetic resonance imaging (MRI). In 
the operating room she underwent operative debridement of 
the left groin and perineum, resulting in excision of 15 cm x 
23 cm of tissue with extensive washout. At the close of the 
surgery the patient was admitted to the surgical intensive care 
unit post-operatively for septic shock requiring vasopressors 
and ventilator dependence. The patient underwent repeat 
washouts with minor debridements daily for 3 days, with 
lactate normalization and a down-trending WBC to 13.5 x 
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103 per mm3 on post-operative day 3. She was extubated 
and transferred to a step-down unit on post-operative day 
5, after which plastic surgery was consulted to evaluate for 
possible skin graft. Over the course of 9 days and 4 additional 
operative washouts, the patient was deemed to be a poor graft 
candidate. A wound vacuum-assisted closure (V.A.C.) device 
was placed, and the patient was transferred to the plastic 
surgery service on day 9. The decision was made to forgo 
skin graft during her immediate hospital stay. The patient was 
fully ambulatory and discharged home with a wound V.A.C. 
on post-operative day 28. The patient subsequently received a 
skin graft, and has been recovering well since. 

DISCUSSION
The diagnosis of necrotizing fasciitis is initially 

suspected by clinical findings classically characterized by 
erythema with ill-defined borders, rapid progression in size, 
and association with severe pain and tenderness beyond the 
apparent area of involvement.4,5 While blisters, hemorrhagic 
bullae, drainage, skin discoloration, and crepitus are 
important diagnostic clues in more advanced cases, they are 
unfortunately associated with poor sensitivity, late onset, and 
severe disease.4,5 While the literature has stressed high fever, 
hypotension, and multi-organ failure as indicators of possible 
necrotizing fasciitis6-8, a review found that only 53% were 
febrile and 18% were hypotensive at presentation.5 

Often, the early stage of necrotizing fasciitis is 
clinically indistinguishable from soft tissue infections such 
as cellulitis and erysipelas, making the early diagnosis 
difficult.4,5 While more subtle, this presentation is associated 
with a similar mortality if not treated by early aggressive 
surgical debridement.1 In the case discussed, the patient 
presented a day earlier to an urgent care with only redness 
and pain, lacking crepitus, discharge, fever, or other classic 
findings on physical exam. The speed at which her symptoms 
progressed attests to the virulence of the disease and 
importance of early recognition. 

Diagnostic criteria have been developed due to frequent 
ambiguity of the clinical diagnosis. These include the use of 
decision rules (LRINEC score),9 CT, MRI, and ultrasound; 
with CT and MRI being the mainstays of diagnosis in 
ambiguous cases. While studies have shown that CT and MRI 
provide a higher sensitivity and superior evaluation of disease 
extent compared to ultrasound,10 these imaging modalities can 
be time consuming, thus delaying definitive treatment.1,7 

The diagnostic ultrasound findings consistent with 
necrotizing fasciitis include fascial and subcutaneous tissue 
thickening, abnormal fluid accumulation in the deep fascia 
layer, and, in advanced cases, subcutaneous air.6,8 These 
criteria can be recalled using a proposed “STAFF” mnemonic. 
A retrospective review of 32 pathologically confirmed 
necrotizing fasciitis showed that ultrasound revealed 
changes in subcutaneous fat (87.5%), underlying fascia 
(56%), and muscle (46.8%), but did not reveal histologically 

apparent inflammation in the subcutaneous tissues (9.3%) 
or muscle (25%) in several cases.11 However, while it is not 
recommended to exclude necrotizing fasciitis on the basis 
of ultrasound,3 it has been shown to be specific for soft 
tissue infections, with one study reporting sensitivity of 88% 
and specificity of 93% using ultrasound.8 The sensitivity 
of ultrasound varies depending on the location and extent 
of necrotizing fasciitis; current ultrasound technology is 
thus unable to safely rule out the diagnosis. Here, a case is 
presented where bedside ultrasound allowed providers to 
forgo time intensive tests such as CT or MRI, which would 
have delayed definitive operative management in an unstable 
patient with necrotizing fasciitis.

CONCLUSION
The early diagnosis of necrotizing fasciitis is often 

ambiguous and carries a high rate of morbidity and mortality 
if the diagnosis is missed. Although more sensitive, CT and 
MRI are time consuming and might not be readily available. 
Since a delay in treatment results in significantly increased 
morbidity and mortality; prompt diagnosis is crucial. The 
diagnostic ultrasound findings consistent with necrotizing 
fasciitis can be easily recalled by remembering to do an exam 
for STAFF. It warrants a special reminder, however, that 
ultrasound is not sensitive enough to exclude the diagnosis. 
Given clinical suspicion, and a negative ultrasound study, a 
more sensitive study such as CT, MRI or in advanced cases 
surgical exploration, is warranted. 

While further study is required, this case supports that 
the early use of ultrasound in the form of a STAFF exam is 
an appropriate adjunct in those patients in whom there is a 
clinical suspicion of necrotizing fasciitis, with the goal of 
expediting operative debridement in much the same way as 
a focused assessment with sonography for trauma (FAST) 
exam is used to expedite laparotomy in unstable patients with 
abdominal trauma. 

Video 1. Ultrasound video demonstrating Subcutaneous 
Thickening, Air, and Fascial Fluid (STAFF).

Video 2. Soft tissue ultrasound findings are significantly different 
when compared to normal soft tissue ultrasound 
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INTRODUCTION
Priapism is defined as persistent penile erection or clitoral 

engorgement not accompanied by sexual desire or stimulation, 
usually lasting more than 4 to 6 hours. It is considered a 
urologic emergency that should be treated promptly as it 
can lead to erectile dysfunction in 30-90% of patients.1 In 
general, priapism is divided into 2 types: high-flow and low-
flow. High-flow priapism is non-ischemic and is often caused 
by increased flow through arteries due to trauma. Low-flow 
priapism is a result of blood collecting within the corpora and 
is caused by erectile dysfunction medications, hyperviscosity 
syndromes, trauma, tumor, neurologic conditions, and 
medication side effects. Variouos psychoactive medications 
are also known to cause low-flow priapism, with trazodone the 
most commonly implicated member of this group. Quetiapine 
is an atypical antipsychotic originally designed for use in 
schizophrenia, but it is now also used to treat a multitude of 
other psychiatric disorders, including schizoaffective disorder, 
bipolar disorder, anxiety, and depression.2 We report the first 
case of recurrent priapism as a result of standard doses of 
quetiapine after first use and with multiple subsequent uses.

CASE REPORT
A 43-year-old African American man with a history of 

schizoaffective disorder and ulcerative colitis presented to 
the emergency department (ED) for a painful erection lasting 
15 hours. He reported noncompliance with sulfasalazine 
for ulcerative colitis but intermittent use of quetiapine, 
100 mg every morning and 200 mg every evening, for his 
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Priapism is rarely related to use of non-erectile related medications. The objective was to educate 
about the multiple possible causes of priapism and to provide treatment recommendations for the 
different types of priapism. We present the case of a 43-year-old African American male with a history of 
schizoaffective disorder who presented to our emergency department multiple times over a three year 
period with priapism, each episode related to the ingestion of quetiapine. Following penile aspiration 
and intercavernosal injection of phenylephrine, this patient had resolution of his priapism. This case 
demonstrates an unusual case of recurrent priapism. [West J Emerg Med. 2014;15(1):114–116.]

schizoaffective disorder. Prior to the ED visit, previous doses 
of quetiapine resulted in erections lasting 3 hours every 
morning that resolved spontaneously. He denied any history of 
trauma, sickle cell disease or trait, illicit drug use, vasoactive 
agents, including nitrates, recent intercourse, or use of any 
medications or devices for sexual enhancement. Examination 
demonstrated a tender and erect phallus without evidence of 
injury, fibrosis, angulation, lesions, or discharge. Testicles 
were normal, and no hernias were present.

Subcutaneous terbutaline and oral pseudoephedrine 
were administered with no effect. Aspiration of 10 cc 
of intracavernosal blood followed by intracavernosal 
phenylephrine injection led to successful detumescence. The 
patient was advised to discontinue use of quetiapine and 
arrange follow-up with his primary care physician.

The patient returned to the ED 4 times over the 
course of the next year. Each time the patient had a 
morning erection lasting 6 to 9 hours following 200 mg of 
quetiapine ingestion the prior evening. Detumescence was 
achieved successfully with aspiration and intracavernosal 
phenylephrine injection. The patient was ultimately 
transitioned from quetiapine to ziprasidone and amitriptyline 
with resolution of his recurrent priapism.

Three years after his initial presentation, the patient 
returned to the ED with yet another episode of priapism. He 
reported accidentally taking 100 mg of quetiapine instead 
of his normal dose of amitriptyline the evening prior to 
presentation. He awoke with an erection and came to the 
ED after the erection failed to resolve spontaneously after 8 
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hours. Detumescence was again achieved with intracavernosal 
aspiration and injection of phenylephrine. Intracavernosal 
blood was found to contain quetiapine with a level of 502 ng/
ml. The patient was discharged home and advised to dispose 
of any excess quetiapine.

DISCUSSION
The case presented is the first reported case of recurrent 

priapism due to therapeutic doses of quetiapine. There have 
been several previous case reports implicating quetiapine as 
a cause of priapism. Quetiapine was initially approved by 
the U.S. Food and Drug Administration for the treatment of 
schizophrenia in 1997. The first report of priapism was in 
2001 by Pais and Ayvazian;3 a 45-year-old male attempted 
suicide by ingesting 27 quetiapine (65 mg/tablet) pills, which 
resulted in priapism requiring a cavernosal-glanular shunt to 
achieve detumescence. 

Du Toit et al reported priapism due to therapeutic doses 
of quetiapine in 2004.4 Their patient developed priapism 
24 hours after being transitioned from risperidone and 
trazodone to quetiapine. Symptoms resolved after being 
started on loxapine, an antipsychotic with minimal alpha1 
adrenoreceptor blockade. The patient had no difficulty with 
risperidone and trazodone for 2 years prior to the event but 
developed diabetes over the course of his 2 years of treatment. 
Thus, Du Toit et al concluded that the “risk of ischemic (low-
flow) priapism from a range of atypical antipsychotics is 
aggravated by diabetes.”

In a letter to the editor, Harrison et al describe a 46-year-
old African American/Native American man on mirtazepine 
and quetiapine who developed priapism requiring surgical 
intervention after taking amphetamines 24 to 48 hours prior 
to presentation.5,6

The case presented by Davol and Rukstalis provided the 
best evidence for therapeutic quetiapine alone as a cause of 
priapism.7 They described priapism in a 25-year-old African 
American man without a history of sickle cell disease or 
trait, who had been taking quetiapine for over a year, was 
taking no other medications, and received his medications at 
the prison infirmary.

The pharmacologic mechanism of drug-induced 
priapism is believed to be related to the blockade of alpha1 
adrenoreceptors. Alpha-adrenergic blockade allows for 
relaxation of cavernosal trabecular smooth muscle resulting 
in engorgement of the corpora cavernosa. Examples of 
medications that act via this mechanism include yohimbine 
or delequamine. 

Antipsychotics are also believed to cause priapism 
by blocking alpha1 adrenoreceptors. A study of reports 
of antipsychotic-induced priapism in the United Sates 
Adverse Event Reporting System database found that high 
alpha1 affinty antipsychotics (quetiapine, chlorpromazine, 
risperidone, ziprasidone) were associated with priapism 
requiring medical intervention (reporting odds ratio 13.7; 

10.1-18.5) while low and medium affinity antipsychotics such 
as loxapine, haloperidol, and aripiprazole were not associated 
with priapism requiring intervention (reporting odds ratio 2.2; 
0.9-4.1).8

Our patient developed recurrent priapism after taking 
relatively low (100 to 200 mg) doses of quetiapine. Transition 
to another antipsychotic resulted in resolution of symptoms. 
After not using quetiapine and being symptom free for 
over two years, the patient developed priapism after a 
single dose of quetiapine. The expected therapeutic serum 
steady-state level of quetiapine is 100-1000 ng/ml. While 
an intercavernosal level is not directly comparable to serum 
levels and serum levels were not measured in this case, the 
intracavernosal level of 502 ng/ml demonstrates the presence 
of quetiapine within the corpora after only a single dose.

One possible difficulty in interpretation of reported 
cases is that most cases of priapism due to quetiapine use 
are African American patients. All of the patients described 
denied a history of sickle cell disease or trait and any other 
symptoms consistent with such a history, yet none of the 
case patients were ever tested for sickle cell trait or disease. 
However, development of priapism during adulthood in sickle 
cell disease is uncommon: 75% of male sickle cell patients 
have the first occurrence of priapism before the age of 20 with 
a mean age of 12 to 15 years.9 In vitro studies of quetiapine 
metabolism have shown that quetiapine is metabolized by both 
CYP3A4 and to a lesser degree CYP3A5, which is expressed 
in 60% of African Americans versus only 10-30% of whites.10 
This raises the possibility that priapism due to quetiapine use 
may be affected by differences in metabolism.

Knowing that priapism is rare, practitioners may be 
unfamiliar with the standard therapeutic treatment plan for 
priapism. High-flow versus low-flow states may be established 
by history and physical exam, cavernosal blood gas or color 
duplex ultrasonography of the penis.11 High-flow priapism 
is most commonly caused by penile arterial laceration and 
resultant excessive inflow of arterial blood.  Low-flow 
priapism presents with a painful erection, engorged corpora 
cavernosa and (in contrast to normal erection) a flaccid 
corpus spongiosum and glans penis. While the diagnosis and 
treatment of priapism is similar in both adults and children, 
causes of low-flow priapism that must be elucidated through 
careful history and physical examination in children include 
bleeding disorders, Kawasaki disease, leukemia, and sickle 
cell disease. For cases in which differentiating high- versus 
low-flow priapism is challenging, intracavernosal blood gas 
analysis will demonstrate arterial blood in high-flow priapism 
versus low pH, low oxygen tension, and high carbon dioxide 
in low-flow priapism. 

Initial treatment should include analgesia. Opioids and 
anxiolytics may be used parentally. A dorsal penile nerve 
block using local anesthesia using a wheal of lidocaine without 
epinephrine dorsally one centimeter distal to the pubic bone and 
scrotal insertion may be a helpful adjunct in pain control.
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Treatment of any primary disorder that may be causing 
the priapism is integral to the initial therapy. In sickle cell 
disease, this treatment includes hydration and oxygenation. 

For high-flow priapism, arterial flow is maintained and 
there is no concern for immediate ischemia; as a result, a 
period of observation is appropriate prior to selective arterial 
embolization.12 Another option that has been attempted 
successfully in case reports includes applying direct pressure 
to the arteriovenous fistula under Doppler ultrasound 
guidance.13,14 Regardless, urologic consultation should be 
made from the ED and will likely guide treatment in high-
flow priapism.

For low-flow priapism, the most proven treatment 
requires aspiration of cavernosal blood and direct 
caversonal injection of phenylephrine (or epinephrine in 
some reports).15,16 For phenylephrine, 1 mg of 1 mg/mL 
phenylephrine can be mixed into a syringe with either 9 
or 99 cc of normal saline thereby creating a 100 mcg/1cc 
or 100 mcg/10cc concentration respectively.17 A butterfly 
needle should be placed perpendicularly to the penis into the 
corpora cavernosa (the two corpora cavernosa are connected 
and therefore only a single side approach is necessary). Five 
to 10 cc of blood should be aspirated using an empty syringe, 
and 100-200 mcg of phenyephrine should be injected. This 
can be repeated every 5-10 minutes to a maximum dose 
of 1000 mcg. Vital signs including blood pressure should 
be monitored, as some phenylephrine will be absorbed 
systemically. If aspiration fails, the next step is surgical 
intervention and the creation of a cavernosal-corpora 
spongiosa shunt. 

Consultation with a urologist is recommended in all 
cases of pediatric priapism, persistent low-flow priapism, 
and high-flow priapism. Patients with persistent priapism or 
underlying disorders such as leukemia or sickle cell disorder 
require inpatient hospitalization. If the priapism is treated 
successfully, then the patient can be observed and discharged 
home with urologic specialist follow-up as an outpatient.

CONCLUSION
Use of quetiapine continues to increase. While initially 

approved for schizophrenia, quetiapine is now approved for 
mania-associated bipolar disorder, and has also been used 
in the treatment of myriad disorders including depression, 
obsessive-compulsive disorder, post-traumatic stress disorder, 
restless leg syndrome, Tourette’s syndrome, and as a sedative. 
Given past case reports and our case of recurrent priapism, 
it is important that physicians come to recognize priapism as 
a serious side effect of quetiapine and are prepared to treat it 
appropriately when diagnosed.
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