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ABSTRACT

Introduction: Emergency medicine (EM) workforce studies show low rates of board-certified/residency-trained emergency
physicians practising in rural emergency departments (EDs) in the USA. Rural ED rotations for EM residents may lead to increased
numbers of residency-trained EM providers in rural areas. There is concern that residents trained in rural environments will not get
sufficient procedural experience or patient acuity. The current literature contains only one single-residency study that provides
procedural experience and patient acuity comparison between metropolitan and rural EDs. The purpose of this study is to utilize the
Nationwide Emergency Department Sample (NEDS) to compare the rate of selected procedures and critical diagnoses at rural and
metropolitan EDs in the USA.

Methods: The NEDS database contains ED visit records from 958 hospitals and approximates a 20% stratified sample of US
hospital-based EDs. The procedures analyzed were chosen based upon the Emergency Medicine Residency Review Committee’s
guidelines for procedural competency and the critical diagnoses were selected based upon the American College of Emergency
Physicians Model of the Clinical Practice of Emergency Medicine. Procedures and critical patient diagnoses were identified in the
NEDS database by International Classification of Diseases (9th revision) code. The rates of eight procedures and twelve critical diagnoses
are compared between two categories: The metropolitan category includes hospitals that are in counties defined as large or small

metropolitan; the rural category includes hospitals that are in counties defined as micropolitan or non-metropolitan.
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Results: When comparing 22 766 219 rural ED visits to 97 267 531 metropolitan ED visits there were significant differences
between the rates of procedures and critical diagnoses. For all procedures analyzed, the rate at which they were performed in the
rural setting versus the metropolitan was significantly lower. The decreased performance rate in rural EDs compared to
metropolitan EDs was greatest for ED procedures such as fracture reduction, endotracheal intubation and lumbar puncture.
Overall, procedures were performed twice as often in metropolitan EDs as compared to rural EDs. Critical diagnosis rates also
tended to be lower for rural EDs when compared to metropolitan EDs. This difference in identification of critical diagnosis rate was
greatest for acute myocardial infarction, cardiac dysrhythmia and ischemic cerebrovascular accident.

Conclusions: The rates of critical diagnoses are similar, but are still lower in rural EDs as a recent single-site study has shown. The
lower rates of procedures and critical diagnoses in rural EDs confirm the concern that residents receiving a substantial portion of
their training in rural EDs may not get sufficient experience in certain procedures or critical diagnoses. The benefits of a rural ED
rotation must be weighed against the risk of lower procedure and critical diagnosis rates. The impact of a 1-3 month rotation in a
rural ED on overall procedural competency and clinical experience cannot, however, be extrapolated, and further study is required

to quantify this effect.
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Emergent and lifesaving procedures are an important aspect ) . o .
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of EM practice, and becoming well trained at performing
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Methods

This study utilized Nationwide Emergency Department
Sample (NEDS) data for the year 2006. NEDS is a database
managed by the Healthcare Cost and Utilization Project
(HCUP) and sponsored by the Agency for Healthcare
Research and Quality®. The AHRQ NEDS database contains
ED visit records from 958 hospitals and approximates a 20%
stratified sample of US hospital-based EDs®. Procedures and
critical diagnoses were selected based on Accreditation
Council for Graduate Medical Education procedural
guidelines and the American College of Emergency
Physicians’ Model of the Clinical Practice of Emergency
Medicine. Procedures and diagnoses were identified in the
NEDS database by International Classification of Diseases (9th
revision) code or Current Procedural Terminology code. The
rates of these selected procedures and critical diagnoses are
compared between two categories: the metropolitan category
includes hospitals that are in counties defined as large
metropolitan or small metropolitan; the rural category
includes hospitals that are in counties defined as micropolitan
or non-metropolitan. These designations were based on the
population size of the county in which the hospital-based ED
was located. Large metropolitan counties had a population of
at least 1 million residents, small metropolitan counties had a
population of less than 1 million residents, micropolitan
counties were areas with an urban core of at least 10 000
people but less than 50000 total population and rural
counties had less than 10 000 residents®. It is assumed that a
hospital in a micropolitan county would have resources more
consistent with a rural ED than one in a metropolitan or

urban center.

By using the discharge weights provided in this dataset, the
authors computed nationally representative estimates of the
percentage of procedures or critical diagnoses occurring in
metropolitan and rural hospitals based on the total number
visits in these locations. In order to assess the variability
between the hospitals in this sample, unweighted rates for
each hospital were also calculated. These rates of procedures

and critical ~diagnoses were then compared between

metropolitan and rural hospitals by using Wilcoxon rank sum
tests. The medians and interquartile ranges (25th and 75th
percentiles) for these rates are reported for the rural and
metropolitan hospitals. All analyses were performed using
Statistical Analysis Software v9.2 (SAS Institute; http://

WWW.sas.com).
Ethics approval

This project was reviewed by the authors’ Institutional
Review Board and a non-human subject research

determination was made for this work.

Results

Procedure rates were identified and calculated based upon
the total number of visits to rural EDs (22 766 219) and
metropolitan EDs (97 267 531) (Table 1). The percentage of
procedures occurring per total visits was lower in the rural
ED group for every procedure that was measured. There was
a greater difference for some procedures than for others. The
rate of procedures was about twice as great in metropolitan
EDs as compared to rural EDs for the following procedures:
fracture reduction, chest tube thoracostomy and intubations.
Other procedures had a greater difference in rate of
occurrence, such as cricothyrotomy, lumbar puncture,
pericardiocentesis and thoracotomy. As a percentage of total
visits, performance of procedures in rural EDs occurred

about half as frequently as in metropolitan EDs.

The Wilcoxon rank sum tests showed a greater disparity of
procedures in rural as compared to metropolitan hospitals
throughout all procedures measured when looking at the
median percentage of procedures per total number of visits.
For some of the procedures, such as cricothyrotomy,
pericardiocentesis and thoracotomy, there was a 0.000%
occurrence for the median. The median of any procedure
being performed at a rural hospital was 0.370% as compared

to 1.166% in a metropolitan hospital.
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The rates of critical diagnoses in rural versus metropolitan
EDs can be seen in Table 2. As with procedures, the rate of
critical diagnoses was less in the rural ED group than in the
metropolitan ED group; however, the difference was not as
great. Diagnoses that had more similar rates included acute
myocardial infarction; cardiac arrest; pneumothorax;
subarachnoid, intracranial or subdural hemorrhage; acute
ischemic cerebrovascular accident; pulmonary embolism;
aortic aneurysm; aortic dissection and testicular torsion.
Select diagnoses such as cardiac dysrhythmia, ectopic
pregnancy and appendicitis appeared to be found less
frequently in the rural environment compared to the

metropolitan.

The Wilcoxon rank sum tests showed that the rates of
diagnoses were significantly lower in the rural environment
as compared to the metropolitan; however, the magnitude of
the differences in the medians was not necessarily as great for
diagnoses such as acute myocardial infarction, cardiac arrest,
pneumothorax, subarachnoid, intracranial or subdural
hemorrhage and ischemic cerebrovascular accident. When
the median was examined the diagnoses of pulmonary
embolism, aortic aneurysm, aortic dissection and testicular
torsion were found to occur less frequently in the rural
setting. Cardiac dysrhythmia, appendicitis and ectopic
pregnancy occurred much less frequently in the rural

environment than in the metropolitan setting.

Discussion

One previous single-site study showed that procedure
frequencies were similar in metropolitan and rural EDs,
whereas the results of the present study, based on a national
representative sample, demonstrate a lower rate of
procedures in rural EDs when compared to metropolitan
EDs’. This was true for each individual procedure and for the
likelihood of any procedure being performed. While each
procedure was less likely to occur in the rural setting there
were some that occurred hardly at all, including

thoracotomy, pericardiocentesis and cricothyrotomy. The

rates of diagnoses are more similar, but are still lower in rural

EDs, as a recent study has shown’.

Even though procedure rates are lower in the rural ED there
is still utility in training residents in a rural environment. The
rates may be higher for some procedures in the metropolitan
ED but this does not imply that every procedure being done
in the ED is performed by an ED physician. For example, if
one were to consider fracture reductions the study data
showed they occur less frequently in the rural ED; however,
in the rural environment the EM resident would have the
opportunity to perform this procedure, as opposed to the
orthopedic attending or resident who may be consulted to
perform the reduction in a metropolitan tertiary care
hospital. The same assumption could be extrapolated to chest
tube thoracostomy, cricothyrotomy and chest thoracotomy if
a surgery or trauma service is present in the metropolitan
ED. The assumption that there is a greater reliance on
consultant services to perform procedures in larger EDs
where their services are more readily available is difficult to
quantify. However, a resident training in the rural ED would
likely be the sole proceduralist which would provide the
opportunity to perform procedures they may not otherwise

have in a largcr metropolitan ED.

Increasing the academic presence, such as incorporation of a
rural EM rotation for residents, in a rural ED may also
increase the number and variety of procedures performed at
that institution. According to the present study’s data, certain
procedures such as thoracotomy, pericardiocentesis and
cricothyrotomy were never performed in rural EDs. This
may have been because there is limited subspecialist
availability to manage the disease process once the procedure
has been performed. However, it could also be a reflection of
a lack of operator confidence or desire to perform these
relatively rare procedures. Thoracotomy should arguably not
be performed if a cardiothoracic surgeon is not closely
available; however, pericardiocentesis and cricothyrotomy
are lifesaving procedures. These procedures could be
performed if the operator was skilled and the ED had ready

access to safe transport to a higher level of care.
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Table 1: Procedure rates described as a percentage of total visits to rural (n=22 766 219) and metropolitan

(n=97 267 531) emergency departments

Procedure Location No. of % of total Median P25 P75 p value
procedures visits (%) (%) (%)

Fracture reduction Rural 57799 0.254 0.091 0.000 0.276 0.0001
Metro 453633 0.466 0.357 0.222 0.526

Tube thoracostomy Rural 14 190 0.062 0.030 0.000 0.069 0.0001
Metro 126 909 0.130 0.086 0.053 0.132

Cricothyrotomy Rural 2270 0.010 0.000 0.000 0.005 0.0001
Metro 66 756 0.069 0.032 0.010 0.068

Endotracheal intubation Rural 61 664 0.271 0.147 0.016 0.290 0.0001
Metro 533615 0.549 0.453 0.270 0.647

Lumbar puncture Rural 28 474 0.125 0.048 0.000 0.113 0.0001
Metro 322630 0.332 0.210 0.106 0.350

Pericardiocentesis Rural 506 0.002 0.000 0.000 0.000 0.0001
Metro 6822 0.007 0.003 0.000 0.008

Thoracotomy Rural 508 0.002 0.000 0.000 0.000 0.0001
Metro 5898 0.006 0.002 0.000 0.007

Any listed procedure Rural 159 889 0.702 0.370 0.110 0.713 0.0001
Metro 1409 689 1.449 1.166 0.780 1.584

Metro, metropolitan. P25, 25th percentile. P75, 75th percentile.

Table 2: Critical diagnosis rates described as a percentage of total visits to rural (n=22 766 219) and metropolitan
(n=97 267 531) emergency departments

Critical diagnosis Location No. of % of total visits Median P25 P75 p value
diagnoses (%) (%) (%)

Acute myocardial infarction Rural 120 543 0.529 0.461 0.313 0.642 0.0001
Metro 659218 0.678 0.604 0.395 0.851

Cardiac Arrest Rural 43 336 0.190 0.180 0.127 0.254 0.0001
Metro 234 349 0.241 0.220 0.164 0.298

Cardiac dysrhythmia Rural 796 050 3.497 3.161 2.181 4.455 0.0001
Metro 4239 542 4.359 4.033 2.770 5.462

Pneumothorax Rural 9522 0.042 0.033 0.011 0.056 0.0001
Metro 51766 0.053 0.048 0.034 0.062

SAH/ICH/SDH Rural 22 803 0.100 0.087 0.053 0.126 0.0001
Metro 147 970 0.152 0.118 0.084 0.172

Ischemic CVA Rural 165 390 0.726 0.693 0.486 0.916 0.0001
Metro 855 409 0.879 0.814 0.586 1.101

Appendicitis Rural 44137 0.194 0.148 0.073 0.244 0.0001
Metro 277278 0.285 0.251 0.170 0.345

Ectopic pregnancy Rural 4752 0.021 0.009 0.000 0.024 0.0001
Metro 43766 0.045 0.031 0.017 0.051

Pulmonary embolism Rural 26 157 0.115 0.085 0.044 0.142 0.0001
Metro 180 236 0.185 0.160 0.104 0.223

Aortic aneurysm Rural 30 229 0.133 0.091 0.044 0.174 0.0001
Metro 168 720 0.173 0.148 0.085 0.224

Aortic dissection Rural 2412 0.011 0.000 0.000 0.014 0.0001
Metro 18017 0.019 0.013 0.006 0.022

Testicular torsion Rural 1152 0.005 0.000 0.000 0.007 0.0001
Metro 6887 0.007 0.005 0.000 0.009

CVA, cerebrovascular accident. ICH, intracranial hemorrhage. Metro, metropolitan. P25, 25th percentile. P75, 75th percentile. SAH, subarachnoid
hemorrhage. SDH, subdural hemorrhage.

© JR Waymack, S Markwell, JC Milbrandt, TR Clark, 2015. A licence to publish this material has been given to James Cook University,
http://www.rrh.org.au 5



The Irternational Electronic Journal of Rural and Rermote Health Research, Education Practice and Palicy

The rates of diagnoses were more similar but still lower in
rural EDs when compared to a recent studys. Nevertheless,
one could assume that encountering one of these critical
diagnoses in a rural ED and determining the appropriate
management and disposition or transfer would provide a
unique learning opportunity for an EM physician in training.
The management of an acute myocardial infarction in the
rural ED may give the resident a unique opportunity to
administer thrombolytics and receive a high-yield educational
experience. This has potential benefits for trainees when
compared to a typical metropolitan center experience where
such encounters wusually result in catheterization lab
activations and ED physician involvement consists mostly of
electrocardiogram interpretation. Resident physicians may
choose to practise at a facility that may not be rural by
definition but does not have select specialty services such as a
catheterization lab or trauma service. Training in a rural ED
would prepare future EM physicians for situations when they

may not have certain resources available.
Limitations

Even though the NEDS database has a very large sample size
it is limited to 24 US states and may not represent the
particular location of an individual location if the state was
not included in the data collection. However, because of this
large sample size and the sampling approach used the results
can most likely be generalized to any rural location
throughout the USA. Additionally, the use of the sampling
weights allows one to produce national estimates that
represent ED usage nationwide’. The applicability  this
database may also not be reflective of or generalizable to EDs
outside the USA.

The classification system used in the NEDS database to
delineate metropolitan, micropolitan and rural is a standard
also used by the US Census Bureau. This system classifies its
categories at the county level based on population, not by
particular hospital size. It is most likely that hospitals in the
micropolitan and rural categories have resources consistent

with a rural ED based upon county population size; however,

there is probably a small degree of uncertainty to this

assumption.

In the NEDS data used in this study, the data is sorted based
on hospital size and not hospital characteristic, such as a level
I or II trauma center. Trauma centers would almost always be
categorized as metropolitan in the population-based
categories and would significantly influence the rates of
particular procedures measured in this study. However, a
residency training program may be located at a hospital that
would be classified as metropolitan but may not have a
trauma center designation. These locations may not have as
great a contrast in their procedural exposure as suggested by
the classifications of rural versus metropolitan used in this

study.

Statistically significant differences were noted between the
rural and metropolitan EDs in the rates of the various
procedures and diagnoses. To a certain extent this reflects the
rather large number of hospitals in each group. It is probably
of greater importance to focus on the magnitude and

distribution of the rates within these ED environments.

Conclusions

Based upon analysis of the NEDS database, the rates of
procedures and critical diagnoses appear to be lower in rural
versus metropolitan medical centers. The reduced number of
procedures and critical diagnoses supports the concern that
residents receiving a substantial portion of training in rural
EDs may not have sufficient experience with certain
procedures or clinical scenarios. However, training EM
residents in rural EDs may still provide a high-yield
educational ~ experience through increased autonomy,
potential for limited practice resources and the need to
determine disposition to a higher level of care. Incorporating
rural EM training into residency curriculum may lead to an
increase in EM trained physicians practicing in the rural
environment which may lead to an increased incidence of

procedures that are currently infrequent.
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This information may be useful for EM residency programs as
they evaluate the potential procedural experiences available
within rural EM rotations. The impact of a longer rotation in
a rural ED on overall procedural competency and clinical
experience cannot, however, be extrapolated. Further study
is required to quantify this effect. Prospective collection of
data from actual rural ED rotations through EM resident
logbooks could better quantify the rates of these selected

procedures and critical diagnoses.
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