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Abstract

Objectives: Investigations of the impact of residents on emergency department (ED)
timeliness of care typically focus only on global ED flow metrics. We sought to describe
the association between resident complement/supervisory ratios and timeliness of ED
care of a specific time-sensitive condition, acute stroke.

Methods: We matched ED stroke patient arrivals at 1 academic stroke center against
resident and attending staffing and constructed a Cox proportional hazards model of
door-to-activation (DTA) time (ie, ED arrival [‘door”] to stroke team activation). We
considered multiple predictors, including calculated ratios of residents supervised by
each attending physician.

Results: Among 462 stroke activation patients in 2014-2015, DTA ranged from 1 to
217 minutes, 72% within 15 minutes. The median number of emergency and off-service
residents supervised per attending were 1.7 (interquartile range [IQR], 1.3-2.3) and
0.7 (IQR, 0-1), respectively. A 1-resident increase in off-service residents was associ-
ated with a 24% decrease (hazard ratio [HR], 0.76; 95% confidence interval [CI], 0.64-
0.90) in the probability of stroke team activation at any given time. An independent
1-resident increase in the number of emergency residents was associated with a 13%
increase (HR, 1.13; 95% Cl, 1.01-1.25) in timely activation.

Conclusion: Timeliness of care for acute stroke may be impacted by how academic EDs
configure the complement and supervisory structures of residents. Higher supervisory
demands imposed by increasing the proportion of rotating off-service residents may be
associated with slower stroke recognition and DTA times, but this effect may be offset

when more emergency residents are present.
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1 | INTRODUCTION

1.1 | Background

A limited number of studies have investigated the association of
trainees, resident complement, and resident/supervisor ratios on time-
liness of care in emergency departments (EDs).1™* These investiga-
tions have reported varying effects on global flow metrics among a
mixed population of ED patients. Although certain conditions com-
monly cared for in EDs are particularly time-sensitive (eg, ST-segment-
elevation myocardial infarction, sepsis, trauma, acute stroke), we are
not aware of any previous reports describing the potential effects of
ED resident staffing and supervision on the provision of timely care for

such conditions.

1.2 | Importance

Stroke is a leading cause of disability and death in the United States,>¢
and national guidelines call for the rapid diagnosis and treatment of
acute stroke to reduce morbidity and mortality.”® These guidelines
include several well-accepted timeliness-of-care thresholds. One key
metric is the time from patient arrival in the ED until activation of the
stroke team (door-to-activation time [DTA]) because that process is a
rate-limiting step in downstream interventions.” A number of diverse
factors are known to affect care processes in the ED management of
acute stroke;”~1> however, the effects of resident staffing and supervi-
sioninthe ED are unclear.

1.3 | Goals of this investigation

In 2017, 2 of the authors in this investigation reported the effects of ED
overcrowding on timeliness of acute stroke care.!® That investigation
used a prospective stroke registry database augmented by a robust
electronic health record (EHR) data abstraction by trained research
assistants for additional patient-specific data and EHR queries for ED
occupancy data at the time of arrival of each stroke patient. Con-
sidered within that study were patient factors, stroke care process
factors, and general ED operational factors. However, resident and
supervision factors were not included. Subsequent to that investiga-
tion, a review of the literature related to the effects of residents on
global ED clinical operations prompted consideration that resident
complement and supervisory ratios also may affect timeliness of acute
stroke care. Therefore, we theorized that supervisory ratios of resi-
dents per attending physician might affect timeliness of acute stroke
care, further postulating that the complement of emergency versus
rotating off-service residents may also have an effect. The latter was
attributed to a commonly held notion among emergency faculty that
emergency residents are typically more reliable and efficient than off-
service residents in providing patient care in the ED setting given
their additional experience and comfort level in that environment.
Therefore, we sought to describe the association between ED resi-

The Bottom Line

Although resident staffing, supervision ratios, and learner
complement play arole in global emergency department (ED)
flow, the effect on specific disease processes is unknown.
This single institution observational cohort study found that
for each additional off-service resident in the ED, there was
a 24% decrease in probably of timely stroke team activation,
whereas for each additional emergency resident, there was a
13% increase in probability of stroke team activation at any

given time.

dent complement/supervision and DTA in the same academic stroke
center.

2 | METHODS

2.1 | Study design

This was an observational cohort study in which we employed a previ-
ously developed methodology!® to retrospectively query the prospec-
tive stroke registry of our urban, regional referral stroke center hospi-
tal to identify all consecutive patients who presented to the adult ED
and met the criteria for stroke team activation between June 15,2014,
and June 15, 2015. Our study was limited to this relatively remote,
single-year period out of necessity because of the highly workload-
intensive requisite patient-specific data abstraction having been pre-
viously completed for the registry patients during this time frame. This
was not a hypothesis-testing study, so there was no prospective power

calculation.

2.2 | Study setting and population

This was a single-site study conducted at an academic center with
67,795 annual adult ED visits. The center housed multiple residencies,
including emergency medicine and neurology programs, with a stroke
team available in house 24 hours per day, 7 days per week. During
the enrollment period, the ED was staffed by board-certified/board-
eligible attending emergency physicians who supervised both emer-
gency residents (post-graduate years [PGYs] 1-3) and off-service
rotating residents (PGYs 1-2 internal medicine, medicine/pediatrics,
plastic surgery, psychiatry, and obstetrics/gynecology), all of whom
were eligible to participate in the care of all patients with acute stroke.
Neurology residents did not have a dedicated emergency rotation
but did participate in the care of ED patients as consultants for neu-
rology cases, including stroke team activations. Attendings did not
typically see patients primarily, and residents of all levels/specialties

typically had access to see the same patient population. Fourth-year
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medical students rotated in the ED during the study period. When stu-
dents were present in the ED, there were at most 2 across all care
teams in the ED at any given time, resulting in O to 1 student per ED
attending/resident team.

There were the following 2 typical team configurations during the
study period: (1) a supervising emergency resident role in 1 area of
the ED during peak times and (2) a team of residents who presented
directly to the attending in other care areas and during times when
the supervising resident was not present. The typical supervising res-
ident staffing model consisted of 1 to 2 emergency PGY-1 residents,
0 to 2 off-service residents, and occasionally students presenting to
a supervising emergency resident, typically a PGY-3 emergency resi-
dent, although sometimes a PGY-2 emergency resident. The supervis-
ing emergency resident would present patients directly to the attend-
ing and would typically not see patients independently. The second typ-
ical resident staffing model consisted of 1 to 3 emergency residents of
any PGY level and 1 to 2 off-service residents, all of whom presented
directly to the attending. Those resident shift start times were often
staggered throughout the day to correspond to ED volume curves. The
precise number of residents and level of training varied depending on
educational mission needs, including the number of residents on the
emergency medicine block at any given time, resulting in considerable
heterogeneity in daily staffing patterns.

All American Heart Association (AHA)/American Stroke Association
Get With The Guidelines’ recommendations were implemented, and
ED nurses, residents, and attending physician staff underwent periodic
acute stroke continuing education. We used a traditional nurse triage
model.’® During the study period, only physicians were empowered to
activate the stroke team. However, nursing staff were educated and
empowered to immediately notify an attending or senior emergency
resident if a patient had symptoms concerning for an acute stroke. If
such a patient was identified at triage by nursing staff, the attending or
senior resident would assess the patientimmediately at triage. If deter-
mined to meet acute stroke activation criteria, the patient was bedded
immediately in an open bed, if available in the main ED, or 1 of 4 resus-
citation bays, generally at least 1 of which was always available. Activa-
tion was not delayed for bed assignment or patient movement.

2.3 | Selection of participants

Local protocol dictated that the stroke team be activated for any
patient presenting to the ED with symptoms or findings potentially
consistent with an acute stroke within 12 hours of symptom onset.
The institution maintained a prospective registry of all patients for
whom the stroke team was activated, which included patient demo-
graphics and time stamps for care events, including ED arrival, stroke
team activation, computed tomography completion, and thrombolytic
administration time. A stroke nurse coordinator maintained the reg-
istry and verified its accuracy based on established institutional guide-
lines. Numerous automated and manual processes existed to ensure
100% registry capture of all patients for whom stroke resources were
activated. Because the key criterion for stroke team activation was pre-

senting symptoms consistent with stroke, some patients in the registry

had an ultimate diagnosis other than stroke, such as transient ischemic
attack or complex migraine.

24 | Data validation
Research assistants blinded to the study aims were trained in data
abstraction and retrospectively reviewed the EHR (ED PulseCheck,
Optum Clinical Solutions, Inc., Eden Prairie, MN; Soarian, Cerner Cor-
poration, North Kansas City, MO; and OnBase, Hyland Software, Inc.,
Westlake, OH) for each patient in the registry to validate the registry
data and abstract additional fields (determined a priori) using standard-
ized abstraction forms. One study author independently abstracted
at least the first 10 encounters reviewed by each research assis-
tant to test for interrater reliability, and there were no discrepancies.
We did not report a x value because there was perfect agreement.
Details of fields abstracted, missing value handing, management of doc-
umented treatment delays, duplicate checking, and stroke symptoms
handling that may have begun while a patient was already in the ED are
described in detail in the parent study.’®

ED clinical shift schedules for all faculty and residents were
exported from the electronic scheduling software (Shift Admin, Shift
Administrators LLC, Columbia, SC) and verified for accuracy by depart-
mental administrators. For each patient in the stroke registry, we cal-
culated the number of attending faculty and residents (emergency resi-
dents and off-service rotating residents) staffing the ED at the moment
of patient arrival. Medical students were present in the ED far less
frequently than residents and were limited to 2 in number. Their role
was also more limited, and their reporting structure typically flowed
through a dedicated teaching senior resident who interacted directly
with attending faculty and were included in our resident counts. We
were not able to identify a reliable data source of medical student clin-
ical schedules, and because medical students presented directly to an
emergency resident, we did not account separately for students in cal-
culating attending supervisory ratios.

2.5 | Outcome assessment

Based on the electronic time stamps for ED arrival and stroke team
activation, we calculated the DTA time for each patient in the stroke
registry. DTA has an inherent threshold effect for timely stroke care, as
subsequent processes are dependent on timely recognition of stroke
syndromes and activation of resources. We chose continuous DTA,
as opposed to the more often cited door-to-imaging time or door-to-
thrombolytic time AHA goals, to isolate any subsequent variation in
stroke care processes from the process we wished to study, which was
timely stroke recognition and resource mobilization as a function of ED
resident complement.

Secondary clinical outcomes were admission to a neurology ser-
vice, final ED diagnosis of stroke or intracranial hemorrhage, and
administration of intravenous thrombolytics or neurointerventional
procedure, which were recorded directly in the registry and verified in
the EHR.
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TABLE 1 Characteristics of study patients

Characteristic Among all patients, n (%)

Sex, female 276(59.7)
History of diabetes 143(31.0)
mellitus
History of hypertension 321(69.5)
History of stroke/TIA 170 (36.8)
Range for all Median (IQR)
patients for all patients
Age, years 19-99 71(58-82)

Among 333 patients with DTA
time <15 minutes, n (%)

Among 207 patients with final ED
diagnosis of stroke or ICH, n (%)

194 (58.3) 119(57.5)
101(30.3) 62(30.0)
236(70.9) 152(73.4)
122 (36.6) 65 (31.4)

Median (IQR) among patients with
final ED diagnosis of stroke or ICH

75 (62-85)

Median (IQR) among patients
with DTA <15 minutes

73(59-84)

Abbreviations: DTA, door to activation; ED, emergency department; ICH, intracranial hemorrhage; TIA, transient ischemic attack.

TABLE 2 Discrete predictors

Discrete predictor

EMS mode of arrival 375(81.2)

GCS score <14° 87 (19.6)

Supplemental oxygen (intubated or high-flow or 7(1.5)
non-rebreather mask vs nasal cannula or none)

Resuscitation room use 297 (64.3)

Note. Data are provided as n (%).

Among all patients

Among 333 patients with Among 207 patients with final
DTA time <15 minutes ED diagnosis of stroke or ICH
289 (86.8) 177 (85.5)
76(23.5) 52(26.3)
3(0.9) 4(1.9)
283(85.0) 156 (75.4)

Abbreviations: DTA, door to activation; ED, emergency department; EMS, emergency medical services; GCS, Glasgow Coma Scale; ICH, intracranial hemor-

rhage.

aA total of 75 patients did not have GCS scores documented explicitly but had other exam documentation that supported a score of 15.

2.6 | Primary comparison

Our primary predictor of interest was the supervisory ratio, the
number of residents divided by the number of emergency attend-
ing physicians present in the ED at the moment of patient arrival.
We posited that there would be larger between-group differences in
entrustability!” of emergency versus off-service residents compared
with the within-group differences among individual residents. Our
analysis also accounted for the proportion of off-service residents in
the ED at any given time. Because resident staffing patterns created a
consistent distribution of emergency resident PGY levels throughout
any given day, we did not consider resident experience level to be a dis-
tinct independent variable.

Because the EHR is a legacy system, registry data did not readily
permit structured linkage between any individual patient and the spe-
cific care team members who initially evaluated that patient. Thus, we
calculated supervisory metrics for the ED as a whole at the moment of

arrival for each stroke patient.

2.7 | Analysis

We identified 17 additional candidate predictors and patient char-
acteristics of interest for multivariable analysis (listed in Tables 1-3)

by investigator consensus based on their plausibility as confounders
and/or inclusion in prior studies. The proportion of off-service resi-
dents in the ED was higher on Wednesdays, when emergency resi-
dents were released for educational conferences from 7 am to 1 pm.
(Off-service residents were also excused for didactic education during
their ED rotations. Generally, this also occurred on Wednesday morn-
ings, but not necessarily, depending on their specialty.) This educational
release time effect was wholly accounted for by our existing measures
(namely supervisory ratio), and preliminary analysis did not reveal a
significant marginal contribution of other temporal effects (ie, arrival
hour of day, day of week, month/year), so we did not include Wednes-
day conference, for example, as a separate variable. We did not include
ED crowding measures in this investigation because previous investi-
gations showed that crowding affected time to imaging in acute stroke
care but not stroke team activation.!?

Because time-to-event data, such as DTA, tend not to be normally
distributed, are bounded above zero by definition, and violate many
of the assumptions of classical parametric regression models, we con-
structed a Cox proportional hazards model of continuous DTA includ-
ing each of the 17 predictors in the model. In this case, DTA was known
precisely for all patients, so there was no need to account for cen-
soring explicitly, although the capability to account for censoring is
another general benefit of using time-to-event methods. Additional
statistical details are available as supplemental content accompanying
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TABLE 3 Continuous predictors

Range for all

Continuous predictor patients
Age, years 19-99

Blood glucose, mg/dL (n = 4 missing)? 37-379
Blood pressure, systolic, mnmHg (n = 1 missing)? 97-250
Blood pressure, diastolic, mnmHg (n = 1 missing)? 31-169
Heart rate, min~! (n = 1 missing)® 37-170
NIHSS (0-42 points) 0-36

Oxygen saturation, % (n = 1 missing)? 81-100
Respiratory rate, min~! (n = 1 missing)? 8-40

Time since patient last known to be at baseline 0.5->12

neurologic condition, hours

WILEY->

Median (IQR) among

Median (IQR) among 207

Median (IQR) for 133 patients with DTA patients with final ED
all patients time <15 minutes diagnosis of stroke or ICH
71(58-82) 73(59-84) 75 (62-85)
7(99-114) 116 (99-147) 117(102-153)
148 (130-167) 152 (133-170) 153(134-168)
82(72-94) 82(72-97) 84 (74-98)
79 (69-90) 80 (69-92) 80(70-92)
4(1-11) 5(2-14) 8(3-17)
97 (96-99) 97 (95-99) 97 (95-99)
18 (16-20) 18(16-20) 18 (16-20)
2(1-5) 2(1-5) 2(1-5.75)

Abbreviations: DTA, door to activation; ED, emergency department; ICH, intracranial hemorrhage; IQR, interquartile range; NIHSS, National Institutes of

Health Stroke Scale.

2Missing values for vital signs or glucose for these 5 patients were replaced with multiple imputation.

Assessed for eligibility
(n=490)

—>|Excluded due to delay from another condition (n=28)

____________________________ 5
| Final ED diagnosis of stroke or intracranial hemorrhage (n=17; 61%) |
|- Admitted to neurology service (n=20; 71%) |
|- Received tPA or neurointerventional procedure (n=2; 7.1%) |

(n=462)

| Final ED diagnosis of stroke or intracranial hemorrhage (n=207; 44.9%) |
|- Admitted to neurology service (n=302; 65.4%) |
|- Received tPA or neurointerventional procedure (n=46; 10.0%) |

FIGURE 1 Study flow and clinical outcomes. ED, emergency
department; tPA, tissue plasminogen activator

the online article. The local Institutional Review Board approved this
study with expedited review, including waiver of consent, as part

of a larger research initiative surrounding timeliness of ED stroke

care.
3 | RESULTS
3.1 | Characteristics of study patients

There were 490 consecutive stroke activation patients in the registry
during the study period, 28 of whom were excluded because of docu-
mented delay in stroke activation attributed to a more emergent man-
agement consideration (airway/breathing intervention, n = 18; hyper-
tension, n = 6; hypotension, n = 1; multiple, n = 3).1°> Clinical out-
comes of included and excluded patients are shown in the study flow
diagram (Figure 1). The remaining 462 patients were included and

TABLE 4 Staffing and supervisory ratios

Median (IQR) Range
Absolute staffing across entire ED
Attending physician staffing 3(2-3) 2-6
Resident staffing 6 (4-8) 0-13
Proportion of residents who were 30(0-43) 0-100
off service, %
Patients per physician across entire ED
ED patients per attending 18.5(15.0-22.3) 5.3-36.5

ED patients per resident 11.3(9.0-14.3) 0-42

Supervisory ratio at any given time

Total residents per attending 2.5(2.0-3.3) 0-7

Emergency residents per 1.7 (1.3-2.3) 0-6
attending

Off-service residents per 0.7 (0-1) 0-2
attending

Abbreviations: ED, emergency department; IQR, interquartile range.

had DTA times ranging from 1 to 217 minutes (median, é; interquar-
tile range [IQR], 1-18), and 72% of patients achieved DTA time within
15 minutes. Table 1 reports the characteristics of included patients,
and Tables 2 and 3 report the discrete and continuous predictors,

respectively.

3.2 | Staffing and supervisory ratios

Attending and resident staffing and supervisory ratios are reported in
Table 4. For 21 registry patients (4.5%), there were no residents in the
ED at the time of arrival. Figure 2 visually depicts the 2 primary super-
visory schema.
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Supervising resident Staffing model without

model ' supervising resident
EM attendings: .
Median 3, IQR 2-3 EM attending : EM attending
Range 2-6 '
EM supervising . EM senior

EM residents resident - resident
per attending:
Median 1.7, IQR 1.3-2.3

Range 0-6 EM junior . EM junior
resident ! resident
Off-service residents !
per attending: Off-service N Off-service
Median 0.7, IQR 0-1 resident ! resident

Range 0 to 2

FIGURE 2 Supervision schema. EM, emergency medicine; IQR,
interquartile range

3.3 | Main results

A 1-unit (1 resident) increase in the number of off-service residents
supervised per attending was associated with a 24% decrease (95%
confidence interval [Cl], 10-36) in the probability of stroke recognition
and stroke team activation at any given time. Independently increasing
by 1 the number of emergency residents per attending was associated
with a 13% increase (95% Cl, 1-25) in the probability of stroke team
activation at any given time.

Arrival via emergency medical services (EMS), usage of a resuscita-
tion room, higher initial stroke score, and higher Glasgow Coma Scale
score were also associated with faster DTA in our primary multivari-
able model. Table 5 provides the multivariable Cox proportional haz-

ards model estimates of achieving faster DTA time.

3.4 | Secondary outcomes

There were no significant associations between supervisory ratios
and admission to a neurology service, final ED diagnosis of stroke or
intracranial hemorrhage, or administration of intravenous thrombolyt-
ics or neurointerventional procedure in secondary logistic regression

testing.

4 | LIMITATIONS

As is typical in any single-site study, questions of generalizability of
our results are important to consider. This was an observational analy-
sis, not a prospective hypothesis-testing approach. However, our study
design included a comprehensive constellation of evidence-based fac-
tors known to influence the timeliness of stroke care. We limited the
study period to a single, somewhat remote year out of necessity due to
data abstraction being extremely workload intensive. Leveraging the
abstraction work from a prior acute stroke investigation was neces-
sary given that support for the requisite data abstraction was no longer

available at the time of this investigation. Nevertheless, we are not

Predictor

Associated with faster DTA

Emergency residents per attending (per
1-resident increase)

Resuscitation room used
EMS mode of arrival

NIHSS >2

Associated with slower DTA

Off-service residents per attending (per
1-resident increase)

Initial GCS score <14

Non-significant model terms

Supplemental oxygen (vs none)
History of hypertension
Sex, female

History of stroke/TIA
Oxygen saturation?
Respiratory rate?

Blood pressure-diastolic®
Age?

Blood glucose?

Heart rate®

Blood pressure, systolic?

History of diabetes mellitus

TABLE 5 Cox hazard ratios (HRs) for achieving faster
door-to-activation (DTA) time

HR (95% Cl)

1.13(1.01-1.25)

7.55(5.76-9.89)
2.65(1.98-3.54)
1.39(1.11-1.73)

0.76 (0.64-0.90)

0.66 (0.50-0.86)

0.65(0.20-1.62)
0.78 (0.60-1.00)
0.85(0.69-1.04)
0.96(0.77-1.18)
0.96(0.92-1.00)
0.99(0.96-1.02)
1.00(0.99-1.00)
1.00(0.99-1.01)
1.00(1.00-1.00)
1.00(1.00-1.01)
1.01(1.00-1.01)
1.02(0.80-1.30)

Note. HRs (the ratio of the hazard function between levels of a covariate)
are defined as the conditional probability of a given patient achieving DTA
in the next instant (ie, their stroke symptoms being recognized), provided
their stroke had not been recognized by that point. HR = 1 implies no dif-
ference in DTA, and HR <1 implies proportionally slower DTA. "Hazard" is
a misnomer in this context, where it is desirable to have a shorter time to
event, and the term is used in its statistical definition—similar to risk ratio—
not its colloquial meaning.

Abbreviations: Cl, confidence interval; EMS, emergency medical services;
GCS, Glasgow Coma Score; NIHSS, National Institutes of Health Stroke
Scale; TIA, transient ischemic attack.

2HRs for non-significant terms are reported per unit change in predictor.

aware of any significant changes related to resident staffing models
since the study period and feel that our observations are still relevant
at the time of this report.

Limitations in the scheduling software prohibited determination of
the PGY level and specific specialty for off-service residents and addi-
tionally did not allow for specific attribution of residents to attending
physicians. An EHR that permitted structured patient-level linkage of
each resident on a treatment team, with that resident’s level of training
and specialty, would have been preferable and may benefit future repli-
cation studies. Although the distribution of PGY levels of emergency
residents was generally fixed throughout any given day and during

study period, the schedule data available similarly were not conducive
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to stratified analysis by PGY level within emergency medicine. There-
fore, we did not stratify by PGY level nor off-service resident specialty.
Presumably, more advanced residents, emergency or off service, may
be both more efficient and more experienced, and PGY level should be
considered in future studies. Similarly, considering off-service resident
specialty in future work would be important. Our investigation was
not designed to assess the impact of students specifically; it was not
feasible to obtain the student schedule retrospectively for the study
period, and EHR limitations similarly limited patient-level linkage of
students. However, because students in our ED were typically super-
vised by a designated resident who was included in the resident staffing
counts in our investigation, supervision of medical students was nei-
ther ignored entirely from our study nor explicitly measured. This is
an important limitation to consider, particularly as it relates to gener-
alizability, as different student teaching configurations may result in
different faculty workloads than were observed in our ED. Nonethe-
less, the fact that students presented to emergency residents and not
off-service residents in theory may strengthen our observations given
that their presence would preferentially slow activations for cases in
which emergency residents were involved as opposed to off-service
residents. Individual attending or resident performance was not mea-
sured in our investigation, and therefore the potential influence of indi-
vidual practice patterns may have been missed by our methodology.
Finally, we selected door-to-stroke team activation time as our primary
outcome because it is wholly dependent on the ED team and is a nation-
ally recognized marker of timely stroke care. Nonetheless, it is a surro-
gate marker for patient-centered distal end points, such as stroke scale
improvement, neurologic morbidity, and mortality—meaningful evalu-
ation of which were precluded by our relatively small sample size.

5 | DISCUSSION

Our investigation revealed that timeliness of stroke recognition in the
ED, as measured by door-to-stroke team activation time, varied with
differences in resident complement; the presence of more off-service
residents was associated with slower DTA, and the presence of more
emergency residents was associated with faster DTA. Prioritizing both
high-quality, efficient patient care and the educational mission of an
academic ED is vitally important. Our investigation, the first in this
body of literature to focus on the care of a specific, time-sensitive con-
dition and the first study to consider differential effects of emergency
and off-service residents, highlights that effectively balancing educa-
tional and clinical missions can be complex.

Our findings suggest that the education and supervision of off-
service residents may demand a different approach than that of emer-
gency residents, at least in a time-sensitive condition such as stroke.
During the study period, we employed an orientation program for
off-service residents at the beginning of their rotation that focused
primarily on general workflows in the ED. It is possible that off-
service residents and their patients could have benefited from stroke-
specific education being added to our orientation program. In 2009,

the American College of Emergency Physicians Academic Affairs Com-
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mittee proposed a standardized curriculum for off-service residents
that addressed specific diseases, injuries, and emergency medicine
priorities.’® Although the committee did not include stroke as a core
topic, they did include "altered mental status," and their suggested
supplemental reading for off-service residents included an article on
acute stroke management. A subsequent survey of US allopathic emer-
gency residency programs indicated that only 5% of respondents had
established didactic curricula designed to meet the needs of off-service
rotators.'? Estimates for the use of such curricula have not been
reported in the literature since 2010, but our anecdotal experience
is that implementation remains infrequent. Uncommon implementa-
tion, coupled with variation among such curricula in practice, limits the
assessment of educational and patient care outcomes. However, our
findings emphasize the potential benefit of education specific to off-
service residents, at least in the area of acute stroke diagnosis and man-
agement.

Attending supervisory practices of off-service residents versus
emergency residents was not standardized per se in our ED during the
study period, but our attending physician culture was one of tending to
verify more cautiously the history and examination findings reported
by off-service residents. It remains possible, however, that this culture
was not sufficient in driving timely attending assessment of off-service
residents’ patients, a tactic that could potentially have mitigated the
effects of off-service residents theoretically being less efficient and
less knowledgeable in the core areas of emergency medicine. Further-
more, our culture of increased caution with off-service residents may
have resulted in perceptions of increased scrutiny, which paradoxically
could have disempowered the off-service residents from committing
to a stroke activation when the diagnosis was suspected.?> Moreover,
consideration could be given to the concept that attending physician
supervision of off-service residents contributes to division of faculty
attention away from the care of other patients, thereby affecting the
care of all ED patients, including patients with acute stroke. This notion
could lead one to consider establishing limitations on the number of
off-service residents assigned to an ED attending physician at any given
time.

A traditional nurse triage model was in place during this investiga-
tion. Although not ostensibly designed to preempt identification of crit-
ical patients by residents, a physician intake model might have miti-
gated delays in stroke syndrome recognition by non-emergency resi-
dents by "prescreening" incoming ED patients by an attending emer-
gency physician.2! Non-attending physician intake models may be less
equipped to identify stroke patients, particularly those with subtle pre-
sentations, and may contribute to delays in stroke syndrome recogni-
tion and stroke team activation, especially among learners with less
experience. For off-service residents, this may have had the effect of
delaying DTA times, as prescreening by an attending likely creates a
safety net not available if a less-experienced resident is the first to eval-
uate a patient.

Furthermore, although arrival via EMS was generally associated
with faster DTA in this cohort, we have previously shown that
ED staff may be overly reliant on prehospital stroke screening,

and failure of EMS to recognize stroke syndromes may introduce
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disproportionate delays in subsequent DTA after ED arrival.2? Off-
service residents could have been more deferential to EMS assess-
ments, prompting DTA delays if EMS did not recognize a stroke syn-
drome before arrival. Because our data set did not permit linkage
between an individual stroke patient and the composition of his or
her care team, we were unable to model these potential interaction
effects.

Our findings, although focused on acute stroke recognition and
management, naturally raise concerns about the development of off-
service residents’ abilities to recognize and respond to critical illness
in general. Although each specialty training program has distinct out-
comes in mind when sending residents to rotate in the ED, it is likely
that the development of the critical thinking skills needed to recognize
and intervene on time-sensitive emergencies among undifferentiated
patients is chief among them. Theoretically, the ED is an ideal train-
ing environment for residents who will later be expected to respond to
deteriorating patients in clinical environments that may lack the imme-
diately available supervision and other resources presentinalarge aca-
demic ED. Emergency faculty have an important role to play in teach-
ing this skillset to off-service residents. Upon reflection, we recognized
that there may be an opportunity to better coordinate ED off-service
resident curriculum development with the individual off-service pro-
grams both to gain a better understanding of the specialty-specific
goals for the ED rotation and to better anticipate potential ED-specific
knowledge gaps that each specialty’s residents may have before rotat-
ing in the ED. Such coordination stands to improve the quality of off-
service resident education as well as ED patient care. Given the previ-
ously mentioned low use of structured off-service curricula nationally,
we suspect similar opportunities may exist for many programs across
the country.

It is important to note that our investigation was not designed to
test for ideal resident/attending staffing ratios. This was an observa-
tional study of our actual resident/attending staffing patterns, which
were likely influenced by both intentional and unintentional factors,
including local and regional historical practices, departmental leader-
ship experiences, local economic and political pressures, and so on. It
remains probable that increasing the number of emergency residents
to a certain extent is useful, but eventually it may create an overwhelm-
ing supervision problem that will ultimately erode the efficiency of
the attending emergency physician (analogous to a Starling curve). In
a hypothetical scenario where 40 patients are cared for by 2 attend-
ings, it would be reasonable to imagine that working alongside 1 res-
ident (0.5 supervisory ratio), 4 residents (2.0 supervisory ratio), or 20
residents (10.0 supervisory ratio) would impose dramatically differ-
ent cognitive and logistical demands on the attending, even though
the attending-to-patient ratio is constant at 1:20 in each scenario. Not
addressed in our study was consideration for level of training both
in emergency and off-service residents, which also intuitively would
affect optimal staffing ratios. In the previous hypothetical scenario con-
siderations, 2.0 or 10.0 supervisory ratios with 2 or 10 senior residents
versus 2 or 10 PGY-1 residents would impose similarly dramatic differ-

ences in cognitive and logistical demands on the attending. Nonethe-

less, although our results may lend some insight into tradeoffs with
particular resident staffing models, we are unable to recommend an
optimal model based on our observations.

It is likely that the number of total residents, the proportion of
emergency versus off-service residents, overall supervisory ratio, level
of resident training, and number of patients per supervising physi-
cian are all important and interdependent factors in delivering high-
quality, efficient patient care. Each of these factors warrants consid-
eration when designing ED staffing models and both emergency and
off-service resident schedules that optimize the relationship between
expeditious patient care and learning outcomes. As our approach was
observational, we were limited to evaluating only actual scenarios and
actual combinations of these factors. Although this conundrum lends
itself more easily to discrete event simulation, a quasi-experimental
design may be more enlightening in future work.

To date, investigations of the effects of residents on clinical out-
comes in emergency medicine have been limited in number and have

focused on global ED flow metrics, such as length of stay,'~323-2°

2326 or mortality across all ED patients.2é Our investiga-

resource use,
tion is the first to provide insight into resident-related effects on the
care of a specific, time-sensitive condition, and it is the first study to
consider differential effects of emergency and off-service residents. In
fact, we are aware of only 1 prior study addressing the concept of ED
supervisory ratios, and that study was limited to discrete event simula-
tion modeling of a pediatric ED.2*

Although limited by a single-center observational data set, our
findings suggest that the timeliness of care for acute stroke may be
impacted by how academic EDs choose to configure the complement
and supervisory structures of residents. Higher supervisory demands
imposed by increasing the proportion of off-service rotating residents
may be associated with slower stroke recognition and DTA times, but
this effect may be offset when more emergency residents are present.
In addition, our observations support the previously suggested poten-
tial benefit of a supplemental emergency-based curriculum specifically
geared toward off-service rotating residents, which may benefit both
off-service rotating residents and ultimately patient care.
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