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Abstract

Background The purpose of the study was to investigate the relationship between the independent practice time
of residents and the quality of care provided in the Emergency Department (ED) across three urban hospitals in Tai-
wan. The study focused on non-pediatric and non-obstetric complaints, aiming to provide insights into the optimal
balance between resident autonomy and patient safety.

Methods A comprehensive retrospective study was conducted using de-identified electronic health records (EHRs)
from the hospital’s integrated medical database (iMD) from August 2015 to July 2019. The independent practice time
was defined as the duration from the first medical order by a resident to the first modifications by the attending phy-
sician. The primary outcome was revisits to the ED within 72 h following discharge. Statistical analysis was conducted
using RStudio and pyGAM.

Results The study identified several factors associated with shorter independent practice times (< 30 minutes),
including older patient age, male sex, higher body temperature, higher heart rate, lower blood pressure, and the pres-
ence of certain comorbidities. Residents practicing independently for 30-120 minutes were associated with similar
adjusted odds of patient revisits to the ED (OR 1.034, 95% CI 0.978-1.093) and no higher risk of 7-day mortal-

ity (OR 0.674, 95% Cl 0.592-0.767) compared to the group with less autonomy. However, independent practice

times exceeding 120 minutes were associated with higher odds of revisiting the ED within 72 h. For the group

with 120-210 minutes of independent practice time, the OR was 1.113 (95% Cl: 1.025-1.208, p=0.011). For the group
with>210 minutes, the OR was 1.259 (95% Cl: 1.094-1.449, p=0.001), indicating an increased risk of adverse out-
comes as the independent practice time increasing.

Conclusions The study concludes that while providing residents an independent practice time between 30

to 120 minutes may be beneficial, caution should be exercised when this time exceeds 120 minutes. The findings
underscore the importance of optimal supervision in enhancing patient care quality and safety. Further research
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is recommended to explore the long-term effects of different levels of resident autonomy on patient outcomes
and the professional development of the residents themselves.

Keywords Resident autonomy, Emergency department, Supervision, Patient safety, Practice independence

Introduction

Residency training is a critical phase in the professional
development of physicians, shaping their clinical skills
and competence for future independent practice [1].
The balance between supervision and autonomy during
this period is a delicate one, with both elements playing
pivotal roles. Supervision is essential to reduce medical
errors and ensure patient safety [2, 3], while autonomy is
crucial for residents to mature into independent practi-
tioners [4—8]. This balance is particularly challenging to
achieve in various medical specialties [6, 9, 10], including
the high-pressure environment of the emergency depart-
ment (ED) [11].

The ED, characterized by diverse patient encounters
and time-sensitive decisions, provides a unique setting
for residents to hone their skills [12—14]. However, the
level of autonomy granted to residents in this setting is
a complex issue. Excessive autonomy can lead to uncer-
tainty in clinical decision-making, potentially reducing
medical efficiency and compromising patient safety [9,
15]. Conversely, insufficient autonomy may impede the
maturation of residents [7, 8]. Attending physicians in the
ED face the intricate task of providing quality emergency
care while supervising residents, a dual role that can
impose stress and potentially impact their own practice
efficiency [3, 13, 16, 17]. Consequently, there is consider-
able variability among attending physicians in the level of
autonomy granted to residents [6].

As residents gain autonomy and practice indepen-
dently, they face uncertainty in clinical decision-making,
which can reduce medical efficiency and potentially lead
to patient harm [9, 15, 18]. These concerns might be
addressed by increasing accessibility to attending physi-
cian advice or by providing resident proficiency-based
entrustable professional activities (EPAs) [4, 19]. In the
ED, EPAs are set by illness or complaint [20, 21], but
for those non-emergency residents and postgraduate
year residents (PGYs) who rotate on a monthly basis, it
is challenging for residents to treat patients with vary-
ing complaints and many times they may only have a
single exposure to or treat a particular complaint once
in the ED setting. In emergency medicine, residents are
expected to have an attending physician present to pro-
vide full-time supervision at all times, and the advice of
the attending physician is readily available, but supervi-
sion is sometimes too close [6]. The intensity of supervi-
sion, namely, the residency autonomy, should be adjusted

according to the quality of clinical care. Although some
quality and safety indicators of the ED have been docu-
mented [22], such as the length of stay (LOS), proportion
of return visits to the ED [23-25], and patient mortality
[26], Van Leer et al. indicated that little is known about
the effect of the amount of supervision on the quality of
patient care in the ED [3].

The existing literature provides valuable insights into
resident autonomy and supervision in the ED, high-
lighting the importance of this balance for both resi-
dent development and patient safety. However, there is
a paucity of evidence-based guidelines to help attending
physicians determine the optimal level of autonomy for
residents in the ED. Addressing this gap is crucial, as it
has implications for patient outcomes, healthcare costs,
and the professional growth of residents.

In light of this, our study aims to investigate the associ-
ation between independent practice time and the quality
of care provided by residents in the ED. We hypothesize
that there is an optimal level of independent practice
time that balances the benefits of resident autonomy
with the need for effective supervision. By examining this
association, we aim to contribute to the existing body of
research on resident training in emergency medicine and
provide evidence-based insights that can guide attending
physicians in their supervision of residents.

To achieve this, we conducted a retrospective analy-
sis across three urban hospitals in Taiwan, including an
academic tertiary hospital and two community-based
secondary hospitals. We utilized de-identified electronic
health records from the hospital’s integrated medical
database, spanning a four-year duration. The significance
of this research lies in its potential to enhance patient
safety and care quality in the ED, while also promoting
the professional development of residents. We recog-
nize the challenges associated with this study, including
the variability in resident experience and the diversity
of patient cases, and we have taken measures to address
these issues in our research design.

In conclusion, our study addresses a critical issue in
residency training in the ED — the balance between resi-
dent autonomy and supervision. By investigating the
association between independent practice time and the
patient outcomes, we aim to provide evidence-based
insights that can inform supervision practices in the
ED, ultimately enhancing patient safety and care qual-
ity. This study underscores the importance of optimal
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supervision in enhancing patient care quality and safety,
and the potential implications of insufficient autonomy
or inadequate supervision. We strive to enhance the sci-
entific background and rationale for our investigation.
Ultimately, our findings may inform the development of
evidence-based guidelines that optimize resident training
and improve the quality of care in the ED.

Materials and methods

Study design and setting

This study was approved by National Taiwan University
Hospital Research Ethics Committee (201902078RINB;
202107133RINA). We conducted a retrospective study
of three urban hospitals, including the ED of an aca-
demic tertiary hospital in Taipei city with approximately
100,000 annual visits, and the EDs of two community-
based secondary hospitals in Hsinchu city and Yulin
county with approximately 60,000 visits each. In the
academic ED, there are typically 12 attending physicians
who work with 26 residents and PGYs on a daily basis.
In contrast, in a community ED, residents and PGYs are
not regular monthly staff, and the ED patients are typi-
cally seen by approximately six shiftwork attending phy-
sicians on a daily basis. Attending physicians work 12-h
shifts and then switch to the next shift; residents and
PGYs work 8-h or 12-h shifts and hand patients over to
the attending physician. For those patients initially evalu-
ated by a resident physician or PGY, treatment planning

Community ED
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and disposition are supervised by the attending physician
in charge.

Each ED patient is triaged according to the emergency
severity level and randomly assigned to an attending
physician. The community EDs have only one area for
patients, while in the academic ED, the patients are pre-
assigned to general or critical areas based on their condi-
tions, and the attending physicians who are responsible
for a particular area evaluate and manage the patient
accordingly (Fig. 1). The critical area is a dedicated inten-
sive care area of the academic ED that provides expedited
clinical services. It is staffed by attending physicians and
senior emergency medicine residents specifically trained
to care for patients requiring urgent treatment or resus-
citation. These patients typically have severe conditions
such as severe hypotension, tachy- or bradycardia, respir-
atory failure, myocardial ischemia, or stroke within a spe-
cific time window, which make them candidates for the
critical area. The general area is staffed by attending phy-
sicians, PGYs, and emergency medicine, family medicine,
and internal medicine residents. Except for the attending
physician and ED residents, all other doctors rotate in the
ED for one month. The academic year begins in August,
with each PGY and resident earning a new title and start-
ing the training process for the year.

Data collection

In this study, we utilized de-identified electronic health
records (EHRs) from the hospital’s integrated medical

Academic ED
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Fig. 1 ED patient visit process of community and academic hospitals. This figure showcases the stages involved in a patient’s visit, such as triage,
registration, assessment, and discharge. The main difference between the two types of EDs is the presence of a dedicated critical care area

in academic EDs that is staffed by senior residents and attending physicians to provide prompt and efficient care. The time elapsed between triage/
registration and the first assessment by a physician is known as the waiting time, while the time elapsed between triage/registration

and the patient’s departure from the ED is referred to as the LOS
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database (iMD) spanning from August 2015 to July 2019,
in which all records pertaining to patients or staff were
anonymized, with only employee titles and seniority pre-
served. The requirement for consent was waived by the
ethics committee due to the de-identified nature of the
data.

The selection of this specific timeframe was under-
pinned by several considerations. Primarily, this period
precedes the onset of the COVID-19 pandemic, which
necessitated the implementation of stringent infection
control measures that substantially altered patient man-
agement protocols, patient demographics, and the fre-
quency of modifications in clinical procedures. These
alterations could potentially introduce confounding vari-
ables into our study. Secondly, the commencement of
our study period in 2015 corresponds with the five-year
mark post the implementation of the EHR system within
the hospital network. This ensured the availability of
comprehensive and stable medical data. Moreover, dur-
ing this period, the duration of the emergency medicine
residency program was consistently 42 months. Prior to
2015, the training program had a different duration of
48 months, introducing an additional variable that could
impact our study results. Lastly, the academic year in our
institution commences in August, providing a logical
basis for the selected start and end points of our study
period.

Our patient population was derived from all patient
visits registered in the iMD during the study period. We
specifically targeted patients who accessed the hospital’s
healthcare resources through the emergency department,
as indicated by a specific flag in their records. This flag
served as our primary inclusion criterion, allowing us
to focus on the population of interest. From this initial
pool of patients, we applied further selection criteria to
refine our study group. We included patients who were
assigned to areas within the emergency department that
were served by emergency physicians. This was deter-
mined based on the area assignment in their EHRs upon
their arrival at the emergency department.

We focused on patients presenting with non-pediatric
and non-obstetric complaints, with one notable excep-
tion. Children presenting with injuries or trauma were
included in our study, as these patients would typically be
assigned to areas served by emergency physicians rather
than pediatricians. Patients who were assigned to areas
primarily cared for or seen by pediatric or obstetric doc-
tors, with the exception of those children presenting with
injuries or trauma, were excluded from our study. These
criteria were chosen to align with the scope of practice of
the resident physicians in our study, who primarily han-
dle adult, non-obstetric emergencies, and pediatric trau-
matic emergencies.
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For patients with multiple visits within a 24-h period,
we only included the first record in our analysis. We
then applied several exclusion criteria to further refine
our study population. Firstly, we excluded patients who
experienced out-of-hospital cardiac arrests (OHCAs) or
those who were assigned to the critical area. This deci-
sion was made because the management of cardiac arrest
patients could conflict with the mortality outcomes we
intended to observe in our study. Furthermore, our study
aimed to determine an acceptable level of independent
practice time for young doctors, which is a different con-
text than the immediate and intensive medical interven-
tion required for cardiac arrest patients. Secondly, we
excluded patients who were initially seen by an attend-
ing physician. For each patient, we arranged all medical
orders chronologically and identified the first order cre-
ated by an attending physician. We utilized a binary vari-
able to denote whether the first medical order was issued
by an attending physician, which served as our exclusion
criterion.

Lastly, we excluded patients with typos in their vital
signs on the triage sheet. In this study, typos were defined
as instances where the diastolic blood pressure was
recorded as higher than the systolic blood pressure, sys-
tolic blood pressure exceeded 300 mmHg, heart rate was
over 250 beats per minute, respiratory rate was above
50 breaths per minute, body temperature was recorded
as higher than 48°C or lower than 10°C, and weight was
recorded as over 400 kg. The rationale for excluding these
typos is multifaceted. Firstly, these errors, likely due to
human error during data entry, can significantly skew the
data, especially as they often exceed the standard devia-
tion by more than tenfold. This could potentially distort
our analysis and lead to inaccurate results. Secondly,
these typos are random occurrences, as our previous
studies examined the nature and frequency of these data
entry errors [26, 27]. Thirdly, given the large volume of
data in our study, the exclusion of these random typos
might not significantly impact the overall findings. There-
fore, to maintain the integrity and reliability of our analy-
sis, we opted to discard these anomalous data points.

Variables and outcome measurements

We collected the patient characteristics, first vital signs
in the ED, comorbidities, chief complaints, emergency
severity index, disposition, clinical time-stamped infor-
mation, treatments, examinations, and final medical
expenses. The characteristics included age, sex, and
body weight; the vital signs included temperature, heart
rate, respiratory rate, oxygen saturation, blood pressure,
and levels of consciousness evaluated using the Glasgow
Coma Scale (GCS). During the data collection process,
we encountered instances of missing data due to the
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unavailability of certain variables for some patients. To
address this challenge and maintain the integrity of our
dataset, we employed the Expectation—Maximization
algorithm [27, 28]. This statistical technique allowed us
to estimate probable values for these missing data points
based on the other available data, thereby ensuring a
robust and complete dataset for our subsequent analyses.
This approach upheld the integrity of our data, ensuring
that our subsequent analyses and findings were based on
a comprehensive and representative sample of our study
cohort.

We selected comorbidities based on the Charlson
Comorbidity Index (CCI) [29], including coronary artery
disease, heart failure, hypertension, diabetes mellitus,
chronic obstructive pulmonary disease (COPD), stroke,
end-stage renal disease, liver cirrhosis, peptic ulcer dis-
ease, peripheral vascular disease, cancer, and rheumatic
disease. To ensure the accuracy of our comorbidity iden-
tification process, we adopted an approach using patient
medical record data. We focused on patient diagnostic
history and specifically examined records up until the tri-
age date, considering only relevant and valid entries. The
coding process involved scanning the diagnostic text for
key phrases related to each disease, relying on a variety
of terms and abbreviations specific to each comorbidity
to maximize detection accuracy. For instance, to identify
patients with coronary artery disease, we searched for
phrases like ‘coronary artery disease, POBAS, 'CAD; and
‘ischemic heart! Similar techniques were used for other
conditions, using corresponding disease-specific ter-
minologies. In situations where no valid diagnostic his-
tory was found, we assigned a default value of zero to the
respective comorbidity category.

We defined the waiting time as the time interval
between the completion of registration in the ED and the
start of the diagnostic evaluation. The chief complaints
were divided into two groups: trauma and non-trauma.
Treatments and examinations were grouped by the pre-
scriber’s seniority and ordered chronologically. The time
to first supervision was defined as the interval from the
first plan of a resident or PGY to the first modifications
or documentation by the attending physician; this was
divided into independent practice time groups defined
in 30-min increments. In this study, close supervision
was defined as the physician initiating supervision within
30 min and was considered to be indicative of less resi-
dent autonomy due to independent practice <30 min. In
addition, the lack of modification or documentation by
the attending physician before a patient’s discharge from
the ED was considered non-recorded.

The primary outcome of our study is centered on revis-
its to the ED within 72 h following the last ED discharge
[23]. An ED revisit is defined as a return to the ED that
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results in a new, separate encounter within the 72-h post-
discharge window, irrespective of the complaint or con-
dition triggering the revisit. Our secondary outcomes
encompass several elements. The first one is mortality
within seven days following the ED visit [26]. Here, mor-
tality refers to any death occurrence within seven days
from the initial ED visit, regardless of the cause or loca-
tion of death. Another secondary outcome is the LOS
in the ED, defined as the duration of the patient’s stay
within the ED department, measured in minutes. The
LOS is calculated as the time interval from the patient’s
recorded arrival time until the official departure from
the ED. Departure could occur due to several reasons
such as discharge, admission to the hospital, or trans-
fer to another healthcare facility. Finally, the total medi-
cal expenses incurred during the ED visit constitute our
last secondary outcome. These expenses encapsulate all
the costs associated with the patient’s care during their
stay in the ED, inclusive of diagnostics, therapeutic pro-
cedures, medication, and facility charges.

Statistical analysis

Continuous variables are summarized as means with
standard deviations (SDs) or medians with interquartile
ranges (IQRs) and were examined using the one-way
ANOVA and the Kruskal-Wallis test. Categorical vari-
ables are presented in case numbers and proportions
and were analyzed using the Chi-square test. We applied
a multivariable logistic regression model to investigate
adjusted associations between independent practice time
groups and binary outcomes by controlling for variables
with statistical significance in the univariable regres-
sion analysis. Except for the reference group, adjacent
independent practice time groups with similar odds
ratios (ORs) for the primary outcome were merged into
a supergroup. This approach was adopted to reduce the
number of groups and to coherently analyze clusters of
adjacent categories that demonstrated similar perfor-
mance characteristics. We also adopted a multivariable
linear regression model to examine adjusted associations
between independent practice time groups and continu-
ous outcomes. All ORs and beta-coefficients are pre-
sented with 95% confidence intervals (CIs). In this study,
we also adopted a generalized additive model (GAM) to
demonstrate the adjusted associations between variables
and outcomes.

In this study, we subjected continuous variables to
standardization, a process that transformed each vari-
able to have a mean of 0 and a standard deviation of
1. This procedure not only enables a more direct com-
parison of the importance of different predictors in the
model but also facilitates the interpretation of the mod-
el’s results [30]. The statistical analysis was conducted
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using RStudio (version 2022.07.1+554) based on R
(version 4.2.1) and pyGAM (version 0.8.0) based on
python (version 3.8.11). All p-values in this study were
two-sided and were considered statistically significant
when less than 0.05. To ensure the robustness of our
statistical results, we performed a power analysis using
the simulation method [31, 32].

Results

During the 4-year study period, a total of 932,155 non-
pediatric and non-obstetric emergency visits were
recorded, of which 920,150 were unique visits (Fig. 2).
The majority of visits in the academic ED (96%) were
assigned to the general area, and 36% of these visits
were seen directly by attending physicians. In contrast,
in community EDs, 98% of patients were seen directly
by attending physicians. There were some errors in the
data, with typos occurring in 0.4% of visits, but these
visits were excluded from the analysis, leaving 258,738
patient visits for analysis.
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Characteristics of the study population

The majority of the study cohort was comprised of non-
trauma patients, representing 85% (220,657 of 258,738)
of the total patient population. These non-trauma
patients were typically older (mean age of 55 years), pre-
dominantly female (53.1% compared to 48.1% in trauma
patients), exhibited a higher prevalence of comorbidities
(35.6% versus 13.8%), and had a higher likelihood of hos-
pitalization (18.8% versus 11.1%) relative to their trauma
counterparts. Detailed demographic and clinical charac-
teristics are delineated in Table 1. The subgroup of dis-
charged patients had a mean age of 50 years, with males
constituting 46% of this population. Four percent of this
subgroup did not have a determined independent prac-
tice time as there was a lack of modification or documen-
tation by the attending physician before their discharge
from the ED (Table 2). Eighty-three percent of patients
presented to a resident or PGY practicing independently
for<120 min, and less than half presented to a resi-
dent practicing independently for <30 min. In addition,
patients with some emergency severity indices (1 and
5) tended to receive closer supervision by an attending

( Subjects visited h
academic ED in
2015/08/01 — 2019/07/31
\_ (n=412,338) ) - N\
Subjects repeat visits within 24 hours
(n=5,504)
(" N\ \_ _J
ED visits

(n = 406,834)

. J ( )
Subjects assigned to
critical area or OHCA
- N L (n=16,513) )
Subjects assigned to

general area

n=390,321
! ') 2
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N
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(n=251,144)

L ) ™

Exclusion typos data
dBP > sBP (n = 295)
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(n =250,095)

Fig. 2 Study flow diagram. Our study began with all patient visits registered in the iMD from August 2015 to July 2019. We targeted patients
accessing healthcare via the emergency department. For multiple visits within 24 hours, only the first record was analyzed. We excluded patients
with out-of-hospital cardiac arrests, those initially seen by an attending physician, and those with typos in their vital signs
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Table 1 Baseline clinical characteristics of the included patients

Variable All (n=258,738) Academic Community p-value Non-trauma Trauma p-value
(n=250,095) (n=8,643) (n=220,657) (n=38,081)
Age, mean (SD), year 526 (21.7) 526 (21.7) 54.1(22.0) <.001 549 (20.0) 396 (26.2) <.001
Male, n (%) 123,343 (47.7) 119,004 (47.6) 4,339 (50.2) <.001 103,568 (46.9) 19,775 (51.9) <.001
Vital sign
Body tempera- 36.9(1.1) 370(01.1) 36.9(1.5) <.001 37.0(1.1) 36.8(1.2) <.001
ture, mean (SD), °C
Heart rate, mean ~ 90.5 (19.5) 90.6 (19.4) 89.5 (20.8) <.001 90.7 (19.1) 89.7 (21.6) <.001
(SD), beats per min
Respiratory rate, 193 (2.2) 193 (2.2) 19.0 (2.7) <.001 19.2 (2.0) 196 (3.1) <.001
mean (SD), breaths
per min
Oxygen satura- 98.0 (3.0) 98.0 (3.0) 98.0 (3.0) <.001 97.0 (3.0) 98.0 (3.0) <.001
tion, median (IQR), %
Systolic blood 1354 (27.4) 1352 (27.2) 140.3 (30.5) <.001 135.8 (27.0) 133.3(29.2) <.001
pressure, mean (SD),
mmHg
Diastolic blood 773 (15.0) 77.3(14.9) 785(17.4) <.001 773 (14.7) 773(16.7) 0.282
pressure, mean (SD),
mmHg
GCS-E, n (%) <.001 <.001
1 284 (0.1) 216 (0.1) 68 (0.8) 262 (0.1) 22(0.1)
2 796 (0.3) 736 (0.3) 60 (0.7) 778 (0.4) 18 (0.0)
3 1,662 (0.6) 1,594 (0.6) 68 (0.8) 1,582 (0.7) 80(0.2)
4 255,996 (98.9) 247,549 (99.0) 8,447 (97.7) 218,035 (98.8) 37,961 (99.7)
GCS-V, n (%) <.001 <.001
1 1,819(0.7) 1,647 (0.7) 172 (2.0) 1,749 (0.8) 70(0.2)
2 2,130(0.8) 1,996 (0.8) 134 (1.6) 2,053(0.9) 77 (0.2)
3 1,014 (0.4) 973 (0.4) 41(0.5) 948 (0.4) 66 (0.2)
4 2,094 (0.8) 2,038 (0.8) 56 (0.6) 1,873 (0.8) 221 (0.6)
5 251,681 (97.3) 243,441 (97.3) 8,240 (95.3) 214,034 (97.0) 37,647 (98.9)
GCS-M, n (%) <.001 <.001
1 0.1 110(0.0) 8(04) 139(0.1) 9(0.0)
2 03 (0.0) 87 (0.0) (O 2) 97 (0.0) 6 (0.0)
3 335(0.1) 268 (0.1) 67 (0.8) 321(0.1) 14 (0.0)
4 1,593 (0.6) 1,467 (0.6) 126 (1.5) 1,551 (0.7) 42(0.1)
5 3,667 (1.4) 3,538(1.4) 129 (1.5) 3,468 (1.6) 199 (0.5)
6 252,892 (97.7) 244,625 (97.8) 8,267 (95.6) 215,081 (97.5) 37,811 (99.3)
Body weight, 58.5(19.8) 59.5(183) 29.1(32.5) <.001 59.8 (18.4) 51.1(25.1) <.001
mean (SD), kg
Comorbidity 83,719 (32.4) 81,703 (32.7) 2,016 (23.3) <.001 78,466 (35.6) 5253 (13.8) <.001
Coronary artery 14,260 (5.5) 13,938 (5.6) 322 (3.7) <.001 13,511 (6.1) 749 (2.0) <.001
disease
Malignancy 38,367 (14.8) 37,826 (15.1) 541 (6.3) <.001 36,938 (16.7) 1,429 (3.8) <.001
Heart failure 9,016 (3.5) 8,765 (3.5) 251(29) 0.003 8,535 (3.9) 481(1.3) <.001
COPD 4,321(1.7) 4,115(1.6) 206 (2.4) <.001 4,130(1.9) 191 (0.5) <.001
Stroke 21,765 (8.4) 21,274 (8.5) 491 (5.7) <.001 20,548 (9.3) 1,217 (3.2) <.001
Dementia 3,636 (1.4) 3,502 (1.4) 134 (1.6) 0.244 3,388(1.5) 248(0.7) <.001
Diabetes mellitus 24,274 (9.4) 23,516 (94) 758 (8.8) 0.047 22,856 (10.4) 1418 (3.7) <.001
End-stage renal 6,307 (2.4) 6,133 (2.5) 174 (2.0) 0.009 6,022 (2.7) 285(0.7) <.001
disease
Hypertension 63,651 (24.6) 62,066 (24.8) 1,585 (18.3) <.001 59,347 (26.9) 4,304 (11.3) <.001

Liver cirrhosis 5775(2.2) 5610(2.2) 165 (1.9) 0.039 5,562 (2.5) 213 (0.6) <.001
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Table 1 (continued)

Variable All (n=258,738) Academic Community p-value Non-trauma Trauma p-value
(n=250,095) (n=8,643) (n=220,657) (n=38,081)

Peptic ulcer 2,544 (1.0) 2,475 (1.0) 69 (0.8) 0.076 2414(1.1) 130(0.3) <.001
disease

Peripheral vascu- 1,965 (0.8) 1,908 (0.8) 57(0.7) 0.276 1,854 (0.8) 111 (0.3) <.001
lar disease

Rheumatic 6,512 (2.5) 6,392 (2.6) 120 (1.4) <001 6,107 (2.8) 405 (1.1) <.001
disease

Time of presentation

Month, n (%) <.001 <.001
1 23,518 (9.1) 22,353 (8.9) 1,165 (13.5) 20,073 (9.1) 3,445 (9.0)
2 23,656 (9.1) 22,9199.2) 737 (8.5) 20,319(9.2) 3,337 (8.38)
3 23,373 (9.0) 22,381 (8.9) 992 (11.5) 20,011 (9.1) 3,362 (8.8)
4 22,203 (8.6) 21,561 (8.6) 642 (7.4) 19,092 (8.7) 3,111 (82)
5 22,808 (8.8) 21,817 (8.7) 991 (11.5) 19,352 (8.8) 3,456 (9.1)
6 22,321 (8.6) 21,360 (8.5) 961 (11.1) 19,005 (8.6) 3,316 (8.7)
7 63 (8.6) 21,893 (8.8) 270 (3.1) 19,083 (8.6) 3,080 (8.1)
8 19224(74) 18,962 (7.6) 262 (3.0) 16,510 (7.5) 2,714(7.1)
9 18,328 (7.1) 17,963 (7.2) 365 (4.2) 15,668 (7.1) 2,660 (7.0)
10 19,579 (7.6) 18,970 (7.6) 609 (7.0) 16,719 (7.6) 2,860 (7.5)
11 20,091 (7.8) 19,120 (7.6) 971 (11.2) 16,802 (7.6) 3,289 (8.6)
12 1474 (8.3) 20,796 (8.3) 678 (7.8) 18,023 (8.2) 3,451 (9.1)
Day of the week, <.001 <.001
n (%)
Sunday 42,211 (16.3) 40,906 (16.4) 1,305 (15.1) 35,899 (16.3) 6,312 (16.6)
Monday 38,276 (14.8) 36,925 (14.8) 1,351 (15.6) 32,769 (14.9) 5,507 (14.5)
Tuesday 36,886 (14.3) 35,506 (14.2) 1,380 (16.0) 31,577 (14.3) 5,309 (13.9)
Wednesday 32,905 (12.7) 31,757 (12.7) 1,148 (13.3) 28,090 (12.7) 5(126)
Thursday 34,037 (13.2) 32,920(13.2) 1,117 (12.9) 29,098 (13.2) 4,939 (13.0)
Friday 35,485 (13.7) 34,387 (13.7) 1,098 (12.7) 30,286 (13.7) 5,199 (13.7)
Saturday 38,938 (15.0) 37,694 (15.1) 1,244 (14.4) 32,938 (14.9) 6,000 (15.8)
Time of the day, <.001 <.001
n (%)
00:00-04:00 27,179 (10.5) 26,682 (10.7) 497 (5.8) 24,805 (11.2) 2374 (6.2)
04:00-08:00 21,960 (8.5) 21,565 (8.6) 395 (4.6) 20,313 (9.2) 1,647 (4.3)
08:00-12:00 48,312 (18.7) 46,052 (18.4) 2,260 (26.1) 42,477 (19.3) 5,835 (15.3)
12:00-16:00 52,702 (20.4) 50,616 (20.2) 2,086 (24.1) 44,132 (20.0) 8,570 (22.5)
16:00-20:00 55,615 (21.5) 53,497 (21.4) 8(24.5) 44,723 (20.3) 10,892 (28.6)
20:00-24:00 52,970 (20.5) 1,683 (20.7) 1,287 (14.9) 44,207 (20.0) 8,763 (23.0)
Triage level, n (%) <.001 <.001
1 528(0.2) 337(0.1) 191 (2.2) 476 (0.2) 52(0.1)
2 44,505 (17.2) 43,532 (17.4) 973(11.3) 40,470 (18.3) 4,035 (10.6)
3 194,476 (75.2) 187,889 (75.1) 6,587 (76.2) 166,266 (75.4) 28,210 (74.1)
4 16,642 (6.4) 15,817 (6.3) 825 (9.5) 11,458 (5.2) 5,184 (13.6)
5 2,587 (1.0) 2,520 (1.0) 67 (0.8) 1,987 (0.9) 600 (1.6)
Waiting time, 6.7 (10.9) 6.8(11.1) 44 (5.6) <001 70(11.6) 5.1(7.6) <.001
median (IQR),
minutes
Time to first supervi-  35.0 (73.0) 36.2 (74.3) 19.9 (33.0) <.001 385 (77.2) 24.7 (45.7) <.001
sion, median (IQR),
minutes
Disposition <.001 <.001

Discharge, n (%) 203,864 (78.8) 197,337 (78.9) 6,527 (75.5) 170,571 (77.3) 33,293 (87.4)
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Table 1 (continued)
Variable All (n=258,738) Academic Community p-value Non-trauma Trauma p-value
(n=250,095) (n=8,643) (n=220,657) (n=38,081)

Admission, n (%) 45,709 (17.7) 43,934 (17.6) 1,775 (20.5) 41,491 (18.8) 4,218 (11.1)
Outcomes

Revisit within 72 h 7,472 (2.9) 7,123 (2.8) 349 (4.0) <.001 6,903 (3.1) 569 (1.5) <.001
of last discharge,
n (%)

Mortality 1,305 (0.5) 1,268 (0.5) 37(04) 0.309 1,272 (0.6) 33(0.1) <.001
within 7 days
after the ED visit,
n (%)

LOS, median (IQR), 162.1 (438.7) 162.8 (455.0) 1414 (241.2) <.001 184.2 (669.1) 77.2(99.0) <.001
minutes

Medical expenses, 2,885.0 (5030.0)  2,880.0 (5,049.0) 3,013.0(4,525.5) 0.018 3,044.0 (5,636.0) 1,986.0 (2,646.0) <.001

median (IQR), dollar

physician, with odds ratios of 1.393 (1.128-1.721,
p=0.002) and 3.187 (2.914-3.486, p <0.001) respectively.
The percentage of close supervision also increased dur-
ing the months of August, September, October, Novem-
ber, and December with odds ratios ranging from 1.146
(1.102-1.192, p<0.001) in December to 1.513 (1.453—
1.576, p<0.001) in August. This uptick in close super-
vision may be attributable to the influx of new medical
personnel at the commencement of the academic year,
among other contributing factors (Fig. 3). Furthermore,
the study identified several patient characteristics and
vital signs associated with close supervision. For instance,
male patients were more likely to be closely supervised
(OR=1.193, p<0.001), as were patients with higher
heart rates (OR=1.096, p<0.001) and respiratory rates
(OR=1.111, p<0.001). Conversely, patients with higher
oxygen saturation and blood pressure were less likely to
be closely supervised (OR=0.951 and 0.967 respectively,
p<0.001 for both) (Table 3).

Comorbidities such as malignancy, heart failure,
COPD, stroke, diabetes mellitus, and end-stage renal dis-
ease were also associated with increased odds of close
supervision (p<0.001 for all). Interestingly, patients pre-
senting in community hospitals were twice as likely to
be closely supervised compared to those in academic
hospitals (OR=2.004, p<0.001). These findings suggest
that a variety of factors, including patient demographics,
vital signs, comorbidities, and the type of hospital, can
influence the level of supervision provided in emergency
settings.

Main results

In the multivariable analysis, a longer independent prac-
tice time was associated with higher revisit ORs even
when other factors such as age, gender, and underlying
medical conditions were controlled for (Appendix 1).

Factors such as older age, male sex, higher body tempera-
ture, higher heart rate, lower systolic blood pressure, and
certain underlying medical conditions (such as cancer,
heart failure, stroke, diabetes mellitus, end-stage renal
disease, hypertension, liver cirrhosis, and rheumatic dis-
ease) were found to be independent predictors of an ED
revisit within 72 h.

Patients who presented to the ED in the months of
May, June, August, September, October, or November
were found to have an increased risk of revisiting the ED
within 72 h. Patients who presented to the ED on Thurs-
days, Fridays, or Saturdays also had an increased risk
of revisiting the ED within 72 h. Furthermore, patients
treated by a resident who practiced independently for
more than 120 min had a higher OR for revisiting the ED
within 72 h than those patients treated by a resident who
practiced independently for less than 30 min, even when
other factors were controlled for (Table 4).

The regression analyses of secondary outcomes
revealed that patients who were treated by residents
under close supervision were associated with the highest
mortality OR, as well as a longer length of stay and higher
cost than those patients who were practiced indepen-
dently by residents within 30-210 min (Table 5).

Discussion

We noted a number of factors associated with less resi-
dent autonomy provided by attending physicians, includ-
ing being in the first few months of the academic year
and having patients with the highest or lowest emergency
index. In this study, we obtained some evidence to deter-
mine that initial supervision of up to 120 min when a res-
ident sees some ED patients provides sufficient resident
autonomy without increasing the ED revisit rate. At the
same time, an independent practice time of 30 to 120 min
did not increase mortality, LOS, or medical costs. The
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Table 2 Discharged patient characteristics and clinical outcomes by the supervision group

Variable Resident independent practice time (minutes)
All discharged <30(n=84,709) 30to 120 120to 210 >210(n=5,322) Non-recorded p value
subjects (n=83,861) (n=21,483) (n=8,489)
(n=203,864)
Age, mean (SD), 50.2 (21.7) 489 (22.8) 50.8 (20.8) 53.9(19.9) 56.5(19.4) 449 (214) <.001
year
Male, n (%) 94,000 (46.1) 40,986 (48.4) 37,470 (44.7) 9,238 (43.0) 2,356 (44.3) 3,950 (46.5) <.001
Vital sign
Body tempera-  36.9 (1.0) 36.9(1.0) 36.9(1.1) 36.9(1.0) 36.8(1.2) 36.7(1.2) <.001
ture, mean (SD), °C
Heart rate, 89.0(18.7) 89.8 (19.6) 88.5(18.1) 88.6(17.9) 87.3(17.5) 86.5(18.1) <.001
mean (SD), beats
per min
Respiratory 19.2(2.1) 19.3(2.3) 19.1(1.9) 19.1(1.9) 189(1.9) 183(2.2) <.001

rate, mean (SD),
breaths per min
Oxygen satura-  98.0 (3.0) 98.0 (3.0) 98.0 (3.0) 98.0 (3.0) 98.0(3.0) 98.0 (3.0) <001
tion, median (IQR),
%

Systolic blood 135.6 (27.1) 134.0 (27.0) 136.3 (26.9) 137.6 (27.4) 1385 (28.4) 137.7 (27.0) <.001
pressure, mean
(SD), mmHg
Diastolic blood  77.7 (14.8) 77.0 (15.1) 78.1 (14.6) 783 (14.7) 784 (15.0) 78.5(15.0) <.001
pressure, mean
(SD), mmHg
GCS-E, n (%) <.001
1 60 (0.0) 37 (0.0) 18 (0.0) 1(0.0) 3(0.1) 1(0.0)
2 184 (0.1) 127 (0.1) 43(0.1) 8(0.0) 4(0.1) 2(0.0)
3 547 (0.3) 369 (0.4) 147 (0.2) 16 (0.1) 11(0.2) 4(0.0)
4 203,073 (99.6) 84,176 (99.4) 83,653 (99.8) 21,458 (99.9) 5,304 (99.7) 8,482 (99.9)
GCS-V, n (%) <.001
1 604 (0.3) 392(0.5) 164 (0.2) 29 (0.1) 14(0.3) 5(0.1)
2 707 (0.3) 433(0.5) 219(0.3) 33(0.2) 14(0.3) 8(0.1)
3 384 (0.2) 229(0.3) 125 (0.1) 22(0.1) 7(0.1) 1(0.0)
4 973 (0.5) 594 (0.7) 270(0.3) 71(0.3) 22 (04) 16 (0.2)
5 201,196 (98.7) 83,061 (98.1) 83,083 (99.1) 21,328 (99.3) 5,265 (98.9) 8,459 (99.6)
GCS-M, n (%) <.001
1 36 (0.0) ( .0) 11(0.0) 3(0.0) 2(0.0) 0(0.0)
2 24(0.0) (0.0) 4(0.0) 2(0.0) 2(0.0) 1(0.0)
3 108 (0.1) 67 (O 1) 35(0.0) 4(0.0) 2(0.0) 0(0.0)
4 463 (0.2) 323(04) 117 (0.1) 15(0.1) 3(0.1) 5(0.1)
5 1,418 (0.7) 886 (1.0) 407 (0.5) 76 (0.4) 27 (0.5) 22(0.3)
6 201,815 (99.0) 83,398 (98.5) 83,287 (99.3) 21,383 (99.5) 5,286 (99.3) 8,461 (99.7)
Body weight, 58.7(19.7) 57.2(21.3) 59.6(18.8) 604 (17.2) 60.6 (17.9) 58.9(19.0) <.001
mean (SD), kg
Comorbidity 55,189 (27.1) 22,959 (27.1) 22,181 (26.4) 6,763 (31.5) 1,839 (34.6) 1,447 (17.0) <.001
Coronary artery 9,432 (4.6) 3,953 (4.7) 3,687 (4.4) 1,148 (5.3) 424 (8.0) 220 (2.6) <.001
disease
Malignancy 23,951 (11.7) 9,979 (11.8) 9,576 (11.4) 3,021 (14.1) 742 (13.9) 633 (7.5) <.001
Heart failure 5261 (2.6) 2411 (2.8) 1,984 (2.4) 563 (2.6) 200 (3.8) 103(1.2) <.001
COPD 2,284 (1.1) 1,116 (1.3) 805 (1.0) 248 (1.2) 61 (1.1) 54 (0.6) <.001
Stroke 13,177 (6.5) 5,849 (6.9) 5,064 (6.0) 1,583 (7.4) 403 (7.6) 278 (3.3) <.001
Dementia 1,913 (0.9) 983 (1.2) 635 (0.8) 207 (1.0) 52(1.0) 36 (0.4) <.001
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Table 2 (continued)

Variable Resident independent practice time (minutes)
All discharged <30(n=84,709) 30to 120 120to 210 >210(n=5,322) Non-recorded p value
subjects (n=83,861) (n=21,483) (n=8,489)
(n=203,864)
Diabetes mel- 15,125 (7.4) 6,653 (7.9) 5,841 (7.0) 1,789 (8.3) 514(9.7) 328(3.9) <.001
litus
End-stage renal 3,922 (1.9) 1,730 (2.0) 1,570 (1.9) 402 (1.9) 136 (2.6) 84(1.0) <.001
disease
Hypertension 41,707 (20.5) 17,343 (20.5) 16,750 (20.0) 5174 (24.1) 1,409 (26.5) 1,031 (12.1) <.001
Liver cirrhosis 3,722 (1.8) 1,476 (1.7) 1,561 (1.9) 466 (2.2) 125 (2.3) 94 (1.1) <.001
Peptic ulcer 1,634 (0.8) 708 (0.8) 605 (0.7) 211 (1.0) 70(1.3) 40 (0.5) <.001
disease
Peripheral 1,103 (0.5) 516 (0.6) 412 (0.5) 118 (0.5) 40 (0.8) 17(0.2) <.001
vascular disease
Rheumatic 4232 (2.1) 1,792 (2.1) 1,743 (2.1) 485 (2.3) 128 (2.4) 84 (1.0) <.001
disease

Time of presentation

Month, n (%) <.001
1 18,614 (9.1) 7,375(8.7) 7,904 (9.4) 1,908 (8.9) 470 (8.8) 957 (11.3)
2 19,132 (94) 7,963 (9.4) 8,303 (9.9) 2,269 (10.6) 595(11.2) 2(0.0)
3 18,656 (9.2) 7,216 (8.5) 8461 (10.1) 2,349 (10.9) 630(11.8) 0(0.0)
4 17,672 (8.7) 7,089 (84) 8,120 (9.7) 1,979 (9.2) 484 (9.1) 0(0.0)
5 17,854 (8.8) 7,387 (8.7) 7,983 (9.5) 1,997 (9.3) 487 (9.2) 0(0.0)
6 17,586 (8.6) 7,055 (8.3) 7,909 (9.4) 2,101 (9.8) 5219.8) 0(0.0)
7 17,398 (8.5) 7,128 (8.4) 7,809 (9.3) 2(94) 448 (8.4) 1(0.0)
8 14,912 (7.3) 6,795 (8.0) 4,764 (5.7) 1,349 (6.3) 363 (6.8) 1,641 (19.3)
9 14,306 (7.0) 6,603 (7.8) 4,731 (5.6) 1,245 (5.8) 276 (5.2) 1,451 (17.1)
10 15,299 (7.5) 6,828 (8.1) 5,558 (6.6) 1,427 (6.6) 335(6.3) 1,151 (13.6)
11 15,634 (7.7) 6,675 (7.9) 5861 (7.0) 1,329 (6.2) 323(6.1) 1,446 (17.0)
12 16,801 (8.2) 6,595 (7.8) 6,458 (7.7) 8(7.1) 390 (7.3) 1,840 (21.7)
Day <.001
of the week, n (%)
Sunday 35,195 (17.3) 14986(177) 14,571 (17.4) 3,288 (15.3) 706 (13.3) 1,644 (19.4)
Monday 29,509 (14.5) 1,724 (13.8) 12,061 (14.4) 3,540 (16.5) 993 (18.7) 1,191 (14.0)
Tuesday 28,080 (13.8) 70(13.2) 11,835 (14.1) 3,152 (14.7) 791 (14.9) 1,132 (13.3)
Wednesday 25,177 (12.3) 10,588 (12.5) 10,268 (12.2) 2,640 (12.3) 645 (12.1) 1,036 (12.2)
Thursday 26,275 (12.9) 10,864 (12.8) 10,793 (12.9) 2,856 (13.3) 753 (14.1) 1,009 (11.9)
Friday 27,665 (13.6) 1,584 (13.7) 11,333 (13.5) 2,951 (13.7) 741 (13.9) 1,056 (12.4)
Saturday 31,963 (15.7) 13,793 (16.3) 13,000 (15.5) 3,056 (14.2) 693 (13.0) 1,421 (16.7)
Time of the day, <.001
n (%)
00:00-04:00 22,736 (11.2) 9,342 (11.0) 9,937 (11.8) 1,829 (8.5) 497 (9.3) 1,131 (13.3)
04:00-08:00 17,765 (8.7) 7,284 (8.6) 7,980 (9.5) 1,621 (7.5) 270(5.) 610(7.2)
08:00-12:00 36,784 (18.0) 15,042 (17.8) 13,798 (16.5) 4,766 (22.2) 1,790 (33.6) 1,388 (16.4)
12:00-16:00 39,866 (19.6) 16,757 (19.8) 15,804 (18.8) 4,495 (20.9) 1,146 (21.5) 1,664 (19.6)
16:00-20:00 43,244 (21.2) 18,247 (21.5) 17,559 (20.9) 4,700 (21.9) 932(17.5) 1,806 (21.3)
20:00-24:00 43,469 (21.3) 18,037 (21.3) 18,783 (22.4) 4,072 (19.0) 687 (12.9) 1,890 (22.3)
Triage level, <.001
n (%)
1 114 (0.1) 82(0.1) 23(0.0) 7(0.0) 2(0.0) 0(0.0)
2 29,090 (14.3) 10,840 (12.8) 11,728 (14.0) 3,882 (18.1) 1,304 (24.5) 1,336 (15.7)
3 156,049 (76.5) 62,829 (74.2) 66,409 (79.2) 16,754 (78.0) 3,855 (724) 6,202 (73.1)
4 16,075 (7.9) 9,257 (10.9) 5132 (6.1) 750 (3.5) 146 (2.7) 790 (9.3)
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Variable Resident independent practice time (minutes)
All discharged <30(n=84,709) 30to 120 120to 210 >210(n=5,322) Non-recorded p value
subjects (n=83,861) (n=21,483) (n=8,489)
(n=203,864)
5 2,536 (1.2) 1,701 2.0) 569 (0.7) 90 (0.4) 15(0.3) 161 (1.9)
Waiting time, 6.4 (10.6) 5.8(9.7) 6.3(10.2) 8.2 (13.1) 8.0 (13.0) 104 (16.2) <.001
median (IQR),
minute
Hospital <.001
Academic, n (%) 197,337 (96.8) 80,419 (94.9) 81,875 (97.6) 21,309 (99.2) 5,245 (98.6) 8,489 (100.0)
Community, 6,527 (3.2) 4,290 (5.1) 1,986 (2.4) 174 (0.8) 77 (14) 0(0.0)
n (%)
Complaint <.001
Non-trauma, 170,571 (83.7) 66,546 (78.6) 72,140 (86.0) 20,023 (93.2) 5,051 (94.9) 6,811 (80.2)
n (%)
Trauma, n (%) 33,293 (16.3) 18,163 (21.4) 11,721 (14.0) 1,460 (6.8) 271(5.1) 1,678 (19.8)
Outcomes
Revisit 6,669 (3.3) 2,712(3.2) 2,707 3.2) 794 (3.7) 229 (4.3) 227 (2.7) <.001
within 72 h
of the last dis-
charge, n (%)
Mortality 102 (0.1) 49 (0.1) 34(0.0) 12(0.1) 3(0.1) 4(0.0) 0.601
within 7 days
after the ED visit,
n (%)
LOS, median 1284 (165.6) 93.2 (235.9) 120.0 (83.6) 200.5(81.4) 319.8 (146.4) 90.7 (88.6) <.001
(IQR), minutes
Medical 2,304.0 (2,558.0) 1,979.0 (3,082.0) 2,336.0 (2,036.0) 2,972.0(2,495.0) 3,988.5 (4,473.5) 1,497.0 (1,037.0) <.001
expenses, median
(IQR), dollar

results indicate that an independent practice time of
within 30-120 min is associated with a non-inferior odds
of revisiting the ED within 72 h and no higher 7-day mor-
tality than an independent practice time of < 30 min. Fur-
thermore, there was a statistically significant association
between an independent practice time >120 min and an
increased odds of revisiting the ED and higher beta-coef-
ficients for total medical expenses. These results suggest
that providing residents and PGYs with an appropriate
level of autonomy while ensuring adequate supervision
by attending physicians in the ED can lead to preferred
patient outcomes without negative consequences.

The degree of residency autonomy varies by situa-
tion, and Jenkin’s research demonstrated this difference
between community and university hospitals [33]. In
general, the condition of patients in university hospitals
may be more complex, and patient safety issues may be
more prominent, which limits the attainment of auton-
omy. Providing an environment for residents to practice
independently requires proper planning. EPAs are pro-
posed to provide autonomy based on the proficiency of
employees [4, 19]. Jenkin indicated that teamwork and
collective problem-solving provide interns with sufficient

decision-making ownership while still allowing their
superiors to fine-tune their decisions if necessary [33]. In
the EDs in this study, the attending physicians are legally
responsible for the patients, and the residents and PGYs
are treated as physician learners who share the work-
load of the attending physicians and learn through prac-
tice. The patients in this study in the university hospital
ED were divided into two areas during triage. Critically
ill patients could be treated immediately by senior resi-
dents and attending physicians, and relatively non-crit-
ical patients could be independently treated by resident
physicians first, followed by the supervision of attending
physicians. In the results, we noted that attending physi-
cians delegated approximately two-thirds of patient care
to residents and PGYs, and 45% of these patients (116,742
out of 258,738 academic ED patients) had close supervi-
sion while being treated by a resident. In contrast, 65%
of patients (5,588 out of 8,643 community ED patients)
were treated under close supervision by an attending
physician in the community hospital. In general, this
strategy allows attending physicians to intervene early
in patient management and should reduce patient safety
concerns, while it may increase attending physician
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Fig. 3 Mosaic plot showing the results of a chi-square analysis exploring the correlation between the independent practice time group (as
categorized by the number of minutes) and the month in which the patient visited the ED. It displays the standardized residuals of this analysis

tension and reduce their productivity. In addition, such
close supervision may interrupt residents’ clinical think-
ing and treatment decisions, reducing autonomy. Close
supervision did not yield lower mortality rates in the
results, which may be due to more severe or critical con-
ditions that residents identified earlier and sought early
help from their attending physicians. Only some patients
who were treated by a resident practicing independently
for more than 400 min had an increased risk of mortal-
ity (Fig. 4). Those who were sicker may have been admit-
ted rather than discharged, which may have interfered
with the analysis of revisits, for which we only included
those patients who were discharged. Approximately 42%
of patients (84,709 of 203,864 discharged patients) were
treated by a resident who was closely supervised, with
no statistically significant difference in revisit rates com-
pared with those treated by residents practicing indepen-
dently for 30 to 120 min. According to different levels
of residents, attending physicians may be able to give
more experienced residents more time to practice inde-
pendently (Fig. 4). This trust may be associated with less
close supervision in the middle and later parts of the aca-
demic year (Fig. 3).

The role of residents in patient care is crucial, and the
level of autonomy should reflect their level of training,

the supervising physician’s confidence in their skills,
and the complexity of the patient’s medical situation.
As a general rule, residents work under the guidance
of an experienced attending physician. However, as
they gain experience and knowledge, they may be given
more independence in making decisions and manag-
ing patient care. The result of this study revealed that
supervision occurred earlier during the initial months
of the academic year and that there may be potential for
increased autonomy as residents progress from PGY
to R1 to R2 levels (Fig. 4), which aligns with the find-
ing of previous research on the topic [9]. It is essential
for residents to be able to develop their clinical skills
and judgment gradually through increased autonomy,
while still receiving support and guidance from more
seasoned physicians. The optimal timing of independ-
ent practice in the ED can vary depending on various
factors, including the resident’s level of training, the
complexity of the patient’s condition, and the attending
physician’s comfort level with the resident’s abilities.
The attending physician might provide close supervi-
sion during the early stages of the resident’s training
and for complex cases. As the resident gains experience
and knowledge, he or she may be given more independ-
ence, but the attending physician should still be avail-
able for guidance and support as needed.
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Table 3 Factors associated with close supervision
Variable Multivariate logistic regression
Adjusted OR (95% Cls) p-value Power (95% Cls)
Age 1.009 (0.999-1.019) 0.090
Male 1.193 (1.172-1.214) <.001 0.99 (0.96-1.00)
Vital sign
Body temperature 1.035 (1.025-1.044) <.001 0.99 (0.96-1.00)
Heart rate 1.096 (1.086-1.106) <.001 0.99 (0.96-1.00)
Respiratory rate 1(1.102-1.121) <.001 0.99 (0.96-1.00)
Oxygen saturation 0.951 (0.942-0.960) <.001 0.99 (0.96-1.00)
Systolic blood pressure 0.967 (0.955-0.979) <.001 0.99 (0.96-1.00)
Diastolic blood pressure 0.951 (0.940-0.963) <.001 0.99 (0.96-1.00)
GCS-E
1 1.157 (0.850-1.575) 0354
2 1.177 (0.983-1.409) 0.076
3 1.272 (1.120-1.444) <.001 0.93 (0.86-0.97)
4 reference
GCS-V
1 1.355 (1.173-1.566) <.001 0.93 (0.86-0.97)
2 1.315(1.144-1.511) <.001 0.98 (0.93-1.00)
3 1.508 (1.286-1.767) <.001 0.99 (0.96-1.00)
4 1.785(1.613-1.975) <.001 0.99 (0.96-1.00)
5 reference
GCS-M
1 1.274(0.849-1912) 0.242
2 1.391 (0.881-2.195) 0.157
3 1.156 (0.888-1.504) 0.281
4 1.775(1.517-2.078) <.001 0.99 (0.964-1.00)
5 1.529 (1.362-1.718) <.001 0.99 (0.96-1.00)
6 reference
Body weight 0.951 (0.942-0.959) <.001 0.99 (0.96-1.00)
Comorbidity
Coronary artery disease 0.994 (0.955-1.034) 0.765
Malignancy 1.134 (1.105-1.164) <.001 0.99 (0.96-1.00)
Heart failure 1.169 (1.114-1.227) <.001 0.99 (0.96- 100)
COPD 1.205 (1.130-1.287) <.001 0.99 (0.96-1.00)
Stroke 1.071(1.035-1.108) <.001 0.99 (0.96-1.00)
Dementia 7 (0.940-1.101) 0.670
Diabetes mellitus 1.103 (1.068-1.138) <.001 0.99 (0.964-1.00)
End-stage renal disease 1.094 (1.036-1.156) 0.001 0.94 (0.87-0.98)
Hypertension 1.029 (1.004-1.055) 0.025 0.67 (0.57-0.76)
Liver cirrhosis 0.954 (0.903-1.008) 0.096
Peptic ulcer disease 1.051 (0.968-1.141) 0.234
Peripheral vascular disease 1.143 (1.039-1.257) 0.006 0.78 (0.69-0.86)
Rheumatic disease 1.065 (1.012-1.122) 0.017 0.58 (0.48-0.68)
Time of presentation
Month
1 reference
2 0.95 (0.915-0.986) 0.007 0.81(0.72-0.88)
3 0.861 (0.829-0.894) <.001 0.99 (0.96-1.00)
4 0.922 (0.887-0.958) <.001 0.99 (0.96-1.00)
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Variable Multivariate logistic regression
Adjusted OR (95% Cls) p-value Power (95% Cls)
5 0.969 (0.933-1.006) 0.103
6 0.887 (0.854-0.922) <.001 0.99 (0.96-1.00)
7 0.975 (0.939-1.013) 0.201
8 3(1.453-1.576) <.001 0.99 (0.96-1.00)
9 1.509 (1.448-1.572) <.001 0.99 (0.96-1.00)
10 1.343 (1.290-1.398) <.001 0.99 (0.96-1.00)
1 1.240 (1.191-1.290) <.001 0.99 (0.96-1.00)
12 1.146 (1.102-1.192) <.001 0.99 (0.96-1.00)
Day of the week
Sunday reference
Monday 0.899 (0.873-0.926) <.001 0.99 (0.96-1.00)
Tuesday 0.911 (0.885-0.938) <.001 0.99 (0.96-1.00)
Wednesday 1.030 (0.999-1.061) 0.057
Thursday 0.976 (0.947-1.005) 0.105
Friday 1.003 (0.973-1.033) 0.867
Saturday 1.032 (1.003-1.063) 0.030 0.59 (0.49-0.69)
Time of the day
00:00-04:00 reference
04:00-08:00 0.989 (0.953-1.026) 0553
08:00-12:00 0.937 (0.908-0.967) <.001 0.99 (0.95-1.00)
12:00-16:00 0.984 (0.954-1.015) 0.309
16:00-20:00 0.955 (0.927-0.985) 0.004 0.88 (0.80-0.94)
20:00-24:00 0.921 (0.893-0.950) <.001 0.99 (0.96-1.00)
Triage level
1 1.393 (1.128-1.721) 0.002 0.89 (0.81-0.94)
2 1.033 (1.011-1.056) 0.003 0.87 (0.79-0.93)
3 reference
4 1.786 (1.726-1.848) <.001 0.99 (0.96-1.00)
5 3.187 (2.914-3.486) <.001 0.99 (0.96-1.00)
Waiting time 0.963 (0.955-0.972) <.001 0.99 (0.96-1.00)
Hospital
Academic reference
Community 2.004 (1.910-2.104) <.001 0.99 (0.96-1.00)
Complaint
Non-trauma reference
Trauma 1.521 (1.484-1.559) <.001 0.99 (0.96-1.00)
Limitations (Table 2). This is a common challenge in emergency med-

This study has limitations, one of which is the lack of
documentation, which may have affected the accuracy
of the data regarding the independent practice time
among residents. This could be due to the fast-paced and
demanding environment in the ED, leading to retroactive
documentation or oral orders being recorded later when
there was more time. This issue can be seen from the
fact that the group with missing documentation had the
shortest median LOS compared with the other groups

icine and highlights the need for further research and
solutions to enhance the documentation process in EDs.

An additional source of potential bias in our study was
the presence of typos, arising from human errors dur-
ing data entry. In the dataset encompassing all subjects
(n=258,738), a total of 1074 (0.4%) cases exhibited such
errors. These cases were subsequently excluded from
the analysis to maintain data reliability. Upon exami-
nation, the distribution of these typos across different
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Table 4 Factors associated with revisiting the ED within 72 h for patients discharged from the ED

Variable Multivariate logistic regression
Adjusted OR (95% Cls) p-value Power (95% Cls)
Age 1.355(1.311-1.401) <.001 0.99 (0.96-1.00)
Male 1.163 (1.106-1.223) <.001 0.99 (0.96-1.00)
Vital sign
Body temperature 1.043 (1.006-1.081) 0.021 0.66 (0.56-0.75)
Heart rate 1.225 (1.191-1.260) <.001 0.99 (0.96-1.00)
Respiratory rate 1.023 (0.995-1.052) 0.110
Oxygen saturation - -
Systolic blood pressure 0.938 (0.904-0.973) 0.001 0.94 (0.87-0.98)
Diastolic blood pressure 1.004 (0.968-1.041) 0.845
GCS-E
1 0.812 (0.257-2.560) 0.722
2 0.847 (0.406-1.768) 0.659
3 1.331 (0.893-1.984) 0.160
4 reference
GCS-V
1 0.932 (0.571-1.521) 0.779
2 1.276 (0.828-1.968) 0.269
3 1.143 (0.685-1.906) 0.610
4 0918 (0.663-1.272) 0.609
5 reference
GCS-M
1 3.103(1.057-9.107) 0.039 0.50 (0.40-0.60)
2 2.730(0.774-9.626) 0.118
3 1.001 (0.428-2.339) 0.998
4 0.734 (0.420-1.282) 0277
5 0.873 (0.599-1.274) 0.482
6 reference
Body weight - -
Comorbidity
Coronary artery disease 1.059 (0.956-1.172) 0.272
Malignancy 1.574 (1.470-1.687) <.001 0.99 (0.964-1.00)
Heart failure 1.162 (1.027-1.315) 0.018 0.58 (0.48-0.68)
COPD 0.943 (0.790-1.125) 0512
Stroke 1.198 (1.098-1.306) <.001 0.99 (0.946-1.00)
Dementia 0.890 (0.720-1.100) 0.280
Diabetes mellitus 1.131(1.042-1 227) 0.003 0.84 (0.75-0.91)
End-stage renal disease 1429 (1.251-1.632) <.001 0.99 (0.964-1.00)
Hypertension 1.174 (1.095-1.259) <.001 0.99 (0.964-1.00)
Liver cirrhosis 1.682 (1.493-1.896) <.001 0.99 (0.964-1.00)
Peptic ulcer disease 1.123(0.920-1.370) 0.254
Peripheral vascular disease 6 (0.966-1.531) 0.097
Rheumatic disease 77 (1.025-1.351) 0.021 0.60 (0.50-0.70)
Time of presentation
Month
1 reference
2 1.091 (0.969-1.229) 0.148
3 1.041 (0.923-1.174) 0515
4 1.116 (0.990-1.259) 0.073
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Variable Multivariate logistic regression
Adjusted OR (95% Cls) p-value Power (95% Cls)
5 1.157 (1.027-1.304) 0.016 0.67 (0.57-0.76)
6 1.239(1.101-1.393) <.001 0.94 (0.87-0.98)
7 2(0.985-1.255) 0.085
8 92 (1.052-1.350) 0.006 0.72 (0.62-0.81)
9 91 (1.050-1.351) 0.006 0.74 (0.64-0.82)
10 1 203( 064-1.361) 0.003 81(0.72-0.88)
M 1.156 (1.022-1.307) 0.021 0.68 (0.58-0.77)
12 1.108 (0.980-1.252) 0.102
Day of the week
Sunday reference
Monday 1.061 (0.970-1.161) 0.195
Tuesday 1.044 (0.953-1.144) 0358
Wednesday 1.062 (0.966-1.166) 0213
Thursday 1.109 (1.011-1.216) 0.028 0.59 (0.49-0.69)
Friday 1.144 (1.046-1.252) 0.003 0.76 (0.66-0.84)
Saturday 1.109 (1.016-1.211) 0.021 0.68 (0.58-0.77)
Time of the day
00:00-04:00 reference
04:00-08:00 0.957 (0.861-1.063) 0409
08:00-12:00 0.764 (0.697-0.838) <.001 0.99 (0.96-1.00)
12:00-16:00 0.780 (0.712-0.856) <.001 0.99 (0.96-1.00)
16:00-20:00 0.805 (0.735-0.882) <.001 0.99 (0.95-1.00)
20:00-24:00 0.814 (0.744-0.892) <.001 0.99 (0.96-1.00)
Triage level
1 1.666 (0.815-3.408) 0.162
2 1.057 (0.988-1.132) 0.109
3 reference
4 0.966 (0.870-1.072) 0515
5 1.262 (1.005-1.584) 0.045 047 (0.37-0.57)
Waiting time 1.011 (0.986-1.036) 0.392
Hospital
Academic reference
Community 1.771 (1.566-2.002) <.001 0.99 (0.96-1.00)
Complaint
Non-trauma reference
Trauma 0.607 (0.553-0.666) <.001 0.99 (0.96-1.00)
Resident independent practice time, minutes
<30 reference
30t0 120 1.034 (0.978-1.093) 0.239
120t0 210 3(1.025-1.208) 0.011 0.70 (0.65-0.74)
>210 1.259 (1.094-1.449) 0.001 0.87 (0.79-0.93)
Non-recorded 1.042 (0.904-1.201) 0.570

groups, based on the duration of residents’ independ-
ent practice, was not found to be statistically significant
(p-value=0.100) (Table 6). Thus, the exclusion of these

cases might not introduce bias into our results.

Furthermore, the study only included data from three
urban hospitals, and further studies are needed to repli-
cate these findings and to examine the effect of supervi-
sion on other quality and safety indicators in the ED.
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Table 5 Regression analyses of secondary outcomes

Variable Mortality within 7 days after ~ LOS Medical expenses
the ED visit
Adjusted OR (95% Cl) Adjusted beta coefficients (95% Cl) Adjusted beta coefficients (95% Cl)
Resident independent practice time, minutes
<30 reference reference reference
30t0 120 0.674% (0.592-0.767) -173.295% (-183.034 to -163.556) -638.489*% (-690.164 to -586.814)
120t0 210 0.259* (0.178-0.376) -178.340% (-193.635 to -163.046) -183.385% (-264.540 to -102.230)
>210 0.318* (0.173-0.584) -80.715* (-108.753 to -52.677) 1314.678* (1165.921 to 1463.435)
Non-recorded 0.273* (0.113-0.662) -320.863* (-344.008 to -297.717) -2013.822% (-2136.709 to -1890.935)

" Indicates p-value <0.05
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Fig. 4 Results of the adjusted analysis using aGAM of the time to first supervision and its relationship to patient outcomes according to the resident
level. A Revisiting the ED within 72 hours. The trend with regard to resident experience level showed that as the residents gained more experience
(PGY, R1, R2), the acceptable duration of supervision increased, with a negative log odds. B Mortality in sevendays after the ED visit. C LOS in the ED.
D Total medical expenses during the ED visit. There was a noticeable peak within the first 60 minutes in the LOS and cost, while the first 100

minutes was associated with a higher log odds-on mortality. This may indicate that patients in poor condition requiring more care received care
under supervision by an attending physician earlier, which could have been initiated by either the attending physician or the resident calling

for help

Table 6 Proportional distribution of subjects exhibiting data entry errors (‘typos) across various durations of resident independent
practice time

Variable All subjects (n=258,738) Resident independent practice time (minutes)

<30 30to 120 120to 210 >210 Non-recorded p-value
Study population (%) 258,738 (99.6) 116,742 101,179 25,498 6,640 8,679 0.100
Typo (%) 1074 (0.4) 479 402 115 35 43

Another limitation is that in a retrospective study, it is  residents calling for help early when a patient’s condition
hard to determine whether active supervision was initi- is concerning. Furthermore, patient safety and medical
ated by the attending physician or was due to a resident’s  quality issues can be measured by indicators other than
call for help. The association of a shorter independent the revisit rate, mortality rate, and LOS. It is important
practice time with increased mortality may result from to note that the level of independence given to residents
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can vary based on various factors. These results should
be considered in the context of these factors and may not
be applicable to all situations. For future studies, we rec-
ommend a more in-depth exploration of the factors that
contribute to the optimal range of independent practice
time for residents. This could include investigating the
impact of different supervision styles, the complexity
of cases handled by residents, and the influence of spe-
cific training programs or educational interventions.
Additionally, longitudinal studies could provide valuable
insights into the long-term effects of different levels of
resident autonomy on patient outcomes and the profes-
sional development of the residents themselves.

Conclusion

This study suggests that the appropriate level of auton-
omy for residents in the ED may be an independent
practice time of 30-120 min. A longer independent
practice time was associated with negative outcomes
such as higher revisit and mortality rates. In addition,
the results from the analysis revealed that there might
be an opportunity for increased autonomy for residents
as they progress from PGY to R1 to R2 levels. Overall, it
is important to strike a balance between providing suf-
ficient supervision to ensure patient safety and allowing
residents to gain the experience and independence they
need to become fully licensed physicians while consider-
ing individual patient characteristics and disease factors.
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