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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% CI 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% CI: 1.025–1.208, p = 0.011). For the group 
with > 210 minutes, the OR was 1.259 (95% CI: 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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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 

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



Page 3 of 20Chen et al. BMC Emergency Medicine          (2023) 23:103 	

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 

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 

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.

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 

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.

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 

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 
(n = 250,095)

Community 
(n = 8,643)

p-value Non-trauma 
(n = 220,657)

Trauma 
(n = 38,081)

p-value

Age, mean (SD), year 52.6 (21.7) 52.6 (21.7) 54.1 (22.0)  < .001 54.9 (20.0) 39.6 (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‑
ture, mean (SD), °C

36.9 (1.1) 37.0 (1.1) 36.9 (1.5)  < .001 37.0 (1.1) 36.8 (1.2)  < .001

  Heart rate, mean 
(SD), beats per min

90.5 (19.5) 90.6 (19.4) 89.5 (20.8)  < .001 90.7 (19.1) 89.7 (21.6)  < .001

  Respiratory rate, 
mean (SD), breaths 
per min

19.3 (2.2) 19.3 (2.2) 19.0 (2.7)  < .001 19.2 (2.0) 19.6 (3.1)  < .001

  Oxygen satura‑
tion, median (IQR), %

98.0 (3.0) 98.0 (3.0) 98.0 (3.0)  < .001 97.0 (3.0) 98.0 (3.0)  < .001

  Systolic blood 
pressure, mean (SD), 
mmHg

135.4 (27.4) 135.2 (27.2) 140.3 (30.5)  < .001 135.8 (27.0) 133.3 (29.2)  < .001

  Diastolic blood 
pressure, mean (SD), 
mmHg

77.3 (15.0) 77.3 (14.9) 78.5 (17.4)  < .001 77.3 (14.7) 77.3 (16.7) 0.282

  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

    1 148 (0.1) 110 (0.0) 38 (0.4) 139 (0.1) 9 (0.0)

    2 103 (0.0) 87 (0.0) 16 (0.2) 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, 
mean (SD), kg

58.5 (19.8) 59.5 (18.3) 29.1 (32.5)  < .001 59.8 (18.4) 51.1 (25.1)  < .001

Comorbidity 83,719 (32.4) 81,703 (32.7) 2,016 (23.3)  < .001 78,466 (35.6) 5,253 (13.8)  < .001

  Coronary artery 
disease

14,260 (5.5) 13,938 (5.6) 322 (3.7)  < .001 13,511 (6.1) 749 (2.0)  < .001

  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 (2.9) 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 (9.4) 758 (8.8) 0.047 22,856 (10.4) 1,418 (3.7)  < .001

  End-stage renal 
disease

6,307 (2.4) 6,133 (2.5) 174 (2.0) 0.009 6,022 (2.7) 285 (0.7)  < .001

  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 5,775 (2.2) 5,610 (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 
(n = 250,095)

Community 
(n = 8,643)

p-value Non-trauma 
(n = 220,657)

Trauma 
(n = 38,081)

p-value

  Peptic ulcer 
disease

2,544 (1.0) 2,475 (1.0) 69 (0.8) 0.076 2,414 (1.1) 130 (0.3)  < .001

  Peripheral vascu‑
lar disease

1,965 (0.8) 1,908 (0.8) 57 (0.7) 0.276 1,854 (0.8) 111 (0.3)  < .001

  Rheumatic 
disease

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

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) 22,919 (9.2) 737 (8.5) 20,319 (9.2) 3,337 (8.8)

    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 (8.2)

    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 22,163 (8.6) 21,893 (8.8) 270 (3.1) 19,083 (8.6) 3,080 (8.1)

    8 19,224 (7.4) 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 21,474 (8.3) 20,796 (8.3) 678 (7.8) 18,023 (8.2) 3,451 (9.1)

  Day of the week, 
n (%)

 < .001  < .001

    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) 4,815 (12.6)

    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, 
n (%)

 < .001  < .001

    00:00–04:00 27,179 (10.5) 26,682 (10.7) 497 (5.8) 24,805 (11.2) 2,374 (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) 2,118 (24.5) 44,723 (20.3) 10,892 (28.6)

    20:00–24:00 52,970 (20.5) 51,683 (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, 
median (IQR), 
minutes

6.7 (10.9) 6.8 (11.1) 4.4 (5.6)  < .001 7.0 (11.6) 5.1 (7.6)  < .001

Time to first supervi‑
sion, median (IQR), 
minutes

35.0 (73.0) 36.2 (74.3) 19.9 (33.0)  < .001 38.5 (77.2) 24.7 (45.7)  < .001

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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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 

Table 1  (continued)

Variable All (n = 258,738) Academic 
(n = 250,095)

Community 
(n = 8,643)

p-value Non-trauma 
(n = 220,657)

Trauma 
(n = 38,081)

p-value

  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 
of last discharge, 
n (%)

7,472 (2.9) 7,123 (2.8) 349 (4.0)  < .001 6,903 (3.1) 569 (1.5)  < .001

  Mortality 
within 7 days 
after the ED visit, 
n (%)

1,305 (0.5) 1,268 (0.5) 37 (0.4) 0.309 1,272 (0.6) 33 (0.1)  < .001

  LOS, median (IQR), 
minutes

162.1 (438.7) 162.8 (455.0) 141.4 (241.2)  < .001 184.2 (669.1) 77.2 (99.0)  < .001

  Medical expenses, 
median (IQR), dollar

2,885.0 (5,030.0) 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



Page 10 of 20Chen et al. BMC Emergency Medicine          (2023) 23:103 

Table 2  Discharged patient characteristics and clinical outcomes by the supervision group

Variable Resident independent practice time (minutes)

All discharged 
subjects 
(n = 203,864)

 < 30 (n = 84,709) 30 to 120 
(n = 83,861)

120 to 210 
(n = 21,483)

 > 210 (n = 5,322) Non-recorded 
(n = 8,489)

p value

Age, mean (SD), 
year

50.2 (21.7) 48.9 (22.8) 50.8 (20.8) 53.9 (19.9) 56.5 (19.4) 44.9 (21.4)  < .001

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‑
ture, mean (SD), °C

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

  Heart rate, 
mean (SD), beats 
per min

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

  Respiratory 
rate, mean (SD), 
breaths per min

19.2 (2.1) 19.3 (2.3) 19.1 (1.9) 19.1 (1.9) 18.9 (1.9) 18.3 (2.2)  < .001

  Oxygen satura‑
tion, median (IQR), 
%

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

  Systolic blood 
pressure, mean 
(SD), mmHg

135.6 (27.1) 134.0 (27.0) 136.3 (26.9) 137.6 (27.4) 138.5 (28.4) 137.7 (27.0)  < .001

  Diastolic blood 
pressure, mean 
(SD), mmHg

77.7 (14.8) 77.0 (15.1) 78.1 (14.6) 78.3 (14.7) 78.4 (15.0) 78.5 (15.0)  < .001

  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 (0.4) 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) 20 (0.0) 11 (0.0) 3 (0.0) 2 (0.0) 0 (0.0)

    2 24 (0.0) 15 (0.0) 4 (0.0) 2 (0.0) 2 (0.0) 1 (0.0)

    3 108 (0.1) 67 (0.1) 35 (0.0) 4 (0.0) 2 (0.0) 0 (0.0)

    4 463 (0.2) 323 (0.4) 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, 
mean (SD), kg

58.7 (19.7) 57.2 (21.3) 59.6 (18.8) 60.4 (17.2) 60.6 (17.9) 58.9 (19.0)  < .001

  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 
disease

9,432 (4.6) 3,953 (4.7) 3,687 (4.4) 1,148 (5.3) 424 (8.0) 220 (2.6)  < .001

  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 5,261 (2.6) 2,411 (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 
subjects 
(n = 203,864)

 < 30 (n = 84,709) 30 to 120 
(n = 83,861)

120 to 210 
(n = 21,483)

 > 210 (n = 5,322) Non-recorded 
(n = 8,489)

p value

  Diabetes mel‑
litus

15,125 (7.4) 6,653 (7.9) 5,841 (7.0) 1,789 (8.3) 514 (9.7) 328 (3.9)  < .001

  End-stage renal 
disease

3,922 (1.9) 1,730 (2.0) 1,570 (1.9) 402 (1.9) 136 (2.6) 84 (1.0)  < .001

  Hypertension 41,707 (20.5) 17,343 (20.5) 16,750 (20.0) 5,174 (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 
disease

1,634 (0.8) 708 (0.8) 605 (0.7) 211 (1.0) 70 (1.3) 40 (0.5)  < .001

  Peripheral 
vascular disease

1,103 (0.5) 516 (0.6) 412 (0.5) 118 (0.5) 40 (0.8) 17 (0.2)  < .001

  Rheumatic 
disease

4,232 (2.1) 1,792 (2.1) 1,743 (2.1) 485 (2.3) 128 (2.4) 84 (1.0)  < .001

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 (9.4) 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) 8,461 (10.1) 2,349 (10.9) 630 (11.8) 0 (0.0)

    4 17,672 (8.7) 7,089 (8.4) 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) 521 (9.8) 0 (0.0)

    7 17,398 (8.5) 7,128 (8.4) 7,809 (9.3) 2,012 (9.4) 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) 5,861 (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) 1,518 (7.1) 390 (7.3) 1,840 (21.7)

  Day 
of the week, n (%)

 < .001

    Sunday 35,195 (17.3) 14,986 (17.7) 14,571 (17.4) 3,288 (15.3) 706 (13.3) 1,644 (19.4)

    Monday 29,509 (14.5) 11,724 (13.8) 12,061 (14.4) 3,540 (16.5) 993 (18.7) 1,191 (14.0)

    Tuesday 28,080 (13.8) 11,170 (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) 11,584 (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, 
n (%)

 < .001

    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 (5.1) 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, 
n (%)

 < .001

    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 (72.4) 6,202 (73.1)

    4 16,075 (7.9) 9,257 (10.9) 5,132 (6.1) 750 (3.5) 146 (2.7) 790 (9.3)
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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 

Table 2  (continued)

Variable Resident independent practice time (minutes)

All discharged 
subjects 
(n = 203,864)

 < 30 (n = 84,709) 30 to 120 
(n = 83,861)

120 to 210 
(n = 21,483)

 > 210 (n = 5,322) Non-recorded 
(n = 8,489)

p value

    5 2,536 (1.2) 1,701 (2.0) 569 (0.7) 90 (0.4) 15 (0.3) 161 (1.9)

Waiting time, 
median (IQR), 
minute

6.4 (10.6) 5.8 (9.7) 6.3 (10.2) 8.2 (13.1) 8.0 (13.0) 10.4 (16.2)  < .001

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, 
n (%)

6,527 (3.2) 4,290 (5.1) 1,986 (2.4) 174 (0.8) 77 (1.4) 0 (0.0)

Complaint  < .001

  Non-trauma, 
n (%)

170,571 (83.7) 66,546 (78.6) 72,140 (86.0) 20,023 (93.2) 5,051 (94.9) 6,811 (80.2)

  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 
within 72 h 
of the last dis‑
charge, n (%)

6,669 (3.3) 2,712 (3.2) 2,707 (3.2) 794 (3.7) 229 (4.3) 227 (2.7)  < .001

  Mortality 
within 7 days 
after the ED visit, 
n (%)

102 (0.1) 49 (0.1) 34 (0.0) 12 (0.1) 3 (0.1) 4 (0.0) 0.601

  LOS, median 
(IQR), minutes

128.4 (165.6) 93.2 (235.9) 120.0 (83.6) 200.5 (81.4) 319.8 (146.4) 90.7 (88.6)  < .001

  Medical 
expenses, median 
(IQR), dollar

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
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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.

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
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Table 3  Factors associated with close supervision

Variable Multivariate logistic regression

Adjusted OR (95% CIs) p-value Power (95% CIs)

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 1.111 (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) 0.354

    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 (0.849–1.912) 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 (0.96–1.00)

  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 1.017 (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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Limitations
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 

(Table 2). This is a common challenge in emergency med-
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 

Table 3  (continued)

Variable Multivariate logistic regression

Adjusted OR (95% CIs) p-value Power (95% CIs)

    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 1.513 (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)

    11 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) 0.553

    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)
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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% CIs) p-value Power (95% CIs)

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 0.918 (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) 0.277

    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) 0.512

  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 1.429 (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 1.216 (0.966–1.531) 0.097

  Rheumatic disease 1.177 (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) 0.515

    4 1.116 (0.990–1.259) 0.073
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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.

Table 4  (continued)

Variable Multivariate logistic regression

Adjusted OR (95% CIs) p-value Power (95% CIs)

    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 1.112 (0.985–1.255) 0.085

    8 1.192 (1.052–1.350) 0.006 0.72 (0.62–0.81)

    9 1.191 (1.050–1.351) 0.006 0.74 (0.64–0.82)

    10 1.203 (1.064–1.361) 0.003 0.81 (0.72–0.88)

    11 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) 0.358

    Wednesday 1.062 (0.966–1.166) 0.213

    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) 0.409

    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) 0.515

  5 1.262 (1.005–1.584) 0.045 0.47 (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

  30 to 120 1.034 (0.978–1.093) 0.239

  120 to 210 1.113 (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
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Another limitation is that in a retrospective study, it is 
hard to determine whether active supervision was initi-
ated by the attending physician or was due to a resident’s 
call for help. The association of a shorter independent 
practice time with increased mortality may result from 

residents calling for help early when a patient’s condition 
is concerning. Furthermore, patient safety and medical 
quality issues can be measured by indicators other than 
the revisit rate, mortality rate, and LOS. It is important 
to note that the level of independence given to residents 

Table 5  Regression analyses of secondary outcomes

* Indicates p-value < 0.05

Variable Mortality within 7 days after 
the ED visit

LOS Medical expenses

Adjusted OR (95% CI) Adjusted beta coefficients (95% CI) Adjusted beta coefficients (95% CI)

Resident independent practice time, minutes

  < 30 reference reference reference

  30 to 120 0.674* (0.592–0.767) -173.295* (-183.034 to -163.556) -638.489* (-690.164 to -586.814)
  120 to 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)

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 30 to 120 120 to 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
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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.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12873-​023-​00877-9.

Additional file 1: Appendix 1. Stepwise multivariate regression analysis 
of resident independent practice time and 72-hour ED revisits, with 
grouping of similar odds ratios. Appendix 2. Comparison of vital signs 
and glasgow coma scale scores before and after imputation for missing 
data in a clinical dataset.

Acknowledgements
The authors would like to express their thanks to the staff of Department of 
Medical Research for providing clinical data from National Taiwan University 
Hospital-integrative Medical Database
(NTUH-iMD).

Authors’ contributions
Yi-Ying Chen contributed to formal analysis, visualization, writing of the 
original draft, conceptualization, investigation, and methodology. Patrick 
Chow-In Ko contributed to writing of the review & editing, methodology, and 
validation. Chien-Yu Chi contributed to writing of the review & editing and 
validation. Kah Meng Chong contributed to writing of the review & editing 
and validation. Yen-Pin Chen, as the corresponding author, contributed to 
conceptualization, software, supervision, formal analysis, methodology, valida‑
tion, writing of the review & editing, writing of the original draft, investigation, 
visualization, project administration, and data curation, and resources. Chien-
Hua Huang, as the co-corresponding author, contributed to data curation, 
supervision, validation, writing of the review & editing, investigation, funding 
acquisition, resources, and project administration. All authors contributed 

substantially to the revision of the manuscript and take responsibility for the 
paper as a whole.

Funding
Ministry of Science and Technology, Taiwan. This study was funded by 
the project grants: grant MOST 112–2410-H-002–183 and grant MOST 
111–2634-F-002–003.

Availability of data and materials
The data that support the findings of this study are available on request from 
the corresponding author, YP Chen and CH Huang. The data is also available 
through application to the NTUH-iMD.

Declarations

Ethics approval and consent to participate
This study was approved by National Taiwan University Hospital Research 
Ethics Committee (201902078RINB; 202107133RINA). Due to the retrospec‑
tive observational nature of the study and the use of anonymized data, 
the Research Ethics Committee waived the need for informed consent. All 
methods were performed in accordance with the relevant guidelines and 
regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Emergency Medicine, National Taiwan University Hospital, 
National Taiwan University College of Medicine, No 7, Chung Shan S Rd 
(Zhongshan S Rd), Zhongzheng District, Taipei City, Taiwan. 2 Department 
of Emergency Medicine, National Taiwan University Hospital Yunlin Branch, 
Yunlin County, Douliu City, Taiwan. 

Received: 30 March 2023   Accepted: 28 August 2023

References
	1.	 Taitz J, Brydon M, Duffy D, Lemberg A. Lack of Supervision and Inde‑

pendent Clinical Decision Making in Postgraduate Pediatric training in 
Australia. Med Educ Online. 2005;10(1):4385. https://​doi.​org/​10.​3402/​
meo.​v10i.​4385.

	2.	 Phillips DP, Barker GE. A July spike in fatal medication errors: a possible 
effect of new medical residents. J Gen Intern Med. 2010;25(8):774–9. 
https://​doi.​org/​10.​1007/​s11606-​010-​1356-3.

	3.	 Van Leer PE, Lavine EK, Rabrich JS, Wiener DE, Clark MA, Wong TY. 
Resident supervision and patient safety: do different levels of resident 
supervision affect the rate of morbidity and mortality cases? J Emerg 
Med. 2015;49(6):944–8. https://​doi.​org/​10.​1016/j.​jemer​med.​2015.​05.​033.

	4.	 Bochatay N, Bajwa NM. Learning to manage uncertainty: supervision, 
trust and autonomy in residency training. Sociol Health Illn. 2020;42:145–
59. https://​doi.​org/​10.​1111/​1467-​9566.​13070.

	5.	 Sawatsky AP, Santivasi WL, Nordhues HC, Vaa BE, Ratelle JT, Beckman TJ, 
Hafferty FW. Autonomy and professional identity formation in residency 
training: a qualitative study. Med Educ. 2020;54(7):616–27. https://​doi.​
org/​10.​1111/​medu.​14073.

	6.	 Santen SA, Wolff MS, Saxon K, Juneja N, Bassin B. Factors affecting entrust‑
ment and autonomy in emergency medicine:“How much rope do I give 
them?” West J Emerg Med. 2019;20(1):58. https://​doi.​org/​10.​5811/​westj​
em.​2018.​10.​39843.

	7.	 Crockett C, Joshi C, Rosenbaum M, Suneja M. Learning to drive: resident 
physicians’ perceptions of how attending physicians promote and under‑
mine autonomy. BMC Med Educ. 2019;19(1):1–8. https://​doi.​org/​10.​1186/​
s12909-​019-​1732-6.

	8.	 Kimo Takayesu J, Ramoska EA, Clark TR, Hansoti B, Dougherty J, Freeman 
W, Weaver KR, Chang Y, Gross E. Factors associated with burnout during 

https://doi.org/10.1186/s12873-023-00877-9
https://doi.org/10.1186/s12873-023-00877-9
https://doi.org/10.3402/meo.v10i.4385
https://doi.org/10.3402/meo.v10i.4385
https://doi.org/10.1007/s11606-010-1356-3
https://doi.org/10.1016/j.jemermed.2015.05.033
https://doi.org/10.1111/1467-9566.13070
https://doi.org/10.1111/medu.14073
https://doi.org/10.1111/medu.14073
https://doi.org/10.5811/westjem.2018.10.39843
https://doi.org/10.5811/westjem.2018.10.39843
https://doi.org/10.1186/s12909-019-1732-6
https://doi.org/10.1186/s12909-019-1732-6


Page 20 of 20Chen et al. BMC Emergency Medicine          (2023) 23:103 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

emergency medicine residency. Acad Emerg Med. 2014;21(9):1031–5. 
https://​doi.​org/​10.​1111/​acem.​12464.

	9.	 Sacchetti A, Carraccio C, Harris RH. Resident management of emergency 
department patients: is closer attending supervision needed?. Ann 
Emerg Med. 1992;21(6):749–52. https://​doi.​org/​10.​1016/​S0196-​0644(05)​
82797-0.

	10.	 Ling LJ. Teaching Goldilocks to supervise: not too much, not too little, but 
just right. Acad Emerg Med. 2013;20(9):950–1. https://​doi.​org/​10.​1111/​
acem.​12200.

	11.	 Sheng AY, Clark A, Amanti C. Supervision of resident physicians. Emerg 
Med Clin. 2020;38(2):339–51. https://​doi.​org/​10.​1016/j.​emc.​2020.​02.​004.

	12.	 Rosenow C, Aguirre S, Polveroni T, Ginsberg Z, Pollock J, Traub S, Rap‑
paport D. Resident productivity in the emergency department after 
implementation of an automated patient assignment system; a brief 
report. Arch Acad Emerg Med. 2022;10(1):e33–e33. https://​doi.​org/​10.​
22037/​aaem.​v10i1.​1516.

	13.	 Wang EE, Yin Y, Gurvich I, Kharasch MS, Rice C, Novack J, Babcock C, Ahn 
J, Bowman SH, Van Mieghem JA. Resident supervision and patient care: a 
comparative time study in a community-academic versus a community 
emergency department. AEM Educ Training. 2019;3(4):308–16. https://​
doi.​org/​10.​1002/​aet2.​10334.

	14.	 Douglass A, Yip K, Lumanauw D, Fleischman RJ, Jordan J, Tanen DA. 
Resident clinical experience in the emergency department: patient 
encounters by postgraduate year. AEM Educ Training. 2019;3(3):243–50. 
https://​doi.​org/​10.​1002/​aet2.​10326.

	15.	 Farnan JM, Johnson JK, Meltzer DO, Humphrey HJ, Arora VM. Resident 
uncertainty in clinical decision making and impact on patient care: a 
qualitative study. BMJ Qual Saf. 2008;17(2):122–6. https://​doi.​org/​10.​1136/​
qshc.​2007.​023184.

	16.	 Babbott S. Commentary: watching closely at a distance: key tensions in 
supervising resident physicians. Acad Med. 2010;85(9):1399–400. https://​
doi.​org/​10.​1097/​ACM.​0b013​e3181​eb4fa4.

	17.	 DeBehnke DJ. Clinical supervision in the emergency department: a 
costly inefficiency for academic medical centers. Acad Emerg Med. 
2001;8(8):827–8. https://​doi.​org/​10.​1111/j.​1553-​2712.​2001.​tb002​15.x.

	18.	 Molavi-Taleghani Y, Ebrahimpour H, Sheikhbardsiri H. A proactive risk 
assessment through healthcare failure mode and effect analysis in pedi‑
atric surgery department. J Compr Pediatr 2020;11(3):e56008. https://​doi.​
org/​10.​5812/​compr​eped.​56008.

	19.	 Ten Cate O. Nuts and bolts of entrustable professional activities. J Grad 
Med Educ. 2013;5(1):157–8. https://​doi.​org/​10.​4300/​JGME-D-​12-​00380.1.

	20.	 Beeson MS, Warrington S, Bradford-Saffles A, Hart D. Entrustable profes‑
sional activities: making sense of the emergency medicine milestones. J 
Emerg Med. 2014;47(4):441–52. https://​doi.​org/​10.​1016/j.​jemer​med.​2014.​
06.​014.

	21.	 Hart D, Franzen D, Beeson M, Bhat R, Kulkarni M, Thibodeau L, Weizberg 
M, Promes S. Integration of entrustable professional activities with 
the milestones for emergency medicine residents. West J Emerg Med. 
2019;20(1):35. https://​doi.​org/​10.​5811/​westj​em.​2018.​11.​38912.

	22.	 Lecky F, Benger J, Mason S, Cameron P, Walsh C. The International Federa‑
tion for Emergency Medicine framework for quality and safety in the 
emergency department. Emerg Med J. 2014;31(11):926–9. https://​doi.​
org/​10.​1136/​emerm​ed-​2013-​203000.

	23.	 Keith KD, Bocka JJ, Kobernick MS, Krome RL, Ross MA. Emergency depart‑
ment revisits. Ann Emerg Med. 1989;18(9):964–8. https://​doi.​org/​10.​1016/​
S0196-​0644(89)​80461-5.

	24.	 Sung C-W, Lu T-C, Fang C-C, Lin J-Y, Yeh H-F, Huang C-H, Tsai C-L. Factors 
associated with a high-risk return visit to the emergency department: a 
case-crossover study. Eur J Emerg Med. 2021;28(5):394–401. https://​doi.​
org/​10.​1097/​MEJ.​00000​00000​000851.

	25.	 Lu T-C, Ling D-A, Tsai C-L, Shih F-Y, Fang C-C. Emergency department 
revisits: a nation-wide database analysis on the same and different hospi‑
tal revisits. Eur J Emerg Med. 2020;27(2):114–20. https://​doi.​org/​10.​1097/​
MEJ.​00000​00000​000650.

	26.	 Chen Y-P, Lo Y-H, Lai F, Huang C-H. Disease concept-embedding based 
on the self-supervised method for medical information extraction from 
electronic health records and disease retrieval: Algorithm development 
and validation study. J Med Internet Res. 2021;23(1):e25113. https://​doi.​
org/​10.​2196/​25113.

	27.	 Chen Y-P, Huang C-H, Lo Y-H, Chen Y-Y, Lai F. Combining attention 
with spectrum to handle missing values on time series data without 

imputation. Inf Sci. 2022;609:1271–87. https://​doi.​org/​10.​1016/j.​ins.​2022.​
07.​124.

	28.	 Do CB, Batzoglou S. What is the expectation maximization algorithm?. 
Nat Biotechnol. 2008;26(8):897–9. https://​doi.​org/​10.​1038/​nbt14​06.

	29.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas‑
sifying prognostic comorbidity in longitudinal studies: development 
and validation. J Chronic Dis. 1987;40(5):373–83. https://​doi.​org/​10.​1016/​
0021-​9681(87)​90171-8.

	30.	 Menard S. Standards for standardized logistic regression coefficients. Soc 
Forces. 2011;89(4):1409–28. https://​doi.​org/​10.​1093/​sf/​89.4.​1409.

	31.	 Arnold BF, Hogan DR, Colford JM, Hubbard AE. Simulation methods to 
estimate design power: an overview for applied research. BMC Med Res 
Methodol. 2011;11(1):1–10. https://​doi.​org/​10.​1186/​1471-​2288-​11-​94.

	32.	 Green P, MacLeod CJ. SIMR: An R package for power analysis of 
generalized linear mixed models by simulation. Methods Ecol Evol. 
2016;7(4):493–8. https://​doi.​org/​10.​1111/​2041-​210X.​12504.

	33.	 Jenkins TM. Dual autonomies, divergent approaches: How stratification 
in medical education shapes approaches to patient care. J Health Soc 
Behav. 2018;59(2):268–82. https://​doi.​org/​10.​1177/​00221​46518​765174.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1111/acem.12464
https://doi.org/10.1016/S0196-0644(05)82797-0
https://doi.org/10.1016/S0196-0644(05)82797-0
https://doi.org/10.1111/acem.12200
https://doi.org/10.1111/acem.12200
https://doi.org/10.1016/j.emc.2020.02.004
https://doi.org/10.22037/aaem.v10i1.1516
https://doi.org/10.22037/aaem.v10i1.1516
https://doi.org/10.1002/aet2.10334
https://doi.org/10.1002/aet2.10334
https://doi.org/10.1002/aet2.10326
https://doi.org/10.1136/qshc.2007.023184
https://doi.org/10.1136/qshc.2007.023184
https://doi.org/10.1097/ACM.0b013e3181eb4fa4
https://doi.org/10.1097/ACM.0b013e3181eb4fa4
https://doi.org/10.1111/j.1553-2712.2001.tb00215.x
https://doi.org/10.5812/compreped.56008
https://doi.org/10.5812/compreped.56008
https://doi.org/10.4300/JGME-D-12-00380.1
https://doi.org/10.1016/j.jemermed.2014.06.014
https://doi.org/10.1016/j.jemermed.2014.06.014
https://doi.org/10.5811/westjem.2018.11.38912
https://doi.org/10.1136/emermed-2013-203000
https://doi.org/10.1136/emermed-2013-203000
https://doi.org/10.1016/S0196-0644(89)80461-5
https://doi.org/10.1016/S0196-0644(89)80461-5
https://doi.org/10.1097/MEJ.0000000000000851
https://doi.org/10.1097/MEJ.0000000000000851
https://doi.org/10.1097/MEJ.0000000000000650
https://doi.org/10.1097/MEJ.0000000000000650
https://doi.org/10.2196/25113
https://doi.org/10.2196/25113
https://doi.org/10.1016/j.ins.2022.07.124
https://doi.org/10.1016/j.ins.2022.07.124
https://doi.org/10.1038/nbt1406
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1093/sf/89.4.1409
https://doi.org/10.1186/1471-2288-11-94
https://doi.org/10.1111/2041-210X.12504
https://doi.org/10.1177/0022146518765174

	Association between independent practice time and patient outcomes in the emergency department: a retrospective study of residents in three urban hospitals in Taiwan
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study design and setting
	Data collection
	Variables and outcome measurements
	Statistical analysis

	Results
	Characteristics of the study population
	Main results

	Discussion
	Limitations

	Conclusion
	Anchor 19
	Acknowledgements
	References


