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Purpose: This study aimed to investigate the impact of shift characteristics, resident workload, and physician attributes on diagnostic
expenditures in low-acuity patients (green triage category) emergency department (ED) patients.

Methods: A retrospective cross-sectional analysis was conducted in a high-volume tertiary ED over one month, including 22,427
green-triage visits managed by 71 emergency medicine residents. Resident characteristics (age, gender, seniority, shift group, post-
night shift status), patient demographics, and diagnostic expenditures (laboratory, imaging, electronic medication orders, total cost)
were extracted from the hospital information system. Non-parametric tests were used for group comparisons given non-normal
distribution patterns, and cost determinants were analyzed using a Gamma generalized linear model with a log-link function.
Results: Diagnostic expenditures demonstrated significant variability across physician and patient characteristics. Female residents
were associated with higher laboratory (1.27 vs 0.87 USD; p<0.001), imaging (1.35 vs 1.01 USD; p<0.001), and medication-order
costs (p<0.001). Compared with junior residents, mid-level trainees generated the highest total expenditures, whereas senior residents
exhibited a cost-attenuating effect (exp(B)=0.74). Unadjusted analyses indicated greater total spending during night shifts (2.8 USD vs
2.39-2.43 USD; p=0.011); however, after adjustment for resident- and patient-level covariates, night-shift status was associated with
lower expenditures (exp(p)=0.76). Post-night-shift status independently correlated with reduced laboratory and medication-order costs.
Resident workload showed a strong inverse association with expenditures, with increasing daily patient volume linked to lower total
diagnostic costs (tho=—0.226; p<0.001). Among patient factors, advancing age increased total cost by approximately 6% per year (exp
(B)=1.06). Repeat ED utilization emerged as the most powerful cost determinant, with each additional prior visit associated with more
than a threefold increase in diagnostic spending (exp(B)>3; p<0.001). Female patients consistently incurred higher costs across all
categories (p<0.001).

Conclusion: Diagnostic spending in low-acuity ED encounters is shaped by both clinical and operational dynamics. Resident
workload, seniority level, and gender independently influence cost patterns, while patient age and repeat admissions are strong drivers
of increased expenditures. These findings highlight several potentially modifiable determinants—particularly workload distribution
and trainee supervision—that may support more cost-conscious diagnostic practices in busy emergency departments.
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Introduction
Emergency departments (EDs) are crucial components of healthcare systems, providing immediate care for acute and life-
threatening conditions and serving as a safety net for individuals lacking regular access to medical services.' Despite this
vital role, EDs face increasing operational and financial burdens due to crowding and resource strain. A 2009 US study
reported a net surplus of $6.1 billion generated by ED services, illustrating both high demand and systemic stress.’

A major driver of crowding is the growing number of non-urgent visits, which account for 6.7% to 89% of all ED
encounters.” First described in the 1970s, these visits—typically classified as “green triage”—represent low-acuity
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presentations.>® However, recent studies have shown that some low-acuity cases still require diagnostic testing, specialist
consultation, or even hospitalization.” Inappropriate ED utilization contributes to delays in care, higher costs, lower
patient satisfaction, and increased risk of adverse outcomes.® ' Patient preference alone does not explain this trend;
structural and system-level barriers such as access limitations and inefficiencies also play major roles.'' Redirecting such
cases to alternative care settings could reduce expenditures by up to $4.4 billion annually in the US healthcare system.'?
Beyond patient-related factors, operational conditions—such as shift timing and workload—significantly influence
clinical decision-making.'*'* Rea et al demonstrated that test ordering and length of stay vary according to when patients
present during a physician’s shift.'” However, few studies have investigated how these operational pressures affect resident
physicians, who constitute the primary frontline workforce in EDs. The relationship between resident characteristics (eg,
seniority, gender, post-call status) and diagnostic expenditures in low-acuity encounters remains insufficiently understood.
This study therefore investigates diagnostic test ordering patterns among resident physicians managing green-triage
patients in a high-volume tertiary ED. By examining how physician attributes and workload relate to laboratory, imaging,
and electronic order costs, we aim to identify modifiable factors that could inform targeted interventions to optimize

diagnostic efficiency and reduce unnecessary healthcare spending.

Method
Study Design and Setting

The researchers performed a retrospective cross-sectional investigation in the emergency department of a teaching and
research hospital from March 1, 2025, to March 31, 2025. The study evaluated the diagnostic test ordering practices of
resident physicians and analyzed the costs linked to their testing methodologies.

Setting and Triage System
The emergency department at Cam and Sakura City Hospital is among the largest in Istanbul, accommodating around
500,000 people and 5000 ambulances each year. The triage system in the emergency department integrates components
of the Emergency Severity Index triage system (Figure 1). Triage is performed by trained triage nurses under an ESI-
adapted institutional protocol, with emergency physician supervision when necessary. If, upon subsequent clinical
evaluation, the attending resident or supervising physician considers the triage category inaccurate, it can be corrected
in the hospital information system. For analytical purposes, we used each patient’s final (revised) triage category as
recorded in the system. In our study, Groups 1 and 2 corresponded to the red triage category, Group 3 to yellow, and
Groups 4 and 5 to green. A small subset of green-triage patients could still require a limited diagnostic evaluation.
The emergency department has three shifts, each lasting eight hours: morning (08:00-16:00), evening (16:00-24:00),
and night (24:00-08:00). The working hours in the designated region are uniform throughout all shifts.

Study Population

The study included 22,427 patients and 71 resident physicians throughout the research period. The patients were assigned
triage categories ranging from green according to the emergency triage protocol. The daily number of patients per
assistant found in our study reflects the total number of green triage patient records registered for each assistant in the
hospital information system. It should be noted that this includes not only in-depth examinations but also low-priority
cases that undergo brief assessments. Residents were stratified into three seniority tiers —first-year juniors
(64.4%), second- and third-year mid-level residents (33.8%), and fourth-year seniors (1.8%)—following
a classification approach aligned with established frameworks in emergency medicine residency training.'® The residents
undergo a seniority examination biannually, and those who succeed are elevated in rank. The researchers recorded
demographic data regarding the residents, encompassing their age, gender, work hours (morning, evening, night), and
their condition post-night shifts. Residents following a 24-hour-on/24-hour-off duty schedule were classified as being in
the post-night shift status group, indicating they had recently completed a night shift before their subsequent workday.
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Does the patient require an immediate ife-
saving Intervention?

Is the patient about to die? Yes @

No

Is the patient in a high-risk

Is there a high-risk condtion? @
Is the patient confused, lthargic, or disonented?

I8 there severe pain or distross? A

Abnormal

Figure | Emergency Severity Index (ESl)-adapted triage flow used in the study.

Inclusion Criteria
Must be a resident in the Emergency Department. Patients assigned to the green triage category upon arrival to the
emergency department. Availability of complete data in the hospital information system.

Exclusion Criteria
Patients and residents that could not be reached for data collection. Patients presenting with yellow or red triage
categories were excluded from the analysis. Psychiatric patients were excluded because such cases are evaluated and
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managed within a dedicated psychiatric emergency unit rather than the general emergency department. Pediatric patients
presenting with non-traumatic complaints were excluded, as these cases are managed by a separate pediatric emergency
unit under the pediatric department rather than the emergency medicine department.

Data Collection
Data were obtained through a retrospective review of the hospital information system. Information collected included patient
demographic characteristics (age, gender), resident demographic variables (age, gender, seniority level), shift details,
individual patient volume per resident, laboratory test expenditures, medication order costs, and total diagnostic expenses.
All cost data also were extracted from the hospital information system, including laboratory, imaging, and medication
order expenditures. The cost of each investigation was determined based on the 2025 Turkish Health Implementation
Guideline unit prices. Costs were recorded in Turkish Lira (TRY) and converted to US dollars (USD) using the average
Central Bank exchange rate for March 2025 (1 USD = 40 TRY).

Variables

The dependent variables included laboratory test expenses, imaging expenses, medication order expenses, and total
diagnostic expenses for each patient visit. Medication order cost represents the total cost of all medications electronically
prescribed and administered within the hospital for each patient during their emergency department visit, as recorded in
the hospital information system’s electronic drug order module.

Total diagnostic cost as a total cost was analyzed as a continuous variable. This composite cost measure represented
the sum of three components recorded for each patient encounter: (1) laboratory test expenditures, (2) imaging test
expenditures, and (3) medication order costs. Because total cost values were strictly positive and showed a right-
skewed distribution, they were modeled using a Generalized Linear Model (Gamma distribution with a log-link).
Exponentiated coefficients (exp(p)) from this model are interpreted as multiplicative effects (cost ratios) associated
with each predictor.

The independent variables included resident seniority, resident gender, resident age, resident’s shift group, resident’s post-
night shift work status, daily patient count seen by the resident, patient age, patient gender, and frequency of repeat admissions.

Statistical Analysis

The distributional properties of continuous variables were evaluated using the Shapiro—Wilk test and Q—Q plots. As most
variables violated the assumption of normality, non-parametric methods were applied. Group comparisons were per-
formed using the Mann—Whitney U-test for two independent groups and the Kruskal-Wallis test for more than two
groups. Continuous variables were summarized as median and interquartile range (median; Q1-Q3), with means reported
when informative. Associations between continuous variables were assessed using Spearman rank correlation, and
correlation coefficients (p) with corresponding p-values were reported.

Because total cost values were strictly positive and exhibited marked right-skewness, determinants of cost were
analyzed using a Generalized Linear Model (GLM) with a Gamma distribution and log-link. Observations with zero total
cost were replaced with 0.01 USD, consistent with recommendations for maintaining the positive domain required for
Gamma log-link models. The model included resident seniority, resident gender, shift group, patient gender, patient age,
resident age, post-night-shift status, daily patient volume, and repeat admission count as independent variables. Model fit
was evaluated using Null Deviance, Residual Deviance, and Akaike Information Criterion (AIC). All analyses were
conducted using the StatsModels package in Python, and statistical significance was set at p < 0.05.

Results

Descriptive Analysis

The study included 22,427 patients and 71 resident physicians attending to them. During the specified month, the emergency
department conducted a total of 41,958 patient examinations, comprising 22,427 (53.4%) in the green zone. Among the 22,427
patients assessed in the emergency department with green triage included in the study, 53.7% were female and 46.3% were
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male. The median age of the studied patients was determined to be 36 years. Among the 22,427 patients assessed, 42.0% were
attended to by resident physicians during the morning shift, 42.3% during the evening shift, and 15.7% during the night shift.
12.6% of patient examinations conducted by resident doctors occurred during post-shift hours.

38.3% of the residents were female, 61.7% were male, and the breakdown of seniority was as follows: junior 38%,
intermediate senior 47.9%, and senior 14.1%. The median age of the residents was 29 (IQR: 28-32) years. The median
number of patients per resident in the green area daily was 129 (IQR: 94-154), indicating the number of patients
individually assessed by the residents each day (minimum: 1; maximum: 264 patients/day). The median cost of
laboratory tests was determined to be 0 USD (IQR: 0-0), imaging costs at 0 USD (IQR: 0-0), medication order costs
at 0 USD (IQR: 0-0.19), and the overall cost at 0.1 USD (IQR: 0-1.12), with a minimum cost of 0 USD and a maximum
cost of 226.13 USD. (Table 1).

Comparison of Costs According to Demographic and Clinical Variables

Laboratory test expenditures varied significantly across shift groups, with the highest average costs observed during the night
shift (p <0.001). No significant differences were found across resident seniority levels (p = 0.322). When assessed by resident
gender, laboratory test costs were significantly higher among male residents compared with female residents (1.27 USD vs

Table | Descriptive Characteristics of the Study Population

Variable Category / Stat N (%) Mean = SD Median (IQR) Min-Max
Patient Gender Female 12042 (53.7%)

Male 10385 (46.3%)
Patient Age (years) - 22,427 389 % 15.1 36 (27-48) 0-97
Resident Gender Female 40 (56.3%)

Male 31 (43.7%)
Resident Gender Female 8584 (38.3%)

Male 13843 (61.7%)
Resident Age (years) - 71 303 +38 29 (28-32) 2647
Resident Seniority Junior 27 (38.0%)

Mid-Level 34 (47.9%)

Senior 10 (1%)
Shift Group Morning 9420 (42.0%)

Evening 9486 (42.3%)

Night 3521 (15.7%)
Patients per Resident - 71 122.4 + 54.1 129 (94-154) 1-264
Post-Night Shift Work No 19595 (87.4%)

Yes 2832 (12.6%)
Laboratory Test Cost - 22,427 1.03 + 3.63 0 (0-0) 0-82.00
Imaging Cost - 22,427 1.14 + 436 0 (0-0) 0-213.60
Medication Order Cost - 22,427 031 £1.25 0 (0-0.19) 0-21.83
Total Cost - 22,427 247 +7.08 0.1 (0-0.1.12) 0-226.13

Abbrevations: SD, standart deviation; Min-Max, Minumum-Maximum; IQR, interquartile range.
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0.87 USD; p < 0.001). Residents working post-night shift generated lower laboratory expenses, and this reduction reached
statistical significance (p = 0.022). Spearman correlation analyses demonstrated that laboratory test costs were negatively
correlated with the total daily number of patients evaluated by the resident (p = —0.199, p < 0.001), indicating that higher
workload was associated with reduced per-patient laboratory expenditures. Conversely, laboratory costs showed significant
positive correlations with repeat admission frequency (p =0.065, p <0.001) and patient age (p =0.122, p <0.001). Laboratory
expenditures were also significantly higher among female patients than male patients (p < 0.001, Table 2).

Table 2 Univariate Analysis of Laboratory Test, Imaging, Medication Order, and Total Costs According to Clinical and
Demographic Variables

Dependent Variable | Variable Mean Median (QI1-Q3) Result (p)
Laboratory Test Cost Shift Group Morning: 1.02 Morning: 0(0-0) <0.001
Evening: 0.94 Evening: 0(0-0)
Night: 1.27 Night: 0(0-0)
Assistant Seniority Group (Junior vs Senior) | Junior: 1.00 Junior: 0(0-0) 0.322
Senior: 0.74 Senior: 0(0-0)
Assistant Gender Female: 0.87 Female: 0(0-0) <0.001
Male: 1.27 Male: 0(0-0)
Post-Night Shift Status No: 1.04 No: 0(0-0) 0.022
Yes: 0.94 Yes: 0(0-0)
Assistant Age - rho=0.002 0.79
Daily Number of Patients Seen(total) - rho=-0.199 <0.001
Daily Number of Patients Seen(yesil alan) - rho=-0.194 <0.001
Repeat Admission Count - rho=0.065 <0.001
Patient Age - rho=0.122 <0.001
Patient Gender Female: 1.07 Female: 0(0-0) <0.001
Male: 0.98 Male: 0(0-0)
Imaging Cost Shift Group Morning: 1.15 Morning: 0(0-0) 0.196
Evening: 1.14 Evening: 0(0-0)
Night: 1.10 Night: 0(0-0)
Assistant Seniority Group (Junior vs Senior) | Junior: 1.14 Junior: 0(0-0) 0.708
Senior: 0.86 Senior: 0(0-0)
Assistant Gender Female: 1.35 Female: 0(0-0.69) <0.001
Male: 1.01 Male: 0(0-0)
Post-Night Shift Status No: 1.14 No: 0(0-0) 0.105
Yes: I.11 Yes: 0(0-0)
Assistant Age - rho=-0.024 <0.001
Daily Number of Patients Seen(total) - rho=-0.18 <0.001
Daily Number of Patients Seen(yesil alan) rho=-0.18 <0.001
Repeat Admission Count - rho=0.025 <0.001
Patient Age - rho=0.12 <0.001
Patient Gender Female: 1.09Male: 1.19 | Female: 0(0-0) Male: 0(0-0) | 0.031
(Continued)
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Table 2 (Continued).

Dependent Variable | Variable Mean Median (QI1-Q3) Result (p)
Medication Order Cost | Shift Group Morning: 0.27 Morning: 0(0-0.10) <0.001
Evening: 0.31 Evening: 0(0-0.36)
Night: 0.43 Night: 0(0-0.45)
Seniority Group Junior: 0.29 Junior: 0(0-0.17) 0.030
Senior: 0.25 Senior: 0(0-0.09)
Assistant Gender Female: 0.33 Female: 0(0-0.18) <0.001
Male: 0.30 Male: 0(0-0.26)
On-Call Next Day No: 0.31 No: 0(0-0.19) 0.019
Yes: 0.31 Yes: 0(0-0.31)
Assistant Age - rho=0.065 <0.001
Daily Number of Patients Seen(total) - rho=-0.11 <0.001
Daily Number of Patients Seen(yesil alan) - rho=-0.051 <0.001
Repeated Admission Count - rho=0.067 <0.001
Patient Age - rho=0.064 <0.001
Patient Gender Female: 0.33 Female: 0(0-0.40) <0.001
Male: 0.29 Male: 0(0-0.10)
Total Cost Shift Group Morning: 2.43 Morning: 0.09(0-1.12) <0.001
Evening: 2.39 Evening: 0.10(0-1.07)
Night: 2.80 Night: 0.17(0-1.35)
Seniority Group Junior: 2.44 Junior: 0.1(0-1.14) 0.008
Senior: 1.85 Senior: 0(0—1.11)
Assistant Gender Female: 2.95 Female: 0.1(0-1.54) <0.001
Male: 2.17 Male: 0.09(0-1.07)
On-Call Next Day No: 2.43 No: 0.1 (0-1.15) <0.001
Yes: 2.39 Yes: 0.09(0-1.07)
Assistant Age rho=0.02 <0.001
Daily Number of Patients Seen(total) rho=-0.226 <0.001
Daily Number of Patients Seen(yesil alan) rho=-186 <0.001
Repeated Admission Count rho=0.068 <0.001
Patient Age rho=0.121 <0.001
Patient Gender Female: 2.49 Female: 0.1(0-1.1) <0.001
Male: 2.45 Male: 0.1(0-1.12)

Notes: Group comparisons were performed using the Mann—Whitney U-test (two groups) or Kruskal-Wallis test (three or more groups), Correlations were
evaluated using Spearman’s rank correlation coefficient (rho), Bold p-values indicate statistically significant differences (p < 0.05).

Abbreviations: IQR, interquartile range; rho, Spearman correlation coefficient.

Imaging Cost

Imaging costs demonstrated no significant variation across shift groups (p = 0.196) or seniority levels (p = 0.708). In contrast,

female residents were associated with significantly higher imaging expenditures compared with male residents (1.35 USD vs
1.01 USD; p < 0.001), Post—night-shift status was not significantly associated with imaging costs (p = 0.105). Imaging
expenditures showed positive correlations with repeat admission frequency (p < 0.001) and patient age (p < 0.001).
Additionally, imaging costs were significantly higher among female patients compared with male patients (p =0.031; Table 2).
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Medication Order Cost

Medication order costs varied significantly across shift groups (p < 0.001), with higher mean expenditures during night
shifts (0.43 USD) compared with morning (0.27 USD) and evening (0.31 USD) shifts. A significant difference was also
observed across seniority levels (p = 0.030), whereby intermediate-level residents demonstrated the highest mean
medication order cost (0.34 USD).

Medication order costs were higher among female residents compared with male residents (p < 0.001). Post-night
shift work was associated with a statistically significant reduction in these costs (p = 0.019). Medication order cost
demonstrated positive correlations with resident age (p < 0.001) and the frequency of repeat admissions (p < 0.001),
whereas negative correlations were observed with the daily patient count (p < 0.001). Furthermore, medication order
costs were significantly higher among female patients than male patients (p < 0.001; Table 2).

Total Cost
A statistically significant difference in overall costs was seen among shift groups (p<0.001), with the average total cost
for the night shift (2.8 USD) exceeding that of the morning (2.43 USD) and evening (2.39 USD) shifts.

Junior residents had significantly higher total costs compared to senior residents (p=0.008). The overall expense was
markedly more for patients attended to by female residents in contrast to those attended to by male residents (p<0.001).

The cost was found to be significantly lower when residents worked the day after a night shift (p<0.001). Statistically
significant positive correlation was identified between resident age and total cost (rho=0.02, p<0.001). Furthermore, there was
a statistically significant negative correlation between daily patient count and total costs (tho=—0.226, p<0.001), indicating that
higher patient volumes were associated with lower costs per patient. Significant positive relationships were identified between
the frequency of repeat admissions (rtho=0.068, p<0.001), patient age (rho=0.121, p<0.001), and overall cost. It was also
determined that total costs were significantly higher for female patients compared to male patients (p<0.001).

The total cost differed significantly between shift groups, with higher costs observed in the night shift compared to
other shifts (p<0.001). Second-year residents were associated with approximately 38% higher costs compared to first-
year residents (exp(p)=1.38), while third-year residents showed a 26% reduction in costs (exp(p)=0.74). Patients
evaluated by male residents had about 26% lower costs than those evaluated by female residents (exp(p)=0.74). Costs
were approximately 24% lower in the third shift compared to the first shift (exp(B)~0.76).

A one-year increase in patient age was associated with a 6% increase in total cost (exp(B)=1.06). Increased daily patient
volume per resident was significantly correlated with lower costs. Each additional repeat admission increased the total cost by
nearly threefold (exp(B)>3). Working the day after a night shift was linked to a modest but significant cost reduction. In
multivariable analysis, after adjusting for all covariates, the night shift itself did not have an independent effect on cost (Table 3).

Table 3 Generalized Linear Model (GLM) Gamma (Log-Link) Regression
Results for Determinants of Total Cost

Variable Beta Exp(B) | p ClI (%95)

Constant 1.8429 6.3149 | <0.001 | 1.4824-2.2034

Resident Seniority (ref=Junior)

Mid-level 0.3219 1.3797 | <0.001 | 0.2312-0.4125

Senior —0.2997 | 0.7410 | 0.035 —0.5790 - -0.0205

Resident Gender (ref=Female) | —0.3029 | 0.7387 | <0.001 | —0.3819 —-0.2238

Shift Group (ref=Morning)

Evening —0.0276 | 0.9728 | 0.546 —0.1173-0.0621
Night —0.7727 | 04618 | <0.001 | —0.9517 —-0.5937
(Continued)
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Table 3 (Continued).

Variable Beta Exp(B) | p Cl (%95)

Patient Gender (ref=Female) —0.0395 | 0.9613 | 0.353 —0.1229-0.0439
Post-Night Shift Work —0.0936 | 09106 | 0.213 —0.2409-0.0536
Patient Age 0.0183 1.0185 | <0.001 | 0.0160-0.0206
Resident Age —0.0108 | 0.9893 | 0.030 | —0.0206 —-0.0010
Patients per Resident —0.0107 | 0.9893 | <0.001 | —0.0119 —-0.0095
Repeat Admission Count 0.3410 1.4063 | <0.001 | 0.2274-0.4546

Notes: Null deviance = 127,785.37; Residual deviance = 118,674.34; AIC = 40,711.83; n = 22,427.
Abbrevations: ref, reference category; Cl, confidence interval; exp(B), exponentiated regression
coefficient.

Discussion

This study expands the current understanding of how physician-specific characteristics and real-time operational factors
jointly shape diagnostic resource use in low-acuity emergency department (ED) settings. Drawing from a large, real-
world dataset of over 22,000 green-triage patient encounters managed by 71 emergency medicine residents, we identified
clinically significant patterns that reflect both adaptive and potentially avoidable variation in test-ordering behavior.

Our findings suggest that increased resident workload, as indexed by daily patient volume, is inversely associated
with per-patient diagnostic expenditures—particularly for laboratory testing—consistent with prior evidence demonstrat-
ing “efficiency under pressure” behaviors in the face of rising demand.' This result contrasts with most prior studies,
which have typically shown that greater workload is linked to increased test ordering and higher costs.'*'>

Moreover, the inverse association between cumulative patient volume and diagnostic intensity per case aligns with the
concept of diagnostic fatigue. As physicians move through their shifts, cognitive bandwidth narrows, and test ordering appears
to decline—a trend supported by prior behavioral and cognitive load models in ED practice.'” ' Still, such reductions may not
uniformly equate to higher-value care; rather, they may reflect a fatigue-driven truncation of diagnostic reasoning.””

Our data also underscore the strong influence of physician seniority and gender on diagnostic expenditures. Relative
to junior residents, mid-level residents demonstrated significantly higher total costs, with expenditures approximately
38% greater (exp(f) =1.38; p<0.001). Conversely, senior residents exhibited a cost-reducing effect, incurring expendi-
tures roughly 26% lower than juniors (exp(f) =0.74; p=0.035). This stratification confirms that training stage is a crucial
determinant of resource utilization, suggesting that the initial phases of residency training may be associated with
elevated diagnostic spending before efficiency gains are realized in the final stages.>'® This is consistent with evidence
from Emergency Department (ED) settings globally, where increased physician experience is associated with the use of
fewer diagnostic procedures, particularly for nonurgent patients, resulting in better use of resources.?’ Although senior
physicians may spend more time on orders and disposition, their increased clinical experience correlates with a reduction
in procedures like radiography and CT scans and is associated with a lower ED mortality rate.”**

Regarding other demographic variables, the main effect of resident age showed a slight inverse association with costs
(f=—0.0108; exp(f) =~0.9893; p=0.030), indicating that older residents generally trend toward marginally lower
expenditures.”?

Additionally, resident gender proved to be a statistically significant determinant of total diagnostic cost. Contrary to
some prior literature, female residents in our study demonstrated higher adjusted diagnostic costs compared to their male
counterparts, whose costs were approximately 26% lower in the multivariate model (exp(f) =0.74; p<0.001).

Temporal factors demonstrated a complex relationship with diagnostic behavior. While univariate analysis suggested
higher costs during night shifts, the multivariate GLM analysis indicated that after controlling for confounding variables
(such as patient age and repeat admission count), being in the night shift actually correlated with an approximate 54%
reduction in total cost compared to the morning shift (exp(f)=0.46; p<0.001). This reversal suggests that the raw, higher
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costs observed at night are primarily driven by the specific, high-cost patient characteristics and complexity arriving
during those hours, rather than the shift itself. Additionally, consistent with potential duty-hour protection mechanisms or
limited fatigue-related variability, post-night shift status was found to be statistically insignificant in determining total
diagnostic cost in the final multivariate model (p=0.213). Although experience has been proposed as a factor influencing
diagnostic behavior, robust evidence linking seniority to reduced imaging use (and concomitantly lower mortality) is
lacking, and our findings contribute novel data to this underexplored area.**

Of particular note, patients with repeat ED admissions experienced significantly higher diagnostic expenditures. Our
multivariate analysis identified repeat admission count as one of the strongest predictors of cost, demonstrating that each
additional admission increased total diagnostic costs by approximately 40.6% (exp(B)=1.4063; p<0.001). This significant
positive correlation (p=0.068; p<0.001) is consistent with literature highlighting the substantial healthcare cost and resource
utilization burden contributed by frequent ED utilizers.”> While this high expenditure may reflect increased provider
caution or perceived complexity associated with frequently returning patients, resulting in heightened test intensity,
potentially driven by the substitution of tests for time under high-demand settings,'” it also reinforces prior findings that
increased test intensity in the ED can propagate downstream utilization. This finding highlights the potential utility of
integrating prior ED visit data into clinical decision support tools aimed at guiding diagnostic stewardship, particularly
given the documented effectiveness of multidisciplinary care models in managing these high-need patient populations.*®

Ultimately, this study illustrates that test ordering is not merely the product of individual clinician preferences, but
rather the result of dynamic, intersecting factors including workload configuration, shift timing, resident experience, and
patient-specific characteristics.”® As EDs confront ongoing pressures to deliver high-quality, cost-effective care, recog-

1.27 Future work should focus on

nizing and addressing the contextual forces behind resource utilization will be essentia
real-time analytics, feedback dashboards, and structured mentorship interventions to optimize diagnostic efficiency

without compromising patient safety.

Limitations

The most significant strength of this study is its large dataset, encompassing over 22,000 patients and 71 resident
physicians, which enabled robust multivariate regression analyses. However, limitations exist. As a single-center study,
the generalizability of our results may be limited. The retrospective design allows us to identify correlations but not to
establish definitive causal relationships. Furthermore, the inability to control for clinical variables like case-mix complex-
ity within the green triage category requires cautious interpretation. Also, although triage levels were verified and, when
necessary, corrected by the evaluating physicians, the possibility of residual mis-triage cannot be completely excluded.
Finally, this study analyzed only cost data; whether lower costs are associated with different clinical outcomes (eg,
missed diagnoses, 72-hour readmissions) is beyond its scope.

Conclusion

In conclusion, this study identifies and correlates the variables of physician workload, gender, seniority, and environ-
mental factors, providing helpful tips for enhancing resource allocation and clinical efficiency. Future research should
aim for multi-center, prospective designs that integrate clinical outcome data to deepen the understanding of these
multifaceted relationships.
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