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Study objectives: We sought to identify physician and environmental factors (eg, crowding) associated with emergency physician
productivity, measured as patients per hour. We also assessed whether physician productivity is associated with higher emergency
department (ED) return rates.

Methods: We used data from 184 EDs in 24 states staffed by a national ED group from January 2021 to December 2022. Clinical
outcomes were 72-hour returns and returns with admission. We performed multivariable linear regression models that included
physician, shift, and facility characteristics.

Results: We examined 234,146 shifts among 2,099 physicians. The mean number of patients per hour was 1.94 (SD = 0.57).
Physician factors associated with a higher number of patients per hour included younger age and longer tenure at a site, with the
number of patients per hour increasing even after 60+ months at a site. Longer tenure at a site was associated with a higher
number of patients per hour (0.06 [95% confidence interval {Cl} 0.02 to 0.09] at 6 months and 0.11 [95% CI 0.07 to 0.15] at 12
months). The number of patients per hour was weakly associated with shifts worked in the prior 3 to 30 days (0.003 number of
patients per hour [95% Cl 0.002 to 0.004] for each additional shift). Overnight shifts, non-Monday shifts, more physicians working
on shift, and longer shift lengths were associated with a lower number of patients per hour. The number of patients with ED length
of stay more than 6 hours (boarding patients) was negatively associated with the number of patients per hour. The higher number
of patients per hour, both within site and within physician, was associated with slightly decreased 72-hour returns but no
meaningful difference in returns with admission.

Conclusion: Both physician- and shift-level factors are associated with emergency physician number of patients per hour. Higher
number of patients per hour is not associated with increased 72-hour returns with admission. [Ann Emerg Med. 2025;86:347-358.]
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INTRODUCTION

Background

Emergency physician productivity is an important
metric, as emergency department (ED) care requires rapid
and accurate diagnosis and treatment with limited
resources.'~ Physician productivity is typically measured as
the number of patients per hour or relative value units
(RVU) per hour generated over a fixed period (eg, a shift, a
month, or a year). More productive physicians typically
generate more revenue and may contribute to more
efficient ED operations.4 However, there is a risk that more
productive physicians might provide lower quality care if

they spend less time with patients. Despite worsening ED
crowding, nursing shortages, and higher acuity patients
since the coronavirus 2019 (COVID-19) pandemic,
expectations for emergency physician productivity have
increased in some EDs.”

Importance
Several studies have examined factors influencing

emergency physician productivity. Higher productivity
(number of patients per hour and RVUs) is associated with
the presence of residents and scribes, who can replace some
work otherwise performed by attending physicians.®"'
Advanced practice providers have very small effects on
productivity.'” Physicians tend to be more productive early
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Editor’s Capsule Summary

What is already known on this topic

Physician productivity is a common emergency
department (ED) operations metric.

What question this study addressed

What are physician productivity outcome measures
and what modifies them?

What this study adds to our knowledge

In review of over 2,000 physicians and 230,000 shifts
in 184 EDs, mean patients-per-hour was 1.94.
Several physician and environmental factors,
including age, site tenure, shift timing, and ED
boarding, were associated with different productivity.
Increased productivity was not associated with
increased 72-hour returns with admission.

Houw this is relevant to clinical practice

These data can inform emergency physician
recruitment and deployment.

in a shift."” In a 2-site correlational study, more productive
physicians had lower hospital admission rates and
computed tomography (CT) utilization rates without
increasing 72-hour return ED visits.

However, there is little evidence on why physicians vary
in their productivity or how shift conditions affect it, holding
physician factors constant. Identifying physician and shift
characteristics that affect productivity can inform efforts to
ensure appropriate ED staffing and mitigate patient safety
concerns. There is also limited evidence on the relationship
between productivity and the rate of 72-hour returns.

Goals of This Investigation

We assessed both physician- and ED-level factors
associated with emergency physician number of patients
per hour for a large sample of EDs staffed by a national ED
staffing group. We also examined the associations between
the number of patients per hour and 72-hour return visits
and admitted 72-hour returns.

MATERIALS AND METHODS
Study Design and Setting

This was a retrospective observational study of
administrative, billing, clinical, and scheduling data from
184 EDs in 25 states staffed by a national ED staffing
group from January 2021 to December 2022. We used
shift- and visit-level data abstracted from billing records,

electronic health records, scheduling software (Shift
Admin, Columbia, SC), and physician demographic
records. The study was approved by the Institutional
Review Board at Allegheny Health Network (#2021-016).

Measurements

The national group (US Acute Care Solutions) maintains
a physician staffing database and employs its own billing and
coding specialists who extract ED visit data, using a data
dictionary, including patient demographics and diagnoses,
from electronic health records at each site. The data are then
placed into a data warehouse. Data are then deidentified and
maintained as research data sets. These data sets have been
described previously.”'”'® Staffing data reflect the assigned
shift times that physicians can manually adjust if they did
not work the scheduled shift time (eg, left a shift early due to
low volumes or stayed late). This may include time signing
out to the oncoming physician.

Study Sample

The initial sample included 361,007 shifts from 2,556
physicians at 213 sites. We excluded shifts less than 6 hours
or longer than 14 hours as these are atypical shift lengths. We
removed shifts with less than one patient per hour because
these are shifts where physicians are not near their workload
capacity. We also excluded shifts at teaching hospitals because
educational priorities may affect the number of patients per
hour. We excluded shifts covered entirely by a single
physician to limit bias from lower volume, single coverage
times of day, and from lower volume single coverage sites for
which patient arrivals are the main driver of the number of
patients per hour. Physicians with fewer than 10 shifts at a
site during the study period were excluded out of concern
that their number of patients per hour may differ from
physicians with higher shift volumes. For physicians who
worked at multiple sites during the study period, we only
included shifts at the site where the physicians worked the
majority of their shifts. The final sample included 234,146
shifts, 2,099 physicians, and 184 sites (Table E1, available at
http://www.annemergmed.com). Table E2 (available at
http://www.annemergmed.com) describes ED characteristics.
Payment model varied by site, with some sites in the group

having RVU-based pay, but we lack this data.

Outcomes

The productivity outcome was the number of patients
per hour, measured at the shift level. At all sites, visits were
attributed to a shift if they arrived during or up to 12 hours
prior to the start of the physician shift, and the physician’s
provider identification number matched the primary
rendering identification number on the patient’s visit
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record. The provider identification number is unique to
each physician. Only 1% of the visits in the data were
shared between a physician and an advanced practice
provider (in our group, advanced practice providers can
independently evaluate and disposition patients, although,
at some sites, a physician is needed if a patient is to be
admitted). The attribution of the visit to a physician or an
advanced practice provider is determined by group coders
who evaluate physician contributions based on the content
of their notes. If 2 or more physicians were assigned to the
patient, coders assign the visit to one physician and distribute
RVUs based on the contribution to patient care described in
their notes. We also conducted a sensitivity analysis using
RVUs per hour as the productivity measure because the
number of patients per hour may not fully account for visit
complexity and procedures. For shared visits between a
physician and an advanced practice provider, we split the
visit RVUs evenly between the physician and the advanced
practice provider. Clinical outcomes were 72-hour returns to
the same ED and 72-hour returns to the same ED with
admission among patients who were treated and released
from the ED. An admission was defined as hospital
admission, observation stay, or transfer to another facility
(generally for admission at the second facility).lm()

Predictor Variables

We included a broad set of predictor variables in the
analysis to account for physician and shift characteristics that
may affect the number of patients per hour and 72-hour
returns (Table E3, Appendix E1, available at heep://www.
annemergmed.com). Predictors of the number of patients
per hour included physician characteristics (eg, physician
age, sex, and months since first shift at the facility), shift
characteristics (eg, shifts worked within 48 hours and within
3 to 30 days, length of shift, overnight shift, shift time of
day, and day of the week), and ED operational characteristics
(eg, total patients with ED length of stay less to or more than
6 hours at the start of the shift and number of other
physicians and advanced practice providers working at the
start of the shift). We used a length of stay longer than 6
hours as a proxy for boarding patients. Patient covariates
included visit payer source (ie, Medicare, Medicaid,
commercial, and self-pay), Evaluation and Management
Codes, Emergency Severity Index (ESI), and RVUs per
patient, as these factors can be associated with both the
number of patients per hour and 72-hour returns although
they were not the focus of this study. ESI data was missing
for 14% of the encounters. Missing ESI values were imputed
using multivariable linear regression (Appendix E2,
Table E11, available at http://www.annemergmed.com).

Analysis

Descriptive statistics of variables related to physicians,
shifts, and visits were calculated. We constructed
multivariable linear models with productivity as measured
by shift level the number of patients per hour as the
primary outcome. Separate models were estimated using
either physician or facility-fixed effects. The physician-fixed
effects model examined the association between shift
characteristics (eg, shift timing, types and acuity of patients,
patients with ED length of stay more than 6 hours) and
shift-level number of patients per hour, adjusted for the
average of the number of patients per hour of the
physicians working at the facility across all shifts. The
facility-fixed effects model examined the association
between physician characteristics (eg, age, sex, and time
since first shift at that site) and the number of patients per
hour, effectively comparing physicians working in the same
ED and, thus, exposed to a similar case mix. This model
also incorporated shift characteristics (eg, shift timing, types
and acuity of patients, number of patients, and patients
with ED length of stay of more than 6 hours at start of
shift) as covariates for adjustment. We repeated our models
using RVUs per hour rather than the number of patients
per hour as the primary productivity indicators.

Next, we examined the association between physician’s
number of patents per hour and 72-hour returns using both
physician-fixed effects and facility-fixed effects at the visit-
level. We studied separately all return visits and return visits
with admission. The physician-fixed effects model examines
whether a given physician has more 72-returns for patients
seen on a more productive (busier) shift compared with a less
productive shift. The facility-fixed effects model examines
whether physicians who have more patients per hour have
more 72-hour returns than physicians with fewer patients per
hour, controlling for facility and, thus, for characteristics of
both the facility and the patients who visit the facility. For
both models and both outcomes, we used a linear probability
model with 72-hour returns as the outcome and the number
of patients per hour as a linear predictor, incorporating patient
characteristics (age, sex, payer source, arrival time, arrival day,
ESI, total RVUs, and body system of primary diagnosis) as
well as crowding at the time of the ED visit as covariates.
Analyses were conducted using Stata v.17 (StataCorp LLC).”

RESULTS

Characteristics of Physicians and Shifts

The largest proportions of emergency physicians in our
sample were aged under age 35 (26.6%) and 35 to 39
years (21.6%) (Table 1). About two-thirds were men
(66.1%). Most shifts (59.6%) were staffed by physicians
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Table 1. Physician and shift characteristics.

Characteristics Mean/% (SD) Median (IQR)
N
Total clinicians 2,099
Total shifts 234,146
Outcomes, mean/median (SD/IQR)
Visits per clinician h 1.94 (0.57) 1.88 (1.50-2.25)
RVUs per clinician h 9.23 (2.88) 8.93 (7.18-10.93)
Clinician/shift contextual factors, mean/median (SD/IQR)
Shifts worked in last 3-30 d 11.8 (3.8) 12.0 (10.0-14.0)
Length of shift, h 9.1 (1.5) 9.0 (8.0-10.0)
Clinician/shift contextual factors, % of shifts
Time since first shift at site (mo)
<2 mo 6.8
2-3.99 6.7
4-5.99 5.9
6-7.99 3.0
8-9.99 2.9
10-11.99 2.7
12-17.99 6.7
18-23.99 5.8
24-35.99 12.1
36-47.99 14.8
48-59.99 12.7
60 + months 20.0
Shifts worked in last 48 h
No shifts 34.1
1 shift 50.1
2 shifts 15.8
Overnight shift
No 60.9
Yes 39.1
Shift time of day
12 AM to 6:59 AM 141
7 AM to 2:59 PM 40.9
3 PM to 11:59 PM 44.9
Shift day of week
Monday 14.9
Tuesday 14.8
Wednesday 14.5
Thursday 14.2
Friday 14.4
Saturday 13.6
Sunday 13.6
ED occupancy factors, mean/median (SD/IQR)
Total patients with ED LOS >6 h per 1,000 annual volume at start of shift 24.2 (38.0) 11.0 (0.0-29.8)
Total patients with ED LOS <6 h per 1,000 annual volume at start of shift 120.7 (92.9) 100.0 (49.5-168.6)
Avg LOS per patient at start of shift (h) 7.0 (6.8) 4.9 (3.0-8.5)
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Table 1. Continued.

Characteristics Mean/% (SD) Median (IQR)
Total other physicians working at start of shift 0.8 (0.9) 1.0 (0.0-1.0)
Total APPs working at start of shift 1.0 (1.0) 1.0 (0.0-2.0)

Characteristics of visits treated during shift, mean/median (SD/IQR)

% visits admitted,/txfr 29.0 (17.6) 27.3 (15.4-40.7)
ESI level of visits seen during shift 2.9 (0.3) 2.9 (2.7-3.1)

% Visits female patient 54.2 (13.1) 54.2 (45.5-63.0)
% Visits patient <10 y 5.8 (11.6) 0.0 (0.0-7.7)

% Visits patient >55y 46.2 (17.9) 46.7 (34.3-58.3)
% Visits commercial insurance 24.9 (13.5) 23.5 (15.4-33.3)
% Visits uninsured or Medicaid 379 (17.2) 36.8 (25.0-50.0)

Primary diagnosis body system (top 5 shown), % of visits, mean/median (SD/IQR)

Injury, poisoning, and certain other consequences of external causes 16.3 (10.7) 15.4 (8.3-23.1)
Symptoms, signs, and abnormal clinical and laboratory findings 16.1 (10.6) 15.0 (8.3-22.2)
Diseases of the circulatory system 13.7 (9.8) 12.5 (6.7-20.0)
Diseases of the respiratory system 7.5 (7.7) 6.3 (0.0-11.1)
Certain infectious and parasitic diseases 73 (8.2) 5.9 (0.0-11.2)

Clinician characteristics, % of clinicians

Clinician age, y
<35 26.6
35-39 21.6
40-44 15.8
45-49 12.0
50-54 10.6
55-59 6.1
60-64 4.2
>65 31
Clinician sex
Female 33.9
Male 66.1

RVU, relative value units; LOS, length of stay; APP, advanced practice provider; ESI, emergency severity index.

who had been working at their sites for 24 months or
longer. Half of physicians (50.1%) worked one shift
within 48 hours before the index shift. Physicians
worked a mean of 11.8 shifts (SD = 3.8) in the 3 to 30
days prior to a given shift, with mean shift length of 9.1
hours (SD = 1.5). Shifts were spread relatively evenly
throughout the week, and 39.1% were night shifts (ie,
spanned midnight). The sites had a mean of 4.2 patients
with ED length of stay of more than 6 hours (SD = 6.3)
and 21.2 patients with ED length of stay of more than 6
hours (SD = 15.4) present at shift start. There was a
mean of 0.8 other physicians (SD = 0.9) and one
advanced practice provider (SD = 1.0) working at shift
start. The mean number of patients per hour was 1.94

(SD = 0.57).

Physician Factors Associated with the Number of
Patients per Hour

In our facility-fixed effects model, we found several
physician factors associated with productivity (Figure 1,
Table E4, available at http://www.annemergmed.com).
Younger physician age was associated with a higher number
of patients per hour. Compared with the reference group of
under 35 years old, the number of patients per hour for
physicians aged 35 to 39, 40 to 44, 45 to 49, and 50 to 54
were similar, but physicians aged 55 to 59 years had a lower
number of patients per hour, with an adjusted mean
difference of —0.11 the number of patients per hour (95%
CI —0.17 to —0.06); —0.07 (95% CI —0.14 to —0.002)
for 60 to 64 years, and similar (—0.08 [95% CI —0.16
to —0.006]) for ages 65+ (Figure 1, Table E4). Male
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Figure 1. Influence of predictor variables on patients per hour from facility-level fixed model. Panels show coefficients and 95%
confidence intervals for selected predictor variables from regressions of patients per hour on a full set of predictor variables, with
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physicians had a higher number of patients per hour (adjusted
mean difference of 0.07 for number of patients per hour
[95% CI 0.04 to 0.09]) than female physicians. Longer
tenure at a site was associated with progressively higher
adjusted mean of the number of patients per hour (0.06 [95%
CI 0.02 to 0.09] at 6 months, 0.11 [95% CI 0.07 to 0.15] at
12 months, 0.15 [95% CI 0.10 to 0.19] at 24 months), 0.17
[95% CI 0.11 to 0.23] at 48 months, and 0.19 [95% CI 0.14
to 0.24] at 60+ months. A separate model with an interaction
between physician age and months at site had a nonsignificant
interaction for these variables (Table E6, available at htep://
www.annemergmed.com).

Shift-Level Factors Associated with Physician Number
of Patients per Hour

In the physician-fixed effects model, the number of shifts
worked in the last 3 to 30 days had a positive association
with the number of patients per hour (0.003 of the number
of patients per hour [95% CI 0.002 to 0.004] for each
additional shift worked) (Figure 1, Table E4). Compared
with none, having worked 1 shift in the last 48 hours was
associated with a small decrease in the number of patients
per hour (—0.005 [95% CI —0.010 to —0.001]), but there
was no significant association with facility-fixed effects.
Overnight shifts were associated with a lower number of
patients per hour (—0.18 of the number of patients per
hour, 95% CI —0.23 to —0.14, Figure 2). Compared with
Monday, shifts on other days of the week (especially
weekends) were associated with a lower number of patients
per hour (Figure 1, Table E4). Each additional hour in
shift length (beyond the minimum length of 6 hours)
was associated with a lower number of patients per hour
(0.01 [95% CI —0.02 to —0.003]. Total other physicians
working at the start of the shift were associated with a lower
number of patients per hour (—0.04 [95% CI —0.06
to —0.03]), but advanced practice providers working at the
start of a shift were not. Total patients with ED length of
stay less than 6 hours (measured per 1,000 annual ED visits)
had a small but significant association with decreased
number of patients per hour (—0.002 the number of
patients per hour per patdent [95% CI —0.002, —0.001]),
whereas these patients were associated with higher number
of patients per hour in the facility-fixed effect model (0.009
of the number of patients per hour [95% CI 0.002 to
0.003]) (Figure 3). Lower patient severity (higher average
ESI) was associated with a lower number of patients per hour

(Figure 1, Table E4).

Association Between Physician Number of Patients per
Hour and 72-Hour Return Visits

Holding all other covariates in the physician-fixed effects
model constant, a one-unit change in the number of patients
per hour was associated with a slightly lower 72-hour overall
return rate of —0.001 (95% CI —0.002 to —0.0004), which
represents a change of 0.1%. There was no association
between the number of patients per hour and return visits
with admission (—0.0003 [95% CI —0.0006 to 0.00005])
(Figure 4, Table 2, Tables E7 and E8, available at http://
www.annemergmed.com). In the facility-fixed effects model,
we again found that the higher physician number of patients
per hour was associated with fewer 72-hour returns overall,
with no significant difference for return visits with
admission. Thus, patents seen by more productive
physicians did not have a greater risk of 72-hour returns.

We also studied quintiles of physician productivity as
categorical predictors. In the facility-fixed effects model, the
percentage of patients returning within 72 hours was
similar by quintile of physicians (4.5% [95% CI 4.4% to
4.6%)] for the 1°* quintile [lowest the number of patients
per hour] vs. 4.4% [95% CI 4.3% to 4.4%] for the fifth
quintile) (Table 3). Return visits with admission occurred
in 1.1% of visits to physicians in the 1st quintile of
productivity (95% CI 1.1% to 1.2%) and 1.1% of patients
in the fifth quindile (5th quintile 95% CI 1.1% to 1.1%).

Sensitivity Analyses

We examined RVUs as an alternative measure of
productivity. Physician- and shift-level factors associated
with RVUs were similar to the analysis using the number of
patients per hour as the productivity outcome (Table E5,
available at htep://www.annemergmed.com). Additionally,
given that we imputed ESI for 14% of the visits, we
constructed models for 72-hour returns (and 72-hour
returns leading to admission) with and without ESI, and
the results were not qualitatively different (Table E9 and
E10, available at http://www.annemergmed.com).

LIMITATIONS

This study relies on data from a single national ED
group. However, the diverse nature of the EDs studied, in
size and geography, mitigates some concerns about
generalizability. Second, our exclusion criteria may have
affected results. For example, we examined only shifts at
sites with more than one physician present for at least part

facility-fixed effects (Table E3). Mean number of patients per hour was 1.94, and total sample was 234,146 shifts, 2,099
physicians, and 184 sites. Standard errors are clustered on facility. Minimum included shift length was 6 hours. RVU, relative value
units; LOS, length of stay; APP, advanced practice provider; ESI, emergency severity index.
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S
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Note: Patients per hour truncated at 99th percentile (3.625)
Figure 2. Kernel density plot of productivity (patients per hour) for day and night shifts. Plot visualizes the distribution of patients

per hour for day shifts and overnight shifts from regressions of patients per hour on full set of predictor variables with facility-fixed
effects. In the table, the top row is patients per hour, and the bottom row is the total number of patients in the data set.

of the shift and shifts with the number of patients per hour  are not working under solo coverage and see all patients)
of one or more. This focused the analysis on shifts in which  and in which there are plentiful patients to be seen. We also
productivity of an individual physician could vary (ie, they  excluded shifts at teaching hospitals. The data set does not

Marginal Effect of Boarders per 1,000 Annual Volume Marginal Effect of Non-Boarders per 1,000 Annual Volume
on Patients per Hour on Patients per Hour
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Figure 3. Effect of boarders and nonboarders on patients per hour. We use patients with ED LOS >6 hours as a proxy for boarders
and ED LOS <6 hours as a proxy for nonboarders. Panels show point estimates and 95% confidence intervals for number of boarders
and nonboarder patients present at start of shift (quadratic terms), with other predictors held at their means values from regressions
of patients per hour on full set of predictor variables, with facility-fixed effects. The ranges of the x-axes correspond to the 5th, 10th,
25th, 50th, 75th, 90th, and 95th percentiles of boarders/nonboarders present at the start of a shift. The number of boarders
present at the start of the shift is scaled to the annual ED volume, which is a proxy for ED size. Standard errors are clustered on facility.
In the table, the top row is annual visit volume in thousands, and the bottom row is the total number of boarders per year.
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Figure 4. Marginal effect of patients per hour on 72-hour returns. Panels show point estimates and 95% confidence intervals for
72-hour returns and 72-hour returns, resulting in admission across physician productivity (measured in patients per hour) with
other predictors held at their mean values from regressions of patients per hour on full set of predictor variables, with facility-fixed
effects (FEs). X-axes span approximately the 10th to 90th percentiles of patients per hour. Standard errors are clustered on facility.
In the table, the top row is patients per hour, and the bottom row is the total number of patients in the data set.

indicate when medical students or other learners are
involved, which may affect results. Third, this study cannot
assess causal relationships between physician and shift
factors, as well as productivity or quality. This includes an
inability to determine whether 2 physicians see different
types of patients while on shift together or if some
physicians try to select patients to increase RVUs and, thus,
reimbursement. We also lack data on why certain
physicians were assigned to certain shifts.

Table 2. Marginal effect of patients per hour on the probability of
a 72-hour return.

Probability Model and Metric  Estimate Lower Limit Upper Limit
Facility-fixed Effects
72-h Returns—all —-0.11% —0.18% —0.04%
72-h Returns—admitted —0.03% —0.06% 0.00%
Physician-Fixed Effects
72-h Returns—all —0.21% —0.28% —0.14%
72-h Returns—admitted —0.07% —0.10% —0.03%

The table shows point estimates and 95% confidence intervals of the marginal effect
of a 1-unit increase in physician shift productivity (ie, +1 patient per hour) on the
probability of a 72-hour return, with other predictors held at their mean values.
Estimates are derived from the visit-level linear probability models that include
patient, shift, physician characteristics, and facility or physician-fixed effects using
clustered standard errors. 72-hour returns are scaled from 0%-100%.

Fourth, there may be unmeasured variables that affect
productivity. Fifth, although we studied 72-hour returns to
the same ED, we did not have data that would have allowed
us to examine other patient quality and experience metrics,
such as guideline adherence and patient experience. In
particular, 72 hours are commonly used as suggestive of a
missed diagnosis or other potential quality issue, but are
not a sensitive or specific measure of care quality at the first
visit.”! Additionally, 72-hour return visits to another ED
outside of the national group were not identified in our
data. Sixth, we imputed ESI for 14% of the visits.
However, we obtained similar results when ESI was
dropped as a covariate. Seventh, we do not account for
where physicians work in the ED (ie, some physicians may
tend to work in areas that see higher or lower acuity
patients). Eighth, we did not assess reasons for differences
in productivity (eg, spending more or less time with
patients, performing more or less thorough workups,
documenting less while on shift, taking more breaks,
practicing to minimize medical-legal concerns, etc).

Ninth, physicians in our sample were younger (48.2%
were 44 years or younger) versus the general population of
emergency physicians (median age of 50 years according to an
American College of Emergency Physicians’s report), which
could affect generalizability.”” Tenth, we define boarding as a
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Table 3. Quintiles of physician productivity and 72-hour returns.

PPH Quintile Ranges

72-h Returns - Overall

72-h Returns - Admitted

Quintile Index Visits Min Max Point Est. (95% CI) Point Est. (95% Cl)
379,421 1.00 1.44 4.505 (4.429-4.582) 1.119 (1.082-1.156)
2 519,867 1.45 1.75 4.504 (4.446-4.562) 1.128 (1.097-1.159)
S 545,998 1.75 2.00 4.447 (4.397-4.496) 1.114 (1.089-1.140)
4 562,159 2.00 2.38 4.445 (4.389-4.500) 1.119 (1.092-1.146)
5 749,298 2.38 7.43 4.377 (4.319-4.436) 1.082 (1.055-1.108)

The table shows point estimates and 95% confidence intervals across quintiles of physician shift productivity (patient per hour), with other predictors held at their mean values,
from visit-level linear probability models for 72-hour returns and 72-hour returns resulting in admission with patient, shift, physician characteristics, and facility-fixed effects using
clustered standard errors. Index visits refer patients discharged who did not have a previous visit within 72 hours. PPH, patient per hour.

patient with an ED length of stay longer than 6 hours.
However, this definition may underestimate or overestimate
the actual number of boarding patients. Eleventh, we
included shifts in which there was only one physician on site
for part of the shift, which could affect the number of patients
per hour. Twelfth, the study period included the COVID-19
pandemic, during which changes in staffing and hospital
operations may have affected the number of patients per hour
in unmeasured ways. Thirteenth, the study period was prior
to the changes in Medicare coding in 2023, which may affect
applicability to current-day practice.

DISCUSSION

In our study, physician and shift factors were associated
with productivity as measured by the number of patients
per hour. Yet, a higher number of patients per hour was not
associated with negative clinical outcomes as measured by
higher rates of 72-hour returns and 72-hour returns with
admission in either physician-fixed effects or facility-fixed
effects models. We examined shifts with sufficient
presenting volume (ie, the number of patients per hour of
at least one) with more than one physician on shift.
Physician factors associated with a higher number of
patients per hour in the facility-fixed effects model (which
examines physician factors relative to their particular EDs)
included younger age, male sex, longer time at a site, and
working more shifts in the last 30 days. Although there is
no standard for a clinically significant change in the
number of patients per hour, an increase of 0.1 of the
number of patients per hour would be a roughly 5%
difference, relative to the sample mean of 1.94, and would
allow a physician to see one additional patient in a 10-hour
shift. Because the number of patients per hour is a major
factor in determining physician RVUs and, thus, payment
for physicians paid on an RVU basis, physician and
environmental characteristics (ie, boarding) can affect
physician reimbursement. However, physician capability

remains only one of several potential drivers of
productivity, alongside hospital or departmental factors.
We found an association between increased age and a
small decrease in the number of patients per hour, with
group-specific coefficients around —5% for ages 55 to 59
compared with the youngest group (age <35). For a
55-year-old physician, this may amount to one fewer
patient seen per 10-hour shift compared with a physician
aged under 35 when considering only age as a factor.
However, some older physicians may have a longer tenure
at a site, so their overall productivity may not be lower than
younger physicians with shorter tenure. The data may also
not account for differences in the way younger versus older
physicians select patients to see. Additionally, although
physical endurance and cognitive processing speed tend to
decrease in physicians with age, the effect of physician age
on ED quality is mixed.”” " Some studies show older
physicians are more likely to be named in malpractice cases,
and their patients have higher mortality, whereas others
show they order fewer tests and lower mortality.”” "
Male sex was associated with a slightly higher number of
patients per hour (0.067 the number of patients per hour or
about 3%). We do not view this statistically significant result as
meaningfully different. We were unable to assess the reasons
for this small difference; however, it may be that female
physicians spend more time at the bedside with patients, which
may lower their productivity compared with men.”*”’
Longer tenure at a site was associated with higher
productivity, with continued productivity increases seen up
to 5 years at a site—the longest period our data allowed us to
measure. Physicians with the longest tenure had a nearly
10% higher number of patients per hour (0.17 of the
number of patients per hour) in the facility-fixed effect
model. Our group previously published data showing
productivity increases in the first 4 months at a site among
new residency graduates, but longer-term productivity gains
have not previously been reported.'® Such an association
may be explained by greater familiarity with site processes.
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Notably, we did not find working 2 shifts close together in
time to be associated with a meaningfully higher or lower
number of patients per hour. We also found physicians
working a higher volume of shifts had a 0.1% increase in the
number of patients per hour (0.003 the number of patients
per hour or about 0.05 patients per 10-hour shift) per
previous shift worked in the last 3 to 30 days in the
physician-fixed effect model. This falls below what we
consider to be a meaningful difference except at the extremes
of very high and very low volume physicians. Shift length
had a small, but not meaningful, association with about 1%
decreased number of patients per hour (—0.01 the number
of patients per hour or 0.1 patients per 10-hour shift) per
additional hour worked. This could be due to physicians
slowing their pace of work near the end of a long shift.

Operational factors such as boarding, nurse staffing,
laboratory throughput times, radiology coverage,
environmental services, and other factors not within an
emergency physician’s control but can strongly influence
productivity. Working during times with patients with ED
length of stay longer than 6 hours (our proxy for boarding)
decreased productivity in the physician-fixed effects model.
To illustrate, a 50,000 annual visit ED with one extra boarder
per shift is associated with —0.1 the number of patients per
hour or —5% the number of patients per hour (Figure 3). In
a 10-hour shift, one less patient would be seen, on average.
Crowded EDs have previously been associated with delays in
patient assessment and treatment and worse quality and
outcomes.” "’ The negative association with productivity is
not surprising, given that crowded EDs are known to run less
efficiently as resources become constrained. Mondays—often
busier days—showed a 1% to 4% higher number of patients
per hour, whereas overnight shifts —typically
quieter—showed about 10% lower number of padents per
hour. These associations suggest caution when comparing the
number of patients per hour across physicians. For example, a
night shift physician may be less productive due to lower
night volumes and possibly differences in patient health and
severity not fully captured by our covariates.

Higher number of patients per hour, whether across
physicians within sites and across shifts for the same
physician, was not associated with higher 72-hour returns
or 72-hour returns leading to admission. We view the
0.1% decrease in overall 72-hour returns in the physician-
fixed effects model to be not meaningful while still
statistically significant. This suggests that there was no
tradeoff observed between speed and this dimension of
quality (ie, there is no evidence that working faster, within
the range observed in our data, might increase 72-hour
returns due to increased misdiagnosis). Such resiliency
reflects, in part, emergency physician training, where

managing the ED during busy times is a learned skill.
However, further work is needed using more precise
measures of diagnostic error, adverse outcomes, and other
quality metrics. There is only one other study of the
number of patients per hour and 72-hour readmissions,
which also found no correlation. '

In conclusion, we found several important physician and
shift factors that were associated with productivity with varying
magnitudes. The most notable is the continued increase in
the number of patients per hour with tenure at a site.
Understanding these factors is vital to address the challenges
faced by emergency physicians and optimize ED performance.
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