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BACKGROUND: Prior studies suggest that high workload
among attending physicians may be associated with
reduced teaching effectiveness and poor patient outcomes,
but these relationships have not been investigated using
objective measures of workload and safety.

OBJECTIVE: To examine associations between attending
workload, teaching effectiveness, and patient safety, hypothe-
sizing that higher workload would be associated with lower
teaching effectiveness and negative patient outcomes.

DESIGN, SETTING, AND PARTICIPANTS: We conducted a
retrospective study of 69,386 teaching evaluation items
submitted by 543 internal medicine residents for 107
attending physicians who supervised inpatient teaching
services from July 2, 2005 to July 1, 2011.

MEASUREMENTS: Attending workload measures included
hospital service census, patient length of stay, daily admis-
sions, daily discharges, and concurrent outpatient duties.
Teaching effectiveness was measured using residents’ evalu-
ations of attendings. Patient outcomes considered were

applicable patient safety indicators (PSls), intensive care unit
transfers, cardiopulmonary resuscitation/rapid response
team calls, and patient deaths. Mixed linear models and gen-
eralized linear regression models were used for statistical
analysis.

RESULTS: Workload measures of midnight census and
daily discharges were associated with lower teaching evalu-
ation scores (both g = —0.026, P < 0.0001). The number of
daily admissions was associated with higher teaching
scores (B = 0.021, P = 0.001) and increased PSls (odds
ratio = 1.81, P = 0.0001).

CONCLUSION: Several measures of attending physician
workload were associated with slightly lower teaching effec-
tiveness, and patient safety may be compromised when
teams are managing new admissions. Ongoing efforts by resi-
dency programs to optimize the learning environment should
include strategies to manage the workload of supervising
attendings. Journal of Hospital Medicine 2016;11:169-173.
© 2016 Society of Hospital Medicine

Teaching attending physicians must balance clinical work-
load and resident education simultaneously while super-
vising inpatient services. The workload of teaching
attendings has been increasing due to many factors. As
patient complexity has increased, length of stay has
decreased, creating higher turnover and higher acuity of
hospitalized patients.'™ The rising burden of clinical doc-
umentation has increased demands on inpatient attending
physicians’ time.® Additionally, resident duty hour restric-
tions have shifted the responsibility for patient care to the
teaching attending.” These factors contribute to the per-
ception of unsafe workloads among attending physicians®
and could impact the ability to teach well.

Teaching effectiveness is an important facet of the
graduate medical education (GME) learning environ-
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ment.” Residents perceive that education suffers when
their own workload increases,'®™"* and higher on-call
workload is associated with lower likelihood of partici-
pation in educational activities."> More contact between
resident trainees and supervisory staff may improve the
clinical value of inpatient rotations.'® Program directors
have expressed concern about the educational ramifica-
tions of work compression.'” 2 Higher workload for
attending physicians can negatively impact patient safety
and quality of care,>""** and perception of higher attend-
ing workload is associated with less time for teaching.*?
However, the impact of objective measures of attending
physician workload on educational outcomes has not
been explored. When attending physicians are responsi-
ble for increasingly complex clinical care in addition to
resident education, teaching effectiveness may suffer.
With growing emphasis on the educational environ-
ment’s effect on healthcare quality and safety,** it is
imperative to consider the influence of attending work-
load on patient care and resident education.

The combination of increasing clinical demands, fewer
hours in-house for residents, and less time for teaching
has the potential to decrease attending physician teach-
ing effectiveness. In this study, we aimed to evaluate
relationships among objective measures of attending
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physician workload, resident perception of teaching
effectiveness, and patient outcomes. We hypothesized
that higher workload for attending physicians would be
associated with lower ratings of teaching effectiveness
and poorer outcomes for patients.

METHODS

We performed a retrospective study of attending
physicians who supervised inpatient internal medicine
teaching services at Mayo Clinic—-Rochester from July
2005 through June 2011 (6 full academic years). The
team structure for each service was 1 attending physi-
cian, 1 senior resident, and 3 interns. Senior residents
were on call every fourth night, and interns were on
call every sixth night. Up to 2 admissions per service
were received during the daytime “short call,” and up
to 5 admissions per service were received during the
overnight “long call.” Attending physicians included
all supervising physicians in appointment categories of
attending/consultant, senior associate consultant, and
chief medical resident at the Mayo Clinic. Maximum
continuous on-call time for residents during the study
period was restricted to 30 hours continuously. The
timeframe of this study was chosen to minimize vari-
ability in resident work schedules; effective July 1,
2011, duty hours for postgraduate year 1 residents
were further restricted to a maximum of 16 hours in
duration.”

Measures of Attending Physician Workload

To measure attending physician workload, we exam-
ined mean service census as reported at midnight,
mean patient length of stay, mean number of daily
admissions, and mean number of daily discharges. We
also calculated mean daily outpatient relative value
units (RVUs) generated as a measure of outpatient
workload while the attending was supervising the
inpatient service. Similar measures of workload have
been used in previous research.?® Attending physicians
in this study functioned as hospitalists during their
time supervising the teaching services; that is, they
were not routinely assigned to any outpatient respon-
sibilities. The only way for an outpatient RVU to be
generated during their time supervising the hospital
service was for the attending physician to specifically
request to see an outpatient in the clinic. Attending
physicians only supervised 1 teaching service at a time
and had no concurrent nonteaching service obliga-
tions. Admissions were received on a rotating basis.
Because patient illness severity may impact workload,
we also examined mean expected mortality (per 1000
patients) for all patients on the attending physicians’
hospital services.?”

The above workload variables were measured in the
specific timeframe that corresponded to the number of
days an attending physician was supervising a particu-
lar team; for example, mean census was the mean
number of patients on the attending physician’s hospi-

tal service during his or her time supervising that resi-
dent team.

Teaching Effectiveness Outcome Measures
Teaching effectiveness was measured using residents’
evaluations of their attending physicians with a 5-point
scale (1 = needs improvement, 3 = average, 5 = top
10% of attending physicians) that has been previously
validated in similar contexts.”®? The evaluation ques-
tions are shown in Supporting Information, Appendix A,
in the online version of this article.

Patient Outcome Measures

Patient outcomes included applicable patient safety
indicators (PSIs) as defined by the Agency for Health-
care Research and Quality®® (see Supporting Informa-
tion, Appendix B, in the online version of this article),
patient transfers to the intensive care unit (ICU), calls
to the rapid response team/cardiopulmonary resuscita-
tion team, and patient deaths. Each indicator and
event was summarized as occurred or did not occur at
the service-team level. For example, for a particular
attending-resident team, the occurrence of each of
these events at any point during the time they worked
together was recorded as occurred (1) or did not
occur (0). Similar measures of patient outcomes have
been used in previous research.?”

Statistical Analysis

Mixed linear models with variance components covar-
iance structure (including random effects to account
for repeated ratings by residents and of faculty) were
fit using restricted maximum likelihood to examine
associations of attending workload and demographics
with teaching scores. Generalized linear regression
models, estimated via generalized estimating equa-
tions, were used to examine associations of attending
workload and demographics with patient outcomes.
Due to the binary nature of the outcomes, the bino-
mial distribution and logit link function were used,
producing odds ratios (ORs) for covariates akin to
those found in standard logistic regression. Multivari-
ate models were used to adjust for physician demo-
graphics including age, gender, teaching appointment
(consultant, senior associate consultant/temporary
clinical appointment, or chief medical resident) and
academic rank (professor, associate professor, assist-
ant professor, instructor/none).

To account for multiple comparisons, a significance
level of P < 0.01 was used. All analyses were per-
formed using SAS statistical software (version 9.3;
SAS Institute Inc., Cary, NC). This study was deemed
minimal risk after review by the Mayo Clinic Institu-
tional Review Board.

RESULTS

Over the 6-year study period, 107 attending physi-
cians supervised internal medicine teaching services.
Twenty-three percent of teaching attending physicians
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TABLE 1. Associations Between Attending Physician Workload and Teaching Evaluation Scores
Multivariate Analysis*

Attending Physician Workload Measure Mean (SD) B SE 99% ClI P
Midnight census 8.86(1.8) -0.026 0.002 (-0.03,-0.02) <0.0001
Length of stay, d 6.91(3.0) +0.006 0.001 (0.002,0.009) <0.0001
Expected mortality (per 1,000 patients) 5194 (274) -0.0001 0.0001 (~0.0004, 0.0001) 019
Daily admissions 2.23(0.54) +0.021 0.006 (0.004, 0. 037) 0.001
Daily discharges 2.13(0.56) -0.026 0.006 (~0.041, -0.010) <0.0001
Daily outpatient relative value units 069(1.2) +0.004 0.003 (~0.002, 00 1) 010

NOTE: Abbreviations: Cl, confidence interval, SD, standard deviation; SE, standard error. *Using 69,386 teaching evaluation items submitted by 542 internal medicine residents for 107 attending physicians during the study
period. Multivariate model was adjusted for gender, teaching appointment, academic rank, age, and number of days attending physician spent with the team.

were female. Mean attending age was 42.6 years.
Attendings supervised a given service for between 2
and 19 days (mean [standard deviation] = 10.1 [4.1]
days). There were 542 internal medicine residents on
these teaching services who completed at least 1
teaching evaluation. A total of 69,386 teaching evalu-
ation items were submitted by these residents during
the study period.

In a multivariate analysis adjusted for faculty demo-
graphics and workload measures, teaching evaluation
scores were significantly higher for attending physicians
who had an academic rank of professor when compared
to attendings who were assistant professors (3 = —0.12,
P = 0.007), or instructors/no academic rank (B
—0.23, P < 0.0001). The number of days an attending
physician spent with the team showed a positive
association with teaching evaluations (3 = +0.015, P <
0.0001).

Associations between measures of attending physi-
cian workload and teaching evaluation scores are
shown in Table 1. Mean midnight census and mean
number of daily discharges were associated with lower
teaching evaluation scores (both B = —0.026, P <
0.0001). Mean number of daily admissions was asso-
ciated with higher teaching scores (3 = +0.021, P =
0.001). The mean expected mortality among hospital-
ized patients on the services supervised by teaching
attendings and the outpatient RVUs generated by
these attendings during the time they were supervising
the hospital service showed no association with teach-
ing scores. The average number of RVUs generated
during an attending’s entire time supervising hospital
service was <1.

Table 2 shows relationships between attending physi-
cian workload and patient outcomes for the patients on
hospital services supervised by 107 attending physicians
during the study period. Patient outcome data showed
positive associations between measures of higher work-
load and PSIs. Specifically, for each 1-patient increase
in the average number of daily admissions to the attend-
ing and resident services, the cohort of patients under
the team’s care was 1.8 times more likely to include at
least 1 patient with a PSI event (OR = 1.81, 99% confi-

dence interval [CI]: 1.21, 2.71, P = 0.0001). Likewise,
for each 1-day increase in average length of stay, the
cohort of patients under the team’s care was 1.16 times
more likely to have at least 1 patient with a PSI (OR =
1.16, 99% CI: 1.07, 1.26, P < 0.0001). As anticipated,
mean expected mortality was associated with actual
mortality, cardiopulmonary resuscitation/rapid response
team calls, and ICU transfers. There were no associations
between patient outcomes and workload measures of
midnight census and outpatient RVUs.

DISCUSSION

This study of internal medicine attending physician
workload and resident education demonstrates that
higher workload among attending physicians is associ-
ated with slightly lower teaching evaluation scores
from residents as well as increased risks to patient
safety.

The prior literature examining relationships between
workload and teaching effectiveness is largely survey-
based and reliant upon physicians’ self-reported percep-
tions of workload.'%1%23 The present study strengthens
this evidence by using multiple objective measures of
workload, objective measures of patient safety, and a
large sample of teaching evaluations.

An interesting finding in this study was that the num-
ber of patient dismissals per day was associated with a
significant decrease in teaching scores, whereas the num-
ber of admissions per day was associated with increased
teaching scores. These findings may seem contradictory,
because the number of admissions and discharges both
measure physician workload. However, a likely explana-
tion for this apparent inconsistency is that on internal
medicine inpatient teaching services, much of the teach-
ing of residents occurs at the time of a patient admission
as residents are presenting cases to the attending physi-
cian, exploring differential diagnoses, and discussing
management plans. By contrast, a patient dismissal tends
to consist mainly of patient interaction, paperwork, and
phone calls by the resident with less input required from
the attending physician. Our findings suggest that
although patient admissions remain a rich opportunity
for resident education, patient dismissals may increase
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TABLE 2. Associations Between Attending Physician Workload and Patient Outcomes

Patient Outcomes, Multivariate Analysis*

Patient Safety Indicators, n = 513

Deaths, n = 352

CPR/RRT Calls, n = 409

ICU Transfers, n = 737

Workload measures  OR  SE P 9%Cl  OR SE P 9%Cl  OR SE P 9%Cl  OR SE P 99% Cl
Midnight census 110 005 0.04 (098,124) 091 004 003 (081,102 095 004 016 (0.86,1.05) 106 004 0.16 (0.96,1.17)
Length of stay 116 004  <00001 (1.07,1.26) 1.03 003 039 (095,112 099 003 063 (092,1.05 110 003 00001 (1.03,1.18)
Expected mortality 100 0003 024 (0.99,1.01) 101 000 0002 (100,102 102 000 <00001 (1.01,1.02 101 000 0003  (1.00,1.01)
(per 1,000 patients)
Daily admissions 181 028 00001 (121,271 078 014 016 (049,1.24) 111 020 057 (0.69,1.77) 134 024 009 (0.85,2.11)
Daily discharges 106 013 0.61 (078,145 236 038  <0.0001 (156,357 094 016 070 (0.60,1.46)  1.09 016 053 (0.75, 1.60)
Daily outpatient relative 081 0.07 0.01 (065,1.000 102 004 056 (092,113 105 004 023 (095117 092 006 023 (0.77,1.09)
value units

NOTE: Abbreviations: CI, confidence interval; CPR, cardiopulmonary resuscitation; ICU, intensive care unit; OR, odds ratio; RRT, rapid response team; SE, standard error. *Multivariate model was adjusted for gender, teaching

appointment, academic rank, age, and number of days the attending physician spent with the team.

workload without improving teaching evaluations. As
the inpatient hospital environment evolves, exploring
options for nonphysician providers to assist with or com-
plete patient dismissals may have a beneficial effect on
resident education.>® In addition, exploring more effi-
cient teaching strategies may be beneficial in the fast-
paced inpatient learning milieu.>®

There was a statistically significant positive associa-
tion between the number of days an attending physi-
cian spent with the team and teaching evaluations.
Although prior work has examined advantages and
disadvantages of various resident schedules,**® our
results suggest scheduling models that emphasize con-
tinuity of the teaching attending and residents may be
preferred to enhance teaching effectiveness. Further
study would help elucidate potential implications of
this finding for the scheduling of supervisory attend-
ings to optimize education.

In this analysis, patient outcome measures were
largely independent of attending physician workload,
with the exception of PSIs. PSIs have been associated
with longer stays in the hospital,>>** which is consist-
ent with our findings. However, mean daily admis-
sions were also associated with PSIs. It could be
expected that the more patients on a hospital service,
the more PSIs will result. However, there was not a
significant association between midnight census and
PSIs when other variables were accounted for. Because
new patient admissions are time consuming and con-
tribute to the workload of both residents and attend-
ing physicians, it is possible that safety of the service’s
hospitalized patients is compromised when the team is
putting time and effort toward new patients. Previous
research has shown variability in PSI trends with
changes in the workload environment.*' Further stud-
ies are needed to fully explore relationships between
admission volume and PSIs on teaching services.

It is worthwhile to note that attending physicians
have specific responsibilities of supervision and docu-
mentation for new admissions. Although it could be

argued that new admissions raise the workload for
the entire team, and the higher team workload may
impact teaching evaluations, previous research has
demonstrated that resident burnout and well-being,
which are influenced by workload, do not impact res-
idents’ assessments of teachers.** In addition, metrics
that could arguably be more apt to measure the
workload of the team as a whole (eg, team census)
did not show a significant association with patient
outcomes.

This study has important limitations. First, the
cohort of attending physicians, residents, and patients
was from a large single institution and may not be
generalizable to all settings. Second, most attending
physicians in this sample were experienced teachers,
so consequences of increased workload may have
been managed effectively without a major impact on
resident education in some cases. Third, the magni-
tude of change in teaching effectiveness, although stat-
istically significant, was small and might call into
question the educational significance of these findings.
Fourth, although resident satisfaction does not influ-
ence teaching scores, it is possible that residents’ per-
ception of their own workload may have impacted
teaching evaluations. Finally, data collection was
intentionally closed at the end of the 2011 academic
year because accreditation standards for resident duty
hours changed again at that time.** Thus, these data
may not directly reflect the evolving hospital learning
environment but serve as a useful benchmark for
future studies of workload and teaching effectiveness
in the inpatient setting. Once hospitals have had suffi-
cient time and experience with the new duty hour
standards, additional studies exploring relationships
between workload, teaching effectiveness, and patient
outcomes may be warranted.

Limitations notwithstanding, this study shows that
attending physician workload may adversely impact
teaching and patient safety on internal medicine hos-
pital services. Ongoing efforts by residency programs
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to optimize the learning environment should include strat-
egies to manage the workload of supervising attendings.
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