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Introduction

Resident patient rounds form the cornerstone of resident

education and patient care for hospitalized patients.

However, there is pressure to improve the efficiency of

rounds, both to facilitate early patient discharge and to

limit resident duty hours. In addition, recent evidence

suggests that clinical care is changing, with resident and

attending physicians increasingly making clinical decisions

away from the patient bedside.1

To improve intern inpatient rounds on our hospitalist

service, we applied Lean principles,2–4 adapted from the

Toyota Production System.5,6 A major principal of Lean is

the concept of 1-piece flow,5,6 whereby all work for a single

production unit is completed before initiation of work on

the next unit. One-piece flow contrasts with batching,

whereby a single portion of the work for all units is

completed before moving to a different task. The advan-

tages of 1-piece flow include less waiting, information

reacquisition, information decay, and travel, with overall

improvement in production timeliness.2,4–6

Although institutions differ, the standard process

historically for inpatient intern rounds was a batched

process.7 The first batch was intern electronic health record

prerounds consisting of laboratory data review. The second
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Abstract

Background Traditional ‘‘batched’’ bedside clinical care
rounds, where rounds for all patients precede clinical
tasks, may delay clinical care and reduce resident work
efficiency.

Innovation Using Lean concepts, we developed a novel
‘‘Rounding-in-Flow’’ approach, with the patient care
team completing all tasks for a single patient before
initiating any tasks for the next patient. Outcome
measures included timely patient discharge and intern
work hours.

Methods We performed a retrospective cohort study
with historic and contemporaneous control groups, with
time series adjustment for underlying temporal trends
at a single medical center. Primary outcomes were timely
patient discharge orders and resident duty hours.
Participants were 17 376 consecutive hospital inpatients
between January 1, 2011, and June 30, 2012, and medical

ward rounding teams of interns, residents, and
attending hospitalists.

Results Timely discharge orders, defined as written by
9:00 AM, improved from 8.6% to 26.6% (OR, 1.55; 95% CI
1.17–2.06; P 5 .003). Time of actual patient discharge was
unchanged. Resident duty hour violations, defined as
less than 10 hours between clinical duties, decreased
from 2.96 to 0.98 per intern per rotation (difference, 1.98;
95% CI 1.09–2.87; P , .001). Average daily intern work
hours decreased from 12.3 to 11.9 hours (difference,
0.4 hours; 95% CI 0.16–0.69; P 5 .002).

Conclusions Compared with batched rounding, Lean
Rounding-in-Flow using ‘‘1-piece flow’’ principles was
associated with more discharge orders written before
9:00 AM and fewer violations in the 10-hour break rule,
with minimal changes to intern total work hours and
actual patient discharge time.
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batch was clinical prerounds, with intern-patient interviews

and physical examinations. The third batch was attending

rounds, with intern bedside presentations and team

formulation of the clinical plan. Finally, the fourth batch,

after attending rounds, was intern documentation, order

entry, consult requests, and discharge preparation

(F I G U R E 1a). This historic batch processing potentially

disrupted workflow, increasing workload.8 We applied Lean

1-piece flow to inpatient rounds, an approach that, to our

knowledge, has not been reported previously in the medical

literature. This new ‘‘Rounding-in-Flow’’ involved com-

pleting all tasks for a single patient before initiating care for

the next patient (F I G U R E 1b), with the potential to improve

quality and efficiency. We measured the effectiveness of this

effort on patient care through timely order writing and

timely discharge, and on the interns, through duty hour

violations.

Methods

The setting was a 336-bed hospital in Seattle, Washington,

with 17 000 annual inpatient admissions. The internal

medicine residency program included categorical, 3-year

internal medicine residents (10 per year) and preliminary

interns (17 per year). The resident calendar consisted of 13

four-week rotations, each with 8 interns on inpatient

service. Ward teams were composed of 1 senior resident, 2

interns, and 1 hospitalist attending.

Planning the Intervention

To improve the quality and efficiency of our intern

rounding, we undertook a 5-day Rapid Process Improve-

ment Workshop (RPIW) in October 2011.9 The RPIW team

included interns, residents, hospitalist attendings, nurses,

administration staff, and social workers. Areas of waste

identified from batching included, for the interns: (1)

reacquisition of patient information multiple times: on

computer prerounds, before attending rounds, at attending

rounds, and before writing orders; (2) decreased recall of

physical examination and care plan details over time; and

(3) the need to travel to see patients multiple times.

The Rounding-in-Flow Intervention

To reduce those inefficiencies, the RPIW team developed

Rounding-in-Flow. Instead of batching tasks, the intern

performed prerounds and immediately saw the first patient.

Next was intern bedside presentation to the senior resident

and attending and bedside teaching. After bedside care

planning, the intern completed the documentation and

order writing ‘‘in-flow.’’ The senior resident and attending

would also complete all of their documentation and billing

tasks, thus completing the entire rounding process for that

patient before starting with the next patient. While the

hospitalist attending and resident were staffing with 1

intern, the other intern was prerounding and seeing their

first patient, enabling the attending and resident to

‘‘toggle’’ between 2 interns. Intrinsic to the system was that

the team senior resident determined the rounding order

through a computer prescreen to identify potentially

unstable patients.

Intervention Evaluation

We performed a retrospective before and after cohort study

with interrupted time series and difference in difference

analysis, taking advantage of a natural experiment in

having patients in the same hospital cared for by 3 different

attending groups: (1) intervention hospitalists, (2) control

hospitalists who are not part of the residency program, and

(3) surgical nonhospitalists. Although not identical to the

intervention group at baseline, we used the control groups

to adjust for underlying trends in outcome variables not

attributable to our intervention, thereby strengthening the

evidence of causation. Use of control hospitalists allowed

adjustment for coincident changes in patient care, and use

of surgical attendings allowed adjustment for concurrent

changes in graduate medical education.

Outcomes identified related to patient care: timeliness of

discharge order writing (before 9:00 AM), timeliness of

discharge (by noon), and intern work (average duty hours and

violations). Those outcomes were institutional priorities

selected a priori to motivate the quality improvement

intervention. The study sample was 22 604 consecutive

patients admitted and discharged by intervention or control

physicians between January 1, 2011, and July 31, 2012.

Excluded were patients who expired (842, 3.7%), were

discharged to a setting other than home or hospice (4105,

18.2%), were under age 18 (19, 0.1%), or had 24 hours or

more between discharge order writing and actual discharge

(262, 1.2%), leaving 17376 for analysis.

What was known

Traditional inpatient rounding has inherent inefficiencies that may
affect patient care and resident duty hours.

What is new

Application of Toyota Lean 1-piece flow principles to bedside rounding in
an internal medicine inpatient unit.

Limitations

Single specialty, single institution study limits generalizability.

Bottom line

Lean ‘‘Rounding-in-Flow’’ was associated with earlier writing of
discharge orders and improved compliance with the requirement for a
10-hour rest period.
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Duty hour violations (any break , 10 hours) were

determined from the required intern weekly self-report into

a web-based duty hour system. To avoid confounding by

resident experience, we compared the 6 rotations pre-

intervention (June 2011–October 2011) to the same 6

rotations after the intervention (June 2012–October 2012).

An Institutional Review Board waiver was granted for

this quality improvement project.

Analysis

Initial analysis was before and after the intervention date of

November 1, 2011, using a x2 test. To adjust for underlying

temporal changes, we used an interrupted time series with

segmented logistic regression. We also used the difference

in difference approach to adjust for institutional trends

identified in the control groups. Finally, to assess imple-

mentation, we compared before and after at the physician

level. Duty hour violations were compared with a t test.

Statistical analyses were performed using Stata version 12

software (StataCorp LP).

Results

Details of the intervention and control cohorts are provided

in T A B L E 1. In the intervention cohort, there was

substantial improvement in discharge orders by 9:00 AM

(8.6% to 26.6%; difference, 18.0 percentage points; 95% CI

16.1–19.9; P , .001), with the mean time improving from

12:26 PM to 11:27 AM (improvement, 59 minutes, P , .001)

and in discharge by noon (16.1% to 23.0%; difference, 6.9

percentage points; 95% CI 4.8–8.9; P , .001), with the

mean time improving from 2:40 PM to 2:15 PM (improve-

ment, 25 minutes; P , .001; T A B L E 2; F I G U R E 2). Because

we identified significant improvement in the intervention

group that was temporally independent of the intervention,

we adjusted the analyses using segmented regression, for an

adjusted odds ratio (OR) for timely discharge orders of 1.55

(95% CI 1.17–2.06, P 5 .003). However, after adjustment,

differences in timely patient discharge were not statistically

significant (OR, 1.03; 95% CI 0.80–1.33; P 5 .82).

For timely discharge orders in the controls, a small

improvement in the hospitalist controls (3.3% to 4.7%;

difference, 1.3 percentage points; 95% CI 0.1–2.6;

P 5 .028) contrasted with a small decrease in the

nonhospitalist controls (30.6% to 27.8%; difference,

–2.8 percentage points; 95% CI –0.8 to –4.9; P 5 .007;

T A B L E 2). No significant changes were seen in either

control group in timely patient discharge. Because there

was no consistent background trend for the control group,

we did not use the difference in difference model in the final

regression.

Implementation was broadly successful, with statisti-

cally significant improvement in 18 of 19 (95%) interven-

tion hospitalists (F I G U R E 3).

There were 46 intern rotations preintervention and 47

intern rotations postintervention. Following the Rounding-

in-Flow intervention, the average number of 10-hour duty

hours violations per intern per rotation decreased from

2.96 to 0.98 (difference, 1.98; 95% CI 1.09–2.87;

P , .001). The average number of hours worked per day

by interns decreased from 12.3 to 11.9 (difference,

0.4 hours; 95% CI 0.16–0.69; P 5 .002).

Discussion

After applying Lean concepts to inpatient rounding on an

internal medicine service, we found improvements in timely

patient discharge order writing and intern duty hour

F I G U R E 1 Batched Rounds Versus Rounding-in-

Flow; (a) Under Traditional Rounding,

a Single Task Is Completed For All

Patients Before Initiating The Next

Task; (b) In Contrast, Under Rounding

in Flow, All Tasks Are Completed for a

Patient Before Initiating Any Tasks for

the Next Patient
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violations in association with Rounding-in-Flow when

compared with batched rounding. We found no difference in

adjusted patient discharge time, possibly because actual

discharge is dependent on patient factors beyond our control.

Rounding-in-Flow was feasible in our setting, with no

increase in resources and appeared to be acceptable to interns.

Other rounding innovations in the literature include

rounding with handheld computers to facilitate real-time

order writing and evidence review10; geographically con-

solidating patients; multidisciplinary rounds including

nurses, pharmacists, and other providers11; and family-

centered rounds, directly involving family members with

ward rounding teams.12 Our Rounding-in-Flow interven-

tion is not necessarily exclusive of those other approaches,

and mobile computers were available to our Rounding-in-

Flow interns about half of the time. The relationship

between different innovations in rounding would require

further research.

Other potential effects of the intervention that we could

not measure directly would benefit from further study.

First, intern education was potentially affected. Interns lose

the ability to learn from each other’s patients but may gain

T A B L E 2 Discharge Orders Before 9:00 am and Patient Discharge Before Noon for Intervention and

Control Cohorts
a

Discharge
Before Intervention,
No. (%)

After Intervention,
No. (%)

Difference in
Proportions (95% CI) P Value

Orders before 9:00 AM

Intervention hospitalist 264/3061 (8.6) 757/2839 (26.6) 18.0 (16.1, 19.9) , .001

Control hospitalist 71/2122 (3.3) 91/1939 (4.7) 1.3 (0.1, 2.6) .03

Control nonhospitalist 1197/3907 (30.6) 975/3508 (27.8) 22.8 (24.9, 20.8) .007

Discharge before noon

Intervention hospitalist 493/3061 (16.1) 652/2839 (23.0) 6.9 (4.8, 8.9) , .001

Control hospitalist 222/2122 (10.5) 221/1939 (11.4) 0.9 (21.0, 2.9) .34

Control nonhospitalist 1225/3907 (31.4) 1033/3508 (29.4) 1.9 (24.0, 0.2) .08

a January 1, 2011, and June 30, 2012, with the intervention occurring on November 1, 2011.

T A B L E 1 Study Sample and Patient Demographics (January 1, 2011, to June 30, 2012)

Demographic Intervention Hospitalist Control Hospitalist Control Nonhospitalist

No. of physicians 36 40 124

No. of patients 5900 4061 7415

Patient age, mean (range) 62.3 (18–101) 68.9 (18–103) 59.8 (18–97)

Patient age, older than 62 y, No. (%) 3127 (53) 2747 (68) 3521 (47)

Patient sex, F, No. (%) 2881 (49) 2127 (52) 3705 (50)

Patient hospital LOS, d, mean (range) 4.2 (0.1–62.5) 3.7 (0.1–87) 4.2 (0.0–65.2)

CCU stay, No. (%) 470 (8) 343 (8) 1731 (23)

Discharge disposition, No. (%)

Home 4856 (82) 3313 (81) 5897 (80)

Home health service 861 (15) 593 (15) 1494 (20)

Hospice (home) 183 (3) 155 (4) 24 (0.3)

Discharges/wk, mean (range) 71 (26–92) 49 (18–68) 89 (31–115)

Abbreviations: LOS, length of stay; CCU, coronary care unit.
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more time to learn from their own patients and to learn

about more efficient patient care. Anecdotally, our interns

reported high satisfaction with the new system and more

time to spend in direct patient care activities. In addition,

Rounding-in-Flow permits attendings to review intern

patient care in real time, providing a more immediate safety

check. Rounding-in-Flow also potentially decreased the

accumulation of incomplete tasks, decreasing the work

intensity experienced by interns.13 In addition, medical

students are not routinely part of our medical ward teams,

and the effect of Rounding-in-Flow on them would require

further study. We expect no effect on nursing time,

although we were not able to measure that. Finally, we

were unable to directly assess patient satisfaction.

F I G U R E 3 Timely Discharge Orders by Attending Hospitalists in Intervention Group
a

aMore than 25 discharges before the intervention and 25 discharges after the intervention (total N 5 5210 discharges for 19 hospitalists, mean 5 274,
range 5 139–453). All differences were significant (P , .05), except physician B (P 5 .13).

F I G U R E 2 Proportion of Discharge Orders Before 9:00 am, Before and After Rounding-in-Flow Intervention

(Middle Line)
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Our implementation was heavily dependent on our

institutional adoption of Lean,3,4 because working in flow,

Lean tools, and workflow redesign3,14,15 were already

familiar to faculty. In our model, rounding subsumes all

inpatient clinical work, and rounding itself may take

longer. Overall, however, clinical care was completed

earlier. Hence, our model may not work where attendings

have responsibilities beyond inpatient care.

Our intervention has limitations. As a quality improve-

ment project, it was, by necessity, a single institution,

retrospective, before and after cohort study. To avoid bias, we

adjusted for underlying trends driving change independent of

the intervention with an interrupted time series and 2 distinct

control groups, and we also seasonally matched resident

months to avoid potential bias in the duty hours from interns

gaining experience as the year progresses. Duty hours for

participants were self-reported with the potential for recall

bias. We also excluded the approximately 20% of patients

who were not discharged to home, and logistical issues may

have affected the ability to discharge those patients.

Conclusion

Rounding-in-Flow proved to be feasible and acceptable in

our program, with prior faculty education and support.

Through this intervention, we improved the timeliness of

patient discharge while decreasing violations in the intern

10-hour free rule. Dissemination of this model will require

evaluation of the effect of Rounding-in-Flow on education

and quality of patient care.
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