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Randomized, Controlled Trial Evaluating the
mpact of a Computerized Rounding and Sign-
ut System on Continuity of Care and Resident
ork Hours

rik G Van Eaton, MD, Karen D Horvath, MD, FACS, William B Lober, MD, Anthony J Rossini, ScD,
arlos A Pellegrini, MD, FACS

BACKGROUND: Adoption of limits on resident work hours prompted us to develop a centralized, Web-based
computerized rounding and sign-out system (UWCores) that securely stores sign-out informa-
tion; automatically downloads patient data (vital signs, laboratories); and prints them to round-
ing, sign-out, and progress note templates. We tested the hypothesis that this tool would
positively impact continuity of care and resident workflow by improving team communication
involving patient handovers and streamlining inefficiencies, such as hand-copying patient data
during work before rounds (“prerounds”).

STUDY DESIGN: Fourteen inpatient resident teams (6 general surgery, 8 internal medicine) at two teaching hospitals
participated in a 5-month, prospective, randomized, crossover study. Data collected included num-
ber of patients missed on resident rounds, subjective continuity of care quality and workflow effi-
ciency with and without UWCores, and daily self-reported prerounding and rounding times and
tasks.

RESULTS: UWCores halved the number of patients missed on resident rounds (2.5 versus 5 patients/team/month,
p � 0.0001); residents spent 40% more of their prerounds time seeing patients (p � 0.36); residents
reported better sign-out quality (69.6% agree or strongly agree); and improved continuity of care (66.1%
agreeor strongly agree).UWCoreshalved theportionofprerounding time spenthand-copyingbasicdata
(p � 0.0001); it shortened team rounds by 1.5 minutes/patient (p � 0.0006); and residents reported
finishing their work sooner using UWCores (82.1% agree or strongly agree).

CONCLUSIONS: This system enhances patient care by decreasing patients missed on resident rounds and im-
proving resident-reported quality of sign-out and continuity of care. It decreases by up to 3
hours per week (range 1.5 to 3) the time used by residents to complete rounds; it diverts
prerounding time from recopying data to more productive tasks; and it facilitates meeting the
80-hour work week requirement by helping residents finish their work sooner. ( J Am Coll Surg

2005;200:538–545. © 2005 by the American College of Surgeons)
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n the new era of limited resident work hours, residents
ust transfer care of their patients to cross-covering and

ight float housestaff with increasing frequency.1,2 This
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sign-out” process has historically been an unstructured
vent with great variation in information content.3 Even
efore introduction of the 80-hour work week, inade-
uate communication between resident teams when
anding off patient care duties was cited as a problem.4

actors contributing to this problem include errors in
ommunication and decision making and disruptions to
atient plans.5,6 Consequently, much effort is directed
oward improving patient care continuity.7 At the same
ime, work hour limits increase workflow pressure on
ousestaff and reinforce the need to implement systems
hat reduce rework and redundancy. Faced with these
hallenges, our institution undertook a number of proc-
ss improvements, including development of a comput-

rized rounding and sign-out system, “UWCores.” This
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pplication provides a centralized system for resident
anagement of inpatient team lists and patient infor-
ation used during rounding and sign-out.8 Previously,
e reported that our system was quickly embraced by

npatient housestaff as a popular method for managing
npatient lists and organizing work.8

We felt it important to accurately determine the im-
act of our computerized rounding and sign-out system
n continuity of inpatient care and resident ward work
fficiency before we could recommend a wider applica-
ion of the system. To that end, we carried out a prospec-
ive, randomized, crossover study, in which a total of 161
esidents participated (21% of our resident population),
epresenting two specialties: general surgery and internal
edicine.

ETHODS
ntervention design
he University of Washington Computerized Rounding

nd Sign-Out system, “UWCores,” is a secure applica-
ion that uses the World Wide Web and a database to
eliver information to any authorized user on any
nternet-connected workstation capable of secure au-
hentication and encryption. This includes all hospital
orkstations and most residents’ homes. The system
rovides a centralized computer application where resi-
ents may organize patient lists and enter detailed sign-
ut information and “to do” lists about their patients. It
ermits residents to add patients to other team lists when
ross-covering admitting or consulting duties. It allows
esidents to enter and update their own notes about
iagnoses, problems, allergies, and medications. It pro-
uces sign-out reports and rounding lists that organize
atients by team and reproduces recent vital signs and

aboratory values automatically downloaded from the
ospital clinical information systems. The planning and
esign of UWCores is described in detail elsewhere.8

he goals for this system were to:

. Improve patient care by providing a flexible, centralized
system for resident-entered patient information to en-
hance sign-out communication quality

. Facilitate transition to an 80-hour work week for residents
by organizing patient information and downloading clin-
ical data from hospital information systems to improve
workflow efficiency

. Change the nature of resident tasks—to decrease time
spent recopying patient data to notes and lists, and increase

time spent in direct patient care activities s
tudy design
wo hospitals in the UW Medicine system were selected
or this study: the University of Washington Medical
enter, which is a 450-bed tertiary care university hos-
ital (owned and operated by UW Medicine) and
arborview Medical Center (HMC), which is a 368-

ed Level I adult and pediatric trauma center (owned by
ing County and managed and operated by UW Med-

cine). The system was implemented at both hospitals
imultaneously on June 23, 2003. All inpatient care
eams were invited to use the system for a 6-week run-in
eriod. During that time, residents familiarized them-
elves with the system, and it was modified to better fit
esident team needs. At the end of the run-in period, all
esident-run inpatient internal medicine and general
urgery teams at both hospitals were using the system.
he study population of resident teams was then se-

ected: at University of Washington Medical Center,
our general internal medicine teams, two general sur-
ery teams, and one surgical oncology/vascular surgery
eam; at HMC, four general internal medicine teams,
wo general surgery/trauma teams, and one thoracic
urgery/vascular surgery team. At any one time, these
eams comprised about 30 internal medicine residents,
nd about 22 general surgery residents. Over the course
f the entire study, because of resident rotation sched-
les, a total of 161 residents participated.
A prospective, randomized crossover study design was

sed (Fig. 1). The study period began June 23, 2003,
nd ended November 17, 2003. This time span was
ivided into the 6-week prerandomization run-in period
June 23 to August 5, 2003) and a 14-week randomized
rossover study period (August 6 to November 17,
003). After randomization, half of the study teams re-
ained use of the UWCores system (intervention group),
nd the remaining teams were removed from the system
control group). Teams in the control group returned to
heir previous patient list management systems, which
ay have been individual written lists, cards, or a team-

eveloped computerized spreadsheet. On September 26,
003, the two groups were crossed over by restoring
WCores to those without it, hence converting control

roup teams to intervention group teams, and removing
t from those previously using it, hence converting inter-
ention group teams to control group teams. On No-
ember 17, 2003, the study ended and use of the new

ystem was returned to all residents.
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utcomes measures
t our institution, junior residents perform the majority of
ata-gathering before resident rounds (“prerounds”) and
he bulk of the daily ward work. On internal medicine
ervices, subinterns and PGY1 residents were counted as
unior residents. On general surgical services, subinterns,
GY1 residents, and PGY2 residents were counted as jun-

or residents.

ontinuity of care
arely, a patient is not seen during the course of regular

Figure 1. Algorithm of the Web-based computerized
design. HMC, Harborview Medical Center; UWMC, Univ
esident rounds because the team runs out of time before s
linic, scheduled operations, or teaching conferences—or
ecause a cross-covering team does not inform the primary
eam of an overnight admission. This study measured the
elf-reported number of patients initially missed on AM res-
dent rounds for either of these reasons. Because our resi-
ents report that seeing patients before rounds and discuss-

ng overnight events is very important to continuity of care,
e measured the self-reported amount of time spent at the
edside before rounds by junior residents. Finally, subjec-
ive data were collected about resident assessment of the

ing and sign-out system (UWCores) crossover study
y of Washington Medical Center.
round
ystem’s impact on continuity of care (Table 1).
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orkflow efficiency
o determine the system’s effect on resident workflow effi-
iency, we measured self- and observer-reported time spent
y junior residents during prerounds. In addition, we in-
erviewed junior residents about the nature of their daily
ard work and their subjective impression about the typical

iming of that work. All study group residents were asked to
eport whether they thought the system helped them finish
heir daily ward work sooner (Table 1).

ata collection
his study was approved by the University of Washington
uman Subjects Division. Daily during the randomized

tudy period, the first author telephoned the second-call
esident on each of the 14 participating teams 2 to 4 hours
fter rounds and asked a standard set of questions about
rerounding and rounding events that day.

ontinuity of care
uring the daily after-rounds phone calls, the second-

all resident for each team reported whether and why
ny patients were missed on resident rounds. Patients
issed on resident rounds because they were away from

heir rooms were not counted. Three times during the
tudy, participants were directed by email to complete an
nonymous, 16-question World Wide Web–based sur-
ey, the relevant portions of which are shown in Table 1.
he survey was administered before randomization, at

rossover, and at the end of the study. Using a five-point
ikert scale, respondents evaluated the system’s impact
n continuity of care.

orkflow efficiency
mong the resident self-reported data gathered during

he daily telephone calls was the overall time spent pre-
ounding by the team’s junior residents. Twice during
he study period, junior residents were interviewed
bout ward work. They completed a short questionnaire
n which they itemized the amount of time spent on
arious tasks during prerounds. Junior residents self-
eported the nature and timing of typical ward work
asks that occur both during prerounds and during the
est of the day.

tatistical methods
reliminary statistician input was used to design the study
rms, length of study periods, and type of data to collect.
esidents at our institution continued to rotate among the

ospitals and teams included in this study during our data t
ollection. Our analysis treated the team as the unit of ran-
omization and individual resident performance with and
ithout UWCores cannot be reliably reported.

ontinuity of care
patient was considered “missed” on resident rounds by a

esident team when an overnight admission or transfer by a
ross-covering team was not communicated to the primary
eam in time for rounds, or the team ran out of time on
ounds and had to see the patient later. These are rare
vents, and were compared as a count per team, per month.
he number of patients missed per team, per month dur-

ng resident rounds was compared between intervention
nd control groups using a Poisson regression model. Mean
imes spent seeing patients before rounds were compared
sing a Welch Two Sample t-test. Likert five-point survey
esults for sign-out quality and improved continuity of care
re reported as descriptive data.

orkflow efficiency
f prerounding or rounding times were unobtainable, or
f the team had previously planned to skip the task for

able 1. The World Wide Web–Based Survey Portion Used
or This Study
1. I am associated with this service: general surgery, internal

medicine, other discipline
2. I am a: medical student, resident R1–R2, resident � R2,

attending, other level
3. Yesterday my team used UWCores: yes, no
4. Yesterday I spent this many minutes prerounding (time spent

before rounds editing patient list, gathering patient data): � 15,
16–30, 31–45, 46–60, � 60

5. Yesterday I spent this much time rounding (time spent seeing
patients with team, making decisions about care):
� 30 min, 31–60 min, 61 min–1.5 h, 1.6–2 h, � 2 h

6. My team is more efficient on rounds when we use UWCores.
Strongly disagree, disagree, no change, agree, strongly agree

7. I finish my work sooner when my team uses UWCores. Strongly
disagree, disagree, no change, agree, strongly agree

8. Sign-out quality is better between teams that use UWCores
when compared with teams that do not. Strongly disagree,
disagree, no change, agree, strongly agree

9. Resident-to-resident communication about patients is better
between teams that use UWCores when compared with teams
that do not. Strongly disagree, disagree, no change, agree,
strongly agree

10. Patient continuity of care is better between teams that use
UWCores when compared with teams that do not. Strongly
disagree, disagree, no change, agree, strongly agree

11. Cross-covering residents adhere to patient plans better when
caring for UWCores-using team patients. Strongly disagree,
disagree, no change, agree, strongly agree
hat day (eg, prerounding was canceled because all team
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unior residents had the day off ), those data were re-
orded as “n/a” and ignored during statistical analysis.
ean junior resident prerounding times, mean team

ounding times, and mean times spent hand-copying
ital signs and laboratory values before rounds were
ompared using a Welch Two Sample t-test. Subjective
eporting of the nature and timing of typical ward work
asks and the Likert five-point survey results about resi-
ents finishing work sooner are reported as descriptive
ata.

ESULTS
haracteristics of study groups
he study period was 103 days, and there were 14 resi-
ent teams in the study, for a total of 1,442 telephone
alls. The first author made successful contact and col-
ected prerounding times, rounding times, and patient
olumes in 1,365 of those calls (94.6%). The character-
stics of the study teams by hospital and service are
hown in Table 2.

ontinuity of care
se of UWCores reduced the overall number of patients
issed on resident rounds by half (from 5 to 2.5 patients/

eam/month, p � 0.0001). In addition, the data suggest that
esidents spent 40% more of their prerounding time seeing
nd talking with patients, but the difference was not statisti-
ally significant (p�0.36).Therewasnosignificantdifference
hensurgical residentswerecomparedwithmedical residents.
esident assessment of sign-out quality and continuity of care

mproved over the course of the study. In response to the state-
ent “Sign-out quality is better between teams that use
WCores when compared with teams that do not,” respon-
ents at randomization replied 28.3% no change, 50.0%
gree, and 13.0% strongly agree. After concluding the study,
espondents replied 12.5% no change, 28.6% agree, and
1.1% strongly agree. In response to the statement “Patient
ontinuity of care is better between teams that use UWCores
hen compared with teams that do not,” respondents at ran-
omization replied 23.9% no change, 47.8% agree, and
3.0%strongly agree.After concluding the study, respondents
eplied 16.1% no change, 30.4% agree, and 35.7% strongly
gree.

orkflow efficiency
se of UWCores reduced the mean portion of pre-

ounding time spent hand-copying vital signs and labo-

atory values data from 24% to 12% (p � 0.0001). Use d
f UWCores shortened overall team rounds by 1.5 min-
tes per patient (p � 0.0006). Again, no significant
ifference between surgical and medical residents was
resent. Because 8,018 patients were rounded on by the
ntervention group (Table 2), that group saved 200
ours from rounds alone during this 103-day study. At
arborview Medical Center, the average general surgery

ensus was 23 patients during this study; surgical resi-
ents in the study group there each saved 4 hours per
eek from rounds alone. Subjectively, residents reported

n their surveys an average time savings of 45 minutes
er day for junior residents and 30 minutes per day for
enior residents. In addition, residents reported a trend
oward completing more ward work tasks earlier in the
ay when UWCores was used (Table 3). The majority
f residents reported finishing their work sooner with
WCores compared with those without it (82.1% agree

r strongly agree).

ISCUSSION
ince its inception, UWCores has quickly become
ccepted by resident and attending physicians.8 This
rospective, randomized, crossover study measured
he impact of this new tool on continuity of patient
are and resident workflow efficiency. We demon-
trated that our computerized system for rounding
nd sign-out improves continuity of care by decreas-
ng patients missed on resident rounds, by increasing
he portion of prerounding time spent directly at the
edside, and by improving resident-reported quality
f sign-out. We demonstrated that the system im-
roves workflow efficiency by reducing the amount of
rerounding time spent recopying data, by decreasing
he amount of time needed to complete rounds, and
y helping residents finish their work sooner. In ad-
ition, we discovered some unanticipated effects of
ur system from numerous subjective reports ob-
ained during data collection. The most common re-
orts concerned changes to the nature and timing of
esident tasks, and improvements to the flow of
ounds by eliminating backtracking.

ontinuity of care
n important finding of this investigation is the beneficial

mpact of a computerized rounding and sign-out system on
he number of patients initially missed during resident
ork rounds. We found that patients were missed on resi-

ent work rounds when resident teams had not been told of
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n overnight admission by cross-cover, or when a team ran
ut of time and had to see and discuss the patient infor-
ally later. Our system decreases this event in two ways: by

mproving communication and by streamlining rounds.
ommunication is improved by enabling cross-covering

esidents in the emergency department to quickly and eas-
ly add new admissions directly to the primary service’s
eam list.This way, incoming teams the following morning
eed to rely less on residents remembering to communicate
vernight admit events. Instead, new admits are already on
ach team’s rounding list for the morning.This can prompt
ncoming residents to seek out the overnight team to dis-
uss the admission in more detail. Rounds are streamlined
y automatically organizing each team’s rounding list by
atient room number, and providing the residents’ notes
bout diagnoses, problems, and plans on that same sheet,
ogether with recent basic clinical data. This centralization
f sign-out information and provision of selected clinical
ata in sign-out has been shown to reduce preventable ad-
erse events in a case-control study of another computer-
zed sign-out system.9 Here, we show both subjective and
bjective improvement in continuity of care. As the study
rogressed, resident users increasingly attributed improved
verall sign-out quality to our computerized system. This
bservation supports a previous small study that found im-
lementation of computerized sign-out increased the per-
entage of residents who felt they received the components
f sign-out they considered important from 14% to

able 2. Characteristics of the Study Population

Characteristics Both hospitals

o. of teams 14
Medicine 8
Surgery 6
o. of patients rounded on 15,587
Medicine 6,567
Surgery 9,020

verage daily team census 11
Medicine 8
Surgery 16

Both groups

o. of patients rounded on 15,587
Medicine 6,567
Surgery 9,020

verage daily team census 11
Medicine 8
Surgery 16
00%.10
orkflow efficiency
ime savings is of particular concern among residency
rograms now that housestaff are limited to an 80-hour
ork week. We measured a time savings on rounds of 1.5
inutes per patient. This modest daily time savings be-

omes important on busy surgical services, where the
aily patient census may sometimes stay at 30 patients
or a week. For those services, efficiency becomes vital
nd UWCores can save 5 hours per week for each resi-
ent. The discrepancy between observed time savings
nd survey-reported subjective time savings is likely re-

arborview Medical Center
University of Washington

Medical Center

7 7
4 4
3 3

10,224 5,363
3,652 2,915
6,572 2,448

15 8
9 7

23 8
Using UWCores Not using UWCores

8,018 7,569
3,393 3,174
4,625 4,395

12 11
9 8

16 16

able 3. Resident-Reported Subjective Timing of Ward
ork Tasks

Without UWCores With UWCores

rerounding time Update list Update list
2 Copy data

Copy data See patients
2 2
2 Write progress notes

See patients Review medications
ounds occur See patients Review medications

Write progress notes Review test results
fter rounds Review medications Review consult

notes
Review test results Call consults
Review consult notes Order studies
Call consults Organize discharges
Order studies
H

Organize discharges
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ated to our findings that residents spent nearly the same
mount of time prerounding as before, but reported
inishing more tasks in that time, and finishing their
ay’s work sooner. We did not assess the time of day
hen residents felt they had finished their work, which
ould have perhaps offered a complex but valuable out-

ome measure.
Previous investigations of computerized methods for
anaging inpatient sign-out information have primarily

valuated usability and design.11,12 Studies that evaluate
ontinuity of care or time factors involved in computer-
zed rounding or sign-out tools are rare. One evaluation
f electronic sign-out systems and workflow reported
hat use of a hand-held computer for managing a ward
ounding list and sign-out information was considered
ime-neutral by users, but timing of ward work tasks was
ot evaluated.13

nanticipated effects
n important finding of our study is a change in the
ature of tasks undertaken before rounds (Table 3). We
xpected a substantial decrease in amount of time spent
rerounding by junior residents because UWCores
ould eliminate time spent hand-copying vital signs and

aboratory values before rounds. Despite shortening
hose recopying tasks, there was no overall reduction in
otal prerounding time. Instead, residents reported shift-
ng this time savings to other patient care tasks. The
argest shift occurred on the internal medicine services,
here junior residents reported that the system enabled

hem to spend more time seeing patients before rounds,
nd to nearly complete their daily progress notes. That
hift was smaller among the surgical group, possibly be-
ause the patient-fluid input and output data reported
y our system was limited to total values at the time of
he study, and surgical residents still needed to hand-
opy more detailed values; surgical resident workflow on
any services include examining the patient as a team

n rounds, rather than by the junior resident before-
and; and surgical residents usually created their
rogress notes entirely during rounds on many services
nd that practice changed little with introduction of
WCores. The largest benefit to the surgical services
as the ability to centralize a patient list that automati-

ally sorts patients by location on printed reports. Al-
hough our study did not measure this effect, residents
eported a noticeable improvement in rounding work-

low as a result of reduced backtracking through the s
ards and other difficulties in locating patients from
and-maintained patient lists.

tudy limitations
here are a number of potential limitations with this

tudy. Residents in the control group may have had
rtificially longer prerounding times if it took longer
han 1 day to convert back to an older method of
atient-list management and recreate manual patient

ists. We mitigated this effect by providing copies of
lder list systems to study teams in the days before
andomization and crossover. This study relies heavily
n estimates of junior resident prerounding time as
eported by colleagues who were likely to be offering
best-guess estimate much of the time. This should

mpact differences between groups little, because the
umber of observations is large and estimating is

ikely to be similar in both arms. The proc-
ss of gathering detailed information about how resi-
ents collect, manage, and share patient data may
ave brought unusual scrutiny to areas of patient care
ontinuity and ward work efficiency. Such focus may
ave had, by itself, an independent effect on continu-

ty efforts by residents and on workflow efficiency.
gain, this effect should be shared across both arms of

he study and impact our measured differences little.
n addition, the study was tightly administered over a
hort period of time to decrease data collection errors;
t was carefully administered by the first author, who
ersonally contacted each study participant to obtain
hese data. Finally, the unit of randomization was
eams, not individual residents, because of the team-
riented nature of both inpatient care and the UW-
ores system. This meant that it was not possible to

ontrol exposure of individual residents to UWCores
n the control or intervention groups, or before and
fter crossover.

Many residents reported after the study that they had
ecretly maintained lists in UWCores at the time they
ere in the control group and supposed to be using other
ethods. Although these residents did not benefit from

eam use of UWCores, they could have used the system’s
utomated data collection and note template features
nappropriately when in the control arm. This would

ean that the magnitude of difference in observed times
etween the two arms is actually greater than reported
ere, and it is a testament to the perceived value of the

ystem among the housestaff.
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Finally, the general applicability of our results relies
n availability of an institutional source of computerized
atient data, which may not be available at all teaching
ospitals. It is worth noting that these data are of distinct
ategories, such as census, laboratory results, and clinical
bservations, and that the value of each category appears
o be independent of the others. The most basic features
avored by housestaff—a centralized patient list and
haring of resident-entered data among users and
rinted report types—could be implemented in the ab-
ence of any electronically available data.

In conclusion, an increasing body of knowledge suggests
hat longstanding, traditional methods of gathering patient
ata, organizing it, and communicating it among primary
eam members and cross-covering physicians may not sup-
ort high patient care standards in a health-care system
ith increasing patient complexity, shorter work hours,

nd increased distribution of care. Using the widespread
upport for this project from the School of Medicine, hos-
ital administration, faculty, and housestaff, we developed
tool that uses modern techniques to address a new chal-

enge of modern medical care. Although systems like UW-
ores cannot replace an interactive sign-out conversation

mong care providers, they can assist clinicians by support-
ng improved information organization and detail. This
rospective, randomized, crossover study showed that a
ell-designed computerized system for rounding and sign-
ut enhances patient care by decreasing patients missed on
esident rounds, by increasing time spent directly at the
edside, and improving resident-reported quality of sign-
ut and continuity of care. It decreases time spent by resi-
ents hand-copying data during prerounds and helps them
inish their work sooner, and so it facilitates meeting the
0-hour work week requirement and allowing residents to
se this time for more direct and effective patient care.
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