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Abstract Objective: To facilitate patient handoffs between physicians, the computerized patient handoff
tool (PHT) extracts information from the electronic health record to populate a form that is printed and given to
the cross-cover physician. Objectives were to: (1) evaluate the rate at which data elements of interest were
extracted from the electronic health record into the PHT, (2) assess the frequency for needing information beyond
that contained in the PHT and where obtained, (3) assess physician’s perceptions of the PHT, (4) identify

opportunities for improvement.

Design: Observational study.

Measurements: This multi-method study included content coding of PHT forms, end of shift surveys of cross-
cover resident physicians, and semi-structured interviews to identify opportunities for improvement. Thirty-five
of 42 internal medicine resident physicians participated. Measures included: 1264 PHT forms coded for type of
information, 63 end-of-shift surveys of cross-cover residents (residents could participate 2 times), and 18

semi-structured interviews.

Results: For objective 1, patient identifiers and medications were reliably extracted (>98%). Other types of
information—allergies and code status—were more variable (<50%). For objective 2, nearly a quarter of
respondents required information from physician notes not available in the PHT. For objective 3, respondents
found that the PHT supported handoffs but indicated that it often excluded the assessment and plan. For objective

4, residents suggested including treatment plans.

Conclusions: The PHT reliably extracts information from the electronic health record. Respondents found the PHT
to be suitable, although opportunities for improvement were identified.

® ] Am Med Inform Assoc. 2009;16:509-515. DOI 10.1197 /jamia.M2892.

Introduction

According to the Institute of Medicine, up to 98,000 patients die
and another 15 million are harmed in United States hospitals
annually due to medical errors.’ Root cause analysis of re-
ported sentinel events from 1994 to 2004 reveals that two-thirds
of the errors were due to communication failures.> One area of
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risk for communication failures is during “handoffs”, when a
patient’s care is transferred from one provider to another. For
example, while caring for inpatients, resident physicians par-
ticipate in handoffs as they transfer patient care to a cross-cover
resident. Typically, the primary resident cares for patients
during the day and a cross-cover resident assumes care at
night. Even though patient handoffs are critical to ensuring
knowledge transfer, they are often unstructured and haphaz-
ard; therefore, the information transmitted to the on-call pro-
vider varies considerably.’

The hazards of patient care transfers have been empiri-
cally documented in inpatient settings. In a matched
case-control study of an inpatient service, the likelihood
of preventable adverse events was significantly higher
under the care of a cross-covering physician than under
the admitting care team.* Similarly, patients admitted to
the hospital by a cross-covering physician (rather than
primary physician) had longer inpatient stays and more
laboratory tests.”

Improving and standardizing information transfer between
physicians may reduce susceptibility to communication
failures. Findings from interviews with twenty-six interns
suggest that the preferred approach to handoffs is a combi-
nation of thorough face-to-face verbal handoffs that include
discussion of anticipated issues with written handoffs that
contain accurate and updated patient content, such as code
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status and anticipated medical issues.® The Joint Commis-
sion included implementing standardized patient handoff
procedures as one of its National Patient Safety Goals in
2006 and 2007. It specified that information transmitted
during handoffs should include up-to-date data about care,
treatment, services, condition, and recent or anticipated
changes. It also specified that handoffs be interactive, with
minimal interruptions, so the receiver can review and verify
patient information, and ask questions.”

One electronic tool developed at the University of Washing-
ton—“UWCores”—has improved continuity of care and
decreased length of time to prepare handoffs. UWCores uses
the World Wide Web and consequently is accessible in the
hospital as well as on personal Internet-connected comput-
ers. The tool allows residents to organize patient lists based
on cross-cover assignments and automatically downloads
patient data as part of the handoff form that is transferred to
on-call residents.® Another study testing a computerized
handoff program reduced patient adverse events.’

Clinicians at the Indianapolis Veterans Affairs (VA) Medical
Center use a computerized patient handoff tool (PHT).'*'!
Similar to UWCores, this PHT generates a paper form after
automatically extracting patient data from the VA’s comput-
erized patient record system (CPRS). The VHA developed
this electronic medical record system (EMR) to enable clini-
cians to review and analyze patient clinical data, order
laboratory tests and medications, document care, review
radiology and other data and support clinical decision-
making. The PHT is an application that displays a defined list
of fields in EMR which extracts the most recent information
available in the patient record. The information in the EMR
comes from a variety of sources (active medications and code
status are extracted from physician orders; allergy data are
entered by the pharmacy). The resident physician typically
completes a free text physician note (i.e., daily progress note) in
the EMR after completing rounds, although attending physi-
cians, specialist physicians, nurses, or other care providers can
also write and sign a physician note. The physician note may
contain an assessment of the patient’s presentation, an active
problem list, past medical history, venous/instrumentation
access, laboratory data, tests, short-term concerns, long-term
plan, and psychosocial concerns.

Typically, at the end of the day after completing physician
notes, the outgoing physician prints a PHT paper form for each
patient and gives these documents to the incoming physician
covering the night shift. Physicians generally have a brief
face-to-face conversation about patients as well.

At the time of this study, the structured PHT paper form
included patient name, age, sex, Social Security number,
hospital location, medicine team assignment, allergies, and
active medications (see Fig 1 for PHT form). Some PHT
forms included the assessment and plan from the physician
note and/or information that the physician entered into an
available text box for additional notes. The assessment and
plan from the transferring physician’s most recent note was
included at the bottom, when certain terms (e.g., “assess-
ment”, “plan”) were included in the text. The PHT included
a text box for the outgoing physician to incorporate other
key patient information, such as anticipated problems and
follow-up tasks (these notes are not saved in the EMR), that
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printed out on the PHT paper form. Content in physician
notes and PHT text box did not follow a standard format,
which introduced some variability to the information that
was transferred.

While our research team was not involved in designing the
PHT, we sought to formally evaluate, modify, and improve
it. We had four study objectives: (1) evaluate the rate at
which data elements of interest were extracted from the
electronic health record into the PHT, (2) assess the fre-
quency of needing information beyond what was contained
in the PHT and where it was obtained, (3) assess physicians’
perceptions of the PHT, and (4) identify opportunities to
improve the design of the PHT.

We designed a multimethod study, incorporating both
quantitative and qualitative approaches. We collected three
types of data. First, for Objective 1, information contained in
the PHT forms was coded into categories (including coding
the most recent physician note). Second, for Objective 2,
cross-cover residents were surveyed at the end of their shift
about information omitted from the handoff. Third, for
objectives 3 and 4, semi-structured interviews were con-
ducted to assess perceptions of the PHT and identify other
improvement opportunities.

Sample

The research was conducted with internal medicine resident
physicians at the Indianapolis VA Medical Center. Eligible
residents were first year house staff officers completing month-
long rotations either on an internal medicine inpatient ward or
in the medical intensive care unit. Residents completed surveys
either once or twice during their rotation (after a 4 PM—7aM
cross-cover shift) and had the option to participate in a semi-
structured interview. For each month of the study (Apr 2006 to
Jun 2006), 14 residents were eligible to participate (4 of whom
were working in the medical intensive care unit), resulting in a
potential sample of 42 subjects.

Procedure

During a monthly orientation session for residents begin-
ning service at the Indianapolis VA Medical Center, the
researcher explained the purpose of the study and invited
residents to participate. If willing, residents completed the
consent form at orientation. The researcher then contacted
participants at the end of cross-cover shifts to collect PHT
forms and administer the postcall survey. Residents were
asked to participate after their second cross-cover shift to
ensure that they had some experience with the PHT. The
researcher also invited participants to be interviewed
about the PHT. The researcher opportunistically selected
residents based on their availability to participate in the
interviews (i.e., residents were in the team room and had
time to answer questions). These interviews took place in
the last week of their month on-service. The study was
approved by the Indiana University Institutional Review
Board and Indianapolis VA Medical Center Research
Committee.

PHT coding. To address Objective 1, the information con-
tained in PHT forms was coded using a structured coding
algorithm. A physician trained the researcher to use the
coding algorithm.
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We recorded whether the most recent physician note was
extracted from the EMR. For the physician note to be
extracted, it had to be written in the patient’s record and
include specific note titles (i.e., “assessment”, “plan”). Infor-
mation in the PHT forms was coded into 22 categories (see
Table 1 for the complete list of categories). These categories
came directly from the Solet et al recommendations for handoff
content."" Nine of the categories pertained to the assessment
and plan from the physician note. For each category, the
information was coded as either present or absent.

To compute interrater reliability, 15 forms were randomly
selected from the first 80 PHT forms and were independently
coded by both the physician and the researcher after clarifica-
tion of the codes by the researcher. The coding between the two
reviewers was consistent (interrater reliability k = 0.92). The
researcher completed all remaining coding.

Post-call survey. To address Objective 2, we developed a
postcall survey, including both open- and closed-ended
questions, to assess how busy residents were during the
cross-cover shift, whether unanticipated patient events oc-
curred, whether there was other information, if communi-
cated during the handoff, that would have been useful for
patient care, and where they sought patient information
when it was not included in the handoff. The survey was
reviewed for clarity by several researchers and physicians
and then revised. Residents responded to “Was there infor-

mation that would have been useful that you did not receive
during sign-out to prepare you for caring for your patients
last night?” if yes, respondents indicated which information
source was most useful in obtaining the information re-
quired to handle the patient’s care (e.g., physician note,
phone call to fellow, laboratory data). Residents could select
more than one source of information that they found help-
ful. All postcall survey items are listed in Table 2.

Semi-structured interviews. To address Objectives 3 and 4, a
researcher conducted semi-structured interviews with resi-
dents to assess perceptions (e.g., satisfaction, ease of use) of
the PHT and identify other potential ways to improve the
PHT.'? These interviews were conducted in team rooms,
which are semiprivate and allow limited interruptions.

The semi-structured nature of the interviews allowed two-
way communication and follow-up questions to further
clarify answers. The interviewer asked residents to think of
a recent patient under their care and describe how the PHT
might have been used more effectively for that patient. As
part of this scenario-based discussion, the interviewer also
asked “What information, if any, turned out to be critical to
know at the beginning of the shift for this patient?” other
questions included the following: “in thinking about a typical
patient, how has the Patient Handoff tool not worked for
certain patients?” and “Are there changes that you would like
to see made to the changeover list?” The interview questions
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Table 1 » Coding Categories for the Patient Handoff
Tool (PHT) Paper Forms and Percentage of PHT
Paper Forms Containing each Category of Patient
Information (n = 1216)

%

PHT Coding Category

1. Provider name 91
2. Team name/ color 100
3. Provider pager Number 75
4. Patient name 100
5. Patient age 100
6. Patient sex 100
7. Patient race 31
8. Patient location 99
9. Patient social security Number 100
10. Active medication list 99
11. Allergies 45
12. Code Status 25
13. Admission date 0.01

Coding categories for extracted physician note
14. Assessment of the patient’s presentation (e.g., reason 7
for hospitalization, clinical judgment)
15. Active problem list 92
16. Past medical history (Long term illnesses, e.g., 84
hypertension, CHF, DM, COPD, CKD, cirrhosis,
hyper/hypothyroidism, CAD)

17. Venous/instrumentation access 3
18. Pertinent Laboratory data 62
19. Tests 49
20. Short-term concerns (e.g., concerns for the next 18— 93
24 hours and a recommended course of action, “to
do” lists)
21. Long-term plan (e.g., “patient may leave this 20

afternoon if he has a ride” or “discharge to nursing
home” or “how many days expected to be
hospitalized”)

22. Psychosocial concerns (e.g., which family members 10
are present)

CHF = congestive heart failure; DM = diabetes mellitus; COPD =
congestive obstructive pulmonary disease; CKD = chronic kidney
disease; CAD = coronary artery disease.

Note: for each category, the information was coded as either
present' or absent (0).

are shown in Table 3. The interviews were brief (lasting 5-10
min). They were tape-recoded and transcribed.

Data Analysis

To address objectives 1 and 2, descriptive statistics for PHT
coding and survey data were calculated. As another compo-
nent to address Objective 2, a generalized estimating equa-
tions (GEE) approach was used to determine which PHT
categories related to the dependent variable—resident re-
ports of searching for patient information (not contained in
the handoff) during the cross-cover shift. The dependent
variable was dichotomous (0 = did not report missing
patient information, 1 = did report missing patient informa-
tion). Independent variables included nine categories coded
from the PHT forms pertaining to the physician note along
with the presence or absence of allergies and code status.
The other categories were not included either because they
were nearly always present or were not expected to influence
information gathering (i.e., patient race). Additionally, the
number of patients under the resident’s care during the shift
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was included as a covariate. The GEE methodology, an exten-
sion of generalized linear models, is an important approach
when analyzing correlated data. The GEE methodology calcu-
lates parameters and standard errors with consideration to
within cluster variability rather than to only between group
variation.”® In the present study, multiple PHT forms were
gathered per resident, resulting in a clustered (or correlated)
data structure. Alpha was set at 0.05. Statistical analyses were
conducted using SAS version 9.1 (Cary, NC).

For objectives 3 and 4, we conducted qualitative analysis of
the interview data using a process tracing analysis.'* Two
coders independently reviewed the transcripts and coded
the data for themes. For objective 3, we coded statements
bearing on satisfaction and problems encountered with the
PHT. We also coded information about residents” percep-
tions of the PHT (e.g., easy to use). For Objective 4, we coded
information that residents mentioned as important in a
handoff or ways to improve the current PHT. Any areas of
disagreement were discussed and consensus reached.

Results

Sixty-three surveys were completed by 35 (83% response
rate) internal medicine residents. Of the seven residents who
were not included in the study, one refused and the others
provided incomplete data (because they did not have time
to participate). Participants cared for an average of 18 patients
per cross-cover shift (range = 7 to 36). During the study
period, 1264 handoff forms were collected and coded. Of
those, 1216 were generated by the PHT and were included in
the analysis. Finally, we invited 18 residents to participate in
semi-structured interviews; all 18 agreed to complete semi-
structured interviews about their experiences with the PHT.

Objective (1) Information Contained in Patient
Handoff Tool Forms

Over 90% of PHT forms included the following information:
patient identifiers, patient demographics, ward location, cur-
rent medication list, problem list, and short-term concerns.
Fewer than half of the PHT forms included patient race,
allergies, code status, IV access, laboratory test results, long-
term plan, and psychosocial concerns (Table 1).

Of the PHT forms, 70% contained the assessment and plan
from the most recent physician note. The PHT forms that
contained the assessment and plan more frequently included
the following: assessment, problem list, past medication his-
tory, IV access, laboratory data, tests, and short-term concerns.

Objective (2) Omitted Information in Handoff
Survey results indicated that about a fourth of the time (14 of
63 surveys) residents reported needing additional informa-
tion that they did not receive during the handoff. Residents
reported that they typically sought information contained in
the patient’s chart or on the computer. For those indicating
that they sought information in the patient’s chart, 88%
reported referring to the resident progress note. For those
seeking information on the computer, 97% reported using
CPRS. For those cases in which either the resident progress
note or CPRS was used to obtain information (36 of 63
surveys), 24 accessed both.

We tested which content in the PHT forms was related to
needing additional information that was not received during
the handoff (Table 4). When the patient assessment, code
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Table 2 m Means and SD and Percentages for Postcall Survey Questions (1 = 63 Observations [made

on 35 Residents])

Mean
Survey Question (SD) or %
How would you rate your call last night? 1 = slow, 5 = busy 3.0(1.2)
How many patients were you responsible for caring for when you started call? 19.1 (6.9)
How many patients did you admit while you were on call? 2.9 (1.4)
How many patients did you transfer to the MICU while you were on call? (internal medicine service only, not MICU service) 0.1 (0.5)
How many hours did you sleep during your call shift last night? 3.5(1.4)
Did anything happen with your patients while you were on call that you were not adequately prepared for after sign-out? 36.5
(yes)
Was there information that would have been useful that you did not receive during sign-out to prepare you for caring for 22,6
your patients last night? (yes)
If responded “yes” to one of the two prior questions
Should this situation have been anticipated and discussed during sign-out? (yes) 40.0
Had you previously cared for this patient? (yes) 214
Did you write a cross cover note (not a daily progress note) about this situation in the chart? (yes) 39.3
Which information source was most useful in getting the information you required to handle this situation?
Chart 50.8
phone call 12.7
computer 49.2
other 23.8
Overall, how would you rate the sign-out you received at the beginning of your call night? 1 = inadequate, 5 = adequate 4.2 (0.8)

status, relevant laboratory data, and short-term concerns were
included in the PHT form, residents were less likely to report
missing information in the handoff. In contrast, inclusion of the
problem list was positively related to missing information. This
latter finding seems counter-intuitive but may be due to a
relationship between the problem list and acuity. That is, a
patient with a problem list included in the physician note is
likely highly complex or in an unstable condition.

Objective (3) Resident Perceptions of the Patient
Handoff Tool

During the interviews, residents provided preferences for
content to be contained in the PHT. Twelve residents indicated

Table 3 w Questions used in Semi-Structured
Interviews with Residents

Questions

Please think of one recent patient and describe how the
changeover list was used for that patient.

What information, if any, turned out to be critical to know at the
beginning of the shift for this patient?

Was this information available in the changeover list? Given
verbally? Or did you find the information somewhere else?

What's the typical routine for patient hand offs?

In thinking about a typical patient, how has the patient handoff
tool not worked for certain patients (i.e., with certain conditions
or needs)?

Are there changes that you would like to see made to the
changeover list? Does the tool have all useful information?
What could be added to further its usability?

Please describe how the changeover list is useful for delivering
care.

Can wrong information be added to the list either by copying and
pasting or just human error? How do you check to ensure it’s
all correct?

What part of the tool is updated automatically? Are there
redundancies?

As far as face-to-face contact is concerned with the tool, does this
part happen all the time? What do you do when you cannot
speak directly to the previous doctor?

that they valued having the patient medication list as part of
the PHT form; and, 10 residents indicated they valued the
assessment and plan from the most recent physician note
included in the PHT form. When the assessment and plan were
not included, residents reported having a harder time under-
standing the plan for a patient. Additionally, residents indi-
cated a preference for receiving a list of anticipated problems
and recommendations for treatment (“if-then” list).

Another issue that surfaced was how residents communi-
cated the information on the PHTSs to one another. Residents
emphasized the importance of having a face-to-face conver-
sation about patients as part of the handoff. However, they
noted that face-to-face conversations did not occur as part of
all handoffs due to competing demands (e.g., missing out-
going resident while in clinic).

Objective (4) Suggested Improvements for the
Patient Handoff Tool

Residents identified several possibilities for improving the
PHT. The primary suggestion was that PHT forms be
organized by patient location (i.e., ward patients grouped
together), which was mentioned by 8 of 18 residents. Addi-
tionally, residents tended to find the entire set of PHT forms
(usually one patient per page) rather bulky and cumbersome
to carry. Based on these concerns the PHT was revised so
that patient lists could be organized by unit, and an export
function was added that allows the patient information to be
displayed in a Microsoft Excel spreadsheet.

Discussion

Our Facility’s PHT captures consistent domains of informa-
tion to help resident physicians during cross-cover shifts.
The PHT has gained wide acceptance among internal med-
icine residents at this facility as a reliable method for
transferring patient information. We found that the PHT
form’s structure and content were consistent with others’
recommendations. Specifically, including a problem list and
if-then list that is up to date is important in a handoff.'® Also,
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Table 4 m Parameter Estimates from Generalized
Estimating Equations Model Predicting Missing
Information in Handoff from Information Categories

Parameter Standard

Variable Estimate Error p Value
Intercept —0.20 0.18 0.25
Number PHT forms 0.02 0.01 0.02
Assessment —0.10 0.05 0.06
Problem List 0.31 0.07 < 0.0001
Code Status -0.09 0.05 0.07
Laboratory data —0.04 0.02 0.06
Short-term concerns —0.14 0.07 0.04

PHT = patient handoff tool.
Note: the dependent variable is coded as 0 = did not report missing
patient information, 1 = did report missing patient information.

a standard form reduces some of the variability in informa-
tion transfer during handoffs.®

We found that even using a standardized tool, the content
was often different from one PHT form to another. This
difference in the content contained in the PHT forms was
particularly pronounced when the physician note was not
automatically included. We attribute this difference in con-
tent across PHT forms to be the result of limitations to the
data sources (physician note missing key terms—“assess-
ment” and “plan”) rather than a limitation to the PHT.
Additionally, handoffs varied depending upon whether
verbal communication was part of the handoff process. Due
to competing demands at the end of shifts, residents were
not always able to have face-to-face conversations. Residents
indicated during the interviews that face-to-face conversa-
tions are important for communicating issues that might
arise during the cross-cover shift. This information is not as
clearly communicated in the PHT forms. The Joint Commis-
sion guidelines and a prior study of effective handoff
strategies both highlight the importance of face-to-face con-
versations for effective information transfer.”'® Although
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the present study focused primarily on the written portion
of handoffs, face-to-face communication is equally impor-
tant for conveying key information. Future research should
examine how content is communicated verbally and non-
verbally during handoffs.

Residents suggested improvements for creating more reli-
able and effective handoffs. They emphasized that the best
handoffs included a current medication list, assessment and
plan, patient identification, and code status. Additionally,
they suggested that including anticipated problems for
patients along with an if-then recommendation would help
them during cross-cover shifts. For example, in an analysis
of handoffs in high consequence settings (i.e., aviation,
nuclear power sites), including a contingency plan was a key
aspect of handoffs.'® Furthermore, similar to recommenda-
tions in the literature, residents suggested the addition of
“tasks to be done” to handoffs.'®> Residents in our study
emphasized that having shift tasks would help them to
provide better patient care. We have since revised the PHT
based on these findings (see Figs 2 and 3).

Strengths and Limitations of the Study

To our knowledge, this study is one of the first evaluations of an
electronic tool used in handoffs. Use of a multimethod design is a
key strength of the present study, providing complementary
information about the PHT. We learned how the tool is typically
used through semi-structured interviews, identified what infor-
mation was contained in the PHT forms, and collected survey
data about characteristics of the cross-cover shift.

One important limitation was that we did not ask residents
to identify which patients had missing information. Future
studies would benefit from linking processes of care with
patients for which additional information was needed. The
handoff for these patients could then be compared to
handoffs for patients not requiring additional information.
Another potential limitation is that the participants came
from one internal medicine residency program; therefore,
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the experiences with the PHT may not generalize to other
settings and may be idiosyncratic to the setting.

A final limitation to this study is that we did not evaluate
physician’s satisfaction with data entry into the EMR which
could influence the quality of information that was available
in the patient record to be extracted by the PHT. A future 3
study could broaden the scope of evaluating the PHT to also
consider the influence of the EMR data input on the PHT.

Conclusions 9
Ensuring optimal handoffs may improve patient care by
preventing communication errors. We found that a stan-
dardized handoff tool contained valuable information and

was highly accepted by residents. Residency programs and 10.

health care systems should incorporate training for effective
handoffs using a standardized tool. The PHT, marked for
dissemination to other VA medical centers, has considerable
potential for improving safety.
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