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ABSTRACT

Documentation at the bedside is still often initiated on paper before being entered in electronic charts, even af-
ter implementing electronic health records (EHRs). This 2-step process is time-consuming, a potential source of
error, and hinders the use of real-time information. We developed the “Bedside mobility” smartphone applica-
tion to facilitate bedside documentation in the EHR.

Objective: This study aims to evaluate the impact of our app in 2 wards of a teaching hospital with a pre-post
design.

Materials and methods: The duration and location of all documentation activities were recorded using a time
motion study.

Results: Using the app significantly decreased the duration of EHR documentation per hour of observation by
4.10 min (P = 0.003), while the time spent interacting with patient increased by 1.45 min although not signifi-
cantly. Also, in the intervention period, the average duration of uninterrupted documentation episodes in-
creased by 0.27 min (P = 0.16) and the uninterrupted interaction with patient increased by 8.50 min (P = 0.027).
Discussion: By reducing the fragmentation of documentation workflow, decreasing the overall EHR documenta-
tion time and allowing nurses to spend more time with their patients, app use led to potential higher quality of
care and higher patient satisfaction and may help maintain a smoother workflow.

Conclusion: Our mobile app has the potential to positively impact bedside nurses’ clinical workflow and docu-
mentation, as well as patient-provider communication and relationship.

Key words: mHealth, nursing, time motion study

INTRODUCTION

Patient care by nursing teams is a key component for patient man-
agement in the hospital.! Nurses provide many types of care inter-
ventions, which range from administering medication, checking
vital signs, changing bandages to providing patient support and edu-
cation. While each healthcare system may have different practices,
a daily list of nursing tasks is planned for each patient, based on
the nurses’ care interventions and the doctors’ prescriptions.> The

current practice in our hospital is for nurses to print out the daily
task list for each patient at each shift.

Although these paper-based supports help guide the bedside ac-
tivities, they also raise some concerns. These print-outs are snap-
shots of patient interventions at a given point of time: any tasks
added after printing is written in by hand, and may be missed. After
completing the interventions, nurses log into the patients’ electronic
health records (EHRs) to document their actions and observations.
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LAY SUMMARY

In hospitals, documentation at the bedside is still often initiated by nurses on paper before being entered in electronic
charts. This 2-step process is time-consuming, a potential source of error, and hinders the use of real-time information. We
developed the “Bedside mobility” smartphone application to facilitate bedside documentation. This study aims to evaluate
the impact of our app in terms of documentation duration. To this end, observations were conducted in 2 wards of a teach-
ing hospital before and after the introduction of the app. Results show that using the app significantly decreased the time
spent by care-providers on documentation by 4.10 min per hour of observation. Also, the time spent interacting with
patients increased by 1.45 min. After implementing the app, the duration of uninterrupted documentation episodes increase
of 0.27 min as well as the uninterrupted interactions with patient by 8.50 min, suggesting that the app may help maintain a
smoother workflow. By reducing the fragmentation of the documentation process, decreasing the overall EHR documenta-
tion time and allowing nurses to spend more time with their patients, app use lead to a potentially higher quality of care

and higher patient satisfaction, as well as improving patient-provider communication and relationship.

Paper-based supports are sometimes used to jot down quick notes of
clinical data (ie, vital signs) before entering them into the EHR.
Paper-based supports may therefore create an additional step in clin-
ical documentation, and bear the risk of potential transcription
errors. It also creates a delay in the availability of collected data
within the EHR. Furthermore, print-outs do not provide an easy ac-
cess to detailed patient information as they are limited in their
searchability and presentation of information. In addition to all
these concerns, the institution’s desire to be more environmentally
friendly also motivated the development of alternative solutions to
improve the bedside patient care process.

One viable solution is to implement a mobile application. Mo-
bile devices provide many new opportunities and tools for patient
care.>* An EHR-connected application, for example, can provide
the needed task list at timely moments, with real-time documenta-
tion. Also, entering data directly on the device could reduce poten-
tial transcriptions errors as well as delays in the availability of
collected data.® Having access to elements in the EHR can help
nurses respond to patient questions more readily, and could further
empower patients by receiving timely and accurate information
whenever needed. Therefore, we developed a mobile application for
bedside nurses to decrease the amount of their time spent on chart
updates and to increase the quality of care. The feasibility, accept-
ability, and satisfaction results for the app were positive and have
been reported elsewhere in detail.!

App description
Our team developed a mobile application (“the app” hereafter) for
nurses connected to the local EHR using a participatory design ap-
proach.

Functionalities were chosen from an initial needs assessment and
were designed with iterative testing by nursing staff. These are:

* A rapid access to patient charts by scanning a QR code on the
patients’ hospital bracelets in accordance with our hospital’s pa-
tient safety policy.

* Presentation of administrative data (identity, age, length of hos-
pital stay) and clinical data from the current hospitalization,
such as comorbidities and daily nursing objectives. These compo-
nents provide support for the handoff process.

* Nursing tasks that are sorted in chronological order for each pa-
tient, starting at the current time of app use. Similar activities
(multiple medications, for example) are grouped together for eas-
ier readability.

* Tasks that are validated with a single swipe motion, and that can
be modified, delayed or repeated. These functions are often used
during documentation in the EHR.

* Vitals signs and clinical scores that are visualized in different sec-
tions of the app. Nurses can spontaneously add results to these
sections, even when they are not previously planned activities
(eg, pain level gathered outside of scheduled pain assessments).

* Pro re nata use (PRN, or “as needed”) medications list readily
available and the administered doses during the last 24 h.

Careful consideration was given to the design of the app to increase
efficiency, such as offering the range of frequent tasks used in clini-
cal documentation from a computer-based EHR. A usability test
with 10 nurses was conducted prior to implementing the app in the
study and is reported elsewhere.®

Modification of documentation process

We use the term “clinical documentation” to include all data entry
in the EHR. The current documentation process occurs throughout
the day on the computers on wheels (COWs), or on the desktop
computers, often with written notes and subsequent transcription in
the EHR. Some elements are entered into the EHR throughout
the day, such as vital signs, while others tend to be entered at the
end of a shift, such as nursing progress notes. Table 1 provides fur-
ther detail of clinical documentation of different EHR sections in
terms of content and process with and without the bedside applica-
tion (Table 1).

We hypothesized that with the app, nursing staff would spend
more time at the bedside. We also hypothesized that the use of the
app would affect the documentation pattern (total duration per ob-
servation, continuous time per task).

Objectives

Our objective focused on quantifying the impact of the app on the
time spent on clinical documentation as well as on direct interaction
with the patients.

METHODS

To test our hypotheses, we relied on a time motion study (TMS)
methodology to report the amount of time spent on clinical docu-
mentation.'? A TMS allows us to collect detailed descriptive data of
the documentation process at the bedside.'® Such data include time-
stamps, task types, mean of documentation, and location. In our
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Table 1. EMR sections for clinical documentation, and comparison with app functions

EHR section Baseline condition

Intervention with bedside app Observable EHR task

Task list

COWs or paper (later tran-
scribed)

Vital signs Available on COWs or desktop
Handwritten notes at the bedside/
waste disposal, data entry on

desktop
Available in a specific tab in the
EHR

Ins and outs

Clinical score (VAS, CIWA, etc.)

Nursing notes Daily goals for nursing care and
nursing notes often completed
after handoff. Keywords often
annotated on personal notes to
remember the items

Use of PRN medication
tion list, annotations on the
print-out if needed, need to ac-
cess EHR for further informa-
tion

All patient information in EHR
available on desktop or COWs

Administrative patient information

Labs, medical reports (ie, admis-
sion and progress notes), radiol-

Available on EHR on desktop or
COWs
ogy reports

Computerized prescription Physicians prescribe medical

orders, which are acknowledged

and planned by nursing staff

Printed out for bedside use. Valida-
tion of tasks and annotations on

Prescription available on interven-

Full list available on app with 1- Task validation
swipe validation and features to
rapidly annotate, duplicate, and

postpone a task

Data entry and visualization are Charting
available in the app
Possible data entry in app Charting

Certain scores that are assessed at Clinical score assessment
the bedside have been included
in the app, with a summary of
previous results during the cur-
rent hospitalization

Free text annotations and tag func-

tion available in app to support

Nursing note documentation

detailed nursing notes at a later
time

Immediate view of the number of
doses given in the last day, with
summary of the doses adminis-

Charting

tered during this period

Name, age, birthdate, contact in- Dashboard viewing
formation (patient cell number)
and contact person information,
duration of stay in the ward are
available on the app

Reason of admission, type, and
date of event are available on the
app

Tasks related to prescriptions are
included in the task list

Dashboard viewing

Task planning

case, direct human observation of nursing shifts was the most accu-
rate way to study nurses’ interactions with patients and location of
EHR use.

Study design and outcomes

The study design is a pre—post comparison of documentation time
after app implementation in a medical ward and a surgical ward.
This design allows us to minimize the variability between the control
(pre) and intervention group (post). Indeed, nursing teams adopt
workflows and practices that may differ in each ward; we also
expected most participants to be the same in the pre- and post-peri-
ods. The primary outcome was the average duration of clinical doc-
umentation activities in the EHR as well as time spend with patients
by nursing team per hour of observation before and after imple-
menting the bedside nursing app. The secondary outcomes of our
study included the average length of uninterrupted documentation
activities.

Clinical setting

The study was conducted in an academic medical center in Geneva,
Switzerland. It included 2 nurses’ teams: a surgical nursing team (or-
thopedic ward) of 20 nurses and 11 nursing assistants and a medical
nursing team (medical ward) of 20 nurses and 12 nursing assistants.
On average, each ward had 16-20 patients per day. Three nurses

were present during the morning shift, 2 nurses in the afternoon
shift, and only 1 nurse at night. Nursing assistants were present day
and night. Nurses had access to 3 desktop computers in the nursing
stations and 2 portable computers on wheels (COWs) in each ward.
These laptops had a barcode scanner to allow nurses to access pa-
tient charts at the bedside via the barcode on the patient’s bracelets.
For patients requiring protective isolation, the laptops were left out-
side in the corridor. Despite the availability of laptop, nurses cur-
rently printed the task lists for their patients at the start of their shift
to have this information on hand during their shift.

A priori power analysis

Our first outcome was the average duration of a documentation ac-
tivity in the EHR. Based on an average documentation time account-
ing for 22.5% of the daily workload and a standard deviation of
10.7"% and a paired #-test with an effect size of 10% (we consider a
10% reduction in documentation time significant) we obtained an 7
of 130. With an average of 18 patients per day on each ward, about
8 days of data were required to identify a significant difference: this
resulted in § days of observation in each ward.

Inclusion/exclusion criteria
Nurses and nursing aids who worked between 7 aM and 6 pm from
Monday to Friday during the study period in the 2 selected wards
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were included in the study. A total of 40 participants were recruited
in the pre- and post-intervention.

Study timeline

The study was carried out over 2 months in each ward. Indirect obser-
vations (EHR event logs) were conducted throughout the study pe-
riod, while the direct observations (TMS) were conducted during the
last week of the pre- and post-stage. As shown in Figure 1, the EHR
log data were collected 4 weeks before and after the deployment of
the app. The study was conducted between June and July of 2017 (or-
thopedic ward) and between July and August of 2017 (medical ward).

Intervention

Participants received a brief training session for app use prior to its
deployment. We provided 5 iPhones per ward with Wi-Fi connectiv-
ity. During the study, app use was limited from 7 aM to 6 pM from
Monday to Friday, in order to provide the appropriate IT support.
All data collected through the app was automatically integrated into
the EHR. Participants were also asked to verify patient charts at the
end of their shifts as an additional safety measure, to avoid any loss
or corruption of clinical data.

Data collection and analysis

Various data points were collected in the direct TMS observation as
summarized in Table 2. For direct observations, the data were col-
lected using a tablet-based application called “T&M data
collector”.’> A team of research collaborators, external to both
wards, conducted 2 observation sessions (morning and afternoon)
per day in each ward during 5 consecutive days (Monday to Friday)
of the week prior to the intervention and during the fourth week
with the app in each ward (Figure 1). Each observer followed a dif-
ferent nurse during shifts between 7 am and 6 pm. They collected
data on various work processes (eg, handoffs, rounds), all forms of
clinical documentation, and nursing activities: tasks, phone calls,
and interactions with patients. The TMS observed EHR-related
tasks, as well as use of COWs and location of app use (nursing of-
fice, ward corridor, or patient room), which are not tracked in the
EHR or app logs. A descriptive analysis of the documentation task
durations in the TMS data is presented, and the differences between
the baseline observations and those after 4 weeks of app use were
explored using a univariate model to account for the non-parametric
characteristic (Mann—-Whitney U test).

RESULTS

Participants
Twelve of the 19 nurses from the surgical ward during the study pe-

riod and all 14 nurses from the medical ward were observed during
the TMS.

TMS data analysis
A summary of the time motion data is presented in the following
tables. Table 3 shows the duration of several documentation activi-

ties and interactions with patients per hour of observation and Table
4 shows the duration of uninterrupted documentation and interac-
tions.

Time spent on each activity per hour of observation

When looking at the median time spent for the different activities
for each hour of observation, overall EHR documentation
accounted for 12.35 min in the baseline period and diminished to
8.25 min during the intervention period (significant reduction of
4.10 min [P=0.003]). The time spent interacting with the patient
increased by 1.45 min from baseline to intervention period going
from 7.84 to 9.30 min (P =0.25).

Duration of uninterrupted activities
Table 4 reports the median durations of uninterrupted clinical docu-
mentation episodes in EHR (time spent on a single task before
switching to another task). The results show that the median dura-
tion of an uninterrupted single continuous EHR documentation epi-
sode was 0.49 min shorter in the intervention period in the Surgical
Ward (P = 0.0299) but 0.83 min longer in the Medical Ward (P =
0.0039). Examining the pattern in EHR documentation with and
without vital signs, the significant decrease in Surgical Ward was at-
tributed to the EHR documentation without vital signs, while the
significant increase in Medical Ward was attributed to vital signs.
During the intervention period, participants spent longer unin-
terrupted episodes by more than 8 min (163.4% increase of
medians, P = 0.027) with their patients than in the pre-period, lead-
ing to potential higher care quality and higher patient satisfaction.

Location of documentation

Finally, Figure 2 presents the percentage of time allocated to clinical
documentation by location in both wards, by all users. The results
show a significant drop in using computer and laptop in all settings.
Use of desktop computers dropped in the office (P = 0.043) and lap-
top computers in the corridors (P < 0.001) for clinical documenta-
tion, and a significant decrease in laptop computer use in the
patients’ rooms (P = 0.012).

DISCUSSION

Through participatory design, and iterations with bedside nursing
staff, we designed this mobile app to facilitate the documentation
process. Our results show that the use of the app was associated
with a decrease of time spent on EHR documentation, whereas the
time spent on patient interactions remained stable. Additionally, our
results show that the use of the app led to a less fragmented docu-
mentation workflow, nurses spending significantly longer uninter-
rupted documentation and interaction episodes. The presence of
longer documentation episodes suggests that nurses were less often
interrupted during this task suggesting that the app may enable a
smoother workflow but its effect may depend on the work environ-
ment. Some variability can be observed between the 2 wards. For in-
stance, the length of continuous documentation episode increased

) study Length 2 months >

Direct observation
1 week

Figure 1. Study timeline.

1 week
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Table 2. Types and sources of collected data during the pre and post observation weeks

Measure Data source Item monitored Unit
Time spent during clinical activities TMS data Handoffs, rounds, measuring vital Minutes

signs, clinical documentation

Total active time TMS data All activity Minutes
Time spent in location of EHR use TMS data Nursing office, corridor or bedside Minutes
Time spent on different types of devices TMS data Laptop, smartphone, desktop Minutes

Table 3. Time spent per hour of observation on documentation and interaction tasks for both wards and for each ward separately

Category Ward Baseline period Intervention period
Session (observa- Median, Session (observa- Median, Diff P-value change
tion) count IQR (min/h) tion) count IQR (min/h) (min/h)

Overall EHR Both 37 (509) 12.36 (9.36-18.53) 34 (383) 8.25 (5.42-10.97) —4.10 0.0030* l
documentation Medical 18(292) 13.34 (12.32-23.28) 16 (237) 11.16 (7.66-21.47) —-2.17 0.2188 !
Surgical  19(217 10.20 (8.67-13.41) 18 (146) 6.56 (4.74-8.58)  —3.64 0.0002* |
EHR documentation Both 35 (445) 10.55 (6.67-16.02) 32 (334) 7.26 (4.74-10.13) -3.30 0.0119* l
without vital signs Medical 16 (256) 11.65 (9.99-21.09) 16 (209) 10.12 (6.41-18.36) —1.53  0.2964 !
Surgical 19 (189) 8.72 (6.22-11.31) 16 (125) 5.79(3.94-7.86)  —2.93 0.0022* |
Vital signs Both 37 (64) 1.69 (0.83-2.59) 34 (49) 0.80 (0.42-1.81) —0.90 0.0066* l
Medical 18 (36) 1.76 (0.78-3.03) 16 (28) 1.28 (0.68-2.48) —0.48 0.1414 1
Surgical 19 (28) 1.69 (1.05-1.91) 18 (21) 0.58(0.38-0.95)  —1.12 0.0062* |
Interact with patients Both 34 (72) 7.84 (3.88-15.53) 33 (67) 9.30 (5.74-14.42) 1.45 0.2511 )
Medical 18 (40) 9.15 (3.21-16.85) 16 (35) 10.89 (5.59-16.71) 1.74  0.3847 1
Surgical 16 (32) 7.16 (3.95-12.96) 17 (32) 8.76 (5.74-11.17)  1.60 02412 1

*P-value < 0.05 (the session count refers to the total number of sessions in which a category of task was observed at least once; the observation count refers to

the sum of all counts of a category observed in all sessions).

Table 4. Time spent on uninterrupted documentation and interaction tasks for both wards and for each ward separately

Category Ward Baseline period Intervention period Single observation difference
Session (obser- Median duration of single Session (obser- Median duration of single Diff P-value  Change
vation) count  observation, IQR (min)  vation) count observation, IQR (s)  (min)
Overall EHR Both 37(509) 1.45(0.35-4.37) 34 (383) 1.72 (0.44-4.56) 0.27  0.1598 T
documentation Medical 18 (292) 1.18 (0.23-3.62) 16 (237) 2.01(0.45-5.41) 0.83  0.0039* 1
Surgical 19 (217 1.75 (0.53-5.09) 18 (146) 126 (0.43-3.19)  —0.49  0.0299* 1
EHR Documentation Both 35 (445) 1.37 (0.27-4.33) 32(334) 1.70 (0.39-4.59) 0.33  0.1027 1
Without Vital Signs ~ Medical 16 (256) 1.11 (0.23-3.54) 16 (209) 1.91 (0.40-5.63) 0.80  0.0042* 1
Surgical 19 (189) 1.72 (0.50-4.98) 16 (125) 1.10 (0.39-3.25)  —0.62  0.0780 1
Vital Signs Both 37 (64) 2.53(0.79-5.11) 34 (49) 2.10 (0.66-3.93) -0.43  0.2336 ]
Medical 18 (36) 1.80 (0.59-3.98) 16 (28) 2.54 (0.58-4.67) 0.74  0.3179 1
Surgical 19 (28) 3.64 (1.23-6.22) 18 (21) 1.64 (0.87-2.81)  —1.99  0.0369* 1
Interact with Patients Both 34(72) 5.20(0.63-20.14) 33(67) 13.70 (3.46-29.84) 8.50  0.0270* 1
Medical 18 (40) 2.91(0.38-21.61) 16 (35) 15.32 (3.57-31.85) 12.41  0.0276* 1
Surgical 16 (32) 9.27 (2.02-20.14) 17 (32) 12.98 (3.61-28.64) 3.71 0.2446 T

*P-value < 0.05 (the session count refers to the total number of sessions in which a category of task was observed at least once; the observation count refers to

the sum of all counts of a category observed in all sessions).

when using the app in the medical ward, particularly when docu-
menting the vital signs but not in the surgical ward.

The impact of digitalization on medical activity has been already
reported in the literature.!®!” A systematic review on the impact of
EHR on time efficiency of physicians and nurses showed that EHR
and computerized physician order entry (CPOE) systems can gener-
ate time savings in other activities, such as accessing a patient chart
or maintaining patients’ report forms. Another study assessing the
impact of electronic medical record demonstrated that it may reduce
documentation time after the adoption of CPOE. Concerning the

fragmentation of activities, it is known that interruptions of work-
flow significantly increase the cognitive load, stress and anxiety, in-
hibit decision-making performance and increase task errors.'®'’
Interruptions can cause an individual to forget items in their work-
ing memory, leading to errors such as failing to complete or initiate
tasks, or repeating tasks.>” On the other hand, longer episodes of
time at the bedside allows nurses to show their interest for patients
and deal with their needs when present at the bedside, which enhan-
ces patient-perceived nurse caring and leads to higher patient satis-

faction.?!
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Figure 2. Percent of time allocated for clinical documentation in EHR in each location in baseline and intervention period for both wards and for all types of users.

The positive relationship between time spent and patient satis-
faction is also evident in the outpatient setting: the amount of time
that primary care physicians spend with their patients is the stron-
gest predictor of patient satisfaction.””> However, the use of digitali-
zation can also be considered as a barrier for communication
between patients and care-providers.>>

The variability observed between the 2 wards may be a conse-
quence of the high variability in work processes, types of health con-
ditions, and overall patient status (age, comorbidities, need for
nursing care, etc.) between medical and surgical patients.** Finally,
there may also be differences in patient workload, in patient com-
plexity and subsequent need for documentation, as well as in staff-
ing of nurses during the 4 weeks (study during the summer vacation
period).

This evaluation study has a few limitations. The downside of di-
rect observations in the ward includes the high cost of recruiting
observers, managing observation episodes, resulting in a limited
number of observations per nurse. Therefore, our data may not be
sufficiently powered to show a significant difference. Five days of
observations may not represent the usual documentation time or
time spent interacting with patients in a ward. Also, observations
were limited, since observers could only observe 1 person at a time
to collect the data with this level of detail. Second, as only 1 surgical
ward and 1 medical ward participated in the study, generalizability
of the results may be limited. The care team’s level of interest in us-
ing a new tool was variable, decreasing if the workload was high.
Time pressure and workload are barriers to testing new approaches,
because of the learning curve. Furthermore, as the first EHR app in
our institution, app users were asked to verify the EHR at the end of
the shift to ensure correct entry of app-related data. It is likely that
this required EHR use affected the measured outcomes negatively in
this study, by increasing the total EHR use in the post group. Last
but not least, the short duration of the study may not have allowed
all team members to fully adopt the app, due to planned absences
and night shifts.

CONCLUSION

Clinical documentation is an unavoidable yet time-consuming and
tedious process and can be a source of error (eg, transcription

errors). The ultimate goal of our project was to facilitate documen-
tation for care-providers, and to improve patient safety for better
quality of care. The current study explored the impact of a mobile
app on the nurses’ actual work processes using TMS data. Our find-
ings suggest a potential improvement in terms of clinical documenta-
tion time and patient interaction with nursing staff in the individual
ward data. The suggested benefits of this evaluation study have led
us to pursue the implementation of this tool in other wards of our
institution. Further user assessments have revealed a need for new
functions, such as a camera (eg, wound assessment) to facilitate
importing pictures into the patient’s chart, and a team communica-
tion tool within the app to help coordinate and organize patient
care. We will continue to improve the usability and functionality of
the tool with assessments of its effectiveness in decreasing documen-
tation time and work load, and improving workflow efficiency, care
quality, and patient safety as well as user satisfaction.
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