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Abstract

In the collaborative hospital environment, pharmacists are important members of the healthcare team, yet compared
to physicians and nurses, little is known about pharmacists' information needs or how they interact with the
electronic health record (EHR). We directly observed seven clinical inpatient pharmacists as they interacted with
the EHR preparing for clinical rounds using an eye-tracking camera and contextual inquiry. Pharmacists spent 50%
of their time reading information from the EHR, such as notes and medication lists, and 27% of their time copying
EHR data onto paper, such as patient history and laboratory results. In an environment where minutes count, the
results of this study can help inform the development of CDS tools and/or EHR designs to facilitate the information
needs of the pharmacists in providing care for their patients.

Introduction

Pharmacist hospital services, such as medication reconciliation and adverse drug event (ADE) monitoring, are time-
intensive processes associated with improved patient care and decreased mortality, making pharmacists integral
members of the healthcare team.'” Meaningful Use core measures, such as electronic health record (EHR) and
computerized provider order entry (CPOE) adoption have impacted the ways pharmacists work and care for
patients.”” In 2007, only 5.7% of pharmacy departments reported that their institution had a fully electronic patient
record;' this number grew to 26.5% in 2013, with 92.6% reporting having a partial or basic EHR."' Medication and
pharmacy information are critical components of the EHR, and are related to many of the safety features and
benefits of EHR use.'” In addition, EHRs have become an important communication tool for interaction between
pharmacists, physicians, and nurses.” Therefore, pharmacists should be included during the development and
implementation of EHRs."*'* Many studies have looked at information needs and seeking behavior of physicians
and nurses in the EHR,"" but none have evaluated pharmacists. Additionally, the lack of usability or design
considerations of health information technology for pharmacists can lead to human-computer interaction problems,
increased workflow complexity, loss of productivity, and a decrease in the quality of patient care.'> >

In the Veterans Health Administration (VHA), clinical pharmacists attend clinical patient rounds and participate in
patient care planning, which goes beyond medication consultation in many cases. Having a pharmacist present on
clinical rounds is a common practice, with over half of all hospitals, and 85% of hospitals with more than 200 beds,
having pharmacists attend rounds.'' Pharmacists involvement in clinical rounds has been associated with a
significant reduction in ADEs, improved patient care, and reduced costs.” *'* In preparation for clinical rounds,
pharmacists spend large amounts of time using the EHR to evaluate or “work up” their patients. These evaluations
typically consist of identifying potential medication problems, medication regimen review, drug-drug and drug-
disease interaction checking, ADE monitoring, therapeutic effectiveness evaluation, dosing appropriateness of
medications based on the context of disease states and laboratory values, medication therapy management (MTM),
medication reconciliation, and evaluation of patient medication adherence.* During patient evaluations, pharmacists
need to have access to real-time patient information, as other studies have shown that timely information retrieval is
important in patient care.”** Missing, incomplete, or inaccurate information can lead to medication errors, adverse
drug events, failure to provide prophylactic treatment, and other potential patient harm, whereas too much
information can cause information overload.'*” Additionally, distributed and disjointed data can lead to longer
times for finding, filtering, and organizing information along with a higher risk of missing important information
and cause an increased burden on available resources.'®

Due to the abundant and distributed nature of patient data in the EHR, the difficulty of obtaining some data, and
time constraints facing pharmacists, an understanding of what information pharmacists need and how they go about
finding that information is important. Such an understanding could lead to improved EHR designs or clinical
decision support (CDS) tools targeted to pharmacists. Therefore, the purpose of this study is to explore pharmacists’
use of the EHR and information needs in real clinical practice settings using direct observation.
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Methods

Study setting and participants

This study was carried out at the George E. Wahlen Department of Veterans Affairs Medical Center in Salt Lake
City, Utah. The VHA has a long-established EHR as well as advanced clinical practice for pharmacists, such as
independent prescribing privileges within their scope of practice since 1995.”® The VHA uses the Veterans Health
Information Systems and Technology Architecture (VistA) as its EHR, with the Computerized Patient Record
System (CPRS) as the clinician interface. A more detailed description of CPRS is available elsewhere.*” In 2009, the
VHA accounted for half of all US hospitals with a comprehensive EHR, and has been associated with
improvements in quality of care.’" ** Study participants were clinical inpatient pharmacists. We recruited a
convenience sample of seven pharmacists from a wide range of inpatient sites such as post-op care, acute medicine,
telemetry, rehabilitation, and an intensive care unit. Pharmacists had on average 6.4 years experience with CPRS
(range: 1-18, median: 6). Pharmacists were recruited through presentations at staff meetings, demonstrations of the
study methods, and referrals from other study participants. We were not able to capture all of the rounds preparation
time, but we collected data of the pharmacists evaluating 13 new and 19 familiar patients. We did not collect patient
data. This study was approved by the University of Utah Institutional Review Board and VA Research Service.

Procedures

Prior to the observation sessions, pharmacists were given minimal explanation of the study and asked to prepare for
clinical rounds as they normally would. Sessions were carried out in the pharmacists' usual environment and time of
preparation for rounds, but were limited to approximately the first 45 minutes. We used mixed-methods approach
with direct observation in the clinical setting, eye-tracking capture, and contextual inquiry. Direct observation was
used because it is difficult to get unbiased responses from providers by directly asking them what their information
needs are, or conducting surveys.”> We encouraged participants to describe their goals or the information they are
looking for. However, we did not depend on think-aloud techniques for data collection because in the clinical
setting, experts tend to function with system 1 level thought,”* most people stop talking when they are thinking or
processing complex information, and it is difficult for experts to verbalize their goals and tasks.”> During the
session, a researcher would ask clarifying questions to better understand goals, mental models, responsibilities,
perceived usefulness of different sources of information, and task. The researcher would wait to ask questions until
the pharmacist completed a task, as to not disrupt the cognitive process of complex tasks. In order to capture the
rapid, dense, and variable study data, and information sources outside of the EHR, we used an eye-tracking camera
from Pupil-Labs to capture video and an iPad to capture audio and additional artifacts.’® Pupil-Labs is a mobile eye-
tracking device with affordable hardware and open source software written in python. The hardware consists of a 3D
printed headset that the user wears like a pair of glasses, and has a camera to record the field of view and a camera to
record eye movements. The Pupil-Labs camera even allows the researcher to see the pharmacists' gaze positions in
real time. The software was run on MacOS, but can be installed on Linux or Windows computers. In addition to the
audio and video recording, the researcher would also document field notes during the session and ask deepening
questions about information needs and goals after the session. Audio and video from the session were merged and
loaded into Atlas.ti 7 (Scientific Software Development GmbH, 2015) for coding and analysis.

Analysis

The analysis of the data was mainly qualitative and descriptive using Atlas.ti for coding and times, and interquartile
ranges (IQR) for descriptive statists. Because of the qualitative and descriptive nature of the study, we estimated that
the sample size of seven pharmacists would be sufficient to describe a range of information needs across the
inpatient setting.’” After the observation sessions, the researcher would then code the video using high-level codes to
describe what the pharmacist was doing, where they were looking, and what they were writing down. The codes
were reviewed and verified by a second researcher. During piloting, we found that the pupil tracker did not provide
the precise location of the pharmacist's gaze, but was able to provide a general area of where the pharmacist was
looking, which helped in review of the verbal and observational data. This was because the camera calibration
suffered when it was taken on and off to visit with patients, and the distance between the tracker and the information
source (i.e. computer monitor) changed when the pharmacist moved. Therefore, we did not pursue direct analysis of
the eye-tracking data, but rather used gaze data in the context of the rich descriptions in the audio and field notes.

Results

The average time of recorded observation per session was 39 minutes. The average time it took each pharmacist to
evaluate a new patient was 11:31 (mm:ss) (median: 10:42, IQR: 9:51 to 14:46). Patients familiar to the pharmacist
had an average time of 3:47 (median: 1:46, IQR: 0:56 to 4:51) for review and evaluation in the EHR.
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Reading and writing

In preparing for rounds, pharmacists spent 50% of their time reading information in the EHR and 27% writing
information onto paper, with the rest of their time performing other tasks such as communicating with the team or
managing patient lists or notifications. The most predominant information use pattern was the back and forth of
reading and writing. Of note, pharmacists switched between reading and writing an average of 4.35 times per
minute. In terms of reading, pharmacists spend the most time reading notes in the EHR (such as admission notes,
history and physical notes, etc.), followed by medication lists, printed papers (typically print outs of active inpatient
and outpatient medication lists), laboratory results (such as reviewing recent results), provider orders (especially
over the last 24 hours), and others. However, twice as much time was spent reading EHR notes compared to
medication lists. Within the notes, the most time was spent reading the assessment/plan and patient history sections,
respectively. In the medication lists, pharmacists spent the most time checking bar code medication administration
(BCMA) data for medications administered. Table 1 shows a list of reading locations and length of time.

Table 1. Reading locations Table 2. Writing themes
Reading source Total Time/pharmacist Topics written on paper  Total Time/pharmacist
time median (IQR) time median (IQR)
Notes 43:20  4:34 (4:23-7:55) Medical history/ ) . ) )
Medication lists 20:32  2:56 (2:05-3:15) problem lists ERLDE BNl ke
Paper printouts 16:14  2:48 (2:48-3:04) Laboratory results 09:49 1:03 (0:18-2:26)
Laboratory results ~ 12:49 1:55 (1:24-2:11) Reminders 08:22 1:11 (1:01-1:49)
Orders 10:28  2:28 (0:23-3:04) Medication doses given 06:07  1:07 (0:53-1:12)
Vital signs 01:02  0:10 (0:06-0:20) Medication lists 04:39  0:45 (0:23-1:22)
Microbiology 00:57  0:14 (0:03-0:25) Medication notes 02:38  0:40 (0:36-0:43)
Other sources 05:34 Historical notes 01:24  0:42 (0:22-1:02)
Other topics 14:14

As for writing, significant paper records were kept, including active inpatient medication lists, outpatient medication
lists, and medication reconciliation notes. Most information was written down on the active inpatient medication list
printed from VistA, not CPRS, and was the main document used on rounds, as shown in Figure 1. Pharmacists spent
the most time writing the patient's past medical history (such as problem lists), laboratory results, reminders (such as
recommendations or questions for the medical team), medication doses administered (such as frequency of PRN
doses, insulin requirements, and IV infusion rates), medication lists (such as outpatient medications not restarted
upon admission), and other medication or historical notes (such as highlighting changes in therapy or identifying
preventative treatments). Table 2 shows a list of topics written down and times spent writing.

Searching for information

Search and review strategies varied most in terms of whether the patient was new or familiar. New patients were
typically evaluated before familiar patients. When evaluating a new patient, pharmacists typically started in the
notes section of the EHR, followed by going to the medication or laboratory results section, followed by the
coversheet, orders, or printed medication lists. When evaluating a familiar patient, pharmacists typically started in
the orders section to look for updates in treatment, followed by laboratory results or notes section. The average
location sequence length was 10 sections of the EHR for new patients, and 5 sections for familiar patients.
Additionally, we observed that pharmacists used many different programs in addition to CPRS, such as BCMA,
Essentris, VistA, VistA Imaging, and used different non-EHR sources, such as other papers, clinicians, whiteboards,
etc. Some information was easier to find than others, for example, in order to find the patient's QTC interval (or
even if they had an ECG done) pharmacists had to log into VistA Imaging, which took 51 seconds just to log in.

Information Tasks

There were many tasks that the pharmacists performed when preparing for rounds. Some of the most common were
comparing medication lists for medication reconciliation, correlating indications/treatments and
treatments/indications, managing/optimizing drug therapy (such as insulin or warfarin management), verifying
medication administration, monitoring for ADEs, and documenting notes in the EHR (such as medication
reconciliation notes). Generally, there was a considerable amount of task switching and multitasking, such as
checking for drug-drug interactions, drug doses, medication indications, changes in therapy, etc. when reading the
medication list. In this paper, we present managing insulin doses and verifying medication administration as
examples of tasks the pharmacists performed in the EHR.
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Figure 1. Integrating EHR information by writing notes on an active inpatient medication list printed from VistA.

A, check list for admission medication reconciliation note and deep vein thrombosis (DVT) prophylaxis. B, reason
for admission. C, past medical history or problem list. D, complete blood cell count (CBC) shorthand. E, complete
metabolic panel (CMP) shorthand. F, place holders (memory aids) for laboratory results that are pending. G,
outpatient medications that have not been restarted. H, triangles in the medication list signal to continued outpatient
medications, but with changes compared to outpatient use. I, highlighting DVT prophylaxis. J, circles in the
medication list signal to new medications since admission. K, planned duration of antibiotic therapy (some
pharmacist would also record which day of regimen). L, "H" in the medication list signals to outpatient medications
that were continued on admission. M, items on the list that the pharmacist is not following or going to use on the
discharge medication reconciliation note. N, a note that signals to changes in therapy as compared to outpatient.
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Example 1. Managing insulin doses

The pharmacists at this institution managed insulin doses, which required an average of 80 seconds to gather needed
information to support this task, even though the patients in this study had relatively low insulin requirements.
Figure 2 shows a schematic of this task, which required the pharmacist to go to the medication section (or orders
section), find one of the insulin orders (such as rapid acting insulin), double click the order, scroll down to the
bottom of the popup window to the BCMA data section, and then write down the ancillary blood glucose levels
entered as free-text by the nursing staff and write down the insulin doses administered (also free-text entries), as
shown in Figure 3. Then they would search for additional insulin orders, such as long-acting or basal insulin, and
repeat the above process. The pharmacist would then go to the laboratory results section and write down additional
blood glucose levels (which were sometimes different from the results reported in BCMA), and open a laboratory
search (or a report) to find the most recent HbAlc lab result, and search for the patient's diet (in the orders or the
notes). The pharmacist would then sum the insulin requirements for the last 24 hours, look for trends in the blood
glucose values, and provide a recommendation to the team, take no action, or modify the insulin order. To
complicate the process, we found that there were multiple insulin orders (such as sliding scale, scheduled, baseline,
IV drip, etc.) sometimes using different types of insulin (such as insulin aspart, regular insulin, NPH, or insulin
glargine) and that not all blood glucose values were documented in the EHR.

Go to medication\, Find insulin Double click Scroll down Read BCMA Write insulin units
list (or orders) order(s) insulin order screen free-text data and BG levels
Go to laboratory . Write down Open search Search for .
Search for patient diet Sum 24 hour Look for trends Formulate Write down
(orders or notes) insulin doses in BG levels recommendation recommendation

Figure 2. Example 1. Insulin management process. BG = blood glucose
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Figure 3. Example 1. Calculating insulin requirements for blood glucose control and insulin dosing adjustment.
Highlighted are blood glucose levels, insulin doses administered, and diet intake

Example 2. Verifying medication administration.

To verify medication administration, the pharmacists typically had to find the medication order, double click on the
order, scroll down to BCMA data and write down times and doses administered. They would check if 'as needed'
medications were administered in order to assess pain control or the patient's ability to sleep, check administration
times to correlate with drug levels, follow up on medication orders (such as making sure the patient received their
warfarin dose), checking when antibiotics were started in order to calculate the treatment duration, and going to the
patient's bedside to check IV infusion rates. However, there were some limitations identified. For example,
medications administered in the Emergency Department (ED) were not documented in BCMA, so the pharmacists
would have to read the ED notes to find doses and administration times. Additionally, BCMA would only pull in the
drug concentration and nursing would have to input the dose administered as free text. This was a challenge for one
pharmacist when they were trying to find when, or if, the active 80 mg furosemide dose was given to the patient, as
shown in Figure 4.
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Figure 4. BMCA drug administration data. BCMA data displays drug concentration, but nursing would have to
input the dose administered as free text. The pharmacist was searching for 80 mg dose of furosemide.

Discussion

In this study we observed pharmacists as they interacted with the EHR preparing for clinical rounds. We found that
pharmacists spent a considerable amount of time searching for and reading information from the EHR and
integrating EHR data by writing it down information on printed medication lists, suggesting that the way
information is stored or displayed in the EHR does not meet the cognitive model or needs of pharmacists.

We observed that not all information in the EHR was useful for pharmacists, or easy to obtain, even when it had
been recorded to answer anticipated information needs. For example, CPRS calculates and displays the patient's
estimated kidney function using the MDRD creatinine clearance equation. One pharmacist noted that "the MDRD
equation is not helpful for me because medication dosing recommendations use the Cockcroft-Gault equation”, so he
would use an Internet calculator to calculate creatinine clearance using the Cockcroft-Gault equation, which took
about 53 seconds. The pharmacists also commented on the not being able to run drug-drug interaction checks on
demand when evaluating patient lists. Additionally, the pharmacists typically did not trust the vital signs, fluid
balance, or IV infusion rates reported in the EHR, as they were documented infrequently or missing in the EHR.

Other studies of physicians' use of the EHR show that they tend to focus more on the “Assessment and plan” part of
clinical notes, and give very little attention to the “Medication profile” part.'™*® Ancker et al. also studied physician
use of the EHR and found significant physician level variation in utilization of EHR features.'’ Using EHR log data,
they found that problem lists were updated in only about 20-25% of encounters, almost always by adding problems
instead of removing them. Additionally, problem lists and medication lists were marked as reviewed less than 10%
of the time. Given the pharmacists' training and role, it is understandable why pharmacists focus more on
medications and medication lists in the EHR. Additionally, pharmacists' focus on medication lists and problem lists
to perform daily medication reconciliation and search for drug related problems, such as underdosing or overdosing
of medications, ADEs, drug-drug and/or drug-allergy interactions, medication use without an indication, improper
medication selection, and untreated medical problems.”® Similar to physicians, we observed that pharmacists
obtained information from a variety of different non-EHR sources,  and they typically had multiple systems open at
the same time in addition to CPRS. However, having multiple programs open at the same time was problematic as
pharmacists tend to jump from one patient to another, and there were instances where the other programs did not
update and change patients to be in sync with CPRS, which could have lead to errors.

948



It was interesting to observe the extensive use of paper and that pharmacists spent about 1/3 of their time
transcribing information from the EHR onto paper, especially in an environment that has had a comprehensive EHR
in place for over a decade. The persistence of paper is not a new concept, and in 2009, Saleem et al. proposed
several reasons for the persistence of paper in the VHA environment,’” *' and other benchmark institutions with
EHRs.* Similar to their study, it seemed that pharmacists mainly used paper because of its ease of use and it helped
with efficiency, memory, awareness, task specificity, task complexity, and data organization. For example, most of
the pharmacists only had one computer monitor and having information written down on paper helped reduce the
need to jump back and forth between tabs in the EHR. The use of paper helped memory by writing things down such
as patient history, recommendations, check boxes, medication lists, and placeholders for pending laboratory results.
Additionally, paper helped with identifying changes or new information, and allowed for highlighting and quick
annotation. Russ et al. suggested that healthcare workers need information to be customizable, prioritized, trendable,
locatable, and accessible,” requirements that the pharmacists in our study used paper to satisfy.

One study assessed providing pharmacists with tablet computers during rounds, and found many advantages such as
the ability to enter/modify/or delete medication orders in real-time, perform complicated calculations, review up-to-
date and comprehensive patient data, and access information databases, patient education materials, guidelines, and
institutional protocols.* However, there were challenges with limited battery life, having to carry around a heavy
device, and the limitations of the rigid EHR design, such as searching for information. Even though paper is static, it
is cheap, light, flexible, easily carried on team rounds, and not limited by power supply or battery life. The use of
paper has important and powerful advantages that cannot be replicated in the EHR and it can help to fill gaps in the
EHR design or information;*"*>*>* therefore, perhaps we need to better support paper processes using the EHR,
such as designing better paper using reports, or bringing related, yet disparate, information in the EHR together to
reduce searching/reading time, or tools for associating medications, problem lists, and/or laboratory values.
Pharmacists in this study constructed their own custom paper worksheet to help serve as memory aids and facilitate
the evaluation process, as shown in Figure 4. In the clinical environment, every minute counts,’’” and tools that can
reduce time or increase efficiency are important. The findings in the study, and others, suggest that EHRs provide
little cognitive support for clinicians or their workflows.” **
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Figure 4. Examples of custom paper worksheets

One limitation of the use of paper by the pharmacists was the creation of handwritten notes and memory aids were
more up-to-date than the information in the EHR, and were not available to be handed-off to other pharmacists.*
When one of the pharmacists was asked about patient handoffs, she said that the other pharmacist will usually call
and give a verbal handoff if it is a complex patient, but it is 50:50 if they get a handoff or not, thereby losing the
valuable information that the pharmacist spent so much time compiling. Technologies could be developed, such as
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EHRs or EHR apps, that are easily developed and customized, allowing clinicians to create dashboards or reports
that are relevant to their setting or role, thereby becoming part of the information system instead of persisting
alongside it.”* Some have reasonably suggested that it is not possible to meet the information needs of all users, as
different users have different workﬂows;7’ ! however, making the EHR customizable for different use cases, such as
through apps or CDS tools that access core services and data in the EHR, could make it possible to meet the
information and workflow needs of a spectrum of various users.’* >

Lastly, Millonig et al. suggested that pharmacists need to have access to patient-specific health information to
improve patient outcomes, including a medication profile with refill history, vital signs and laboratory test results,
diagnoses and current conditions, and medical history and physical assessment data.”” While our project focused on
the inpatient setting, the availability of patient-specific information to help satisfy pharmacist information needs in
the ambulatory and community settings could help improve patient outcomes, especially since pharmacists are more
likely to detect and prevent errors by having more access to patient information that provides the overall context of
the patient.>* > Pharmacists, and other clinicians, should have access to the entire patient record, regardless of where
care was received, such as potential outpatient medication lists and problem lists.® As pharmacists' scope of practice
continues to expand, especially in other institutions, so too does their need for adequate patient information as
meaningful users and contributors to the EHR.** ****

Limitations

There are some limitations to this study that should be mentioned. Frist, we had a small sample size from only one
institution, and we were not able to explore site-specific cultural needs or additional individual user preferences.
Additionally, the generalizability of our results to non-VHA institutions is limited due to the unique characteristics
of CPRS and the exemplary example of progressive clinical pharmacy practice in the VHA. The practice of
pharmacy, roles of pharmacists, and EHR data collected or reported may be different at other institutions. However,
anecdotal experience at local surrounding non-VHA hospitals suggests similar information needs and use of paper.
Additionally, we were not able to have independent coding by the second researcher. The first researcher had
significantly more knowledge and context of the sessions because he was a pharmacist and he was the one present
for the observations; however, both coders had to agree on consensus for the coding procedures. While this project
focused on the actual user workflow, future research could compare these results with the pharmacists’ perception of
an ideal workflow in their clinical area of focus.

Conclusion

Pharmacists spend a significant amount of time searching for patient information in the EHR, and writing it down
onto paper. This study suggests that current EHR designs do not readily support the information needs or workflow
requirements of pharmacists. In an environment where every minute counts, the results of this study can help inform
the development of CDS tools and/or EHR designs to facilitate the information needs of the pharmacists in
providing care for their patients.
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