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Abstract

Hospital clinical pharmacy teams contribute to safer, more effective, and cost-conscious medication use. Evaluating the extent and impact of
these services is vital for ensuring care quality, but conventional performance tracking through manual reporting is resource-intensive. This
study investigated whether electronic medical record (EMR) progress note counts could reliably indicate clinical pharmacy activity. A sample
of 300 adult patient admissions across three Australian hospitals (May—November 2021) was examined. Pharmacy-authored EMR notes were
categorized according to their titles and the interventions documented. Using a manual audit as the reference standard, the validity of note
counts was assessed via sensitivity, specificity, and positive predictive value. Among 861 audited notes, entries labeled PMM Medication
History, PMM Medication Review, and PMM Discharge Medications exhibited strong agreement with manually verified interventions,
showing high specificity and predictive accuracy (> 98%) and sensitivities of 98%, 90%, and 89%, respectively. These findings support the
use of EMR progress note counts as an accurate, efficient measure of clinical pharmacy service delivery. This approach offers a scalable
solution for hospitals seeking streamlined performance assessment. The study received ethical clearance from the Central Adelaide Local
Health Network Human Research Ethics Committee (Ref. 16357) and the University of South Australia Human Research Ethics Committee
(Ref. 205782), in line with national ethical standards.
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INTRODUCTION or ‘clinical pharmacy intervention’ are typically used for
targeted medication evaluations, while ‘medication history’,
‘medication review’, and ‘discharge medications’ record
comprehensive reviews at admission, during hospitalization,
and at discharge, respectively [3-8].

Clinical pharmacy services encompass a range of activities
performed by pharmacists to optimize medication use and
enhance patient safety. Evidence suggests that these services
lead to improved clinical outcomes, fewer medication-related
complications, and lower healthcare costs. Monitoring the
delivery and effectiveness of pharmacy interventions is
crucial for quality assurance, identifying effective practices,
and supporting resource allocation decisions that ensure the
sustainability of services [1-4].

The reliability of these EMR notes as indicators of service
delivery has not been established. Understanding whether
note counts accurately reflect actual clinical pharmacy
interventions is particularly important, as it allows evaluation
of services at critical points in patient care, such as transitions
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errors is highest [9-11]. This study aimed to assess whether
EMR progress note counts could serve as valid measures of
clinical pharmacy services in South Australian public
hospitals.

MATERIALS AND METHODS

Study Design and Setting

This investigation employed a retrospective observational
design to examine documentation of clinical pharmacy
activities in three South Australian public hospitals: Royal
Adelaide Hospital, Flinders Medical Centre, and Noarlunga
Health Services. The study focused on adult inpatients (aged
18 years or older) who were admitted for at least 48 hours
between May and November 2021. EMR progress notes
authored by pharmacy staff during these admissions were
manually audited to determine the type of note completed and
the corresponding clinical pharmacy service. For this study, a
hospital admission was defined as the period from a patient’s
entry into inpatient, emergency, or waiting-list services until
discharge.

Categorisation of Clinical Pharmacy Services
Clinical pharmacy activities were classified using Advanced
Pharmacy Australia’s (AdPha) framework for patient-
specific interventions.7 Certain activities, such as compiling
the best possible medication history (BPMH), are
recommended at defined stages of a patient’s hospital journey
[7]. In this study, progress notes were grouped into three
service categories based on these recommendations:

e Admission services: Activities conducted at hospital

entry, including BPMH and, where applicable,
medication reconciliation and review.
e Inpatient  assessment  services:  Comprehensive

medication review and reconciliation performed during
the hospital stay, potentially accompanied by clinical
interventions or recommendations, independent of
admission or discharge activities.

e Discharge services: Pharmacy interventions aimed at
ensuring safe medication management and continuity of
therapy upon patient discharge.

Data Collection

A random sample of 300 eligible patient admissions with

EMR-generated clinical progress notes authored by

pharmacy staff was selected using a random sequence
generator. For each admission, all corresponding progress
notes were extracted and manually reviewed by a research
pharmacist. The audit involved classifying and counting
progress notes based on their titles, and then further
categorizing them according to the type of clinical pharmacy
service documented. Notes were cross-referenced with
BPMH records and patient medication charts to verify
whether they encompassed a complete assessment of all
prescribed or taken medications. Data were recorded and
managed in Microsoft Excel (Microsoft Corp., Redmond,
WA, USA) for subsequent analysis.

Data Analysis

Descriptive statistics were used to summarize audit findings.
The wvalidity of using EMR progress note counts—
specifically PMM Medication History, PMM Medication
Review, and PMM Discharge Medications—as indicators of
admission, inpatient, and discharge services, respectively,
was assessed using a criterion-based approach. The manual
audit served as the gold standard. For each note type, entries
were classified as true positives, false positives, true
negatives, or false negatives based on the alignment between
the note’s title and the documented clinical service in
accordance with hospital documentation guidelines. These
classifications were used to calculate sensitivity, specificity,
and positive predictive value for each service type.

REsuLTs AND DiscussioN

A total of 861 clinical pharmacy progress notes were
reviewed across the 300 admissions, as some patients had
multiple notes recorded. Of these, 272 notes (31.6%) were
PMM Medication History, 221 (25.7%) were PMM
Medication Review, 235 (27.3%) were PMM Discharge
Medications, 130 (15.1%) were PMM Pharmacy Notes, and
3 (0.3%) had non-PMM titles (Table 1).

Most notes (783, 90.9%) documented services that assessed
all of a patient’s prescribed medications, whereas 50 notes
(5.8%) recorded interventions targeting only a subset of
drugs, and 3 notes (0.3%) documented non-clinical activities.
Additionally, 25 notes (2.9%) were extensions of previously
completed entries; these were not included in total counts, as
they did not represent additional clinical service delivery.

Table 1. Types of clinical pharmacy services are documented in every kind of electronic clinical process note.

Title of progress note All medicines  Subset of medicines Extension Non-clinical Total

(n, %) (n, %) (n, %) (n, %) (n, %)
PMM medication history 272 (34.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 272 (31.6%)
PMM medication review 221 (28.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 221 (25.7%)
PMM discharge medications 235 (30.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 235 (27.3%)
PMM pharmacy note 55 (7.0%) 50 (100.0%) 22 (88.0%) 3 (100.0%) 130 (15.1%)

Adult Fortress Frailty Management Plan 0 (0.0%) 0 (0.0%) 3 (12.0%) 0 (0.0%) 3 (0.3%)

Total 783 50 25 3 861

PMM = pharmacy medication management.
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Validity of Progress Notes

The performance of PMM Medication History, PMM
Medication Review, and PMM Discharge Medications
progress notes as indicators of clinical pharmacy services was
evaluated against the manual audit, which served as the
reference standard (Table 2). These notes demonstrated

consistently high specificity and positive predictive values,
exceeding 98% across all service types. Sensitivity was also
strong, exceeding 89%, though it varied slightly depending
on the kind of service. These findings indicate that EMR
progress note counts are reliable proxies for documenting the
provision of comprehensive clinical pharmacy interventions
at admission, during hospitalization, and at discharge.

Table 2. Validity of pharmacy progress notes as indicators of clinical pharmacy service provision.

A combination of phar_m_a cy True False True False Sensitivity  Specificity F_’os_ltlve
progress notes and clinical ositive positive negative negative (95% Cl) (95% Cl) predictive value
services was tested P P 9 9 ° ° (95% CI)
PMM medication history and admission 98% (97.1%—  100% (99.6%— o 0, 1000
services 272 0 584 5 99.8%) 100%) 100% (99.6%—100%)
PMM medication review and inpatient 89% (86.7%—  99% (98.6%— o 0/ 0% OO
services 217 4 613 27 97.5%) 100%) 98% (97.1%—-98.9%)
PMM discharge medications and 90% (87.5%—  100% (99.6%— o 0/ 1000
discharge services 233 0 399 27 97.8%) 100%) 100% (99.6%~-100%)

CI = confidence interval; PMM = pharmacy medication management.

This study evaluated the use of EMR-generated progress
notes to measure the delivery of clinical pharmacy services in
a statewide public hospital system in Australia. Progress
notes labeled ‘medication history’, ‘medication review’, and
‘discharge medications’ demonstrated strong validity for
capturing admission, inpatient, and discharge services when
compared to a manual audit. High positive predictive values
indicate that these notes reliably reflect completed pharmacy
interventions, while high sensitivities show that most
documented services were accurately captured. Additionally,
high specificity suggests these notes effectively distinguished
instances where services were not provided. Collectively,
these findings support the use of EMR progress note counts
as accurate indicators of clinical pharmacy activity.

Beyond validity, EMR progress note counts offer practical
advantages. They can be extracted efficiently with minimal
staffing effort and, when integrated with clinical and
administrative datasets, provide valuable metrics for
monitoring and evaluating performance. Previous studies
have highlighted the benefits of EMR-derived metrics,
including increased data volume, accuracy, and efficiency
compared to manual chart reviews or coded administrative
databases [6, 11, 12].

National clinical governance frameworks advocate for
frequent monitoring of services to support continuous quality
improvement and emphasize data collection methods that
minimize resource demands [7, 13, 14]. Using EMR progress
note counts aligns with these objectives by providing a
scalable and reliable approach to performance measurement.
While coded administrative data can facilitate large-scale
monitoring, concerns persist regarding coding accuracy and
the absence of time-stamped information, which limits the

ability to assess the timeliness of care delivery—an essential
aspect of quality evaluation [11, 12, 14].

This study extends prior research by validating EMR progress
notes as performance indicators for services provided at
distinct stages of hospital admission [6]. Hospitals using
semi-structured EMR documentation can adopt similar
approaches to derive performance metrics efficiently. For
institutions relying primarily on coded administrative data,
incorporating targeted codes into EMR progress notes has
been shown to improve the detection and measurement of
clinical pharmacy activities, enhancing reliability [11].

The findings also identify areas for improvement.
Approximately 7% of comprehensive medication
assessments were documented under ‘PMM pharmacy note’,
which reduced sensitivity for the primary indicators.
Although these notes were not included as performance
measures due to their limited scope, future research could
involve qualitative audits and consultation with pharmacy
staff to understand deviations from recommended
documentation practices. Insights from such studies could
inform strategies to improve adherence to documentation
standards, thereby enhancing the accuracy and sensitivity of
EMR-based performance measures.

Future Research

Further investigations could explore ways to enrich the
information captured by EMR progress note counts by
extracting and analyzing the specific clinical activities
documented within each note. Raw counts alone may not
fully represent the scope or complexity of services provided.
For example, this study classified services according to
activities unique to specific stages of hospital admission.
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Still, as-needed interventions—such as therapeutic dose
monitoring—that may occur at multiple points during
hospitalization were not consistently captured. Detailed
insights into these activities are essential for evaluating
service comprehensiveness and clinical outcomes [7, 11].
While manual audits remain the most accurate method for this
purpose, they are inefficient and impractical for large-scale
use [11]. Alternative approaches could include querying
structured fields within EMR templates or leveraging
artificial intelligence, such as large language models, to
extract and interpret relevant information from semi-
structured or unstructured clinical notes [15]. These
technologies hold promise for improving the granularity and
efficiency of performance measurement.

Limitations

This study has several limitations. Only documented clinical
pharmacy services were assessed, so any interventions
performed but not recorded in the EMR were not captured.
The extent of such undocumented activities is unknown and
would require direct observation of clinical practice.
Additionally, the analysis focused exclusively on notes
authored by pharmacy staff, which means pharmacy
contributions recorded by other healthcare professionals in
interprofessional care documentation were not included.

CoNcLUSION

EMR progress notes labeled medication history, medication
review, and discharge medications demonstrated strong
validity as indicators of clinical pharmacy service delivery,
with high sensitivity, specificity, and positive predictive
values relative to manual audit. These findings indicate that
counts of these progress notes provide an accurate reflection
of service provision and can serve as reliable performance
measures for clinical pharmacy activities in hospital settings.
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