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Introduction: Partnered pharmacist medication charting (PPMC), a process redesign hypothesised to improve medication safety and interdisciplinary collaboration, was trialed in a tertiary hospital’s emergency department (ED).
Objective: To evaluate the health-related impact and economic benefit of PPMC.
Methods: A pragmatic, controlled study compared PPMC to usual care in the ED. PPMC included a pharmacist-documented best-possible medication history (BPMH), followed by a clinical conversation between a pharmacist and a medical officer to jointly develop a treatment plan and chart medications. Usual care included medical officer-led traditional medication charting in the ED, without a pharmacist-obtained BPMH or clinical conversation. Outcome measures, assessed after propensity score matching, were length of hospital or ED stay, relative stay index (RSI), in-hospital mortality, 30-day hospital readmissions or ED revisits, and cost.
Results: A total of 309 matched pairs were analysed. The median RSI was reduced by 15.4% with PPMC (p = 0.029). There were no significant differences between the groups in the median length of ED stay (8 vs. 10 h, p = 0.52), in-hospital mortality (1.3% vs. 1.3%, p > 0.99), 30-day readmission rates (21% vs. 17%; p = 0.35) and 30-day ED revisit rates (21% vs. 19%; p = 0.68). The hospital spent approximately $138.4 for the cost of PPMC care per patient to avert at least one medication error bearing high/extreme risk. PPMC saved approximately $1269 on the average cost of each admission.
Conclusion: Implementing the ED-based PPMC model was associated with a significantly reduced RSI and admission costs, but did not affect clinical outcomes, noting that there was an additional focus on medication reconciliation in the usual care group relative to current practice at our study site.
Keywords: partnered pharmacist, co-charting, medication charting, emergency department, length of stay, cost-benefit, cost-effectiveness, PPMC
1 INTRODUCTION
Interventions that involve the integration of pharmacists in the emergency department (ED) have been associated with significant reductions in polypharmacy, medication errors and the use of potentially inappropriate medications (Becerra-Camargo et al., 2013; Koehl et al., 2019; Parro Martín et al., 2021; Atey et al., 2022). However, whether these benefits translate into health and economic outcomes is not clear in the literature. Conflicting evidence exists regarding the impact of ED-based pharmacist interventions on these outcomes. Some studies reported that no significant benefit was gained from the interventions on the length of hospital stay (LOS) (DeClifford et al., 2007; DeLorenzo-Pinto et al., 2018; Pevnick et al., 2018), length of ED stay (Mortimer et al., 2011; Robey-Gavin and Abuakar, 2016), in-hospital mortality (DeLorenzo-Pinto et al., 2018; Kulwicki et al., 2019; Kozlow and Livings, 2021), and hospital readmissions (DeLorenzo-Pinto et al., 2018; Pevnick et al., 2018) and ED revisits (DeLorenzo-Pinto et al., 2018) at 30 days after discharge. By contrast, others reported significant positive effects on the LOS (Masic et al., 2019; Kozlow and Livings, 2021) and length of ED stay (Masic et al., 2019). Evidence from interventions delivered by pharmacists conducted in other hospital settings also remains heterogeneous, with the majority reporting inconclusive impact on mortality and rates of readmissions and ED revisits at 3, 6, and 12 months (Thomas et al., 2014; Christensen and Lundh, 2016; Ravn-Nielsen et al., 2018; Santolaya-Perrin et al., 2019).
An example of an ED process redesign is partnered pharmacist medication charting (PPMC), a relatively new initiative intended to improve medication safety. With PPMC, a pharmacist obtains the best-possible medication history (BPMH) for the patient and has a clinical conversation with a medical officer to jointly develop a treatment plan and chart medications. Previously published studies have largely focused on the impact of PPMC on medication errors, LOS and cost of admission in older patients taking complex medications (Tong et al., 2015; Department of Health and Human Services, 2018). There remains a paucity of evidence on the impact of PPMC on health-related and economic outcomes in patients presenting to ED. We hypothesised that health- and economic-related benefits of PPMC may arise from a decreased incidence of medication errors potentially bearing high/extreme risks and from having a clear initial treatment plan in place. Therefore, we aimed to investigate the impact of PPMC on health- and economic-related outcomes compared to usual care, specifically, on the LOS, relative stay index (RSI, which is a risk-adjusted LOS) (Australian Institute of Health and Welfare, 2022a), length of ED stay, in-hospital mortality, and 30-day hospital readmissions and ED revisits. The cost-effectiveness and cost-benefit of PPMC were also determined.
2 MATERIALS AND METHODS
A detailed account of the study setting, study population, study period, study design, study arms, inclusion and exclusion criteria, and data collection procedures are presented elsewhere (Atey et al., 2023). A pragmatic, parallel controlled study was conducted with a study population composed of adults (aged 18 years or older) visiting the ED and taking at least one medication. This study included patients subsequently admitted to a general medicine unit (GMU) or emergency medicine unit (EMU) between 1 June 2020, and 17 May 2021.
In the PPMC arm, a best-possible medication history (BPMH) was promptly documented by an ED pharmacist at the earliest possible time point in the ED. The BPMH was obtained through structured patient interviews and secondary sources, such as caregivers, electronic health records, and community pharmacies. Following clinical review, the pharmacist collaborated with a medical officer (at least a post-graduate year 2 resident) to develop a shared medication treatment plan (SMTP). The co-signed SMTP was placed in the patient’s medical progress notes as a record of the shared clinical decision-making. Based on the SMTP, medications were then charted by the pharmacist using purple ballpoint ink. The medical officer endorsed each medication order before administration by nursing staff. A ward pharmacist later conducted a medication reconciliation (MedRec) on the inpatient ward.
The usual care arm included patients who followed the standard admission process. This process entailed the traditional medication charting, wherein a medical officer wrote medication charts within the ED using black/blue ballpoint ink. Notably, the charting occurred in the absence of a pharmacist-collected BPMH or any pharmacist-medical officer collaborative discussion in the ED. Following this, a ward pharmacist conducted a MedRec on the inpatient ward (Figure 1).
[image: Figure 1]FIGURE 1 | Admission processes for patients in the PPMC and usual care arms. Abbreviations: BPMH, best-possible medication history; ED, emergency department; PPMC, partnered pharmacist medication charting.
2.1 Independent variables
Independent socio-demographic and clinical variables were age (in years), sex (male or female), age-adjusted Charlson comorbidity index (CCI), Australasian Triage Scale, type of admission specialty units (GMU or EMU), the arrival time of the day [during peak business hours (9:00–15:00) or outside these hours (8:00–9:00 or 15:00–21:00)] and the arrival day of the week (weekdays or weekends/public holidays). A triage scale is a clinical tool consisting of 5 ED presentation levels, with 1 being the most critical and 5 being the least critical (Australasian College for Emergency Medicine, 2000). The CCI encompasses 17 medical conditions and a patient’s age, with total scores ranging from 0 to 33 (Charlson et al., 1987).
2.2 Outcome measures
Primary outcomes were the LOS from the time of the ED presentation to the cessation of the acute episode of care (discharge), in days, and the RSI. The RSI was computed by dividing a patient’s actual LOS by an expected LOS for a similar patient, which was based on national figures (Independent Health and Aged Care Pricing Authority, 2021). The expected LOS is standardised across Australian-refined diagnosis-related groups (AR-DRGs), care type, age, admission type, arrival source, discharge destination and comorbidity level (i.e., number of comorbidities from separate International Classification of Diseases-10 Australian Modification (ICD-10-AM) chapters) (Australian Institute of Health and Welfare, 2022a). An RSI greater than one indicates that a patient’s LOS is longer than would be expected, given the patient’s casemix distribution. An AR-DRG is “an Australian admitted patient classification system which provides a clinically meaningful way of relating the number and type of patients treated in a hospital (known as hospital casemix) to the resources required by the hospital” (Australian Institute of Health and Welfare, 2022b). Each AR-DRG has an alphanumeric code that represents a group of patients with similar clinical conditions demanding similar hospital services.
The expected LOS data were obtained from the Independent Health and Aged Care Pricing Authority’s National Hospital Cost Data Collection (NHCDC) report (version 10.0) (Independent Health and Aged Care Pricing Authority, 2021). The NHCDC public sector’s 23rd round report for the fiscal year 2018-19 was the latest publicly available at the time of manuscript writing. The report also contains hospital costs of admission data by jurisdictions and the episode of admission type (e.g., acute, subacute or non-acute admissions). The NHCDC statistics were linked to each patient’s data using AR-DRG as a linking variable.
Secondary outcomes included length of ED stay from ED presentation to ED departure (in hours), all-cause in-hospital mortality during the acute admission, occurrences of unplanned hospital readmissions or ED revisits to the same hospital within 30 days after hospital discharge, and PPMC’s cost-effectiveness and cost-benefit. The economic analysis was conducted from a health system’s perspective. The benefits from cost avoidance with PPMC based on the potential to avert a high/extreme risk error (Atey et al., 2023) (cost-effectiveness) and from cost savings by reducing the RSI (cost-benefit) were estimated, as described below. The cost of PPMC was estimated relative to the cost of usual care.
Firstly, the cost of care per patient to avert at least one high/extreme risk was estimated based on a) the average time required to deliver PPMC for one patient, b) the number of patients who needs to be treated (NNT) with PPMC to prevent at least one high/extreme risk and c) the hourly salary rate. The average time estimate to conduct one PPMC activity was obtained from the Royal Hobart Hospital (RHH), in which an online survey of PPMC pharmacists was conducted and then a consensus was reached among the pharmacists. The NNT was based on our PPMC’s impact on medication error study, and definitions and prevalence of high or extreme-risk errors are provided elsewhere (Atey et al., 2023). The estimated hourly salary rates were based on data from THS’s 2020/21 Public Sector Agreements (Tasmanian Health Service, 2019); $46.3 for a PPMC pharmacist based on Allied Health Professional Level 2 Year 4 (Department of Health and Human Services, 2018), $55.8 for a supervising pharmacist based on Allied Health Professional Level 4 Year 2, $54.0 for an ED medical officer based on Medical Practitioner Level 7 (Registrar Year 3), and $45.0 for a nurse based on Registered Nurse Grade 4 Year 1.
Secondly, the relative reduction of RSI with PPMC was translated into admission cost savings by multiplying the percentage of RSI reduction by the average cost of unplanned, acute admission in Tasmania. The cost of admission in Tasmania was based on the NHCDC report (Independent Health and Aged Care Pricing Authority, 2021). According to the report’s historical cost trend from 2016 to 17 to 2018-19, the average cost of admission increased by 6.6% annually in Tasmania. We factored in this increase for estimating the cost of admission for the study period (2020-21). Based on the national data, the average “expected LOS” trend remained relatively steady; therefore, no adjustments were considered in this study.
Thirdly, the cost difference between admission cost savings and the cost of care was reported as the PPMC cost-benefit. Approximate fixed costs from the cost of initial credentialling were also estimated; however, we were unable to incorporate some of PPMC’s fixed costs, such as the cost of establishment and supervision due to a lack of data. All the cost findings presented in this study were only approximations and were reported in Australian dollars.
2.3 Propensity score matching
A 1:1 nearest neighbour propensity score matching without replacement using a calliper of 0.03 was used to create comparable groups in both arms. The propensity scores were calculated using a logistic regression based on the covariates (CCI, arrival time of the day and admission unit type). The quality of matching was assessed using numerical summaries and graphical methods. A covariate balance before and after matching was deemed adequate when a standardised mean difference was below 0.1 (Harder et al., 2010). A MatchIT package was used for the propensity score matching (Stuart et al., 2011).
2.4 Statistical analysis
The normality of data distribution was checked via statistical methods using the Shapiro-Wilk test and visual inspection of histograms and Q-Q plots. Multicollinearity was determined by observing the size of correlation coefficients, variance inflation factors and eigenvalues. Prior to matching, statistics were compared using the Wilcoxon rank-sum test for continuous data and Pearson’s chi-square test for categorical data. For the matched pairs, continuous variables were compared using the Wilcoxon signed-rank test, and categorical variables were compared using McNemar’s chi-square test (Swinscow and Campbell, 1997; Austin, 2008).
Subgroup analysis according to the major diagnostic category (MDC) was conducted to examine whether the RSI varied by MDC between the two study groups. The MDCs are mutually exclusive categories into which all possible DRGs and principal diagnoses fall (Independent Health and Aged Care Pricing Authority, 2020). The diagnosis in each MDC corresponds to a single aetiology or body system, for example, “MDC 01 Diseases and Disorders of the Nervous System.” The analysis was compared using the Wilcoxon rank sum test.
Kaplan-Meier’s “survival” probability curves were constructed to analyse time to hospital readmissions and ED revisits. Patients who died in the hospital and their counter-matched pairs were excluded from health-related outcome analyses. All reported p-values <0.05 were considered statistically significant. Data were analysed in R® version 4.1.12 (R Foundation for Statistical Computing, Vienna, Austria) (R Core Team, 2013).
3 RESULTS
3.1 Patients’ characteristics
The screening and selection of the study participants are detailed elsewhere (Atey et al., 2023). There were 3,468 admissions to GMU and EMU screened based on the eligibility of BPMH in both cohorts during the study period (Figure 2). Of these, 731 and 562 eligible patients made up the PPMC arm and the usual care arm, respectively. A total of 309 patients from the usual care group were matched to the same number of patients from the PPMC group.
[image: Figure 2]FIGURE 2 | Screening and selection of the participants. Abbreviations: AMU, acute medical unit; BPMH, best-possible medication history; ED, emergency department; EMU, emergency medicine unit; GMU, general medicine unit; MedRec, medication reconciliation; PPMC, partnered pharmacist medication charting *Examples include incomplete/unavailable diagnosis-related group, discharge summary or medication chart information.
The demographic and clinical characteristics of each cohort before and after matching are tabulated in Table 1. Sex, triage level and arrival day of the week were comparable between the groups before matching. However, there were significant differences (p < 0.001) in the median age, CCI, types of admission units and arrival time of the day between the unmatched groups. The baseline characteristics of the cohorts were well-balanced post-matching, with a standardised mean difference of less than 0.1. The median ages were 77 years [interquartile range (IQR): 64–86 years] and 75 years (IQR: 63–84 years) in the matched PPMC group and the usual care group, respectively.
TABLE 1 | Unmatched and matched comparisons between the PPMC group and the usual care group.
[image: Table 1]3.2 Length of hospital stay and relative stay index
The median absolute LOS did not vary significantly between the groups (p = 0.51), with 3.9 days (IQR: 2.1, 7.2) in the PPMC group and 4.2 days (IQR: 2.6, 7.9) in the usual care group (Table 2). In contrast, patients in the PPMC group had a lower RSI (1.1; IQR: 0.7, 1.9) than those in the usual care group (1.3; IQR, 0.8, 2.1) (p = 0.029). The RSI was reduced by 15.4% with PPMC compared to the usual care group.
TABLE 2 | Impact of PPMC on health-related outcomes and cost of admission.
[image: Table 2]After conducting a sub-group analysis based on MDC, the only statistically significant difference (p = 0.022) in the median RSI was for the principal diagnosis related to “Injuries, Poisoning and Toxic Effects of Drugs.” Within this diagnostic category, patients in the PPMC group exhibited a comparatively shorter median RSI (1.2; IQR: 0.89, 2.50) than those in the usual care group (1.58; IQR: 1.37, 1.90) (Figure 3).
[image: Figure 3]FIGURE 3 | Comparison of relative stay index by major diagnostic category in the PPMC group and the usual care group. *Others: Alcohol/Drug Use, Hepatobiliary System and Pancreas, Mental Diseases and Disorders, Blood and Blood Forming Organs and Immunological Disorders, and Diseases and Disorders of Ear, Nose, Mouth and Throat.
3.3 Other health-related outcomes
There were no statistically significant differences between the two groups for the median length of ED stay (Table 2). All-cause in-hospital mortality occurred in 4 patients (1.3%) in each of the groups (p > 0.99). The majority of the patients (∼80%) in both groups were discharged to their usual home residence following the cessation of the acute episode of care.
Figure 4 shows Kaplan-Meier “survival” curves for the hospital readmissions and ED revisits within 30 days after the hospital discharge. Time-to-event analyses did not show any significant between-group differences in the time to hospital readmissions (p = 0.22) or ED revisits (p = 0.76).
[image: Figure 4]FIGURE 4 | Kaplan-Meier cumulative “survival” probability curves for hospital readmissions (A) and ED revisits (B) within 30 days after hospital discharge. Abbreviations: ED, emergency department; PPMC, partnered pharmacist medication charting.
3.4 Cost-effectiveness and cost-benefit of PPMC
The fixed cost of initial PPMC credentialling was estimated at $330.2 per pharmacist (Table 3). The average time required to deliver PPMC for a single patient was estimated to be 75 min, with the most time (73.3%, 55 min) spent on determining the BPMH (i.e., 35 min) and charting medications (i.e., 20 min). The hospital spent approximately $138.4 for the cost of PPMC care per patient to avert at least one medication error bearing high/extreme risk (Table 4).
TABLE 3 | Fixed cost of initial PPMC credentialling.
[image: Table 3]TABLE 4 | Breakdown of the cost analysis according to the approximate input cost parameters.
[image: Table 4]The average cost of an unplanned, acute admission in Tasmania was estimated to be $8,465.6 in 2020-21, based on an average 6.6% annual increase in the trend of admission costs (Supplementary Appendix) (Independent Health and Aged Care Pricing Authority, 2021). With PPMC, a notable reduction of 15.4% in the RSI was achieved, translating into proportional reductions in the cost of admission. This translated to an approximate saving of $1,303.6 per admission per patient. After accounting for the cost of PPMC care at $34.6 per patient, it can be estimated that PPMC would yield net savings of approximately $1,269 per admission per patient.
4 DISCUSSION
Compared to the trial’s usual care, the RSI was significantly reduced by 15.4% with PPMC. However, there were no statistically significant between-group differences in the other outcomes. The hospital spent approximately $138.4 per patient on PPMC to prevent at least one high/extreme risk medication error. Approximately $1,269 was also saved per admission per patient with PPMC. A previous study reported each admission under the PPMC arm had an average saving of $726, probably from increased safety and reduced complications (Department of Health and Human Services, 2018). The previous study was conducted in 2016-17, while our study period covered 2020-21, leaving a possibility of cost variations.
Previous studies have shown that patients’ LOS may be prolonged due to serious/severe preventable adverse drug events (Bates et al., 1997; Pinilla et al., 2006). High/extreme risk errors could result in temporary or permanent injury and necessitate additional monitoring or intervention, thereby prolonging hospitalisation. The implementation of PPMC reduced the occurrence of these high/extreme risk errors (Atey et al., 2023), and fostered collaboration between a pharmacist and a medical officer through the development of a clear, comprehensive patient treatment plan. This plan may facilitate timely investigations and improve communication among clinicians, thus streamlining the discharge process and affecting the RSI. Conversely, medication inaccuracies and inadequately planned plans may hinder timely investigations (Gleason et al., 2010; Tong et al., 2020), potentially affecting the duration of stay.
Reduction of the RSI and cost of admission, and potential time savings with PPMC could have enormous clinical and financial implications for hospitals with high bed occupancy rates or those suffering from significant access blocks. In September 2020, more than two-thirds of patients waiting for hospital admissions across 93 Australian EDs were experiencing access blocks (Australasian College for Emergency Medicine, 2018). Access block accounts for an increased ED staff workload and a prolonged LOS, and it may delay the initiation of treatments, creating a negative feedback loop for patient care (Richardson, 2002; Bernstein et al., 2009; Kennebeck et al., 2011; Australasian College for Emergency Medicine, 2018; Morley et al., 2018). Minimising any delay in hospital flow is, therefore, clinically and financially important for hospitals marked by bed shortages and overcrowding.
The findings from the sub-group analysis of patients with a principal diagnosis related to “Injuries, Poisoning, and Toxic Effects of Drugs” shed light on the potential benefits of PPMC in specific clinical contexts. These patients may have medication misadventure associated with confusion or poor communication about their drug therapy. PPMC can streamline medication charting, improve communication among clinicians and facilitate quicker access to vital medication information, thus potentially impacting medication-related processes and improving patient outcomes. While this sub-group analysis provided valuable preliminary insights, it is important to acknowledge that its robustness was limited by the modest size of the matched sample. Therefore, caution should be taken when interpreting the findings, and future studies should prioritise replicating this sub-group analysis using a larger and more diverse sample.
This study has several strengths and limitations to consider. We used a robust propensity-matched analysis endeavouring to create cohorts from both groups that were comparable in baseline characteristics. This approach is currently recommended as a standard tool for investigators trying to estimate the effects of interventions in non-randomised studies (Austin, 2011). A comprehensive panel evaluation methodology was employed for the assessment of medication errors.
Due to ethical concerns about denying patients access to a new service, randomisation of the patients was not possible. Although we used matching techniques, the absence of randomisation still makes it impossible to rule out the possibility of other potentially unknown or residual confounders. The unavailability of a patient’s actual cost of admission data is another limitation, which is a potential area for future study. Our analysis was limited to easily quantifiable, short-term outcomes (e.g., RSI) and did not include additional variables that may have longer-term or more difficult-to-measure consequences (e.g., quality of life).
It is important to note that “usual care” in this trial was operationally defined as patients receiving MedRec (including BPMH) on the inpatient ward within 48 h of admission. This definition was used for the purpose of assessing medication errors, mimicking ideal practice, and ensuring comparability between the study groups (Atey et al., 2023). However, it is worth noting that in practice, MedRec is not universally conducted for all admitted patients at our study hospital. In fact, only about one-third of patients currently receive this on the wards. This means that the true impact of PPMC, if implemented within the current environment, might have been underestimated in our study.
The analysis omitted the time spent by medical officers during their involvement in the PPMC’s clinical discussions. This decision was based on the understanding that their participation did not demand additional time compared to the usual care scenario, where they independently obtained medication histories and charted medications. In fact, it was anecdotally reported that their time commitment had been reduced with PPMC. For future studies, however, a rigorous time and motion study is recommended to accurately estimate the time spent on each activity.
The study used secondary clinical and administrative data collected from routine hospital patient care, potentially affecting the completeness and accuracy of data. Being a single-site study may limit the study’s generalisability to other populations or settings. Therefore, it is important to consider conducting a multi-site study in the future and extending PPMC to cover additional clinical areas and/or extended working hours.
5 CONCLUSION
PPMC within the ED was associated with a significantly reduced relative stay index and has the potential to reduce costs per admission. However, no statistically significant differences were observed between PPMC and usual care in the ED stay, in-hospital mortality, and 30-day hospital readmissions or ED revisits, noting that there was an additional focus on medication reconciliation in the usual care group relative to current practice at our study site.
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PPMC activities®
Obtaining a BPMH 35 min - -
Holding a clinical conversation with a medical officer and 10 min - -

writing a shared treatment plan

Writing a medication chart 20 min - -
Nursing handover discussion 5 min 2 s
Other PPMC activities such as triaging/screening 5 min . B

Total time spent in PPMC®<

By a pharmacist 10 +20 + 5+ 5 = 40 min 0.67 h X $46.3 per h = $31.02 AHP Level 2 Year 4
—067h
By a nursing staff 5min — 0.08 h 0.08 h X $45.00 per h = $3.60 Registered Nurse
Grade 4 Year 1
Total cost per patient $34.62 $34.62 = $31.02
+$3.60

B. PPMC cost-benefit Cost Commen

Cost per patient $34.62

Cost of PPMC care to prevent one high/extreme risk $138.4 NNT*: 4 X $34.62
Cost saving using RSI $1,303.6 15.4% of $8,465.6°
Cost-difference 51,269 $1,303.6 - $34.62

Abbreviations: AHP, allied health professional; h, hours; min, minutes; NNT, number of patients who need to be treated; RSI, relative stay index.

“These time points were estimated based on an average number of pre-admission medicines (including regular, PRN; and complementary medicines), i, ten medicines for one PPMC, patient
(Atey et al., 2023).

"As the BPMH was 2 common element in both arms, it was deemed cost-neutral and therefore not included in the analysis.

“The time spent by medical officers on clinical discussions was not included in the analysis because their involvement in these discussions did not require any extra time compared to usual care.
“The NNT with PPMC to prevent at least one high/extreme risk error compared to usual care was obtained from the medication discrepancy/error study (Atey et al, 2023).

“The RSI, relative risk reduction was 15.4% with PPMC, compared to the usual care group. The average cost of admission in Tasmania in 2020-21 for unplanned, acute admissions was $8,465.6,
according to the projected NHCDC data (Independent Health and Aged Care Pricing Authority, 2021).
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