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Abstract 
Clinical pharmacists in intensive care units are involved in patient safety, technical guidance 
and cost saving with rational use of medicines. This study aimed to estimate the cost saving 
of clinical pharmacist interventions in pediatric intensive care units (PICU). This was a 
retrospective, observational study. Savings were measured for three months based on (1) 
Clinical pharmacist interventions from prescription analysis, (2) Individualized doses of four 
antibiotics, (3) Comparison of drugs dispensing systems before and after the 
decentralization of pharmacy services. The main outcome is costs saving with strategic 
planning of medication use based on local reality. A number of 73 clinical pharmacist 
interventions were made, from which 13 allowed the calculation of economic impact, saving 
US$ 633.38/year. Cost saving from individualized doses of four antibiotics was 
US$ 8,754.46/year. The decentralization of pharmacy services saved US$ 28,770.52/year. 
The evaluated interventions were successful. Clinical pharmacist interventions, 
individualized antimicrobials doses and decentralization of pharmacy services reduce costs 
in the hospital..  
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INTRODUCTION 
In Brazil, the presence of clinical pharmacists in Intensive Care Units (ICU) is recent (Brasil, 

2019). These professionals are crucial in daily ICU patient care by assisting physicians and 
other health care providers with pharmacotherapy decision making and monitoring to 
improve medication safety (Preslaski et al., 2013). 

Clinical pharmacists in ICU are involved in patient safety, technical guidance and cost 
saving with rational use of medicines. However, ensuring comprehensive and quality access 
to health care is complex, often filled with challenges, such as the absence of guidelines, 
professional turnover and new technology availability (Fideles et al., 2015). Clinical 
pharmacist interventions can be described as a planned documented action that aims to 
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solve or prevent problems related to pharmacotherapy (Ivama et al., 2002). Many studies 
have evaluated the impact of pharmacist interventions in hospitals and showed positive 
economic outcome (Muñoz-Pichuante & Villa-Zapata, 2020; Gallagher et al., 2014; 
Klopotowska et al., 2010; Baldinger et al., 1997). These studies have already demonstrated 
this effect in adult ICU, however, pediatric intensive care units still require more studies 
(Larochelle et al., 2012). 

Pediatric patients present significantly different physiological characteristics from adults – 
e.g., pharmacokinetics and pharmacodynamics –, thus being more susceptible to medication 
errors and their consequences (Kaestli et al., 2014). These particularities are also present in 
Pediatric Intensive Care Units (PICU). Professionals working in them need to calculate drug 
dosage based on weight, and the maximum concentration of some intravenous solutions are 
examples of how this population requires specific care with drug prescription, dispensing, 
preparation and administration (Potts et al., 2004). 

A systematic review of non-randomized controlled studies evaluated the effect of 
pharmacist services on medication errors rates in ICU versus no intervention. Four studies 
were included in the meta-analysis and results suggest that pharmacist intervention had no 
significant contribution in reducing errors, although it may significantly reduce preventable 
adverse drug events and prescribing errors (Wang et al., 2015). 

Regarding economic impact, the best intervention depends on the characteristics of each 
hospital unit. Thus, it is essential to know medication consumption, current guidelines, and 
pharmacy services, in order to establish points that could save the most money, which can be 
targets of these actions. 

Besides the benefits of clinical pharmacist intervention in patient safety in ICU, this study 
aims to estimate the cost saving of clinical pharmacist interventions and pharmacy services in 
PICU. 

METHODS 

This is a descriptive study focused on costs analysis and developed by a resident 
pharmacist of a multidisciplinary team of critically ill patients, carried out at the Pediatric 
Intensive Care Unit (PICU) of the “Hospital da Criança Santo Antônio” (HCSA) in Irmandade Santa 
Casa de Misericórdia dePorto Alegre (ISCMPA). This PICU is assisted by a multidisciplinary team 
of professionals and residents (Medicine, Nursing, Physical Therapy, Speech-Language 
Therapy, Psychology, Nutrition and Pharmacy). The PICU has 30 beds and is a reference in 
several pediatric specialties – mainly in congenital heart diseases –, and attends to patients 
from different Brazilian states. 

Cost saving was estimated for one year and identified by (1) pharmacist interventions 
resulting from the analysis of prescriptions, (2) individualized doses of four antibiotics, (3) 
comparison of the dispensing system before and after pharmacy decentralization. All costs 
were converted to US dollars (July 01, 2016; US$1=R$3.2292). Only the cost of drugs was 
measured. 

Pharmacist interventions from prescriptions analysis 

Pharmacist interventions were recorded in July 2015. The most frequent interventions were 
classified as prescription adjustment, drug dose adjustment, drug administration routes 
management, drug reconstitution and dilution, replacement for standard drug, drug 
suspension, drug exchange, administration schedule exchange and others. These 
interventions started from prescription analysis or request of a service team. The accepted 
pharmacist interventions were evaluated and the costs were estimated. The costs of drugs 
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involved in the intervention were estimated using the average amount paid by the institution 
in the last three months. 

In the case of replacement for standard drug, the cost was calculated considering the 
number of days used, frequency of use per day, and average prices of drugs. Cost saving is 
represented by the difference between drugs A and B. For drug suspension, cost was 
calculated by the number of days used, frequency of use per day, and average drug prices. 
For dose or administration route adjustment, the drug cost was calculated considering the 
need to prevent loss due to medication incompatibilities, according to current literature. Loss 
of medication was considered if the wrong dose or route of administration prescribed before 
the intervention was used. 

Individualized doses of four antibiotics 

The profile of drug consumption in the PICU from January 1st to December 31st, 2015 was 
organized by Pareto’s analysis. The medicine prices were available in the hospital 
procurement department. The drug selection criteria were a) belonging to Curve A in Pareto’s 
analysis; b) small doses prescribed for pediatric patients; c) reduced stability. 

Strategies were discussed with the medical and nursing leader to optimize or 
implement the use of these drugs. From that, four antimicrobials were chosen: cefepime 
1 g, meropenem 500 mg, tigecycline 50 mg and vancomycin 500 mg. All of them are 
injectable. 

The total dose of prescribed antibiotics, the number of ampoules needed to complete the 
dosage and the effective quantity dispensed were identified by a report of the institution 
information technology service. The number of ampoules needed to complete the dose was 
calculated by the total prescribed dosage and the volume (mg) of the bottle. Cost saving was 
calculated by the difference between dispensed and necessary dose and estimated over a 
period of 1 year. 

Comparison of drug distribution systems before and after pharmacy 
decentralization 

From December 15th, 2015 to July 13th, 2016, the process of pharmacy decentralization 
occurred. The institution consists of seven hospitals with different specialties and had a single 
pharmacy that delivered drugs to patients in hospital units. After this process, the institution 
had six pharmacies. All decentralized units retained the same numbers of pharmacists. Cost 
savings were accounted for by reducing duplicate drugs, resulting from better control of drug 
dispensing. 

A computerized report informing the quantity of drugs that were dispensed in each period 
was created. Cost saving was calculated comparing the post-decentralization period with the 
same period in the previous year. The HCSA Pharmacy was implemented in March 2016; 
therefore, the monthly values compared were those of PICU prescriptions and their costs 
from April to September of 2015 and 2016. 

This study was approved by the Research Ethics Committee of ISCMPA, Rio Grande do Sul, 
Brazil, in June 2016, under the protocol number CAAE 57409316.7.0000.5683. 

RESULTS 

The pharmacist interventions in the PICU were described and classified according to 
Table 1. Of 173 CPIs, 97.7% were accepted. Most interventions were related to drug 
reconstitution and dilution. In only 13 PI it was possible to quantify cost saving. 
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Table 1. Number and type of clinical pharmacist interventions in the pediatric intensive care unit from 
July to December 2015. 

Intervention July August September October November December 

Number 
and 

frequency 
(%) 

Prescription 
adjustment 

0 0 0 0 1 0 1 (0.58%) 

Drug doses 
adjustment 

0 0 1 0 3 0 4 (2.32%) 

Drug 
administration 
routes 
management 

0 1 0 3 2 1 7 (4.05%) 

Drug 
reconstitution 
and dilution 

13 25 24 18 33 33 
146 

(84.40%) 

Replacement to 
standard drug 

1 0 1 0 0 0 2 (1.15%) 

Drug 
suspension 

1 1 1 1 1 1 6 (3.47%) 

Drug exchange 2 0 0 0 0 0 2 (1.15%) 

Administration 
schedule 
exchange 

0 0 0 1 0 1 2 (1.15%) 

Others 1 0 1 0 1 0 3 (1.73%) 

Total 17 28 28 22 43 35 
173 

(100.0%) 

The accepted interventions and cost saving are presented in Table 2. The intervention with 
the greatest impact was the management of medication administration (alteplase and 
heparin), which showed incompatibility of administration in Y, presenting turbidity and 
formation of visible crystals 24 hours after starting administration. 

Table 2. Type, number and cost saving of accepted clinical pharmacist interventions in the pediatric 
intensive care unit from July to December 2015. 

Type Number Cost saving (US$) 
Drug administration routes management 1 263.18 
Replacement by standard drug 2 21.63 
Others 2 11.13 
Drug suspension 4 9.10 
Drug exchange 2 5.25 
Prescription adjustment 1 3.99 
Drug dosage adjustment 1 2.42 
Total 13 316.69 

The pediatric ICU has 30 beds, 18 public and 12 private, with 80.09% average monthly 
occupancy, and 8.9 days as the average stay. The costs of a hospitalization day can vary 
according to the complexity of the care provided to each patient. 

Table 3 shows the consumption and costs of four antimicrobials with individualized doses 
(cefepime, meropenem, tigecycline and vancomycin). Sharing antibiotic doses can save 
US$ 8,754.46 per year. 
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Table 3. Consumption and annual estimate cost saving of antimicrobials with individualized doses in 
pediatric intensive care unit. 

Medicines 

Number of 
bottles 

necessary for a 
total dose 

Bottle 
Consumption 

Unitary 
costs 
(US$) 

Difference 
between 

necessary and 
consumed (US$) 

Cost 
saving 
(US$) 

Cefepime 1g 4,506.38 5,583.00 2.63 -989.62 2,604.91 
Meropenem 500 mg 5,158.92 5,909.00 1.54 -937.08 1,448.05 
Tigecycline 50 mg 2.60 19.00 45.31 -15.40 697.80 
Vancomycin 500 mg 4,482.57 6,655.00 1.76 -2,272.19 4,003.70 
Total     8,754.46 

Comparing the post-decentralization period with the same period in the previous year, the 
PICU showed US$ 28,772.52 per year in cost saving by avoiding duplicate drug dispensing, see 
Table 4. 

Table 4. Numbers and costs from duplicated drug dispensing considering two periods: 2015 (Central 
Pharmacy) and 2016 (Pharmacy decentralization) in pediatric intensive care unit. 

Period 

Number of 
duplicate drug 

dispensing 
Costs (U$) Costs 

difference 
(U$) 

Costs 
difference 

(%) 
2015 2016 2015 2016 

April 368 267 7,047.39 1,149.07 5,898.32 83.70% 
May 289 501 860.43 1,673.31 -812.88 -94.00% 
June 239 218 1,962.31 967.81 994.50 50.65% 
July 592 306 2,716.16 491.11 2,225.05 81.92% 

August 790 92 3,642.25 329.30 3,312.95 90.96% 
September 1494 62 3,183.57 415.25 2,768.31 86.96% 

Average 628 241 3,235.35 837.64 2,397.71 50.03% 
Total 3772 1446 19,412.11 5,025.85 14,386.26 74.11% 

According to our three interventions scenarios, we estimated a US$ 38,160.36/year cost 
saving (Table 5). 

Table 5. Costs saving estimated for one year (US$) 

Intervention 
Estimated 

(US$) 
Extrapolation for 1 

year (US$) 
Pharmacist Prescription Analysis 316.69 in 6 months 633.38 

Individualized doses of four antibiotics 8,754.46 in 1 year 8,754.46 

Comparison of the dispensing system before and 
after pharmacy decentralization. 

14,386.26 in 6 months 28,772.52 

Total  38,160.36 

DISCUSSION 
According to our results, all actions evaluated generated US$ 38,160.36/year in cost saving. 

Individual pharmaceutical interventions in ICU environments have already been reported to 
reduce costs by the literature (Muñoz-Pichuante & Villa-Zapata, 2020; Kjeldsen et al., 2011; 
Schumock et al., 2003; Baldinger et al., 1997). The clinical activities performed by pharmacists 
in ICU were guided by patient care, aiming to solve or prevent problems related to drug 
therapy, focusing on patient safety (Aghili & Kasturirangan, 2020; Malfará et al., 2018; 
Tripathi et al., 2015; Klopotowska et al., 2010). In practice, not all proposed pharmacist 
interventions will reduce costs, only optimizing patient care, such as administration schedule 
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exchange, as seen in our results. These interventions can be directly measured, but we must 
consider safety and therapeutical problems that could result in new health problems, new 
procedures, longer hospitalization or readmission. 

Among all interventions evaluated in the present study, 97.7% were accepted by the team, 
as in the study conducted at a PICU of a Medical School Hospital in São Paulo, Brazil 
(Malfará et al., 2018). This study demonstrated that, of 1,586 prescriptions evaluated by the 
pharmacist, pharmacotherapy-related problems appeared in 12.4% of them. There were 197 
interventions with R$ 15,118.73 (US$ 4,828.00) in cost saving (Malfará et al., 2018). Both 
studies demonstrated a similar pharmacist intervention profile and cost saving as a result. 

The pharmacist practice at PICU for longer periods improves their knowledge about drug 
profiles, and consequently, increases the possibilities of identifying strategies for rational use 
of medicines when considering patient safety and cost saving (Preslaski et al., 2013). 
Antimicrobials are also frequently the subject of pharmacoeconomic studies (Pinto et al., 
2016; De Giorgi et al., 2010). 

A systematic review evaluated the efficacy of interventions in reducing medication errors 
in intensive care and found four intervention types that reduced medication errors: changes 
in work schedules, modes of education, medication reconciliation and protocols, and 
guidelines. The review showed lack of conclusive data to support the use of interventions to 
reduce medication error rates (Manias et al., 2012). 

The present study investigated aspects related to medication costs in intensive care unit of 
pediatric patients. Another study identified 31 types of errors related to the use of injectable 
drugs in pediatric and neonatal populations and performed a pharmacoeconomic evaluation, 
suggesting ready-to-use syringes and the involvement of pharmacists as the best alternative 
for safe care practices (De Giorgi et al., 2010). 

The third scenario investigated in our study demonstrated the economic impact of 
decentralized pharmacy service. The control of drug dispensing is one of the first steps in 
patient care and safety (Serafim et al., 2010). After this application, we observed a decrease in 
the number of double dispensing of prescriptions. Aspects such as greater contact between 
pharmacist, pharmacy employees and ICU team are key in improving communication and, 
consequently, drug logistics. 

The analysis of the economic benefits caused by the decentralization of the pharmacy 
service through the evaluation of dual dispensation raised questions such as why dual 
dispensation occurs in the first place and how to avoid the double dispensation of high-cost 
drugs. Despite the increase in quantity, May 2016 saw many high-cost items being dispensed 
in duplicate. These issues are inherent to process evaluation and create new opportunities 
for pharmacist interventions. 

Regarding the limitations of the study, it is a single-center study, so the findings reflect the 
situation of only one PICU, which may reduce the generalizability of our findings to other 
clinical settings. We consider that better results could be obtained from micro-costs analysis 
of clinical pharmacists’ performance in PICU. We could only estimate the costs of 13 of the 
169 performed and accepted pharmacist interventions, which represents less than 10% of the 
total. The real financial impact of the interventions is much higher. Of all interventions, 84.40% 
of them were related to the reconstitution and dilution of medications and it was impossible 
to estimate the costs related to each reconstitution or dilution that did not follow the 
pharmacist’s recommendations. Finally, these results show the limitations of a retrospective 
study, that is, the actions were not performed to estimate the costs involved at that time. 

Other direct costs involved in patient care were not included, nor were indirect costs. Only 
the interventions described in the results were analyzed, without considering each patients’ 
profile, which may decrease the external validity of the study. This study was a preliminary 
exploration of the impacts of pharmacist interventions on the PICU environment. A more 
detailed assessment of micro-costs can reveal the real impact on the institution’s budget. 

The results related to the individualization of antimicrobials doses can overestimate the 
data, because they were calculated based on the prescribed dosage for the entire period. 
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Sharing vials to avoid waste is impossible, since it requires patients using the same medication 
at the same time. 

Despite the limitations and specificities, the actions developed in this study can be applied 
in clinical pharmacy and preparation of injectable drugs. 

CONCLUSION 
This study demonstrates the implications of pharmaceutical interventions in PICU. The 

clinical pharmacists in pediatric intensive care units result in cost saving. Clinical pharmacist 
interventions, individualized antimicrobials doses, and decentralization of pharmacy services 
reduce costs in hospitals. We indicate strategical planning of rational medication use and 
management, based on local reality, which seems to provide more significant cost saving 
results. 
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