
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=jppp20

Journal of Pharmaceutical Policy and Practice

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/jppp20

Clinical pharmacists’ interventions for preventing
adverse events in critically ill neonates in Qatar:
an economic impact analysis

Ola Yakti, Daoud Al-Badriyeh, Mohammed Rijims, Mohammed Abdelaal,
Omar Alsoukhni, Moza Al Hail, Palli Valapila Abdulrouf, Wessam El-Kassem,
Fouad Abounahia, Rasha Kaddoura & Dina Abushanab

To cite this article: Ola Yakti, Daoud Al-Badriyeh, Mohammed Rijims, Mohammed Abdelaal,
Omar Alsoukhni, Moza Al Hail, Palli Valapila Abdulrouf, Wessam El-Kassem, Fouad Abounahia,
Rasha Kaddoura & Dina Abushanab (2024) Clinical pharmacists’ interventions for preventing
adverse events in critically ill neonates in Qatar: an economic impact analysis, Journal of
Pharmaceutical Policy and Practice, 17:1, 170-190, DOI: 10.1080/20523211.2023.2291508

To link to this article:  https://doi.org/10.1080/20523211.2023.2291508

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 02 Jan 2024.

Submit your article to this journal 

Article views: 520

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=jppp20
https://www.tandfonline.com/journals/jppp20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/20523211.2023.2291508
https://doi.org/10.1080/20523211.2023.2291508
https://www.tandfonline.com/action/authorSubmission?journalCode=jppp20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=jppp20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/20523211.2023.2291508?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/20523211.2023.2291508?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/20523211.2023.2291508&domain=pdf&date_stamp=02 Jan 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/20523211.2023.2291508&domain=pdf&date_stamp=02 Jan 2024


RESEARCH ARTICLE

Clinical pharmacists’ interventions for preventing
adverse events in critically ill neonates in Qatar: an
economic impact analysis
Ola Yaktia*, Daoud Al-Badriyeh b*, Mohammed Rijimsc,
Mohammed Abdelaald, Omar Alsoukhnie, Moza Al Hailc,
Palli Valapila Abdulroufc, Wessam El-Kassemc, Fouad Abounahiaf,
Rasha Kaddourag and Dina Abushanab c

aPharmacy Department, Hamad General Hospital, Hamad Medical Corporation, Doha, Qatar;
bCollege of Pharmacy, QU Health, Qatar University, Doha, Qatar; cPharmacy Department,
Hamad Bin Khalifa Medical City, Hamad Medical Corporation, Doha, Qatar; dPharmacy and
Drug Control, Ministry of Public Health, Doha, Qatar; ePharmacy Department, Al Jalila
Children’s Specialty Hospital, Dubai, United Arab Emirates; fNeonatal Intensive Care Unit,
Hamad Medical Corporation, Doha, Qatar; gPharmacy Department, Heart Hospital, Hamad
Medical Corporation, Doha, Qatar

ABSTRACT
Objective: This study aimed to assess the overall economic impact of clinical
pharmacist interventions in the neonatal ICU (NICU) in Qatar.
Methods: A retrospective review of neonates’ records was performed over a 3-
month duration in the NICU of Qatar to determine the total economic benefit of
clinical pharmacist interventions. The total benefit of interventions was
calculated by considering the cost avoidance due to preventable adverse
drug events (ADEs) and the cost savings associated with the revised resource
use due to interventions. Sensitivity analyses were conducted to ensure the
robustness and generalizability of the results.
Results: A total of 513 interventions were analyzed, involving 150 neonates.
Most of the drug-related problems were related to therapy dosing, followed
by drug choice appropriateness, the addition of prophylactic treatment, and
administration frequency. The overall annual benefit was estimated at QAR
4,178,352 (1,147,584), which consisted of cost avoidance of QAR 1,050,680
(USD 288,648) and an overall cost saving of QAR −6091 (USD −1673).
Conclusions: While the clinical pharmacist interventions led to increased
resource utilisation and associated costs, when considering the avoided costs
of ADEs, the overall clinical pharmacist practices in the NICU setting were
economically beneficial.
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Introduction

Healthcare-related costs are rising globally. Many of these costs are attributed
to medication use and medication errors (Aspden & Aspden, 2007). Approxi-
mately 1.5 million preventable adverse events are reported annually in the
United States, incurring a cost of approximately 3.5 billion dollars (Aspden
& Aspden, 2007). Later studies suggest that the United States spends about
40 billion dollars per year on patients affected by medication errors and
more than 21 billion dollars per year on preventable medication errors
(Abushanab et al., 2021; Arredondo et al., 2021). One study found that
around 45% of the adverse events were preventable and reported that
although medication errors have ranged, to mention a few, from pharma-
ceutical labelling, route-specific problems due to challenges with medication
formulation design, accessibility, and human error (Arredondo et al., 2021),
the most serious adverse events happened during ordering the medication
or while administering it. In the same study, it was reported that the majority
of these adverse events were near misses and slips, rather than stemming
from a lack of knowledge (Arredondo et al., 2021). The situation is similar
in the intensive care unit (ICU) settings as a systematic review found that
the frequencies of medication errors ranged widely, with rates spanning
from 8.1 to 2344 occurrences per 1000 patientdays (Wilmer et al., 2010). Simi-
larly, Adverse drug events (ADEs) exhibited variability, ranging from 5.1 to –
87.5 instances per 1000 patientdays (Wilmer et al., 2010).

This is considered more important as neonatal intensive care stays are
among the most expensive types of hospitalisation (Congress, 1987).

Several studies have shown the critical role of the pharmacist in reducing
medication errors, shortening the duration of stay, and minimising the overall
cost in different healthcare settings, including the ICU (Arredondo et al., 2021;
Houso et al., 2022; Menezes et al., 2020). Studies have been conducted in
Qatar to assess the economic impact of pharmacists’ interventions in a
general tertiary hospital (Abushanab, Atchan, et al., 2023), cardiology (Al-
Badriyeh et al., 2023), and cancer care settings (Abushanab, Gulied, et al.,
2023). These studies found that pharmacists’ interventions were associated
with a positive annual total benefit, including a positive cost avoidance.
Although these clinical pharmacist interventions were associated with an
increased cost of resource use, this increased cost was overtaken by the
cost of avoidance generated. This role has contributed to this as the clinical
pharmacist has been involved in several aspects of patient care, from evalu-
ating the efficacy and safety of the administered medication, medication
reconciliation, prevention of medication errors, and medical residents’ edu-
cation (Arredondo et al., 2021). There is a lack of data about the economic
impact of clinical pharmacist interventions against drug-related problems
(DRPs) in neonatal ICUs in Qatar. The availability of such data will assist
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decision-makers and policymakers in better judging the need for clinical
pharmacy services, including the justification of salaries for personnel.

The study aims to evaluate the economic benefit of clinical pharmacist
interventions in preventing adverse drug events (ADEs) in the neonatal inten-
sive care unit (NICU) of Hamad Medical Corporation (HMC) in Qatar.

Materials and Methods

Study setting

The study was conducted at the NICU in HMC. HMC is the main provider of
healthcare in Qatar, which incorporates 13 hospitals and is considered one
of the leading corporations providing healthcare services in the Middle
East region (Abushanab et al., 2021). The HMC tertiary NICU setting
includes a total of 120 beds and is the largest and most specialised facility
in the country that provides specialised services for neonates who are
often admitted within the first 24 h after birth for a variety of reasons,
including premature birth, difficulties during delivery, and/or signs of pro-
blems during the first few days of life (Abushanab et al., 2021; Heyman
et al., 2003).

Study design

The study was a retrospective review of clinical pharmacist interventions,
defined as any action a pharmacist took that altered the neonate course of
therapy (Dooley et al., 2004). Clinical interventions included in this study
were acquired from the clinical intervention forms available in the Cerner
medical database. When pertinent information could not be obtained from
the clinical intervention sheet, information was directly acquired from the
neonate’s Cerner medical record.

Study population

The clinical pharmacist interventions examined in this study were related to
those performed on neonates admitted to the NICU. The study sample con-
sisted of interventions carried out on neonates during a 3-month follow-up
period, encompassing the months of March 2018, 15 July to 15 August
2018, and January 2019.

Ethics approval

The study was approved by the Medical Research Center, HMC (MRC-01-19-
110).
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Inclusion criteria:

. All clinical pharmacist interventions on neonates admitted to the NICU
throughout the specified follow-up durations (in March 2018, from 15
July to 15 August 2018, and in January 2019).

. Clinical pharmacist interventions were for neonates who continuously
took at least one medication during their hospitalisation, either for a
new indication or for a previous one.

. Interventions recommended by a clinical pharmacist.

. Interventions recommended by a clinical pharmacist and approved by a
physician and, hence, implemented.

Exclusion criteria:

. Interventions carried out by a staff/operational pharmacist (non-clinical),
without the clinical pharmacist looking after the neonate.

. Interventions that were rejected by the clinicians. Regardless of the inter-
vention and the evidence behind it, if this is not accepted by the clinician,
this will not be implemented.

Economic evaluation

The main objective of this study was to assess the economic impact of clinical
pharmacist interventions to prevent ADEs.

Cost savings
The total cost savings from clinical pharmacist interventions were deter-
mined by subtracting the cost of after-clinical pharmacy intervention
therapy from the cost of before-clinical pharmacist intervention therapy
when this is in positive values. Here, the cost of after intervention was
based on the original therapy duration until intervention, plus the cost of
therapy after the change, based on the duration of its full course. While
the cost before intervention was based on the duration of therapy before
intervention.

The following equation was used to calculate the cost savings:

Cost savings= cost of therapy resource use before interventionminus cost

of therapy resource use after intervention,where positive cost saving

represents reduced cost with intervention,while negative cost saving

represents added cost with intervention.
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Cost avoidance
Cost avoidance refers to the cost that was prevented by eliminating
the occurrence of ADEs through clinical pharmacist interventions (Nesbit
et al., 2001). The likelihood of an ADE in the absence of the intervention
was determined using the method described by Nesbit et al., which cate-
gorised the likelihood as 0 (none), 0.01 (very low), 0.1 (low), 0.4 (medium),
or 0.6 (high) (Chen et al., 2017).

The cost of an ADE was estimated based on a conservative assumption
that it would result in an additional two days of hospital stay in the corre-
sponding unit, in accordance with relevant literature studies (Abushanab,
Atchan, et al., 2023; Abushanab, Gulied, et al., 2023; Al-Badriyeh et al., 2023;
Chen et al., 2017).

In this study, a 3-month prescription refills cost was used for chronic
disease medications, while for acute diseases, we used the duration accord-
ing to the prescription order or the national HMC guideline.

The total cost avoidance was calculated by multiplying the average of the
total probabilities of all ADEs by the total cost of ADEs as shown in the
equation below:

Cost avoidance = average probability of avoided ADE with the interventions

multiplied by the cost of ADE.

Total benefit analysis
The cumulative benefit of the clinical pharmacist interventions was assessed
on a 3-month and a projected annual basis. The monetary value of the inter-
ventions’ benefit was determined by calculating the sum of the cost savings
and cost avoidance achieved through the interventions.

The following equation was used to calculate the total economic impact:

Total economic impact = cost savings

+ cost avoidance due to interventions

Expert panel

Following the approach suggested by Nesbit et al., an expert panel consisting
of three clinical pharmacists, each with more than 10 years of clinical experi-
ence in the field and one neonatologist, was convened to determine the
probabilities of ADEs in the absence of interventions (Nesbit et al., 2001).
Each panel member estimated the likelihood of an ADE occurring without
an intervention. The average probability of an ADE in the absence of each
intervention was then considered. The neonatologist validated the generated
probability estimates of ADEs.

Appendix 1 depicts an overall diagram of study.
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Perspective

The study was conducted from the perspective of the public NICU in Qatar. Of
note, in the Qatari public healthcare system, all medications and non-medi-
cation resources are provided free of cost to hospitalised patients (i.e.
Qatari citizens and residents).

Cost inputs

To determine the monetary value of resources, the costs associated with
medications, non-medication-based resources (such as laboratory and diag-
nostic tests), and hospital stay were obtained from the pharmacy, finance,
and costing departments at HMC (‘Qatar Inflation Rate’, 2021). All costs
were adjusted to the financial year 2023 using the Qatari Health Consumer
Price Index. The monetary values were presented in Qatari Riyal (QAR) and
the USD. No discounting was applied because outcomes were not projected
beyond a 1-year time horizon.

Sample size

This study is not a comparative study, where the sample size used in
similar literature studies varies based on factors such as the size of
the setting and the prevalence of underlying conditions (Walsh et al.,
2017). Local studies in Qatar (Abushanab, Atchan, et al., 2023; Abusha-
nab, Gulied, et al., 2023; Al-Badriyeh et al., 2023), as well as international
studies (Gallagher et al., 2014; Malani et al., 2013; Sebaaly et al.), in sec-
ondary/tertiary care settings have reported sample sizes ranging from
<100 to <2000, but predominantly <500. Considering the anticipated
incidence of interventions in the study setting, a preliminary investi-
gation indicated that a 3-month duration would be sufficient to
include over 500 interventions for analysis.

In line with our previous studies (Abushanab, Atchan, et al., 2023; Abush-
anab, Gulied, et al., 2023; Al-Badriyeh et al., 2023), to account for any potential
variations in pharmacist vigilance during the institutional review process of
pharmacists’ performance, the sample size included the first month after
the annual staff performance evaluation in the NICU, the last month of the
year before the evaluation, and a middle month of the year.

Statistical analysis

Data were tabulated for each neonate and analyzed using the IBM SPSS (Stat-
istical Package for the Social Sciences) version-24. The data were presented as
numerical and percentage measures for categorical variables and as mean and
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standard deviation measures for continuous variables. Kruskal–Wallis and Chi-
Square tests were used to detect any significant differences among the three
follow-up months, i.e. March 2018, July/August 2018, and January 2019.

Sensitivity analysis

Sensitivity analyses evaluated the uncertainty surrounding main cost and
probability inputs. A one-way sensitivity analysis (OWSA), targeting one
uncertain input variable at a time, was performed to assign a ±20% variation
range of the base case value of the cost of the ADEs, using a triangular type of
random value distribution. A probabilistic sensitivity analysis (PSA), targeting
several probabilistic inputs at once, was used to assign an uncertainty range
of ±15% of the base case values of the probabilities of ADEs, using a triangu-
lar-type distribution, and based on 10,000 simulations. All analyses were per-
formed via Monte Carlo simulation, using @Risk-5.7 (Palisade Corporation,
NY). All outcomes were presented as probability curves.

Results

Characteristics of neonates and interventions

A total of 150 neonates in the NICU were included in this study, with a total of
513 clinical interventions during the follow-up period of this study. Of the
study population, 63 (42.0%) were females and 87 (58.0%) were males. The
mean age for both sexes was 3.62 ± 0.51 days. There were no significant
differences in baseline characteristics between the three follow-up months.
Further details regarding the baseline characteristics of the included popu-
lation are summarised in Table 1.

Table 1. Neonates’ demographics among the study periods.
Variable average
(±standard deviation)/
frequency (%)

Total number of
neonates
(n = 150)

March
2018

(n = 47)

July–August
2018

(n = 37)

January
2019

(n = 66)
p

value

Sex
Male 78 (52.0%) 19 (41.7%) 18 (48.6%) 41 (62.1%) 0.09
Female 72 (4.0%) 28 (58.3%) 19 (51.4%) 25 (37.9%)

Age 3.62 ± 0.51 4.0 ± 0.20 4.0 ± 0.0 3.11 ± 0.31 0.40
Weight 2.65 ± 1.05 3.0 ± 1.2 2.25 ± 0.78 2.59 ± 1.0 0.32
Nationality
Arab 100 (66.6%) 32 (68.8%) 25 (67.6%) 43 (65.2%) 0.11
Asian (non-Arab) 39 (26.0%) 11 (22.9%) 9 (24.3%) 19 (28.8%)
African (non-Arab) 4 (2.7%) 1 (2.1%) 1 (2.7%) 2 (3.0%)
Others 7 (4.7%) 3 (6.2%) 2 (5.4%) 2 (3.0%)

Ward type
Inpatient (critical) 149 (99.3%) 47 (100%) 37 (100%) 65 (98.5%) 0.18
Inpatient (non-critical) 1 (0.7%) 0 (0%) 0 (0%) 1 (1.5%)
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The most common intervention intercepted by the clinical pharmacists
was related to the medications’ dosing (63.2%), followed by interventions
related to drug choice appropriateness (26.8%), addition of prophylactic
treatment (3.7%), and administration frequency (1.9%). In Table 2, a descrip-
tion of the categories of the interventions is presented with examples,
together with the associated average probability of avoided ADEs as per
category.

Economic analysis

Cost savings
The overall added cost associated with the interventions was QAR 822,741
(USD 226,028), while the overall reduced cost before the interventions was
QAR 816,650 (USD 224,293). Therefore, the overall cost saving, due to the
pharmacist-led interventions, was in negative, i.e. QAR −6091 (USD −1673).
The added and reduced costs with interventions as per different intervention
type categories can be seen in Table 3.

Cost avoidance
The overall cost avoidance due to the interventions over 3 months was QAR
1,050,679 (USD 288,648). Table 3 summarises cost avoidance associated with
each intervention type category.

Table 2. Summary of the probability of avoided adverse drug events and categories of
the clinical pharmacist interventions.
Probability of avoided adverse
drug event Numbers and categories of the interventions

0.005 3 interventions; ‘Increase in medication dose’, ‘addition of another
medication’, ‘change in medication route’.

0.01 131 interventions; ‘Discontinuation of a medication’, ‘addition of
another medication’, ‘change in medication route’, ‘increase in
medication frequency’, ‘increase in medication dose’, ‘decrease in
medication duration’, ‘decrease in medication frequency’, ‘decrease
in medication dose’, ‘addition of a prophylactic agent’.

0.055 39 interventions; ‘Discontinuation of a medication’, ‘addition of
another medication’, ‘increase in medication dose’, ‘increase in
medication frequency’, ‘increase in medication duration’, ‘decrease in
medication dose’.

0.1 232 interventions; ‘Discontinuation of a medication’, ‘addition of
another medication’, ‘switching to alternative medication’; ‘increase
in medication dose’, ‘increase in medication frequency’, ‘addition of a
prophylactic agent’, ‘decrease in medication dose’.

0.205 1 intervention; ‘Decrease in medication dose’.
0.25 19 interventions; ‘Discontinuation of a medication’, ‘decrease in

medication dose’, ‘increase in medication dose’
0.4 88 interventions; ‘Discontinuation of a medication’, ‘decrease in

medication dose’, ‘addition of lab test’,
0.6 1 intervention; ‘Switching to alternative medication’
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Total benefit analysis
Overall economic benefits in favour of the clinical pharmacist interventions
are summarised in Table 4. Considering the sum of cost savings and cost
avoidance, the total economic benefit over 3 months was calculated to be
QAR 1,044,588 (USD 286,896). In addition, the average total benefit was
QAR 6964 (USD 1913) per neonate and QAR 2036 (USD 559) per intervention.

Sensitivity analysis

The results of OWSA demonstrated robustness against the uncertainty in the
cost of the ADE, as reported in Table 5 and Figures 1 and 2. The PSA also
showed that there is a 100% probability that the pharmacist-led intervention

Table 3. Added resource cost, reduced resource cost, and cost of avoidance according
to clinical pharmacist intervention types.

Type of interventions

Overall added cost with
interventions, QAR

(USD)

Overall reduced cost
with interventions, QAR

(USD)
Overall cost

avoidance, QAR (USD)

Addition of another
medication

56,471 (15,514) 0 (0) 57,560 (15,813)

Discontinuation of a
medication

0 (0) 102,071 (28,034) 110,433 (30,339)

Switching to alternative
medication

426 (117) 1253 (344) 20,306 (5579)

Addition of a
prophylactic agent
during hospitalisation

2262 (621) 0 (0) 5779 (1588)

Change in medication
route

0 (0) 11 (3) 1250 (343)

Change in medication
strength

3 (1) 9 (2) 2187 (601)

Change in medication
dose

761,140 (209,104) 710,462 (195,128) 810,834 (222,757)

Change in medication
duration

718 (197) 1093 (300) 12,887 (3540)

Change in medication
frequency

1662 (457) 1751 (481) 10,700 (2940)

Addition of a lab test 60 (16) 0 (0) 18,744 (5149)
Total 822,742 (226,028) 816,650 (224,293) 1,050,680 (288,648)

QAR: Qatari Riyal, USD: United States Dollar.

Table 4. Outcomes of total benefit analysis.
Outcome Value, QAR (USD)

Overall added cost after interventions per 3 months 822,741 (226,028)
Overall reduced cost before therapy interventions per 3 months 816,650 (224,293)
Overall cost saving per 3 months −6091 (−1673)
Overall cost avoidance per 3 months 1,050,680 (288,648)
Total benefit per 3 months 1,044,588 (286,896)
Projected total benefit per 1 year 4,178,352 (1,147,584)

QAR: Qatari Riyal, USD: United States Dollar.

178 O. YAKTI ET AL.



Table 5. Outcomes of one-way sensitivity analysis with their uncertainty distributions.

Variable

Point
estimate,
QAR (USD) Variation range

Projected total benefit
per 1-year range, QAR

(USD)
Total benefit per 3-
month, QAR (USD)

Cost of
adverse
drug
event

7810 (2146) Triangular
distribution, QAR
6248, 7810, 9372
(USD 1716, 2146,
2575)

Mean: 4,178,410
(1,147,600), 95% CI
3,392,196 to
4,951,184 (931,666 to
1,359,842)

Mean: 1,044,278
(286,811), 95% CI
841,334 to
1,225,348 (231,072
to 336,542)

Figure 1. Total benefit probability curve over a 3-month period (one-way sensitivity
analysis).

Figure 2. Total benefit probability curve over a 1-year period (one-way sensitivity
analysis).
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is associated with positive total benefit with a mean of QAR 1,084,895
(297,966), 95% CI 880,264–1,287,332 (241,764–353,565) over 3 months
(Table 6 and Figure 3), and with a mean of 4,339,020 (1,191,711), 95% CI
3,581,233–5,104,675 (983,585–1,401,998) annually (Table 6 and Figure 4).

A regression Tornado analysis demonstrated that the main contributor to
the outcome was the cost of ADE, followed by 0.1 and 0.01 probabilities of
avoided ADE (Figure 5). Table 5 shows the results of sensitivity analyses
with their uncertainty distributions.

Discussion

This is the first study to demonstrate the economic impact of clinical pharma-
cist interventions in the NICU setting in Qatar. A study conducted in a general
tertiary hospital in Qatar by our group found that clinical pharmacists’ inter-
ventions led to a total of USD 621,106 annual benefit, including a positive cost
avoidance of USD 203,260 (Abushanab, Atchan, et al., 2023). Similarly, a study
conducted in cardiology settings in Qatar found that pharmacists’ interven-
tions led to cost savings and cost avoidance of USD −3169 and USD

Table 6. Outcomes of probabilistic sensitivity analysis with their uncertainty
distributions.

Variable

Point
estimate,
QAR (USD) Variation range

Projected total benefit
per 1-year range, QAR

(USD)
Total benefit per 3-
month, QAR (USD)

Very low
probability
for ADE

0.01 Triangular
distribution,
0.009, 0.01,
0.012

Mean: 4,339,020
(1,191,711), 95% CI
3,581,233 to
5,104,675 (983,585 to
1,401,998)

Mean: 1,084,895
(297,966), 95% CI
880,264 to
1,287,332 (241,764
to 353,565)Low probability

for ADE
0.1 Triangular

distribution,
0.09, 0.1, 0.12

Low to
moderate
probability
for ADE

0.2 Triangular
distribution,
0.17, 0.2, 0.23

Low to
moderate
probability
for ADE

0.3 Triangular
distribution,
0.26, 0.3, 0.35

Moderate
probability
for ADE

0.4 Triangular
distribution,
0.34, 0.4, 0.46

Moderate to
high
probability
for ADE

0.5 Triangular
distribution,
0.43, 0.5, 0.58

High
probability
for ADE

0.6 Triangular
distribution,
0.51, 0.6, 0.69

QAR: Qatari Riyal, USD: United States Dollar, CI: confidence interval.
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441,616, respectively, yielding a total benefit of USD 1,753,789 per year (Al-
Badriyeh et al., 2023).

The results of the current study showed that the clinical pharmacist inter-
ventions reduced the cost of resource consumption, leading to cost savings
and cost of ADEs avoidance, with a yearly overall monetary value of QAR
4,178,352 (USD 1,147,584).

The interventions that added to the cost of resource use the most were the
addition of other medications and the switch to alternative medication. The

Figure 3. Total benefit probability curve over a 3-month period (probabilistic sensitivity
analysis).

Figure 4. Total benefit probability curve over a 1-year period (probabilistic sensitivity
analysis).
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cost avoidance that drove the overall economic benefit was primarily based
on the addition of medications, discontinuation of medications, and addition
of prophylactic agents.

Only a few studies have evaluated the economic value of the clinical
interventions in the ICU settings. Menezes et al. (2020) have estimated
the economic impact of clinical pharmacists in pediatric intensive care
units (PICU). In their study, savings were measured over 1-year duration
based on (i) clinical pharmacist interventions from prescription checking,
(ii) individualised doses of four antibiotics, and (iii) comparison of drug dis-
pensing systems before and after the decentralisation of pharmacy ser-
vices. In the study, a total of 73 clinical pharmacist interventions were
conducted, out of which 13 enabled the assessment of their economic
impact, resulting in a yearly saving of USD 633.38. The personalised
dosing of four antibiotics resulted in cost savings of USD 8754.46 per
year, and the decentralisation of pharmacy services led to annual savings
of USD 28,770.52. Here, unlike our study, the cost of ADEs was not the
key driver of the study outcome. In another study, by Kim et al. (2019),
the authors evaluated the economic impact of pharmacist interventions
in the NICU. The study showed that, over 6 months, the total cost avoid-
ance was USD 135,419.30, and the total cost saving was USD 57.78.
Unlike our study, pharmacists, not clinical pharmacists, were involved in
the Kim et al study. Moreover, the economic evaluation was conducted
by analyzing clinical interventions from prescription reviews, total parent-
eral nutrition consults, and clinical pharmacokinetic consultation service
reports delivered by pharmacists in a tertiary hospital, and not by analyzing
the cost of ADEs as the case in our current study. Despite these differences,

Figure 5. A regression tornado diagram of elements and their effect on the outcome.
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and consistent with our results, noting the lesser extent of impact, the
pharmacist interventions led to a positive cost avoidance and a positive
cost saving. The observed variation in economic impact between the
studies could be attributed to variances in clinical practice approaches
and the cost structure of medical services.

Despite that our findings provide valuable insights into the overall econ-
omic impact of clinical pharmacist interventions, supported by sensitivity
analyses, it is crucial to interpret these results within the context of the
specific setting and sample characteristics. The neonatal population, the
nature of drug-related problems identified, and the nature of health care
system and resource use may differ in other NICU settings.

The current study has several limitations. The nature of the retrospective
research design, which has the inherent disadvantage of bias, may cause
the overall benefit to be overestimated or underestimated. This is
especially true given that daily reporting of clinical interventions is
advised but not mandatory and not necessarily documented in a timely
manner. Moreover, for the cost of avoided ADEs, it is impossible to
follow up neonates until ADEs that did not take place as results of interven-
tions, and then have these accurately estimated, differently with different
interventions. Thus, it was assumed that the cost of ADEs would be the
same for all ADEs, leading to an additional two days stay in the hospital.
This assumption is consistent with previous literature studies, where sensi-
tivity analyses accounted for the uncertainty (Abushanab, Atchan, et al.,
2023; Abushanab, Gulied, et al., 2023; Al-Badriyeh et al., 2023; Chen
et al., 2017). In addition, a 3-month follow-up period in our study may
not accurately reflect the actual economic gains throughout the whole
year. Based on the available information, however, there is no compelling
rationale to anticipate any significant deviations in observations based on
other months, particularly given how the 3-month follow-up was chosen as
a sample size, in addition to the lack of significant differences in neonates’
characteristics between the 3 months of the follow-up duration. Finally,
generalizability-wise, despite that our findings provide valuable insights
into the overall economic impact of clinical pharmacist interventions, the
results of this analysis are specific to the Qatari setting and should not
be extrapolated to neonates in different settings given the variations in
the drug-related problems identified, nature of health care systems, and
resource utilisation.

In conclusion, the clinical pharmacists’ interventions toward the rational
use and management of medications in the NICU at HMC resulted in a posi-
tive overall economic benefit. The result strongly supports the notion that
extending the role of clinical pharmacists in the NICU, and possibly other
medical specialties would deliver a noteworthy economic advantage to
healthcare systems.

JOURNAL OF PHARMACEUTICAL POLICY AND PRACTICE 183



Acknowledgment

We want to thank all the clinical pharmacists who contributed to the documentation
of the interventions. Open Access funding provided by the Medical Research Center:
MRC-01-19-110.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Medical Research Center, Hamad Medical Corporation , Doha, Qatar supported this
work; [grant number MRC-01-19-110]. The funders had no role in study design, data
collection and analysis, the decision to publish, or the preparation of the manuscript.

Author contributions

DA-B and DA contributed to the study conception and design, led data validation,
data analysis and interpretation, and revised the manuscript. OY contributed to analy-
sis and writing the first draft of manuscript. MR, MA, OA, RK, MA, PA, WE, and FA con-
tributed to the data collection. MA, PA, and WE facilitated the planning and carrying
out of the study. All authors contributed to the final version of the manuscript.

Notes on contributors

Ola Yakti is a dedicated clinical pharmacist working at Hamad Medical Corporation, a
governmental healthcare organization in Doha, Qatar. She possesses a solid edu-
cational background and diverse clinical training experiences. Ola earned her
Doctor of Pharmacy (PharmD) degree and Bachelor of Science in Pharmacy (BSc
(Pharm)) degree from Qatar University, College of Pharmacy, both accredited by the
Canadian Council for Accreditation of Pharmacy Programs (CCAPP) in 2021 and
2020, respectively. Throughout her academic journey, Ola excelled in various clinical
training sites, including the Drug Information Center, Intensive Care Unit (ICU), Home
Health Care Services, Internal Medicine, Women’s Health, Oncology, Infectious Dis-
eases, and Cardiology. Before assuming her role as a clinical pharmacist, Ola served
as a research assistant at Qatar University, contributing significantly to multiple pro-
jects and gaining valuable insights into the fields of pharmaceutical and health
research. In her capacity as a research assistant, she had the opportunity to work
on multiple projects, and she successfully published some of them. Currently, Ola
actively contributes to ongoing projects and is engaged in interprofessional education
sessions and continuing professional pharmacy development, demonstrating her
commitment to lifelong learning.

Dr. Daoud Al-Badriyeh completed an honors degree in pharmacy at the University of
Sydney (Sydney, Australia) and then received his PhD in pharmacoeconomics from
Monash University (Melbourne, Australia). Dr. Daoud also completed specialized train-
ing in healthcare analytics, patient safety and medical errors, and medical statistics.
Currently, Dr. Daoud is a Professor of Pharmacoeconomics and Outcomes Research

184 O. YAKTI ET AL.



at the College of Pharmacy of Qatar University, Qatar. Dr. Daoud has hundreds of pub-
lications and conference presentations. He supervised over a dozen postgraduate stu-
dents so far and has accumulated research funds in millions of dollars. Dr. Daoud’s
research focuses on pharmacoeconomics, health economics, decision-analytic simu-
lation, comparative effectiveness research, and the economic impact of hospital ser-
vices. Underlying populations of interest vary, from neonatal intensive care
illnesses, cardiovascular disease, cancer, diabetes, mental health, and infectious dis-
eases to healthcare services research concerning genotype testing, clinical and tech-
nology interventions, and stewardship programs. Dr. Daoud is also the Founder and
current President of the Qatar Chapter of the International Society of Pharmacoeco-
nomics and Outcomes Research (ISPOR, USA).

Dr. Mohammed Rijims is an empathetic, solution-oriented health care professional
with an exceptional blend of clinical expertise, ingenuity, and compassion. Dr.
Mohammed earned his Masters in Clinical Pharmacy Practice from Annamalai Univer-
sity in India in 2005. Presently, he is engaged in the pursuit of his Ph.D. in Clinical Phar-
macy. He has demonstrated exceptional performance in various positions, such as
clinical pharmacist, community pharmacist, and clinical pharmacist specialist in the
neonatal intensive care unit at Women’s Wellness and Research Centre, Hamad
Medical Corporation-Qatar. At present, he holds this position. Approximately fifteen
research initiatives and publications had been his work. He holds the positions of
adjunct clinical lecturer and preceptor for the pharmacy residency program at
Hamad Medical Corporation in Doha, and Qatar University’s Pharm D program.

Mohammed Abdelaal is a pharmacist holding a master’s degree in Pharmacoeco-
nomics and Outcome Research from Qatar University with more than 14 years’ experi-
ence in the pharmaceutical field. With a passion for patient safety, he passed the
Qualified Person Responsible for Pharmacovigilance (QPPV) Advanced Training
Program on Good Pharmacovigilance Practice (GPV), Pharmacoepidemiology & Bios-
tatistics. This is in addition to multiple tailored programs organized by WHO in relation
to bioequivalence and medicines quality assessment. His experience covers clinical
practice aspects through working in community pharmacies in Egypt and Saudi
Arabia during the period from 2009 – 2012, as well as drugs registration files assess-
ment in CTD, Nees and eCTD format, covering all aspects of quality, safety and efficacy,
from both industrial and governmental perspectives, with extensive knowledge of ICH
and GCC policies and guidelines through working in national drug authority of both
Egypt & Qatar, and a private pharmaceutical company in Egypt. Mohammed joined
the Ministry of Public Health in Qatar as a member for Pharmacy & Drug Control
Department team in 2014. He is holding the title of Supervisor, Pharmaceutical Regu-
latory Compliance – in Registration & Pricing section, with all responsibilities of ensur-
ing smooth process flow of registration requests for pharmaceutical and biological
products along with supervising any related activity, as well as liaising with
different stakeholders in relation to strategic projects.

Omar Alsoukhni is a highly skilled and accomplished pharmacist with a strong back-
ground in clinical pharmacy, pharmacy technology and pediatric care. He received his
PharmD degree from Jordan University of Science and Technology in 2008, followed
by American board certification in 2012. In 2017, Omar completed a Master’s degree in
Pharmacoeconomics and Health Economy from UPS Pompeu Fabra University. With a
passion for patient safety, Omar holds a certification in medication safety in 2022,
demonstrating his commitment to ensuring optimal medication management prac-
tices. He has amassed valuable experience throughout his career, having served as

JOURNAL OF PHARMACEUTICAL POLICY AND PRACTICE 185



a Clinical Pharmacist in Saudi Arabia from 2008 to 2013. Following this, he worked as a
Clinical Pharmacy Specialist and Adjunct professor in Pediatric Care in Qatar from 2013
to 2018, where he developed expertise in providing specialized pharmaceutical care
to young patients. In addition to his clinical practice, Omar serves as an Adjunct Pro-
fessor at multiple prestigious institutions including MBRU, Qatar University, Sharjah
University, and DPCG. In 2018, Omar joined the prestigious Al Jalila Children’s Hospital
as a Clinical Pharmacy Specialist and Head of Pharmacy. In this role, he leads a team of
professionals, world class pharmaceutical operations, and contributes to the develop-
ment and implementation of evidence based pharmacy programs.

Dr. Moza Al Hail is the Executive Director of Pharmacy at Hamad Medical Corporation.
She has a distinguished career, serving in various clinical and administrative roles.Dr.
Al Hail has been instrumental in initiating key projects, including establishing different
units at Women’s Hospital, such as the Unit Dose system, IV unit, and Clinical Phar-
macy services. Her contributions extend to various Corporate Pharmacy activities,
where she played a pivotal role in establishing the Medication Safety and Quality
Office and the Office of Continuing Professional Development (CPPD) at HMC. Note-
worthy achievements include securing international and national accreditations for
the Pharmacy Department from organizations like the Accreditation Council for Phar-
macy Education (ACPE) and Qatar Council for Healthcare Practitioners (QCHP). Dr. Al
Hail has also introduced the Pharmacy Residency Program, aligning its quality with
international medical training programs. In addition to her administrative roles, Dr.
Moza Al Hail is a prolific researcher, authoring over 50 research articles. Her pro-
fessional interests encompass interprofessional education, medication safety, pharma-
covigilance, leadership development, and mentorship within the pharmaceutical
profession. Dr. Al Hail actively participates in various national and international com-
mittees, chairing some of them. Her current research strategy focuses on pharma-
ceutical care, safe medication use, effectiveness, and safety. She collaborates
strongly with national and international universities, significantly advancing pharmacy
practice and research.

Dr. Palli Valapila Abdulrouf is the Assistant Director of Pharmacy Department Corpor-
ate Pharmacy services-HMC. He received both B.Pharma & M.Pharma degrees from
K.L.E‘s Dharwad University India and the MSc Clinical Pharmacology and Ph.D. from
the University of Aberdeen, U.K. and received hands on training in Pharmacovigilance
from Uppsala Monitoring Center - WHO, Sweden. He underwent certification pro-
grams related to Epidemiology and Biostatistics (UK), Research to Publication (BMJ-
UK), and Drug Information & Toxicology (USA and MENA). In addition to his extended
role, he specializes in Medication safety practices including Adverse Drug Reactions,
Medication Error. Dr. Abdul Rouf has authored in several publications and serves as
reviewer for the numerous international high impact journals. He served as a
speaker, presenter and scientific committee member in several conferences. He also
supervises PhD students based in both India and the UK. Currently, he is involved
in research related to Pharmacy prescribing, antimicrobial stewardship, Patients
reporting ADR’s, Medication waste, COVID19 Vaccination advocacy, Pregnancy regis-
try relayed to COVID19, Formulary adherence, Toxicology and Poison epidemiology
and registries, and few quality projects looking at medication safety.

Dr. Wessam El-Kassem is a highly accomplished and devoted healthcare professional.
In 2015, he completed a Doctor of Pharmacy (PharmD) degree from Qatar University in
Doha, Qatar. This accomplishment was preceded by completing a Master of Business
Administration (MBA) program at the same institution in 2008. With a robust

186 O. YAKTI ET AL.



foundation in pharmacy, Dr. Wessam has undertaken diverse roles and responsibilities
throughout his career. Presently, he serves as the pharmacy assistant director at HMC
Corporate Pharmacy. Additionally, he holds the positions of Co-Head of the Medi-
cation Safety and Quality Center and HMC Pharmacy Residency Coordinator. Dr.
Wessam has an extensive publication record, with over 40 peer-reviewed publications,
and contributed to two book chapters. Furthermore, he has actively participated in
several regional and international conferences.

My name is Fouad Abounahia, currently working as attending neonatologist in the
Neonatal Intensive Care Unit (NICU) of Women’s Wellness and Research Center
(WWRC), Qatar. I graduated from college of medicine at Aleppo university in Syria
1996, then worked as GP in private hospitals for one year. Jan 1st, 1997, I joined
HMC as medical intern, completed my residency in Pediatrics, and then became
NICU specialist until May 2006. Jun 2006, I went to Canada as neonatal fellow and neo-
natal transport fellow. In which both were completed the year of 2010. Since then,
rejoined HMC and I am leading Qatar’s neonatal transport program as well as an
attending neonatologist. After the completion of my residency and neonatology fel-
lowship training, I became an attending neonatologist that can lead and conduct clini-
cal rounds. I lead the neonatal neurodevelopmental follow up program between 2012
– 2020 that helped to follow high risk neonates after NICU discharge. Since 2010 I
began to prepare for the neonatal transport program which was launched officially
on October 2014. As a director of the Qatar neonatal transport program, my focus
was to have the program be a model for the region and Middle East (in which is in
the process). Currently leading and directing Qatar Neonatal Transport simulation
workshop that provides an extensive training for NICU healthcare professionals to
become transport experts. (a full day workshop that includes practical stations). I
had worked in many research projects as primary investigator or Co-author that pub-
lished as an abstracts or full paper. In many research activities, some of my research
work was presented as a poster and oral presentation.

Rasha Kaddoura, MSc (Pharm), Pharm D, is a clinical pharmacy specialist at the Heart
Hospital, serving in the in-patient and out-patient settings including acute and inten-
sive care units, Advanced Heart Failure Clinic and Anticoagulation Clinic. In addition to
COVID-19 facilities during the pandemic. Rasha received her Post-Graduate Doctor of
Pharmacy degree from the University of Toronto and her Masters Degree in Clinical
Pharmacy from Albert Saint Gyorgyi Medical University – Faculty of Pharmacy –
Hungary. Currently, a Master’s study candidate to pursue a degree in clinical research.
Licensed and practised in Hungary, Canada and Qatar. In addition to being a phar-
macy board-certified in Lebanon. Her practice expertise also includes drug infor-
mation, drug utilization review, and medication therapy management. Served in
three hospital committees, involved in preparing, updating and reviewing clinical
practice guidelines, and variety of pharmacy and non-pharmacy related projects.
She has many published papers and served as a preceptor for pharmacy undergradu-
ate, Masters’ and Pharm D students, as well as a preceptor for PGY-1 pharmacy
residents.

Dina Abushanab is a Drug Information Pharmacist at the Corporate Hamad Medical
Corporation. She completed her bachelor in Pharmacy and Master in Pharmacoeco-
nomics and Outcomes Research from the College of Pharmacy (CPH) at Qatar Univer-
sity (QU). She is also a Board-Certified Pharmacotherapy Specialist, a Pharmacy
Preceptor for Doctor of Pharmacy Students, and an invited instructor at CPH-QU. Cur-
rently, Ms. Dina is a PhD Candidate in Health Economics and Epidemiology at Monash

JOURNAL OF PHARMACEUTICAL POLICY AND PRACTICE 187



University, Australia. To date, she has published over 35 peer reviewed research
papers, received several competitive grants as principal investigator, and supervised
several research assistants. She also serves as member of master supervisory commit-
tees at CPH-QU and subcommittee member of the ISPOR Victoria and Tasmania
Student Chapter. She is the current Secretary/Treasurer of the Qatar Chapter of
ISPOR. Her research focuses on: health economics, including cost-effectiveness,
cost-benefits and modellings, burden of diseases, epidemiology, and meta-analyses.

ORCID

Daoud Al-Badriyeh http://orcid.org/0000-0001-7791-954X
Dina Abushanab http://orcid.org/0000-0002-4162-8617

References

Abushanab, D., Atchan, M., Elajez, R., Elshafei, M., Abdelbari, A., Al Hail, M., Abdulrouf,
P. V., El-Kassem, W., Ademi, Z., Fadul, A., Abdalla, E., Diab, M. I., & Al-Badriyeh, D.
(2023). Economic impact of clinical pharmacist interventions in a general tertiary
hospital in Qatar. PLoS One, 18(6), e0286419. https://doi.org/10.1371/journal.
pone.0286419

Abushanab, D., Gulied, A., Hamad, A., Abu-Tineh, M., Abdul Rouf, P. V., Al Hail, M., El-
Kassem, W., El Hajj, M. S., & Al-Badriyeh, D. (2023). Cost savings and cost avoidance
with the inpatient clinical pharmacist interventions in a tertiary cancer care hospital.
Journal of Oncology Pharmacy Practice, 29. https://doi.org/10.1177/
10781552231160275

Abushanab, D., Rouf, P. A., Al Hail, M., Kamal, R., Viswanathan, B., Parappil, H., Elkassem,
W., Al-Shaibi, S., & Al-Badriyeh, D. J. C. T. (2021). Cost-effectiveness of oral versus
intravenous Ibuprofen therapy in preterm infants with patent ductus arteriosus
in the neonatal intensive care setting: A cohort-based study. Clinical Therapeutics,
43(2), 336–348. e337.

Al-Badriyeh, D., Kaddoura, R., AlMaraghi, F., Homosy, A., Hail, M. A., El-Kassem, W., Rouf,
P. V. A., Fadul, A., Mahfouz, A., Alyafei, S. A., & Abushanab, D. (2023). Impact of clini-
cal pharmacist interventions on economic outcomes in a cardiology setting in
Qatar. Current Problems in Cardiology, 48(9), 101838. https://doi.org/10.1016/j.
cpcardiol.2023.101838

Arredondo, E., Udeani, G., Horseman, M., Hintze, T. D., & Surani, S. (2021). Role of clini-
cal pharmacists in intensive care units. Cureus, 13(9), e17929. https://doi.org/10.
7759/cureus.17929

Aspden, P., & Aspden, P. (2007). Preventing medication errors. National Acad. Press.
Chen, C.-C., Hsiao, F.-Y., Shen, L.-J., & Wu, C.-C. J. M. (2017). The cost-saving effect and

prevention of medication errors by clinical pharmacist intervention in a nephrology
unit. Medicine, 96(34).

Congress, U. J. H. t. c. s. (1987). Office of Technology Assessment Neonatal intensive
care for low-birth-weight infants: Cost and effectiveness. JAMA, 38.

Dooley, M. J., Allen, K. M., Doecke, C. J., Galbraith, K. J., Taylor, G. R., Bright, J., & Carey,
D. L. J. B. j. o. c. p. (2004). A prospective multicentre study of pharmacist initiated
changes to drug therapy and patient management in acute care government
funded hospitals. British Journal of Clinical Pharmacology 57(4), 513–521.

188 O. YAKTI ET AL.

http://orcid.org/0000-0001-7791-954X
http://orcid.org/0000-0002-4162-8617
https://doi.org/10.1371/journal.pone.0286419
https://doi.org/10.1371/journal.pone.0286419
https://doi.org/10.1177/10781552231160275
https://doi.org/10.1177/10781552231160275
https://doi.org/10.1016/j.cpcardiol.2023.101838
https://doi.org/10.1016/j.cpcardiol.2023.101838
https://doi.org/10.7759/cureus.17929
https://doi.org/10.7759/cureus.17929


Gallagher, J., Byrne, S., Woods, N., Lynch, D., & McCarthy, S. (2014). Cost-outcome
description of clinical pharmacist interventions in a university teaching hospital.
BMC Health Services Research, 14(1), 177. https://doi.org/10.1186/1472-6963-14-
177

Heyman, E., Morag, I., Batash, D., Keidar, R., Baram, S., & Berkovitch, M. J. P. (2003).
Closure of patent ductus arteriosus with oral ibuprofen suspension in premature
newborns: A pilot study. Pediatrics, 112(5), e354.

Houso, A., Hamdan, M., & Falana, H. (2022). Cost benefit analysis of clinical pharmacist
interventions in medical intensive care unit in Palestine medical complex:
Prospective interventional study. Saudi Pharmaceutical Journal, 30(12), 1718–
1724. https://doi.org/10.1016/j.jsps.2022.09.017

Kim, Y., Rho, J., Suh, Y., Choi, K., Lee, E., Lee, E., & Choi, C. (2019). 4CPS-234 Pharmacist
interventions in neonatal intensive care unit and associated cost avoidance and
cost savings. European Journal of Hospital Pharmacy, 26(Suppl 1), A178–A178.
https://doi.org/10.1136/ejhpharm-2019-eahpconf.383%J

Malani, A. N., Richards, P. G., Kapila, S., Otto, M. H., Czerwinski, J., & Singal, B. (2013).
Clinical and economic outcomes from a community hospital’s antimicrobial stew-
ardship program. American Journal of Infection Control, 41(2), 145–148. https://
doi.org/10.1016/j.ajic.2012.02.021

Menezes, B. d. M., Lazaretto, F. Z., Lima, L. H., Schwambach, K. H., & Blatt,
C. R. J. R. d. C. F. B. e. A. (2020). Economic impact of the clinical pharmacist interven-
tions in the pediatric intensive care unit. Journal of Basic and Applied Pharmaceutical
Sciences, 41, 1–8.

Nesbit, T. W., Shermock, K. M., Bobek, M. B., Capozzi, D. L., Flores, P. A., Leonard, M. C.,
Long, J. K., Militello, M. A., White, D. A., & Barone, L. D. J. A. j. o. h.-s. p. (2001).
Implementation and pharmacoeconomic analysis of a clinical staff pharmacist prac-
tice model. American Society of Health-System Pharmacists, 58(9), 784–790.

Qatar Inflation Rate. (2021). https://tradingeconomics.com/qatar/inflation-cpi
Sebaaly, J., Parsons, L. B., Pilch, N. A., Bullington, W., Hayes, G. L., & Easterling, H.

Clinical and financial impact of pharmacist involvement in discharge medication
reconciliation at an Academic Medical Center: A prospective pilot study. (0018-
5787 (Print)).

Walsh, E. K., Hansen, C. R., Sahm, L. J., Kearney, P. M., Doherty, E., Bradley, C. P. J. P., &
Safety, d. (2017). Economic impact of medication error: A systematic review.
Pharmacoepidemiology and Drug Safety, 26(5), 481–497.

Wilmer, A., Louie, K., Dodek, P., Wong, H., & Ayas, N. (2010). Incidence of medication
errors and adverse drug events in the ICU: A systematic review. BMJ Quality &
Safety, 19, e7. https://doi.org/10.1136/qshc.2008.030783

JOURNAL OF PHARMACEUTICAL POLICY AND PRACTICE 189

https://doi.org/10.1186/1472-6963-14-177
https://doi.org/10.1186/1472-6963-14-177
https://doi.org/10.1016/j.jsps.2022.09.017
https://doi.org/10.1136/ejhpharm-2019-eahpconf.383&percnt;J
https://doi.org/10.1016/j.ajic.2012.02.021
https://doi.org/10.1016/j.ajic.2012.02.021
https://tradingeconomics.com/qatar/inflation-cpi
https://doi.org/10.1136/qshc.2008.030783


Appendix 1

190 O. YAKTI ET AL.


	Abstract
	Introduction
	Materials and Methods
	Study setting
	Study design
	Study population
	Ethics approval
	Economic evaluation
	Cost savings
	Cost avoidance
	Total benefit analysis

	Expert panel
	Perspective
	Cost inputs
	Sample size
	Statistical analysis
	Sensitivity analysis

	Results
	Characteristics of neonates and interventions
	Economic analysis
	Cost savings
	Cost avoidance
	Total benefit analysis

	Sensitivity analysis

	Discussion
	Acknowledgment
	Disclosure statement
	Author contributions
	Notes on contributors
	ORCID
	References
	Appendix 1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


