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ABSTRACT

Objective: To estimate the economic impact of the developed antimicrobial
stewardship program (ASP) versus the preliminary ASP use, in the adults’
general medicine settings in Qatar.

Methods: Patient records were retrospectively reviewed during two periods:
preliminary ASP was defined as the 12 months following ASP implementation
(i.e. May 2015-April 2016), and developed ASP was defined as the last 12
months of a 5-year ASP implementation in Hamad Medical Corporation
(HMC) (i.e. February 2019-January 2020). The economic impact was the
overall cost savings in resource use, including operational costs, plus the cost
avoidance associated with ASP.

Results: A total of 500 patients were included in the study. The operational
costs decreased with the developed ASP. Whereas antimicrobial consumption
and resource utilisation, and their associated costs, appear to have declined
with the developed ASP, with a cost saving of QAR458 (US$125) per 100-
patient beds, the avoided cost was negative, by QAR4,807 (US$1,317) per
100-patient beds, adding to a total QAR4,224 (US$1,160) increase in the 100-
patient beds cost after ASP development.

Conclusions: Despite that the developed ASP attained a total cost saving
QAR458 (US$125) per 100-patient beds, the avoided cost was QAR-4,807 (US$
—1,317) per 100-patient beds, which exceeded the cost savings achieved.
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Introduction

Globally, it is estimated that half of all antimicrobial agents prescribed are
either unnecessary or inappropriately used (Davey et al.,, 2017; Schuts et al.,
2016). In 2016, nearly 30% of antimicrobials prescribed in the United States
(US) were deemed unnecessary, according to the Centers for Disease
Control and Prevention (CDC) (2022). In Qatar, a survey revealed that approxi-
mately 82% of people used antibiotics without a prescription, 37% of whom
used antibiotics that were prescribed for another family member, and 27%
used antibiotics that were prescribed to them for a previous medical con-
dition with a similar symptom (Aljayyousi et al, 2019). Additionally, 45%
did not complete their antibiotic courses once they started feeling better
or assuming that the antibiotic is not effective in treating the disease,
which may expose the patients to antimicrobial resistance (Aljayyousi et al.,
2019). Such rampant use has been associated with adverse events, increased
healthcare costs and, importantly, the spread of multidrug-resistant organ-
isms, which are, in turn, associated with higher comorbidity and mortality
(Holmes et al., 2016). Globally, around five million deaths occurred in 2019,
of which one million were attributed to antimicrobial resistance (Roth
et al., 2017). It is undisputed that the emergence of antimicrobial resistance
is detrimental to patients’ health and well-being and the healthcare system
(Coast et al., 1996; Hibner et al., 2014; Hibner & Flessa, 2016; Ojeniran
et al., 2010). At present resistance rates, the Organization for Economic
Cooperation and Development (OECD) countries projected that healthcare
expenditures would amount to US$2.9 trillion by 2050 (Organisation for Econ-
omic Co-operation and Development, 2016).

In response to the issue of antimicrobial resistance and inappropriate use
of antimicrobials, several regulatory bodies mandated the employment of
antimicrobial stewardship programs (ASPs). ASP refers to pragmatic interven-
tions by an interdisciplinary team to ensure the optimisation of antimicro-
bials, including patient-level stewardship (i.e. optimising antimicrobials for
an individual according to microbiology results and clinical condition) and
population-level stewardship (i.e. decreasing consumption of antimicrobials)
(Davey et al,, 2017). In most relevant literature, ASPs have been evaluated
mainly from a clinical, pharmacological, or microbiological point of view
(Pogue et al, 2015). The implementation of intervention measures,
however, can entail high investment costs. Therefore, it seems legitimate
for the hospital management to know whether corresponding cost savings
will monetise these investments. Several studies were reported in the litera-
ture to document the economic impact of ASPs in their local settings. Studies
come from the European Union, the US, Asia, and Canada (Borde et al., 2014;
Boyles et al., 2013; COVID-19 rapid guideline: Managing COVID-19, 2022; Dik
et al.,, 2015; Lin et al., 2013; Malani et al., 2013; Miyawaki et al.,, 2010; Ng et al.,
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2008; Palmay et al., 2014; Standiford et al., 2012; Yu et al., 2014). The extent of
the economic value of the reduced consumption of antimicrobials was
different in different studies, and, in contrast to reductions in antimicrobial
consumption, the effects of ASPs on length of stay and readmissions were
not apparent, with studies varying between showing reductions and
increases. Few studies did not demonstrate a significant reduction in antimi-
crobial costs following ASP implementation (Apisarnthanarak et al., 2006;
Bruno-Murtha et al., 2005; Ho et al., 2005; Hurst et al., 2016; Krivoy et al.,
2007; Lee et al, 2014; Lin et al., 2013; Oosterheert et al., 2005; Taggart
et al,, 2015) due to inappropriate metrics used for measuring antimicrobial
use, increased use of expensive antimicrobials that are more effective in
decreasing antimicrobial resistance, and the lack of adherence to ASP policies
(Lee et al, 2014). In studies where hospital stay increased following ASP
implementation (Cook et al., 2004; Hohn et al., 2015; Martinez et al., 2000;
Nowak et al., 2012; Palmay et al., 2014; Smith et al., 2014), an extended use
of antimicrobials due to patients’ comorbidities or disease severity could
be a factor. Such examples emphasise the local specificity of the economic
impact of ASP, varying from one setting to another.

In the leading and public healthcare provider in Qatar, i.e. the Hamad
Medical Corporation (HMC), an ASP was implemented in April 2015. It was
implemented as a guideline to all HMC healthcare professionals in delivering
appropriate antimicrobial management, in line with Qatar National Health
Strategy 2018-2022, which addresses the need to reduce antimicrobial resist-
ance (Ministry of Public Health, 2019). In Qatar, two studies revealed that ASPs
minimised antimicrobial utilisation and enhanced the timely administration
and proper discontinuation of antibiotics used for surgical prophylaxis
(Garcell et al.,, 2016; Garcell et al,, 2017). Based on the spectrum of activity,
risk of misuse, and cost, the ASP in HMC only targets 18 antimicrobial
agents. It aims to curb the overutilisation of antimicrobials and minimise anti-
microbial resistance and healthcare costs. However, there is a lack of solid evi-
dence to adequately inform decision-makers seeking optimal allocation of
resources with ASP. Funders seek economic evaluations for a more accurate
estimate of country-specific economic benefits. Further, to ensure the sustain-
ability of practices, including the utilisation of resources and the hiring of per-
sonnel in practice sites, healthcare systems must demonstrate the return on the
investments made in their services. In HMC, adhering to best international
practices, the question around ASP is not about if it is a practice to implement,
but it is about whether the cumulative experiences and improvement in the
ASP practices towards development, since its inception in 2015, affected the
economic impact of the ASP. Therefore, we aimed to estimate the economic
impact of the ‘developed ASP’ use, after five years of implementation, versus
the ‘preliminary ASP’ use, upon implementation, in the adults’ general medi-
cine settings at three central hospitals within HMC in Qatar.
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Materials and methods
Economic analysis plan

The overall change in the economic consequences asscociated with the
developed ASP was calculated as the sum of the cost savings and the cost
avoidance associated with the service, in addition to the change in the oper-
ational cost of the service.

The study is a retrospective review of the patients who received any of the
targeted antimicrobials by the HMC's ASP during two 12-month periods: ‘pre-
liminary ASP’ use versus ‘developed ASP’ use.

The required ethics approval was obtained from the Medical Research
Center, HMC (MRC-01-20-213).

Study population

The targeted antimicrobial use in this study is based on that performed in a
cohort of general medicine inpatients during the study follow-up dur-
ations. The ASP in HMC, based on the spectrum of activity, risk of misuse,
and cost, only targets 18 agents of antibiotics and antifungals. These are:
cefepime, linezolid, teicoplanin, tigecycline, ertapenem, amikacin, colistin,
ciprofloxacin, moxifloxacin, aztreonam, ceftazidime, daptomycin, anidula-
fungin, fluconazole, amphotericin, caspofungin, posaconazole, and
voriconazole.

Inclusion criteria

Patients admitted to, and stayed at general medicine wards within the tar-
geted study periods, who received any of the 18 antimicrobials targeted
by the ASP, patients of whom antimicrobials were started within three
days of admission, and who received the same antimicrobial for 48 h
consecutively.

Exclusion criteria

We excluded critically ill patients who received any of the 18 antimicrobial
therapies This is as the critical care protocol in HMC does not constrain
decision-making and does not necessarily look to optimise antimicrobials
use, but rather focuses a clinician’s attention on the severity of iliness. Proto-
col-driven care does not eradicate the need for clinical judgment, particularly
in critical care settings. It also requires constant attention to the patient’s
illness and may demand deviations from the protocols. Pediatric patients
were also excluded as HGH, AKH, and AWH are designed to provide care to
adults only.
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Study setting

The study was conducted in the adult general medicine wards of Al-Wakra
Hospital (AWH), Hamad General Hospital (HGH), and Al Khor Hospital (AKH)
in HMC. HGH provides comprehensive clinical services to patients of all
ages, including internal medicine, trauma, emergency medicine, pediatrics,
critical care, and specialised and subspecialized surgery, with 603 beds.
AWH is a general hospital that offers a wide range of medical services,
from emergency care to general medicine and surgery, with 325 beds. AKH
is a 115-bed general hospital delivering care in the northern region of
Qatar (Hamad Medical Corporation, 2023).

Comparators

The two comparators in this study, namely ‘preliminary ASP’ versus ‘devel-
oped ASP’, are based on two different periods of ASP use. The preliminary
ASP period was defined as the 12 months immediately upon ASP implemen-
tation (i.e. May 1, 2015 to April 30, 2016), and developed ASP period was
defined as the last 12 months of a 5-year ASP implementation (i.e. February
1, 2019 to January 31, 2020).

Perspective

The study objective about the economic value of resource use was from the
viewpoint of the service provider, i.e. HMC and, hence, the study adopted the
perspective of the hospital.

Sample size and time horizon

Based on successful examples in the literature (Al et al,, 1998; Branham et al.,
2013; Gallagher et al, 2014; Malani et al, 2013; Miyamoto et al, 20271;
Sebaaly et al., 2015), the current study’s population was based on a 1-year dur-
ation or 500 individuals, whichever comes first. Our targeted sample of 500
patients aligns with relevant studies in the literature, which varied from less
than 100 to less than 1,000 (Branham et al, 2013; Gallagher et al., 2014;
Malani et al., 2013; Sebaaly et al., 2015). Hence, in our study, patient recruitment
in any of the recruitment periods, at the general medicine sites, was planned
based on the preliminary ASP use within 1-year duration (i.e. May 1, 2015, to
April 30, 2016) versus the developed ASP use within 1-year duration (i.e. Feb-
ruary 1, 2019, to January 31, 2020). Because cost-analysis studies are about
making a cost estimation and are not concerned with hypothesis testing like
clinical research, even if a cost-analysis is underpowered, it still provides impor-
tant information for guiding decision-makers in healthcare systems.
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Outcome measures

Primary outcome: the change in the monetary value of resource use between
the developed state of ASP practices and the preliminary state of ASP prac-
tices in the general medicine wards of HMC. The change in the monetary
of value of resource use was measured within the context of cost-savings,
cost-avoidance, and operational cost measures.

Secondary outcomes: all-cause death within 30 days of hospitalisation,
infection-related death within 30 days of hospitalisation, hospital readmission
within 30 days of discharge for infection-related indication, development of
hospital-onset Clostridium difficile infection (CDI), length of hospital stay
due to infection-related indication, adverse drug events (ADEs) associated
with antimicrobials, and development of antimicrobial resistance during
hospitalisation.

All clinical data were obtained from each patient record in the Cerner elec-
tronic medical database.

Valuation of economic outcomes

Cost savings

The cost savings value was the reduced cost of therapy associated with an
assumed reduction in defined daily dose (DDD) and resource utilisation
with of the developed ASP.

Cost avoidance

Cost avoidance was the cost avoided by reducing hospital readmission,
length of hospitalisation, development of CDIs, and ADEs due to inappropri-
ate use of antimicrobials.

Operational cost

The cost of the ASP was represented by the operational cost of running the
ASP. Operational costs included the monetary value of the time spent in data
collection by the pharmacists and physicians, attending daily clinical rounds,
and attending monthly committee meetings.

Measurement of resources and costs

Cost savings

In line with relevant studies in the literature that used a similar approach,
analysis of medication utilisation and cost of drug utilisation was undertaken
using the Anatomical Therapeutic Chemical (ATC)/Defined Daily Doses (DDD)
method (World Health Organization, 2023), which is the internationally
accepted method for measuring medicines utilisation, and has been used



JOURNAL OF PHARMACEUTICAL POLICY AND PRACTICE . 7

to measure medications utilisation patterns between different geographical
regions and healthcare facilities. DDDs are defined as the doses of medi-
cations most commonly used for the most common indication in adults.
Data were expressed as DDD per 100 patient beds for respective antimicro-
bial agents, in line with similar literature (Huebner et al.,, 2019). The differ-
ences in resource cost between preliminary ASP use and developed ASP
use were calculated based on the decrease in culture, laboratory, and diag-
nostic tests performed, and on switching from intravenous (IV) to oral
therapy in the first three days of antibiotic therapy. The cost of resources
was calculated via a microeconomic analysis of resource use in patient man-
agement at the individual level. For a patient, the total monetary value of the
resource used was calculated based on the identified resource’s unit cost and
frequency.

Cost avoidance

The length of hospitalisation and the hospital readmission of interest in the
study were those deemed infection-related and/or relevant to antimicrobials.
The total monetary value of the length of hospitalisation was based on the
daily hospitalisation cost and the number of hospitalisation days. The
number of hospitalisation and readmission days was calculated at the individ-
ual patient level. For a patient, the total monetary value of CDI was calculated
based on the cost unit of the CDI diagnosis and management. Consistent with
international practices, we assumed that any patient with CDI had a CDI
culture performed and was treated with the standard therapy that included
vancomycin 125 mg orally, four times daily, for ten days (Johnson et al.,
2021). Based on expert consensus in the current study and relevant previous
literature studies (Abushanab et al., 2023; Chen et al, 2017; Classen et al.,
1997; Weiss & Elixhauser, 2006), the additional length of hospital stay attribu-
table to an ADE ranged between 1 and 2 days. Therefore, the cost of an ADE
was calculated on the conservative assumption that any injectable and non-
injectable antimicrobial will lead to an additional two days and one day of
hospital stay in the relevant unit, respectively.

Operational cost

For the operational resources during the preliminary period, there was no
official ASP committee, but there were one physician and one clinical phar-
macist spending five hours monthly in ASP meetings. Furthermore, one clini-
cal pharmacist and one physician spent three hours daily on data collection,
and one physician spent one hour daily on clinical rounds. For the operational
resources during the ASP development, an ASP committee became operative,
compromising one infectious disease physician, one clinical pharmacist, one
clinical microbiologist, one infection control practitioner, and one nurse,
meeting ten hours monthly. Furthermore, one physician and one clinical
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pharmacist spent three hours daily on data collection and one hour daily in
clinical rounds.

For all economic outcomes in the study, only direct medical costs were
considered in the analysis, as the perspective adopted in the cost analysis
was that of the hospital.

Currency and price data

All costs were in Qatari Riyal, adjusted for the financial year 2023/24, utilising
the Qatari Health Consumer Price Index as appropriate. All costs were also
presented in United States dollars (US$). The unit costs of identified resources
as part of patient admission in the hospital were obtained from the finance
and costing department at HMC. For the antimicrobials, the unit costs of
drugs were derived from the pharmacy department of HMC.

Statistical analysis

Data were tabulated for each patient and analysed using the IBM SPSS (Stat-
istical Package for the Social Sciences) version-24. For categorical variables,
data were presented as numerical and percentage measures and as mean
and standard deviation measures for continuous variables. Because the two
study periods are over four years apart, we needed to confirm the homogen-
eity of treated patients and that no considerable demographic shifts may
affect ASP outcomes. Demographic and outcome variables were compared
between periods using the student-t test or Mann-Whitney test for continu-
ous data, while the X? test or Fisher tests were used for categorical variables.
Binary logistic and linear regression analyses were performed to determine
whether covariates were associated with an outcome. The following variables
were considered as covariates: age, gender, nationality, class of antimicrobial,
number of antimicrobials received, type of pathogen, location of infection,
CCl score, and periods of receiving antimicrobial. Statistical significance was
set at P < 0.05.

Sensitivity analysis

Sensitivity analyses were conducted to improve the study’s reliability and
generalizability of findings.

One-way sensitivity analysis. The values of uncertain input variables were
altered, one at a time, with a range of new values of the input variables, to
analyse the effect on the study conclusion. This uncertainty range in the
base-case value of a variable was £10% for the cost of hospitalisation,
length of hospital stay during initial admission, and length of hospital stay
during readmission, and £20% for the additional stay in hospital due to ADEs.
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Multivariate uncertainty analysis. Multivariate uncertainty analysis was per-
formed by targeting several underlying uncertain inputs (concurrently)
before rerunning the analysis several times. Inputs of interest were the cost
of hospitalisation, length of hospital stay during initial admission, length of
hospital stay during readmission, and time spent by HMC staff performing
ASP tasks. The value of these was each associated with a = 10% uncertainty
range.

Both one-way and multivariate probabilistic analyses were conducted via
Monte Carlo simulation, using @Risk-7.6 (Palisade Corporation, NY). In this
method, the value of any targeted input is ‘randomly’ sampled from the
uncertainty range assigned to the input. This random sampling of the
input value, which can amount to thousands, occurs in every iteration of
the analysis. In the current study, a triangular type of random input selection
from the uncertainty range based on 1,000 iterations was used.

Results
Characteristics of patients

A total of 500 patients were included in the study; 250 for the period of prelimi-
nary ASP use and 250 for the period of developed ASP use. Patients in the
developed ASP group were older, with a mean age of 60.39+ 19.08 years
versus 54.12 +20.64 years in the preliminary ASP use group (p<0.001).
Gender distribution was also statistically different between both groups (p <
0.001), with men accounting for 63.2% of the study population in the prelimi-
nary ASP group and women accounting for 56.6% in the mature ASP group.
Also, the most participants in both groups received at least one antimicrobial,
with 86.4% and 70% doing so, respectively (p = 0.69). Furthermore, patients in
the mature ASP group were more likely to have a severe Charlson Comorbidity
Index (CCl) score than in the preliminary APS group (p < 0.001). Further details
about the demographic characteristics are presented in Table 1.

Description of antimicrobials and pathogens

One of the most used ASP antimicrobials was ciprofloxacin (n=77, 30.8%),
followed by cefepime (n =70, 28%), comprised the majority of antimicrobials
with the preliminary ASP, compared to ertapenem (n =95, 38%) followed by
ciprofloxacin (n =49, 19.6%) with the developed ASP. For the second and
third antimicrobials administered, ertapenem (n =9, 30%) and moxifloxacin
(n=2, 50%) were mainly used with the preliminary ASP, compared to cefe-
pime (n =8, 23.5%) and tigecycline (n =2, 33.3%) with the developed ASP.
Further details about the antimicrobials administered to the study population
are shown in Appendix 1.
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Table 1. Patient demographics in the preliminary and developed ASP groups.

p-
Variable Preliminary ASP (n=250) Developed ASP (n=250)  value
Gender, n (%)

Male 158 (63.2) 108 (43.4) <0.001
Female 92 (36.8) 141 (56.6)

Age, mean + SD 54.12 +20.64 60.39 + 19.08 <0.001
Weight, mean + SD 7246 £21.78 76.84 £ 18.64 <0.001
Nationality, n (%)

Arab 149 (59.6) 198 (79.5) <0.001
Asian (non-Arab) 90 (36) 48 (19.3)

Western 6 (2.4) 3(1.2)

African (non-Arab) 5(2) 0(0)

Allergy, n (%)

Yes 61 (24.4) 73 (29.3) 0.22
No 189 (51.8) 176 (70.7)

Class of medications, n (%)

Antibacterial 242 (96.8) 233 (93.6) 0.09
Antifungal 8(3.2) 16 (6.4)

Number of medications received n (%)

1 216 (86.4) 210 (70) 0.69
2 30 (12) 34 (13.6)

3 or more 4(1.6) 6 (2.4)

Type of pathogen, n (%)

Bacteria 242 (96.8) 233 (93.6) 0.03
Fungal 8(3.2) 16 (6.4)

Location of infection, n (%)

Central nervous system 3(1.2) 2 (0.8) <0.001
Eye 2(0.8) 8(3.2)

Ear 0 (0) 1(0.4)

Esophagus 3(1.2) 0 (0)

Neck 2 (0.8) 0 (0)

Skin and soft tissue 1(0.4) 2 (0.8)

Respiratory 76 (30.4) 66 (26.6)

Heart 0 (0) 1(0.4)

Gastrointestinal 0 (0) 16 (6.5)

Abdomen 55 (22) 26 (10.5)

Genitourinary 81 (32.4) 107 (43.1)

Liver 1(0.4) 0 (0)

Thigh 1(0.4) 0(0)

Knee 3(1.2) 1(0.4)

Blood 1(0.4) 6 (2.4)

Back 0 (0) 2(0.8)

Lower extremity infection 19 (7.6) 12 (4.8)

Charlson Comorbidity Index score, n (%)

0 79 (31.6) 2 (16.9) <0.001
Mild 25 (10) 3(9.2)

Moderate 42 (16.8) 40 (16.1)

Severe 104 (41.6) 144 (57.8)

*ASP: antimicrobial stewardship programme.

The most common pathogens before receiving the initial antimicrobials
were Escherichia coli (n = 21 versus 51, 8.4% versus 20.4%), Klebsiella pneumonia
(n=17 versus 24, 6.8% versus 9.6%), and Pseudomonas aeruginosa (n=14
versus 25, 5.6% versus 10%), with preliminary ASP versus developed ASP,
respectively. In the preliminary ASP cohort, and among those who received
second antimicrobials, the most common pathogens identified were Klebsiella
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pneumonia and Staphylococcus aureus, n=3, 13.6%, each. In the developed
ASP cohort, Pseudomonas aeruginosa (n =9, 34.6%) and Klebsiella pneumonia
(n=2, 7.7%) were the commonly identified pathogens (Appendix 2).

Economic analysis

Cost saving: impact of developed ASP on DDDs

There was a decrease in antimicrobials consumption (DDDs) by over 50% with
the developed ASP compared to the preliminary ASP (31,599 versus 64,819
per 100 patient beds). This is associated with total costs of QAR 3,801 (US$
1,041) versus QAR 3,866 (US$ 1,059) per 100 patient beds, resulting in an anti-
microbial-consumption-based saving of QAR 65 (US$ 18) per 100 patient
beds. A trend of decreased antimicrobial use was observed in different
types of antimicrobials, including antifungals and cephalosporins, and less
used carbapenems and fluoroquinolones. The antimicrobials use and total
cost of DDDs for antimicrobials during the preliminary and developed ASP
stages are shown in Appendix 3.

Cost saving: impact of the developed ASP on resource utilisation

The total cost of resource utilisation dropped by nearly 15% with the devel-
oped ASP (QAR 2,149, (USS 589) versus QAR 2,541 (USS 696)), relative to the
preliminary ASP, per 100 patient beds. This is a cost-saving, resulting from the
reduced utilisation of culture, laboratory, and diagnostic tests, that was QAR
392 (USS 107) per 100 patient beds. Costs associated with resource utilisation
in both groups are summarised in Table 2.

Table 2. Resource utilisation during preliminary and developed ASP stages per 100
patient beds.

Resource Preliminary ASP Developed ASP
Cost saving with resource utilisation (QAR, US$)

Culture performance before receiving therapy 172 (47) 183 (50)
Laboratory test performance before receiving therapy 1,191 (326) 986 (270)
Biopsy performance before receiving therapy 0 0
Culture performance after receiving therapy 78 (21) 62 (17)
Laboratory test performance after receiving therapy 1,097 (306) 911 (250)
Biopsy performance after receiving therapy 0 0
Switching from IV to oral 3(0.8) 8(2)
Total 2,541 (696) 2,149 (589)
Resource-use-based cost saving, in favour of developed ASP 392 (107)

Cost avoidance (QAR, USS)

Hospitalisation 52,689 (14,435) 44,409 (12,167)
Clostridium difficile infection diagnosis and management 19 (5) 155 (42)
Rehospitalization within 30 days 2,371 (650) 14,860 (4,071)
Adverse drug events 8,538 (2,339) 8,710 (2,386)
Total 63,618 (17,430) 68,424 (18,746)
Cost avoided, in favour of preliminary ASP -4,807 (-1,317)

*ASP: antimicrobial stewardship programme, QAR: Qatari Riyal, US$: United States dollar.
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The total cost savings attributed to a reduction in DDDs and resource util-
isation with the developed ASP is QAR 458 (US$ 125) per 100 patient beds.

Cost avoidance

The total cost of hospital readmission, length of hospitalisation, development
of Clostridioides difficile infections (CDlIs), and additional stay due to ADEs, as
a consequence of inappropriate use of antimicrobials in the ASP develop-
ment cohort, was QAR 68,424 (US$ 18,746) compared to QAR 63,618 (US$
17,430) per 100 patient beds in the preliminary cohort, resulting in avoided
cost of QAR —4,807 (US$ —1,317) per 100 patient beds in favour of the pre-
liminary period. Table 2 summarises the cost associated with each category
of cost avoidance.

Operational cost saving

The total operational cost during the preliminary ASP period was higher than
during the developed ASP (QAR 742 (US$ 203) versus QAR 617 (US$ 169)), at a
reduced cost of QAR 125 (US$ 34) with the latter.

Net change in cost
The net change in cost associated with ASP development was QAR —4,224
(USS - 1,160) per 100 patient beds. The results of the cost analysis are sum-
marised in Table 3.

Sensitivity analysis

One-way sensitivity analyses indicated that the study outcome was insensi-
tive to most input uncertainties. Results of one-way sensitivity analyses,
their input uncertainties, and their sampling distributions are presented in
Table 4 and Figure 1.

Multivariate sensitivity analysis demonstrated that there is a 99% prob-
ability for the developed ASP to be less costly than the preliminary, with an
average of QAR172 (US$47), 95% Cl QAR-33-380 (US$—9-104), Figure 2.

Table 3. Cost analysis with the development of antimicrobial stewardship programme
per 100 patient beds

Parameter Value (QAR, US$), in favour of developed ASP
Cost saving in terms of DDDs 65 (18)

Cost saving in terms of resource utilisation 392 (107)

Total cost saving 458 (125)

Cost avoidance —4,807

Operational cost saving 125 (34)

Net change in cost —4,224 (—1,160)

*DDD: defined daily dose, QAR: Qatari Riyal, USS: United States dollar, ASP: antimicrobial stewardship.



Table 4. Sensitivity analyses, their uncertainty distributions, and outcomes.

One-way sensitivity analysis

PreliminaryASP

DevelopedASP

Outcomes

Net cost change, in favour of
developed ASP, (95% Cl QAR

Variable Distribution Point estimate Variation range Point estimate Variation range (USS))
Cost of hospitalisation, QAR Triangular 1,718 (471) 1,374 (376), 1,718 1,718 1,374 (376), 1,718 —17,980 (—4,926) (—4,219
(US$) (471), 2,062 (471), 2,062 (—1,156), 8,766 (2,402))
(565) (565)
Length of hospital stay Triangular 31 25, 31, 37 26 21, 26, 31 —12,566 (—3,443), (—12,419
(Days, per 100 patient (—3,402), —12,246
beds) (—3,355))
Length of re-hospital stay Triangular 2 16,2, 24 9 7,9, 11 8,224 (2,253), (8,265 (2,264),
(Days, per 100 patient 8,305 (2,275))
beds)
Additional hospital stay due Triangular 1 for non-injectable 16,2 24 1 for non-injectable 16,2 24 —4,344 (—-1,190), (—4,224
to ADEs (days) medications and 2 for 0.8, 1,1.2 medications and 2 for 08,1,1.2 (=1,157), —4,042 (—1,107))
injectable medications injectable medications
Multivariate sensitivity analysis
Variable Distribution Point estimate Variation range Point estimate Variation range  Net cost change, in favour of
developed ASP, (95% Cl QAR
(USS$))
Cost of hospitalisation QAR Triangular 1,718 (471) 1,546 (424), 1,718 1,718 (471) 1,546 (424), 1,718 —33 (-9), 172 (47), 380 (104)
(US$) (471), 1,890 (471), 1,890
(518) (518)
Length of hospital stay Triangular 31 27,31, 34 26 23, 26, 29
(Days, per 100 patient
beds)
Length of re-hospital stay Triangular 2 18,2 22 9 8,9, 10
(Days, per 100 patient
beds)
Additional hospital stay due Triangular 1 for non-injectable 16,2 24 1 for non-injectable 16,2 24
to ADEs (days) medications and 2 for 0.8, 1,1.2 medications and 2 for 08,1,1.2

injectable medications

injectable medications

*ADE: adverse drug event, Cl: confidence interval, QAR: Qatari Riyal, US$: United States dollar.
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Figure 1. The probability curve of net cost difference in favour of developed ASP, one-
way sensi-tivity analysis.
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Figure 2. The probability curve of change in cost in favour of developed ASP, multi-
variate sensi-tivity analysis.

Results of multivariate sensitivity analysis, input uncertainties, and sampling
distributions are presented in Table 4.

A regression Tornado analysis revealed that the main driver of the net
benefit outcome was the length of hospital stay, followed by the cost of hos-
pitalisation, Figure 3.

Secondary outcomes (clinical outcomes)

While the length of hospital stay (initial disposition) was statistically signifi-
cantly shorter during the developed ASP, with nearly 12 days versus ten
days, hospital stay during readmission was significantly more extended
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Length of hospital stay (premature) -9.39

Length of hospital stay (mature) -0.32
Cost of hospitalization -0.30
Length of re-hospital stay (mature) 0.30

-04 -03 -02 -01 00 01 02 03

Regression coefficient (Cost change)

Figure 3. Effect of input variables on the change in cost outcome.

during the developed ASP group, with three days versus one day. The devel-
oped ASP use was also associated with higher cases of antimicrobial resist-
ance and CDI (122 versus 32, and 16 versus 2, respectively, p <0.001).
There were no significant differences between the two groups with regard
to all-cause death, death due to infection, and ADEs. Only one patient in
the preliminary ASP group developed peripheral neuropathy ADE due to line-
zolid, which was resolved without introducing medications. Table 5 shows
the clinical outcomes of the study patients.

Table 5. Clinical outcomes.

PreliminaryASP DevelopedASP
Variable (n=250) (n=250) p-value
Length of hospital stay (initial disposition), 12.27 £23.41 10.34 +£9.07 <0.001
mean + SD
Readmission, n (%)
Length of hospital stay (second disposition), 0.55+2.90 3.46 +9.46 <0.001
mean + SD
All-cause death, n (%)
Yes 10 (4) 7 (2.8) 0.46
No 240 (96) 242 (97.2)
Infection-related death, n (%)
Yes 4 (1.6) 4 (1.6) 1
No 246 (98.4) 246 (98.4)
Antimicrobial resistance, n (%)
Yes 32 (12.8) 122 (48.8) <0.001
No 218 (87.2) 128 (51.2)
Clostridioides difficile, n (%)
Yes 2 (0.8) 16 (6.4) <0.001
No 248 (99.2) 234 (93.6)
Adverse drug events, n (%)
Yes 1(0.4) 0 (0) 1
No 249 (99.6) 250 (100)

*ASP: antimicrobial stewardship programme, SD: standard deviation.
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Effect of variables on outcomes

The binary logistic and linear regression analyses show that age was signifi-
cantly associated with all-cause death, and the number of antimicrobials
received was associated with infection-related death. Additionally, periods
of receiving antimicrobials were associated with hospitalisation, rehospitali-
zation, and CDI, while the CCl score and periods of receiving antimicrobials
were associated with antimicrobial resistance. The findings of regression
analysis are shown in Appendix 4.

Discussion

While several ASPs focus on improving antimicrobial use practices in terms of
improved health outcomes, the effects of ASPs also include resource utilis-
ation and associated costs (Nathwani et al., 2019). To the best of our knowl-
edge, this is the first comprehensive cost analysis estimating the change in
cost associated with a revised ASP version compared to it upon inception.
There are no available electronic medical records in HMC before 2015,
noting that the ASP was implemented in HMC in 2015. Therefore, creating
a no-ASP relative control group was not possible.

At a national level, antimicrobial utilisation has been used as a surrogate
outcome measure for policy strategies, assuming that decreased antimicro-
bial consumption will result in reduced future resistance rates and improved
clinical and economic outcomes. Our findings showed that the development
of an ASP was associated with a decrease in total antimicrobial consumption
by almost one-half, and the use of restricted antimicrobial agents was further
reduced during the developed ASP period. Decreasing unnecessary DDD of
antifungals, cephalosporins, carbapenems, and fluoroquinolones was associ-
ated with the most significant cost savings increase. This is mainly driven by
the restrictive prescribing of these antimicrobials to the infectious disease
team in HMC.

In our analysis, however, the utilisation of ASP failed to maintain an overall
positive monetary value over five years of implementation. While the devel-
opment of the ASP was associated with a reduced cost due to a reduction in
antimicrobial consumption and resource use, it was also associated with
increased cost due to an increase in readmission and antimicrobial resistance.
Here, it is important to note that the measured at the respective time points
of the cohorts was the resource use and not the monetary value of these
resources. The economic value of the resource use was only assigned to
the resource use at the time of the analysis, based on the similar monetary
values of resources based on the same financial year, regardless of the
cohort. Medical inflation, therefore, is not a counfounder in the current
study. It is also very essential to note that it is impossible to assume that
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this latter increase is because of a decreased effectiveness with the developed
ASP relative to the preliminary. All that we can conclude from this study is
that there is an increased cost associated with the developed ASP, without
necessarily associating this with a lack of developed ASP performance.
After all, the increase in hospital readmission following ASP development
can be influenced by reasons beyond antibiotic use, including comorbidities
and disease severity or factors such as antimicrobial resistance. Indeed, in our
study, the developed ASP cohort had a significantly greater number of
patients with a severe CCl score (57.8%) compared to the preliminary ASP
cohort (41.6%), together with an antimicrobial resistance that was statistically
significantly higher with the developed ASP cohort. Our regression analysis
supported this, which demonstrated that the CCl score was associated with
antimicrobial resistance. Unsurprisingly, patients with a higher CCl score
may be expected to be associated with worse outcomes more often as a
more significant number of comorbidities are generally found in sicker indi-
viduals who would be more prone to die or require frequent hospital admis-
sions (Charlson et al., 1987; Hoyer et al., 2018).

Antimicrobial resistance is also largely attributable to factors such as an
increase in the use of broad-spectrum antimicrobials, poor access to ade-
quate and affordable medicines, vaccines, genetics, unknown adherence to
management guidelines, lack of awareness and knowledge, lack of an auto-
mated alert system for IV to PO antibiotic switching eligibility, and lack of
information technology, as well as poor communication between ASP com-
mittee members (Hurst et al., 2016; Liew et al., 2015; Nasr et al.,, 2021).
Direct communication between infectious diseases and other units has
been shown to engage discussion among healthcare providers, promote edu-
cation of the medical team, improve antibiotic prescribing, and minimise anti-
microbial consumption and resistance, accordingly (Hurst et al., 2016; Nasr
et al,, 2021). Additionally, if the consumption of only certain antimicrobials
is restricted, a significant decrease in resistance cannot be expected
(Hagert et al.,, 2012). It is also likely that resistant strains are not related to
changes made in hospitals, as it is difficult to distinguish community-acquired
resistance from those in the hospital (Bruno-Murtha et al., 2005; Cook et al.,
2004).

Our findings are consistent with a 2017 Cochrane review that found that
ASP decreased antimicrobial therapy consumption by nearly 19% following
implementation of ASP but did not increase mortality (Davey et al., 2017).

Several studies found that patient death increased following ASP
implementation, noting that the majority of these studies did not report stat-
istical significance (Hohn et al.,, 2015; Mach et al., 2007; MacVane & Nolte,
2016; Nilholm et al., 2015; Palmay et al., 2014; Pate et al., 2012; Wenzler
et al,, 2016). In contrast, all-cause death rates in our patients were lower in
the developed ASP group but not statistically significant. While not
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significant, this could be due to lower and appropriate consumption of anti-
microbials, immediate administration of antimicrobials when required, and
enhanced communication between ASP staff committee members regarding
optimum antimicrobials during the ASP development period.

While in our study we illustrated that a total positive cost saving with the
ASP development at QAR 458 (US$125), a few economic studies did not
demonstrate a significant reduction in antimicrobial costs following ASP
implementation (Apisarnthanarak et al., 2006; Bruno-Murtha et al., 2005; Ho
et al., 2005; Hurst et al., 2016; Krivoy et al., 2007; Lee et al., 2014; Lin et al.,
2013; Oosterheert et al., 2005; Taggart et al., 2015). This could be due to inap-
propriate metrics for measuring antimicrobial use, increased use of expensive
antimicrobials that are more effective in decreasing antimicrobial resistance,
and the lack of adherence to ASP policies (Lee et al., 2014). Further, in contrast
to our findings, prior studies found that hospital stays increased following
ASP implementation (Cook et al., 2004; Hohn et al., 2015; Martinez et al.,
2000; Nowak et al., 2012; Palmay et al,, 2014; Smith et al., 2014). The reason
behind this could be affected by the extended use of antimicrobials due to
patients’ comorbidities or disease severity.

Notwithstanding, the literature studies and their results are generally not
comparable to our results because, in this study, we report the impact of the
developed use of ASP compared to its use during the preliminary period. In
addition, the comparison with prior studies is difficult due to variations in
resource utilisation, the overall nature of the healthcare system, and the
wide range of years between when the studies were published.

Also, a potential confounder is that the impact of an antimicrobial short-
age and subsequent conservation efforts on antimicrobial use and expendi-
ture were not considered in our study.

Despite a decrease in the cost of antimicrobial consumption and
resource utilisation, cost avoidance in terms of readmission and antimicro-
bial resistance increased over a 5-year implementation timeframe. Prac-
titioners at the study site, similar to the international audience, can
benefit here from the recognising the fact that an implemented ASP is
not necessarily associated with similar or reduced spending over time,
and in addition to recognising factors that contribute the value of resource
use the most in relevance to an ASP, inlcuding pitfalls to try to avoide.
Measures that can be taken to remedy the study’s outcome are the ones
that fixes current pitfalls that the ASP has in Qatar. The lack of prioritising
of specific interventions aimed at reducing antimicrobial resistance is a
pitfall. In internal medicine facilities, focusing on the most commonly pre-
scribed antimicrobials with the potential of the emergence of resistance
would be a critical targeted intervention. Many studies showed that ASPs
have the potential to restrict the emergence and spread of resistance
(Hwang & Kwon, 2021). ASPs have demonstrated a link between
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antimicrobial use and the emergence of resistance. For instance, fluoroqui-
nolone use has been associated with Methicillin-resistant Staphylococcus
aureus (Madaras-Kelly et al., 2006), cephalosporin with cephalosporin-resist-
ant Enterobacteriaceae (Rohde et al., 2018), teicoplanin with Coagulase-
Negative Staphylococci (Balasiu & MacKenzie, 2023), and carbapenem
with carbapenem-resistant Acinetobacter, Pseudomonas, and Enterobacter-
iaceae (Tomczyk et al., 2019). Another pitfall could be the lack of restricting
antimicrobial formulary use. Restricting antimicrobial use has been shown
to reduce the spread of antimicrobial resistance (Obolski et al., 2015).
Hence, a strategy for ASP in internal medicine settings could include
efforts to restrict antimicrobials, which may yield the most significant
increases in benefits. Formulary restriction is particularly considered as
the critical strategy in the Infectious Diseases Society of America (IDSA)
and Society for Healthcare Epidemiology of America (SHEA) guidelines
(Johnson et al,, 2021). Another pitfall where a strategy could be suggested,
is to include reviewing broad-spectrum empirical antimicrobials and then
de-escalating or discontinuing therapy based on antimicrobial susceptibility
test findings and clinical response. For instance, switching from a broad-
spectrum cephalosporin to cefazolin, in a patient with an infection caused
by cefazolin-susceptible gram-negative bacteria, would be considered a
type of de-escalation or discontinuation of cefazolin when not indicated
(Krivoy et al., 2007; Wenzler et al., 2016). One of the most frequent
reasons for unnecessary use of cefazolin exposure is in the management
of a presumed skin and soft tissue infection that, in fact, is not a true infec-
tion. ASPs could, consequently, also focus on educational efforts pertaining
to the diagnose and manage skin and soft tissue infections using local con-
sensus protocols. Coupled with interventions such as restrictions or review-
ing broad-spectrum antimicrobials, ASPs are based primarily on education.
Including the above, the following interventions can also be considered to
remedy possible pitfalls by ASP clinicians: (1) education of prescribers about
microbial virulence, immunological and genetic host factors; (2) formulary
restriction; (3) antimicrobial susceptibility testing for a rapid and reliable
prediction of antimicrobial success; (4) accurate organism-identification;
(5) understanding pharmacokinetic and pharmacodynamic properties of
antimicrobials which aids choosing optimal dose and duration of antimicro-
bials; and (6) development of protocols for de-escalation of antimicrobials.

Importantly, cost reduction or increase without regard to the clinical out-
comes achieved is self-defeating. Thus, to ensure the sustainable success of
an ASP, hospital ASPs should promote the efficient and judicious use of
therapy to combat the rise in antimicrobial resistance. The consequences of
ASP practices often yield effects that extend from antimicrobial use to
improved or maintained patient outcomes, which drive down resource utilis-
ation and associated costs.
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Future work should extend the setting and measure the cost change
associated with the development of ASP in other HMC clinical practice
units such as cancer, cardiology, and women'’s health. As our multivariate sen-
sitivity analysis showed that the developed ASP becomes cheaper in 99% of
iterations, the economic impact would, to a substantial extent, be driven by
the hospital bed day cost. For example, in Europe, the proportion of a bed day
saved through the implementation of ASP represents 60-80% of the total
hospital stay, while in the US, the proportion of a bed day saved was lower
(~ 32%) (Nathwani et al, 2019). These results align with our Tornado
diagram findings, which depicted that the length of hospital stay was the
main influential cost factor. The results of the Tornado diagram were
further confirmed by the findings of one-way sensitivity analysis. Consistently
with previous studies, a systematic review of studies conducted in the US,
reported shorter hospital stay and higher cost savings per patient following
ASP implementation, and this was mainly due to the high cost of a hospital
bed day in the US (Nathwani et al., 2019).

The current study has some inherent limitations that should be acknowl-
edged and considered when interpreting results. Generally, confounding
and bias are typical issues that cannot be entirely avoided with this retro-
spective study design. Additionally, while only direct medical costs were
included in the analysis, the economic implications of ASP are far more
extensive and are influenced by many indirect costs and benefits. Pro-
ductivity losses, such as lost wages resulting from premature death or
absence from work due to reasons such as antimicrobial resistance, were
not considered, and may underestimate the actual cost of ASP. Further-
more, we should have accounted for the long-term impact of ASP in redu-
cing total healthcare costs, potentially underestimating the consequential
cost of ASP. Long-term impact can be influenced by the unexpected emer-
gence, spread of new antimicrobial-resistance genes, patient compliance
with antimicrobial therapy, and compliance with infection control pro-
cedures. Moreover, the generalizability of results is limited by the fact
that, compared to other medication use, antimicrobial treatment is
unique in that its use might differ among different countries given the vari-
ations in antimicrobial resistance. In addition, varying compliance with pre-
ventive measures, such as focusing on limiting the patient-to-patient
spread of multidrug-resistant organisms, which was not addressed in this
study, would contribute substantially to wide-ranging improvement in
the reduction of costs. In conclusion, in the adult general medicine settings
in HMC, as per the study perspective and limitations, the total cost savings
attributed to the reduction in DDDs and resource utilisation with the devel-
oped ASP is QAR 458 (US$ 125) per 100 patient beds. The total operational
cost also achieved a cost saving of QAR 125 (US$ 34) with the developed
ASP. Nevertheless, the total cost of hospital readmission, length of
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hospitalisation, development of CDIs, and additional stay due to ADEs, as a
consequence of inappropriate use of antimicrobials, resulted in an avoided
cost of QAR —4,807 (US$ —1,317) per 100 patient beds in favour of the pre-
liminary period. This was mainly due to increased hospital readmission and
high antimicrobial resistance during the developed period. Overall, it
seems that running the ASP programme for five years, with presumed
development in its practices, was not associated with any similar or
reduced monetary spending.
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