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Background: There is a gap in antimicrobial stewardship in transitions of care.

Objectives: To assess the appropriateness of antibiotics utilized and prescribing habits at hospital discharge.

Methods: A retrospective, observational study was conducted at our quaternary care hospital between January
2021 and March 2021. During the study period, all patients discharged on antibiotics for pneumonia (PNA), skin
and soft tissue infections (SSTI), urinary tract infections (UTI) and intra-abdominal infections (IAI) were included.
The overall appropriateness of therapy was assessed based on the following combined criteria: agent, dose, fre-
quency, duration of therapy, and ability to meet diagnostic criteria.

Results:One hundred and forty-five subjectsmet the inclusion criteria. Of these, 44 (30.3%) were determined to
have received overall appropriate antibiotic therapy. The most common infections were UTI, followed by IAI,
PNA, and SSTI, respectively. Further, from the group deemed to have received overall inappropriate therapy,
26 of the 101 (25.7%) patients received an inappropriate antibiotic choice, 6 (5.9%) an inappropriate dose,
and 84 (83.2%) an inappropriate duration of therapy.

Conclusions: Inappropriate duration of therapy represented the most challenging problem with antibiotic regi-
mens at discharge. Larger studies are needed to identify potential interventions that are effective, and can be
implemented in all settings, including resource-limited ones.

Introduction
The misuse and overuse of antibiotics has led to the emer-
gence of antimicrobial-resistant organisms.1 The introduction
of antimicrobial stewardship programmes (ASPs) has greatly
contributed to promoting the appropriate use of antibiotics.
However, an area where there is a gap in stewardship is upon
the transition of care, specifically at hospital discharge.2 This
transition is a critical point in the patient’s journey and could
contribute to patient re-admissions, complications, and
increased financial burden on the patient as well as the health-
care system.3 Given the paucity of literature on the appropri-
ateness of antimicrobial use at transitions of care in our
region, we sought to conduct this study to assess the overall
appropriateness of antibiotic regimens at our hospital in pneu-
monia (PNA), skin and soft tissue infection (SSTI), urinary tract
infection (UTI), and intra-abdominal infection (IAI) and at

discharge. This will also help us compare our findings with
international data.

Patients and methods
The study was a retrospective, observational study conducted at our qua-
ternary care hospital between January 2021 and March 2021. Data col-
lection was commenced after the receipt of the Research Ethics
Committee approval. A Diagnosis Related Group (DRG) data extraction
method for the targeted indicationswas used, and all datawere collected
from our electronicmedical record system. Demographics, baseline char-
acteristics, infection parameters, definitive therapies, length of hospital
stay, and outcomes were collected.

A convenience sample of patients who were discharged during the
study period and met the inclusion criteria was used. We included adults
(≥18 years) being discharged from our hospital on antibiotics for the in-
dications of PNA, SSTI, UTI, and IAI. Pregnant women, age ,18 years,
HIV positive, and immunocompromised subjects were excluded. The pri-
mary endpoints of the studywere to evaluate the overall appropriateness
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of the antimicrobial regimens used at discharge, as well as to identify the
utilization and prescribing patterns of antibiotics for the targeted indica-
tions. Secondary endpoints included assessing re-admission within
30 days of discharge, development of resistance identified by repeated
cultures (if done), evaluating the occurrence of Clostridioides difficile in-
fection (C. difficile or CDI), and the recurrence or relapse of patients
with same organisms (see Table 1 for definitions).

The overall appropriateness of antimicrobial therapy prescribed was
judged based on the collective of appropriateness of each of the regi-
men’s components (selected agent, dose, frequency, duration, and ability

to meet diagnostic criteria). Diagnostic criteria comprised any laboratory
test values, imaging, microbiology, etc. necessary to confirm infection.
Therapy appropriateness was assessed against established institutional
published guidelines (see Table S1, available as Supplementary data at
JAC-AMR Online) as well best-practice evidence, such as the Infectious
Disease Society of America (IDSA) guidelines, and was adjudicated
through a detailed review of two clinical pharmacy specialists trained in
ASP and transitions of care.

Statistical analysis
Descriptive statistics were used to summarize demographics and base-
line characteristics. Normality of data distribution was assessed using
the Shapiro–Wilks test and by visually checking each variable’s distribu-
tion (histogram). Descriptive statistics, such as frequencies, medians
and IQRs, were used to describe the demographic and outcomes of the
study sample. Bivariate analyses to compare independent groups were
conducted using Mann–Whitney U test for continuous variables and χ2

test or Fisher exact test were used to compare non-parametric and dis-
crete data respectively. A two-tailed alpha of 0.05 or 95% CI was used
as the criteria to determine statistical significance in this study. All statis-
tical analyses were performed using SPSS statistical package version 28
for Windows (IBM, Armonk, New York).

Results
We screened 741 patients who were discharged on oral antibio-
tics for inclusion, of them, 146 patients met the inclusion criteria.
Of those, one patient was further excluded due to lack of infor-
mation in the profile that would preclude appropriate assess-
ment. Of the remaining 145 patients, 68 (46.9%) were female
with a median age of 56 (34.5–73) years. Table 2 shows the sam-
ple demographics and baseline characteristics.

Table 3 summarizes the outcomes of the study endpoints.
Forty-four (30.3%) patients received overall appropriate anti-
microbial therapy versus 101 patients (69.7%) that received over-
all inappropriate regimens. Appropriate choice of antimicrobial
was seen in 119 (82%) patients, the dose of antimicrobialwas ap-
propriate in 139 (96%) patients, and the duration of antimicrobial

Table 1. Definitions of endpoints

Endpoint Definition

CDI Infection with C. difficile during hospitalization or during
re-admission within 30 days of antibiotics
administration.

MDR Multidrug-resistant organisms, defined as pathogens not
susceptible to at least one antibiotic in at least three
classes to which the pathogen is generally expected to
be susceptible.

Appropriate
antibiotics

Prescribed regimen with the right antimicrobial agent, the
right dose, for the right duration, and ability to meet
diagnostic criteria. This is as per our institutional
Antimicrobial Use Guidelines, IDSA guidelines, and as
per the patient’s allergies and cultures and patient’s
previous bacterial colonization history.

Re-admission Re-admission to the hospital due to an infection within
30 days of previous infection in the same site.

Recurrence Infection with the same bacteria within 14 days of
discharge.

Relapse Infection in the same site with a different bacterium
within 30 days of discharge.

Resistance Development of infection with bacteria resistant to 3 or
more antibacterial drug classes within 30 days of
antibiotic administration.

Table 2. Demographics and baseline characteristic of the study sample

Variable All (n=145) Overall appropriate (n=44) Overall inappropriate (n=101) P value

Gender (female), n (%) 68 (46.9) 21 (47.7) 47 (46.5) 0.895
Age, years, median (IQR) (n=142) 56 (34.5–73) 57.5 (39.25–73.5) 56 (32.25–73) 0.484
Diabetes, n (%) 81 (55.9) 22(50) 42 (41.6) 0.348
Hypertension, n (%) 25 (34.2) 25 (56.8) 48 (47.5) 0.303
Chronic kidney disease, n (%) 30 (20.7) 11 (25) 19 (18.8) 0.398
Liver disease, n (%) 2 (1.4) 1 (2.3) 1 (1) 0.516
Chronic artery disease, n (%) 34 (23.8) 12 (27.9) 22 (21.7) 0.447
History of MDRO, n (%) 5 (3.4) 1 (2.3) 4 (4) 0.520
Primary infection, n (%) 0.843
UTI 52 (35.9) 16 (36.4) 36 (35.6)
PNA 30 (20.7) 9 (20.5) 21 (20.8)
IAI 31 (21.4) 11 (25) 20 (19.8)
SSTI 32 (22.1) 8 (18.2) 23 (23.8)

Route at discharge (oral), n (%) 128 (97.7) 37 (94.9) 91 (98.9) 0.211

MDRO, multidrug-resistant organism; UTI, urinary tract infection; PNA, pneumonia; IAI, intrabdominal infections; SSTI, skin and soft tissue infection.
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therapy was appropriate in 61 (42%) patients. Eighteen (12.4%)
patients failed to meet diagnostic criteria. As far as the compo-
nents of the inappropriate regimens, 26 of the 101 (25.7%) pa-
tients received the inappropriate antibiotic choice, 6 (5.9%) the
inappropriate dose, and 84 (83.2%) the inappropriate duration
of therapy. Duration of therapy was longer than recommended
in treatment guidelines in all of the prescribed regimens.

UTI represented themost infectionswith 16 (36.4%) subjects in
the overall appropriate group versus 36 (35.6%) in the overall in-
appropriate group, followed by IAI, then PNA, and finally SSTI
with no significant difference between groups (P=0.843; Table 2).

In the definitive antimicrobial therapy at discharge, amoxicil-
lin/clavulanic acid represented the most commonly prescribed
antimicrobial. When comparing the two groups, amoxicillin/cla-
vulanic acid was prescribed in 13 (26.6%) patients in the appro-
priate group versus 28 (27.7%) in the inappropriate group. This
was followed by ciprofloxacin, the next most commonly pre-
scribed antimicrobial. It was prescribed in 7 (16%) patients in
the appropriate group versus 19 (19%) patients in the inappropri-
ate group (P=0.914). Majority of patients were initially started on
IV antimicrobials, 39 (88%) in the appropriate group versus 87
(86%) in the inappropriate group (P=0.129).

In the secondary outcomes (Table 3), 30 day readmissions oc-
curred in 11 patients (7.6%), 8 of which were in the inappropriate
group. Recurrence within 14 days occurred in 5 patients (3.4%), 4
of which were in the inappropriate group. Relapse within 30 days
occurred in 6 patients (4.1%), 4 of whom were in the inappropri-
ate group. Resistance development and CDI occurred in one pa-
tient each post-discharge, one in the appropriate group and the
other in the inappropriate group. These were all not statistically
significant, which could be explained by our small sample size.

Discussion
Few studies have assessed antibiotic appropriateness at dis-
charge, for instance, Vaughn et al.4 analysed the overuse of anti-
biotics at discharge for PNA or UTI in approximately 22000
patients. They determined that fluoroquinolones were the most
prescribed agents at discharge, with 49% of patients experien-
cing antimicrobial misuse.4 Similarly, Leja et al.5 retrospectively
evaluated the impact of antimicrobial optimization in patients

with high mortality risk at discharge, allowing pharmacist inter-
ventions to correct the regimens as they identified more than
2000 interventions. Further, Yogo et al.6 assessed the appropri-
ateness of antibiotic regimens of 300 patients at discharge, find-
ing that 53% of regimens were inappropriate, especially in PNA,
UTI, and SSTI.

Our study was a retrospective analysis of patients discharged
with the targeted indications mentioned above as we attempted
to analyse the appropriateness of antimicrobial regimens pre-
scribed at transitions of care. Based on our study findings, in-
appropriate duration of therapy represents the most common
problem with antimicrobial regimens prescribed at discharge.
One hundred and one subjects (70%) in our study population re-
ceived an overall inappropriate therapy. This was due to either in-
appropriate antibiotic choice or, more commonly, inappropriate
duration of therapy. This rate is in line with previous studies re-
porting on inappropriateness of therapy prescribed at transitions
of care with recent studies reporting inappropriate therapy ran-
ging from 26% to 47%.7–9 In our study, we found that treatment
duration was excessively longer than what is currently recom-
mended in treatment guidelines, which is similar to the
findings of previous studies. Ensuring appropriate treatment dur-
ation is crucial and has been a focus of various recent studies in-
vestigating shortening durations of therapy and the positive
impact it has on reducing development of antimicrobial resist-
ance and/or C. difficile infections without compromising clinical
outcomes.10–13

In our study, appropriate choice and appropriate dosing was
found to be high in part because we have a robust ASP and pub-
lished institutional guidelines and order-sets that drive appropri-
ate choice/dosing of antimicrobials during the inpatient
admission. Our institution is a 364 bed hospital, which is an ex-
tension of a US-based model of care in the Arabian Gulf region.
Our ASP programme has been in place since March 2015 and is
designated as a Center of Excellence by the IDSA. The pro-
gramme is co-directed by a PGY2 trained Infectious Diseases
pharmacist, who oversees both the day-to-day clinical activities
and the ASP Subcommittee: a monthly forum that addresses
antimicrobial formulary changes as well as updates to antimicro-
bial policies, protocols, and guidelines. There are several inter-
mediate to advanced-level initiatives implemented through the

Table 3. Treatment outcomes

Variable All (n=145) Appropriate (n=44) Inappropriate (n=101) P value

Appropriate antimicrobial 119 (82.1) 44 (100) 75 (74.3) ,0.001
Appropriate dose 139 (95.9) 44 (100) 95 (94.1) 0.109
Appropriate duration 61 (42.1) 44 (100) 17 (16.8) ,0.001
Failure to meet diagnostic criteria 18 (12.4) 0 (0) 18 (17.8) 0.003
Readmission within 30 days 11 (7.6) 3 (6.8) 8 (7.9) 0.559
Recurrence within 14 days 5 (3.4) 1 (2.3) 4 (4) 0.520
Relapse within 30 days 6 (4.1) 2 (4.5) 4 (4) 0.591
Resistance development 1 (0.7) 1 (1.6) 0 (0) 0.299
CDI within 30 days 1 (0.7) 0 (0) 1 (1) 0.697

All values shown are n (%). CDI, C. difficile infection.
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programme, including prospective audit with intervention and
feedback, prior authorization of broad-spectrum antimicrobials,
facility-specific antimicrobial guidelines, real-time rapid diagnos-
tics, real-time computerized surveillance system, and real-time
dashboard for ASP metrics.14,15 In addition, members of the
ASP are currently represented on the National Antimicrobial
Resistance (AMR) taskforce. However, our programme has not
yet focused on transitions of care and this is our first assessment
of this under-recognized area within ASPs that is recently coming
into the spotlight as a result of new research findings.
Additionally, we do not have a formalized outpatient parenteral
antimicrobial therapy (OPAT) service, however, the hospital works
with various home healthcare agencies to assist with transition of
care of patients on long-term IV antimicrobial therapy.

Some interventions that have been found to be effective in
some medical centres include implementing a transitions of
care team that specifically targets review of antimicrobials at
transitions of care, and provides timely feedback to prescribers
whenever issues are identified. Interventions addressing transi-
tions of care would need to carefully weigh the institutional re-
sources available and would need to be timely, so as to not
impact throughput at discharge, which is another metric closely
measured by most institutions.

The limitations of our study are the retrospective design, the
relatively small sample size included (represents approximately
5% of total inpatient discharges during that time frame), and
being from a single centre. Another limitation of our study is
that it does not include the breakdown of durations of therapy
(howmany days in excess of recommendation were the inappro-
priately long durations), the spectrum of antibiotics when looking
at inappropriate versus appropriate choice, and the breakdown of
doses (too high versus too low) in each group.

Conclusions
Our study highlights a global issue encountered with antimicro-
bial prescribing at discharge and corroborates previous
research in this setting. Addressing appropriateness of antimicro-
bial prescribing through a systems approach is crucial, as it
could potentially impact clinical outcomes including
readmission rates, antimicrobial resistance development and de-
velopment of antimicrobial adverse events including C. difficile.
There is an urgent need for larger studies to be conducted in
this setting to identify potential interventions that are effective
and can be implemented in all settings, including resource-
limited ones.

Funding
This study was carried out as part of our routine work.

Transparency declarations
None to declare.

Supplementary data
Table S1 is available as Supplementary data at JAC-AMR Online.

References
1 Shadi A. Antibiotic resistance in Saudi Arabia and some Middle Eastern
countries: Current status. Afr J Microbiol Res 2019; 13: 151–7.
2 Jenkins TC, Haukoos JS, Young HL et al. Patterns of use and perceptions
of an institution-specific antibiotic stewardship application among emer-
gency department and urgent care clinicians. Infect Control Hosp
Epidemiol 2020; 41: 212–5.
3 Weber B, Noble B, BeardenD et al. Antibiotic prescribing upon discharge
from the hospital to long-term care facilities: Implications for antimicro-
bial stewardship requirements in post-acute settings. Infect Control Hosp
Epidemiol 2018; 40: 18–23.
4 Vaughn V, Gandhi T, Chopra V et al. Antibiotic overuse after hospital dis-
charge: A multi-hospital cohort study. Clin Infect Dis 2020; 73:
e4499–506.

5 Leja N, Collins C, Duker J. Antimicrobial stewardship by transitions of
care pharmacists at hospital discharge. Hosp Pharm 2020; 56: 714–7.
6 Yogo N, Haas MK, Knepper BC et al. Antibiotic prescribing at the transi-
tion from hospitalization to discharge: A target for antibiotic stewardship.
Infect Control Hosp Epidemiol 2015; 36: 474–8.
7 Zampino ST, Politis PA, Fosnight SM et al. Impact of the expansion of
antimicrobial stewardship services during transitions of care at an aca-
demic hospital. Infect Control Hosp Epidemiol 2020; 41: 1225–7.
8 Parsels K, Kufel W, Burgess J et al. Hospital discharge: An opportune
time for antimicrobial stewardship. Ann Pharmacother 2021:
106002802110526.

9 Chavada R, Davey J, O’Connor L et al. ‘Careful goodbye at the door’: is
there role for antimicrobial stewardship interventions for antimicrobial
therapy prescribed on hospital discharge? BMC Infect Dis 2018; 18: 225.
10 Lee RA, Centor RM, Humphrey LL et al. Appropriate use of short-course
antibiotics in common infections: Best practice advice from the American
college of physicians. Ann Intern Med 2021; 174: 822–7.
11 King LM, Hersh AL, Hicks LA et al. Duration of outpatient antibiotic
therapy for common outpatient infections, 2017. Clin Infect Dis 2021;
72: e663–6.
12 Dinh A, Ropers J, Duran C et al. Discontinuing β-lactam treatment
after 3 days for patients with community-acquired pneumonia in non-
critical care wards (PTC): a double-blind, randomised, placebo-controlled,
non-inferiority trial. Lancet 2021; 397: 1195–203.
13 Bae EY, Dzintars K, Bernice F et al. Development and implementation
of a short duration antibiotic therapy algorithm for uncomplicated gram-
negative bloodstream infections. Infect Control Hosp Epidemiol 2021; 42:
1136–8.

14 El-Lababidi R, MootyM, Bonilla M et al. Implementation and outcomes
of an advanced antimicrobial stewardship program at a quaternary care
hospital in the United Arab Emirates. J Am Coll Clin Pharm 2019; 2:
515–23.

15 Nasef R, El Lababidi R, Alatoom A et al. The impact of integrating rapid
PCR-based blood culture identification panel to an established antimicro-
bial stewardship program in the United Arab of Emirates. Int J Infect Dis
2020; 91: 124–8.

Saleh et al.

4 of 4

http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac065#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac065#supplementary-data

	Introduction
	Patients and methods
	Statistical analysis

	Results
	Discussion
	Conclusions

	Funding
	Transparency declarations
	Supplementary data
	References

