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Abstract: Overuse and misuse of antibiotics have led to the emergence of antibiotic-resistant bacteria
and pose a significant threat due to adverse drug reactions, increased healthcare costs, and poor pa-
tient outcomes. Antibiotic stewardship programs, including antibiotic de-escalation, aim to optimize
antibiotic use and to reduce the development of antibiotic resistance. This systematic review and
meta-analysis aim to fill the gap by analyzing the current literature on the implications of antibiotic
de-escalation in patients on antibiotic use, duration of hospital stay, mortality, and cost; to update
clinical practice recommendations for the proper use of antibiotics; and to offer insightful informa-
tion about the efficacy of antibiotic de-escalation. Based on the PRISMA 2020 recommendations,
a comprehensive literature search was conducted using electronic databases and reference lists of
identified studies. Eligible studies were published in English, conducted in humans, and evaluated
the impact of antibiotic de-escalation on antibiotic consumption, length of hospitalization, mortality,
or cost in hospitalized adult patients. Data were extracted using a standardized form, and the quality
of included studies was assessed using the Newcastle-Ottawa Scale. The data from 25 studies were
pooled and analyzed using the Revman-5 software, and statistical heterogeneity was evaluated using
a chi-square test and 12 statistics. Among the total studies, seven studies were conducted in pediatric
patients and the remaining studies were conducted in adults. The studies showed a wide range of
de-escalation rates, with most studies reporting a rate above 50%. In some studies, de-escalation was
associated with a decrease in antimicrobial utilization and mean length of stay, but the impact on
overall cost was mixed. Our pooled analysis for mortality reported that a significant difference was
observed between the de-escalation group and the non-de-escalation group in a random effect model
(RR =0.67,95% CI 0.52-0.86, p = 0.001). The results suggest that de-escalation therapy can be applied
in different healthcare settings and patient populations. However, the de-escalation rate varied
depending on the study population and definition of de-escalation. Despite this variation, the results
of this systematic review support the importance of de-escalation as a strategy to optimize antibiotic
therapy and to reduce the development of subsequent antibiotic resistance. Further studies are
needed to evaluate the impact of de-escalation on patient outcomes and to standardize the definition
of de-escalation to allow for better comparison of studies.
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1. Introduction

Antibiotics are essential medications for treating bacterial infections [1], but misuse
and overuse of empirical broad spectrum antibiotics have led to the emergence of antibiotic-
resistant bacteria [2—4] and pose a significant threat due to adverse drug reactions, increased
healthcare costs, and poor patient outcomes [5,6]. To address these issues, several strategies
have been proposed, including antibiotic stewardship programs (ASP) that aim to optimize
antibiotic use and to reduce the development of antibiotic resistance (ABR) [7]. One ASP ap-
proach to minimizing the negative consequences is antibiotic de-escalation, which involves
changing from broad-spectrum to narrow-spectrum antibiotics or stopping antibiotics
altogether based on clinical and microbiological data [7]. Transitioning from intravenous to
oral therapy and shifting from high-shelf to low-shelf antibiotics for standard treatment
are also strategies for antibiotic de-escalation [8]. Antibiotic de-escalation is a commonly
advised treatment strategy that is recommended by several guidelines for diverse clinical
diseases. De-escalation can help to reduce the selection pressure by exposing bacteria
to narrower-spectrum antibiotics and avoiding non-pathogenic bacteria that are harm-
less [9]. In clinical practice, de-escalation strategies hinge upon a profound understanding
of microbiological data and antibiotic susceptibility test results. These results serve as the
cornerstone and allow healthcare providers to transition from broad-spectrum antibiotics to
narrower-spectrum options or to shift from high-reserve antibiotics, typically reserved for
challenging cases, to standard treatment antibiotics. Without this critical microbiological
information, the application of de-escalation strategies becomes challenging and may even
risk therapeutic failure [10,11].

A systematic review has shown that antibiotic de-escalation was associated with a
significant reduction in total antibiotic consumption [12]. A retrospective cohort study
of patients with hospital-acquired pneumonia found that antibiotic de-escalation was
associated with rational antibiotic usage without impacting therapeutic outcomes [13].
Studies have also shown that antibiotic de-escalation was not associated with an increase
in length of intensive care units (ICU) stay or mortality [9,12,14]. Furthermore, studies
have demonstrated a cost reduction linked to antibiotic de-escalation [9,12,15]. Antibi-
otics with a broader spectrum are often more costly than antibiotics with a narrower
scope [16]. Patients are more prone to develop adverse effects such diarrhea, nausea,
and vomiting while using broad-spectrum antibiotics. These adverse effects increase
the expense and length of patients” hospital stays [17]. De-escalation can also assist
by switching to antibiotics with a narrower range that are less likely to produce these
adverse effects. Antibiotic de-escalation can assist patients” quality of life in addition to
the advantages already discussed [12].

Antibiotic de-escalation poses a few possible risks. Firstly, it is possible that a patient’s
illness cannot be treated using narrow-spectrum antibiotics [18]. In this situation, it may be
necessary to switch the patient back to broad-spectrum antibiotics. Secondly, the risk of
infection with resistant bacteria may also rise with de-escalation [19,20]; but, this risk is rel-
atively low, and it is outweighed by the possible benefits of antibiotic de-escalation [19,20].
Antibiotic de-escalation is a complex procedure that needs a great deal of preparation and
coordination. However, it is crucial to identify the perfect time to de-escalate, pick the
appropriate medications, and keep a watchful eye out for infection symptoms in the patient.
Nevertheless, antibiotic de-escalation can be an effective and safe method of enhancing
the rational use of antibiotics and can promote antimicrobial stewardship activities when
carried out appropriately [21].
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By thoroughly analyzing the current literature on the implications of antibiotic de-
escalation in patients on antibiotic use, duration of hospital stays, mortality, and cost, this
systematic review and meta-analysis aim to fill this gap. The results of this study will help
to update clinical practice recommendations for the proper use of antibiotics and offer
insightful information about the efficacy of antibiotic de-escalation. Finally, this study can
help to address the rising threat of ABR, lower healthcare costs, and can enhance patient
outcomes [22-24].

2. Results

The PRISMA 2020 flow diagram for the systematic review that included searches
of databases is shown in Figure 1. In the first stage, the search strategy identified
901 potentially relevant records from various databases based on the search strategy.
The next stage involved removing any duplicate records identified from the initial
search (n = 311), records marked as ineligible by automation tools (n = 163), and records
removed for other reasons (n = 201). This left 226 records for screening. At the records
screening stage, 226 records were screened based on their titles and abstracts to identify
potentially relevant studies. Among the 226 records that were screened, 58 records were
excluded at this stage based on the inclusion/exclusion criteria of the systematic review.
The remaining 168 records were obtained in full-text format for further assessment of
eligibility. Among the 168 records sought for retrieval, 76 records were not retrieved
due to various reasons such as unavailability or access restrictions. The 92 records
retrieved were assessed for eligibility based on the inclusion/exclusion criteria of the
systematic review. Based on the assessment of eligibility, 67 records were excluded
from the review. The reasons for exclusion included non-English language (n = 15),
inappropriate interventions (n = 16), no required data (n = 11), no full-text available
(n = 18), and review articles (n = 7). Finally, a total of 25 studies were included in the
systematic review, which met the inclusion/exclusion criteria and were relevant to the
research question, and among these, 7 studies were conducted in pediatrics and the
remaining studies were conducted in adult patients.

Tables 1 and 2 summarize the characteristics and results of six prospective studies
and one retrospective study related to antibiotic de-escalation in pediatric patients. The
studies were conducted in different countries, settings, and patient populations. The
reported de-escalation rate ranged from 28% to 98.5%, with most studies reporting a de-
escalation rate above 50%. The endpoints measured in the studies included antimicrobial
utilization, length of stay, infection-related mortality, duration of antibiotic use, therapy
efficacy, prevalence of acquisition of carbapenem-resistant Gram-negative bacilli, clinical
success rate, and mortality rate. The type of antibiotics used for de-escalation varied among
the studies, and included cephalosporins, carbapenems, penicillin, and gentamicin. The
study duration and sample size varied among the studies, ranging from a few months
to several years, and from 140 to 1838 patients. The studies were conducted in different
healthcare settings, including pediatric ICUs, neonatal ICUs, general units, oncology units,
and bone marrow transplant units, indicating that de-escalation therapy can be applied in
different healthcare settings. Taken together, the results showed a decline in consumption
of antibiotics in the de-escalation group compared to the non-de-escalation group, with
differences ranging from —236 to —1.1 days of therapy per 1000 patients. For example,
Han et al. (2013) showed a decrease of 15.7 percentage points in the de-escalation group
compared to the non-de-escalation group [25]. De-escalation was associated with a decrease
in mean length of stay in some studies, such as the study by Han et al. (2013) where the
de-escalation group had a mean length of stay that was 4.6 days shorter than the non-de-
escalation group [25]. The studies had mixed results on the impact of de-escalation on
overall costs. Some studies, such as the study by Renk et al. (2020), showed a decrease in
costs in the de-escalation group compared to the non-de-escalation group [26]. The overall
cost was United State Dollar (USD) 4688 in the non-de-escalation group and USD 3463 in
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the de-escalation group, with a difference of USD 1225. Most of other studies did not report
any significant difference in costs.

Tables 3 and 4 summarize the characteristics and results of antibiotic de-escalation
in adult patients. The de-escalation rate varied depending on the study population and
the definition of de-escalation. The de-escalation rate ranged from 12.9% to 96.2% in
the 16 studies. On the one hand, Viasus et al. (2017) reported a de-escalation rate of
12.9% in patients with community-acquired pneumonia (CAP) treated with beta-lactam
antibiotics in a retrospective study conducted in Spain [27]. On the other hand, Lim
et al. (2021) reported a de-escalation rate of 96.2% in a retrospective study conducted
in Malaysia among patients in the ICU treated with carbapenems and vancomycin [28].
Tah et al. (2022) reported a 73.3% survival rate in a retrospective study conducted in
Malaysia among patients with CAP and hospital-acquired pneumonia (HAP) treated
with carbapenems, colistin, and vancomycin [29]. Loon et al. (2018) reported an 86.9% de-
escalation rate in a prospective study conducted in Malaysia among patients in medical
wards treated with cephalosporins, piperacillin/tazobactam, and carbapenems [30].
Deshpande et al. (2021) reported a de-escalation rate of less than 50% among patients
with pneumonia in a retrospective study conducted in 164 hospitals in the USA [31].
Morgan et al. (2012) reported a 30.43% antibiotics utilization rate in a retrospective study
conducted in six hospitals in the USA [32]. Overall, the de-escalation group had a shorter
duration of antibiotic therapy, shorter length of stay, and lower overall costs than the
non-de-escalation group. This suggests that de-escalation can be used to reduce the
amount of antibiotics that patients receive, without compromising patient outcomes.
Viasus et al. (2017) found that antibiotic de-escalation led to a decrease in the number of
days of therapy and mortality rates, as well as a shorter length of stay, although they
did not report on overall costs [27]. Morgan et al. (2012) did not report on the effect of
antibiotic de-escalation on mortality rates, but found that it led to a shorter length of stay,
although it resulted in a higher overall cost [32]. The results of the quality assessment of
the studies are mentioned in Table 5.

Figures 2 and 3 present the results of the meta-analysis. First, we evaluated the
impact of de-escalation on overall mortality. A total of 21 studies provided the data
on mortality, and 15 studies provided the data on length of hospital stay. The overall
mortality was 10.8%. Our pooled analysis for mortality reported that a significant
difference was observed between the de-escalation group and the non-de-escalation
group in a random effect model (RR = 0.67, 95% CI 0.52-0.86, p = 0.001) (Figure 2). The
mortality rates documented in the included studies showed substantial heterogeneity
(I = 81%). Among 21 studies, 13 studies showed lower mortality rates in the de-
escalation group as compared to the de-escalation group. In contrast, eight studies
reported that de-escalation was associated with increased risk of mortality. The length of
stay (LOS) was statistically lower in the de-escalation group than in the non-de-escalation
group (p = 0.04). On average, the mean LOS of 15.6 days in the non-de-escalation group
decreased to 11.5 days in the de-escalation group. However, in three studies, an increase
in LOS was reported. Figure 3 depicts the forest plot of the difference between the
de-escalation group and the non-de-escalation group.
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Figure 1. PRISMA flowchart of included studies.
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able 1. Characteristics of included studies in pediatrics.
Table 1. Ch teristi f included studies in pediatri
Author and Year Count Study Design Study Duration Settings Sample Condition of De-Escalation Type of Empirical Endpoints DeIf]?ZSC(:alit:t(iion
Yy y & y & Size Patients Definition Antibiotics Used Measured Rate *
Antimicrobial
. Cefazolin utilization
Renketal, 2020 Gormany ~— Prospective 2017-2018 PICU 347 Mixed Not specified Meropenem Length of stay 28.0%
[26] study . g
Vancomycin Infection related
mortality
Antimicrobial
. ) utilization
Battula et al., 2021 India Prospective January PICU 247 Sepsis Specified Cephalosporins Length of stay 38.4%
[33] study 2019-June 2019 Carbapenems g
Infection related
mortality
. June Piperacillin .
Bhullaretal, 2015y 45 Prospective 2013-March PICU 637 Mixed Not specified Meropenem Duration of 34.6%
[34] study . . antibiotic used
2014 linezolid
Therapy efficacy
. February
Han etal, 2013 China Prospective 2012-February PICU 140 Pneumonia Not specified Not stated Length.of stay 50.0%
[25] study Duration of
2017 o
antibiotic used
Rungsitsathian Prospective March— General Units, Chr;rcglfaslt ;cceess ;‘ate.
etal., 2021 Thailand P December Oncology Unit 225 Mixed Specified Meropenem aenceo 57.8%
[35] study 2019 nd ICU acquisition of
- @ CR-GNB
Mantadakis et al., Pr tiv June Oncol nd Febril Amikacin/Gentamicin Clinical success rate
2022 Greece Osstizc N 2016-November BT\?[TO iﬁis 1838 neufro eenia Not specified Cefepime Mortality rate 53.5%
[36] y 2017 p Ceftriaxone/ cefotaxime Length of ICU stay
. . September Penicillin/gentamicin Neonatal risk factors
Ibrah‘m[;;]“‘l" P Malaysia  PrOSPEYE 9017 December NICU 276 EOS Specified Penicillin/amikacin  Maternal risk factors 98.5%
y 2017 Ampicillin/gentamicin ~ Length of ICU stay

PICU, pediatric intensive care unit; NICU, neonatal intensive care unit; EOS, early onset sepsis; CR-GNB, carbapenem-resistant Gram-negative bacilli; ICU, intensive care unit; BMT,
bone marrow transplant. * De-escalation rate is based on the number patients involved in the de-escalation group.
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Table 2. Overview of the studies on pediatrics with the results on antibiotic consumption, mortality rates, mean length stay, and overall costs.
Days of Antibiotic Thera .
yDOT 11000 Patients 124 Mortality Rates Mean Length of Stay Overall Costs
Study and Year Non—[?e- De-Escalation Differences in Non-[?e- De-Escalation Differences in Non—[?e- De-Escalation . Non-]?e- De-Escalation .
Escalation G P Escalation G P Escalation G Differences Escalation G Differences
Group Dr oup P 'ercen]t:)a 8e Group Nmo‘/l p Per.centa‘;ge Group Dr oup in Days Group . r{;lsl]% in Costs
(Days) (Days) oints (Days) N (%) %) oints (%) (Days) (Days) (in USD) (in USD)

Renk e[tzfj 2020 1569 1333 —236 5 (3.0%) 11 (6.0%) 3.0% 6 5 -1 4688 3463 —1225
Battula[it;]al., 2021 Not stated Not stated - 2 (6.0%) 7 (7.3%) 1.3% 4 4 0 Not stated Not stated -
Bhullar[gi]al., 2015 7.4 6.3 —1.1 5 (1.4%) 7 (2.4%) 1.0% Not stated Not stated - Not stated Not stated -

Han e[t;l]" 2013 18.8 14.6 —42 16 (22.8%) 5 (7.1%) —~15.7% 265 219 —46 2193 1297 —896

R““gSitsat}[‘i;‘]‘ etal, 2021 506 1 —396 6 (4.7%) 4(7.6%) 2.9% 506 9.1 415 Not stated Not stated :
Mantadak[fé‘]“ al., 2022 517 501 ~16 36 (4.2%) 21 (2.1%) —21% 2 2 0 Not stated Not stated :
Ibrahim[g]al” 2019 39 22 17 1(33.3%) 3(1.1%) —322% Not stated Not stated ; Not stated Not stated ;
DOT, days of therapy; USD, United State Dollar.
Table 3. Characteristics of included studies in adults.
Author and Year Count Study Design Study Duration Settings Sample Condition of De-Escalation Type of Antibiotics Endpoints Delfggcoarlt:tcilon
y y & y & Size Patients Definition Used Measured Rate
February Mortality rate
Viasus et al,, 2017 Spain Retrospective 1995-December Emergency 1283 CAP Specified Beta-lactams Lengt'h .Of stay 12.9%
[27] study department Antibiotics
2014 e
utilization
Tah et al., 2022 Malaysia Retrospective January Medical wards 180 CAP and HAP Specified Carbapenems, COI.IStll’I, Mortéhty rate 73.3%
[29] study 2016-July 2019 and vancomycin Survival rate
Fuetal, 2017 China Retrospective 2006-2015 Tertlary care 87 Severe Aplastlc Specified Not stated Mortéhty rate 72 41%
[38] study hospital anemia Survival rate
Infection related
Verlinden et al., Retrospective November Hematolo Amikacin, ICU admission
2023 Belgium stupd 2011-February ward 8y 958 Mixed Specified meropenem, and Mortality rate -
[39] y 2021 piperacillin/tazobactam Antibiotics

utilization
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Table 3. Cont.
Author and Year Count Study Design Study Duration Settings Sample Condition of De-Escalation Type of Antibiotics Endpoints D:?Ess)arlt:t?on
Y y & y & Size Patients Definition Used Measured Rate
. September Cephalosporins, g
Morgan et al., 2012 USA Retrospective 2009-October 6 Hospitals 631 Mixed Not specified fluoroquinolones, and Ar}t}blo.t 165 30.43%
[32] study e, utilization
2010 penicillin
Deshpande et al., Retr tiv Length of stay
2021 USA clrospeetive 2010-2015 164 Hospitals 14,170 Pneumonia Specified Not stated Healthcare costs <50%
study TS
[31] Antibiotic utilization
. July Cephalosporins,
Loon et al. 2018 Malaysia Prospective 2017-September ~ Medical wards 99 Mixed Not specified piperacillin/tazobactam, T.de.ng.th Of. stay 86.9%
[30] study Antibiotic utilization
2017 and carbapenems
. . January .
Liuet /al., 2016 USA Retrospective 2011-December ~ Medical center 240 Mixed Specified . Vangorpycm and Ifengh Of‘ stay 63.0%
[40] study 2011 piperacillin/tazobactam Antibiotic utilization
. . November Antibiotic utilization
Lim e[tzagl]., 2021 Malaysia Retr;ipde ctive 2018-November ICU 382 Mixed Not specified Cal:})aanp;?ingr?nd Isolation of 96.2%
y 2019 Y pathogens in ICU
Corcione et al., Retrospective January Emergenc Frequency of ADE
2021 Ttaly s tupd 2016-November de ar%merzlt 336 Mixed Not specified Not stated Length of stay 33.03%
[41] y 2017 P In-hospital mortality
. January - .
Khan et al., 2017 Malaysia Retrospective 2012-December ICU 108 VAP Specified Carbapenems,. colistin, Mortality rate 42.1%
[13] study 2014 and cefepime Length of ICU stay
_ Adequacy of
. . June Colistin, carbapenems, . L
Singh et al., 2019 India Prospective 2017-December ICU 75 Mixed Specified and antibiotic th.e rapy 24%
[42] study . - Culture positivity
2017 piperacillin/tazobactam
rates
. January Carbapenems, Mortality rate
Trupka[itg?l., 2017 USA Prostpzctlve 2016-December ICU 283 Pneumonia Specified quinolones and Length of ICU stay 50.9%
i study 2016 cephalosporins Antibiotic utilization
. Mortality rate
liges e[t;la” 2021 USA Retr;ipde ctive 20162019 Medical center 1812 Pneumonia Specified Not stated Length of ICU stay 43.37%
y Onset of infection
. July Carbapenem, Clinical success rate
Das et al,, 2020 India Retrospective 2018-September ICU 83 Mixed Not specified glycopeptides, and Length of hospital 55.4%
[45] study
2018 monobactam stay
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Table 3. Cont.
Author and Year Count: Study Design Study Duration Settings Sample Condition of De-Escalation Type of Antibiotics Endpoints D:?Ess)arlt:t?on
Y y & y & Size Patients Definition Used Measured Rate
Montero et al., Prospective Januar Sepsis and Length of hospital
2014 Spain e 2008 Moan 5012 ICU 712 e Specified Not stated stay 34.9%
[46] y y p Mortality rate
Baena et al., 2019 Prospective January Piperacillin/tazobactam, Lengthscé pospial
i Spain P 2012-December 13 hospitals 516 Bacteremia Specified carbapenems, and y 65.1%
[47] study . Mortality rate
2013 cephalosporins -
Clinical success rate
Antibiotic adequacy
. April . Culture positivity
Moraes et al,, 2016 Brazil Prospective 2013-September Tertlary care 224 Severe sepsis Specified Not stated Mortality rate 19.6%
[48] study hospital .
2013 Length of hospital
stay
CAP, community acquired pneumonia; VAP, ventilator-acquired pneumonia; HAP, hospital-acquired pneumonia; ICU, intensive care unit.
Table 4. Overview of the studies in adults with the results on antibiotic consumption, mortality rates, mean length stay, and overall costs.
Day of Antibiotic Therapy .
DOT/1000 Patients Mortality Rates Mean Length of Stay Overall Costs
Study and De- De- De- De-
Ye);r Non D.e De-Escalation Differences in Non D.e De-Escalation Differences in Non E.‘e De-Escalation . . Non D.e De-Escalation . .
Escalation G P Escalation G P Escalation G Differences in Escalation G Differences in
Group Droup P .ercen]t;l 8e Group Nmo‘/l P Peljcentao;ge Group Droup Days Group . 1:1“51]% Costs
(Days) (Days) oints (Days) N (%) (%) oints (%) (Days) (Days) (in USD) (in )
Viasus et al.,
2017 5 3 -2 62 (5.5%) 3(1.8%) —3.7 9 5 —4 Not stated Not stated -
[27]
Tah et[zaé.], 2022 Not stated Not stated Not stated 18 (37.5%) 44 (33.3%) —4.2 Not stated Not stated - Not stated Not stated -
Fu et[iléj 2017 Not stated Not stated Not stated 9 (37.5%) 11 (17.4%) —20.1 Not stated Not stated - Not stated Not stated -
Verlinden et al.,
2023 14 12 -2 14 (9.3%) 3(1.2%) —-8.1 Not stated Not stated - Not stated Not stated -
[39]
Morgan et al.,
2012 Not stated Not stated Not stated Not stated Not stated - 27.1 124 —14.7 Not stated Not stated -
[32]
Deshpande
etal., 2021 7 5 -2 641 (6.1%) 26 (2.8%) -33 6 4 -2 10,869 7855 —3014

[31]
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Table 4. Cont.

Day of Antibiotic Therapy
DOT/1000 Patients

Mortality Rates

Mean Length of Stay

Overall Costs

Study and _De- -De- -De- -De-
Yg;r Non ]?e De-Escalation Differences in Non D.e De-Escalation Differences in Non D.e De-Escalation . . Non ]?e De-Escalation . .
Escalation G Escalation Escalation Differences in Escalation Differences in
Group roup P.ercentage Group Grool/xp Pel:centao;ge Group Group Days Group 'Group Costs
(Days) (Days) Points (Days) N (%) N (%) Points (%) (Days) (Days) (in USD) (in USD)
Loon et al.
2018 Not stated Not stated Not stated Not stated Not stated - 14 15.4 —-14 Not stated Not stated -
[30]
Liu et al., 2016 o o
[40] Not stated Not stated Not stated 21 (23.5%) 13 (8.6%) —14.9 10 6 —4 Not stated Not stated -
Lim et al., 2021
128] Not stated Not stated Not stated Not stated Not stated - Not stated Not stated - Not stated Not stated -
Corcione et al.,
2021 Not stated Not stated Not stated 114 (50.6%) 11 (9.9%) —40.7 Not stated Not stated - Not stated Not stated -
[41]
Khan et al.,
2017 Not stated Not stated Not stated 27 (35.5%) 13 (40.6%) 5.1 10.3 10.1 —-0.2 Not stated Not stated -
[13]
Singh et al.,
2019 Not stated Not stated Not stated Not stated Not stated - Not stated Not stated - Not stated Not stated -
[42]
Trupka et al.,
2017 7 7 0 35 (25.1%) 51 (35.4%) 10.3 12 11 1 Not stated Not stated -
[43]
Iiges et al.,
2021 11 9 -2 319 (31.0%) 252 (32.0%) 1 22 20 -2 Not stated Not stated -
[4]
Das et al., 2020 o o
[45] Not stated Not stated Not stated 2 (13.3%) 0(0%) —13.3 Not stated Not stated - Not stated Not stated -
Montero et al.,
2014 Not stated Not stated Not stated 80 (32.5%) 60 (27.3%) —5.2 Not stated Not stated - Not stated Not stated -
[46]
Baena et al.,
2019 15 27 12 69 (38.3%) 112 (33.3%) -5 15 27 12 Not stated Not stated -
[47]
Moraes et al.,
2016 19.5 21 1.5 101 (56.1%) 25 (56.8%) 0.7 195 21 1.5 Not stated Not stated -

(48]

DOT, days of Therapy.



Pharmacoepidemiology 2023, 2 299

Table 5. Newcastle-Ottawa Scale for assessing quality of included studies.

Selection Comparability Outcomes
Comparability
Reference Representative S le Size B Non- Ascertainment of Cohort Assessment of Statistical Quality
of Sample A ample Size Respondents ¢ of Exposure P Studies on Basis Outcomes F Analysis ¢ Score
of Design E
Renk et al., 2020 * * _ * * . * 7
[26]
Battula et al., 2021 * * _ _ * ot * 6
[33]
Bhullar et al., 2015 N * _ _ * o * 6
[34]
Han et al., 2013 " . _ _ * . * 6
[25]
Rungsitsathian
etal., 2021 * * - * * * ¥ 7
[35]
Mantadakis et al.,
2022 * * - * * ™ * 7
[36]
Ibrahim et al., 2019 * * _ * * ot * 7
[37]
Viasus et al., 2017 " " _ . * ot * 7
[27]
Tah et al., 2022 * % _ * * . * 7
[29]
Fuetal., 2017 " . _ % * ok * 7
[38]
Verlinden et al.,
2023 * * - * * ** * 7
[39]
Morgan et al., 2012 " * R _ * . _ 5
[32]
Deshpande et al.,
2021 * * - - * * ¥ 6
[31]
Loon et al. 2018 " " R _ * . * 6
[30]
Liu et al., 2016 * * _ * * ™ * 7
[40]
Lim et al., 2021 " . _ _ * % * 6
[28]
Corcione et al.,
2021 * * - * * *x * 7
[41]
Khan et al., 2017 " N _ _ * . * 6
[13]
Singh et al., 2019 . " _ _ * ok _ 5
[42]
Trupka et al., 2017 * * _ * * . * 7
[43]
Ilges et al., 2021 " N R _ % = * 6
[44]
Das et al., 2020 " * * % . * 7
[45]
Montero et al., 2014 " N _ * * . * 7
[46]
Baena et al., 2019 " * _ _ * . * 6
[47]
Moraes et al., 2016 " " R _ * % * 6
[48]

A*, truly representative or somewhat representative of average in target population; B*, drawn from the same
community; C-, secured record or structured review; D*, Yes; D-, no; E*, study controls for age, gender, and
other factors; F**, both record linkage and blind assessment; G*, follow-up of all subjects; G-, no follow-up of
all subjects.
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% Cl
Han et al. 5 70 16 70 3.7% 0.31[0.12, 0.81] 2013
Montero et al., 60 219 80 246 7.3% 0.84 [0.64, 1.12] 2014 -
Bhullar et al. 7 284 5 353 3.0% 1.74[0.56, 5.42] 2015 -1 -
Liu etal., 13 151 21 89 5.3% 0.36[0.19, 0.69] 2016 _—
Moraes et al., 25 44 101 180 7.3% 1.01[0.76, 1.35] 2016 BB
Fuetal, 11 63 9 24 4.7% 0.47[0.22,0.98] 2017 -
Khan et al., 13 32 27 76 6.0% 1.14[0.68, 1.92] 2017 T
Trupka et al., 51 144 35 139 6.9% 1.411[0.98, 2.02] 2017 ™
Viasus et al., 3 166 62 1117 3.0% 0.33[0.10, 1.03] 2017 ]
Baenaetal, 112 336 69 180 7.5% 0.87[0.68, 1.10] 2019 -
Ibrahim et al. 3 272 1 3 13% 0.03[0.00,0.23] 2019 —
Renk et al. 11 182 5 165 3.4% 1.99[0.71, 5.62] 2020 T
Dasetal, 0 3 2 15 0.6% 0.10[0.01, 1.96] 2020
Battula et al. 7 95 2 33 2.0% 1.22[0.27, 5.56]) 2021 D
Rungsitsathian et al. 4 52 6 127 2.7% 1.63[0.48, 5.53] 2021 -1
Corcione et al., 11 1 114 225 56% 0.20[0.11,0.35] 2021 -
Deshpande et al., 26 913 641 10444  6.8% 0.46 [0.32, 0.68] 2021 -
liges et al., 252 786 319 1026 7.9% 1.0310.90, 1.18] 2021 T
Mantadakis et al. 21 990 36 848 5.9% 0.50[0.29, 0.85] 2022 —_—
Tahetal., 44 132 18 48 6.5% 0.89[0.57, 1.38] 2022 -
Verlinden et al., 3 233 14 149 2.7% 0.14[0.04, 0.47] 2023 -
Total (95% CI) 5306 15557 100.0% 0.67 [0.52, 0.86] ‘
Total events 682 1583

Heterogeneity: Tau? = 0.20; Chi* = 103.37, df = 20 (P < 0.00001); I* = 81%
Test for overall effect: Z = 3.18 (P = 0.001)

Study or Subgroup  Mean

| , | |
0.005 0.1 1 10 200
Favours De-escalation  Favours Non De-escalation

Figure 2. Forest plot of mortality [13,25,27,29,31,34-41,43-48].

De-escalation Non De-escalation Std. Mean Difference Std. Mean Difference

SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Morgan et al.,
Han etal.
Liuetal.,

Moraes et al.,
Khan et al.,
Trupka et al.,
Viasus et al.,
Loon etal,,
Baenaet al.,
Renk et al.
Deshpande et al.,
liges etal.,
Battula et al.
Rungsitsathian et al.
Mantadakis et al.

Total (95% Cl)

Heterogeneity: Tau? = 0.03; Chi? = 76.00, df = 14 (P < 0.00001); I* = 82% T
Test for overall effect: Z = 2.04 (P = 0.04)

124 309097 192 271 19279 151 7.3% -0.55[-0.77,-0.34] 2012
216 15098 70 265 18.8725 70 53% -0.29[-062,0.05 2013
6 12.4381
21 98675 44 195 237963 180 5.3% 0.07 [-0.26, 0.40] 2016
101 85983 32 103 10.0652 76 42% -0.02[-0.43,0.39] 2017
11121415 144 12 17.8877 139 7.0% -0.07 [-0.30,0.17] 2017
5 6.5254 166 9 340673 1117 8.3% -0.13[-0.29, 0.04] 2017
154 158582 86 14 4.9645 13 26% 0.09[-0.49, 0.68] 2018
27 37.2743 336 15 20.3%69 180 7.9% 0.37[0.19, 0.55] 2019
5 136743 182 6 195163 165 7.4% -0.06 [-0.27,0.15] 2020
4 307922 913 6 156.407 10444  9.8% -0.01[-0.08,0.05] 2021
20 28.5643 786 22 489704 1026 9.4% -0.05 -
49089 95 4 28202 33 4.4% 0.00 [-0.40, 0.40] 2021
9.1 7.5431
16.0338 990 2 148364 848  9.5% 0.00[-0.09, 0.09] 2022

Fy

[N}

151 10 9.4943 89 64%  -0.35[-0.61,-0.08] 2016
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m HIW
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Figure 3. Forest plot of length of stay [13,25-27,30-33,35,36,40,43,44,47 48].

3. Discussion

Antibiotic de-escalation is a possible and crucial component of ASP activity in patients
to rationalize the use of antibiotics and to reduce the burden of ABR [49,50]. This system-
atic review and meta-analysis reveal promising insights into the practice of de-escalation
across both pediatric and adult patient populations, highlighting its safety and potential
benefits. In all the included studies, a significant number of patients were able to have
their antibiotics de-escalated after initial therapy. This suggests that it is possible to use
less intensive narrow-spectrum antibiotics in many cases, without compromising patient
outcomes. The results suggest that de-escalation therapy can be effective in reducing the
unnecessary use of reserve group antibiotics [51]. De-escalation therapy was also associated
with improved clinical outcomes such as reduced length of stay, reduced mortality rate,
and increased clinical success rate [52,53]. In most of the included studies, the de-escalation
group had a shorter duration of antibiotic therapy than the non-de-escalation group, which
can reduce the risk of side effects and ABR [3,54-56]. Furthermore, the economic implica-
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tions of antibiotic de-escalation should not be overlooked. De-escalation can reduce the
cost of antibiotic therapy, as narrower-spectrum antibiotics are typically less expensive
than broad-spectrum antibiotics [57,58]. By embracing de-escalation practices, healthcare
institutions can potentially reduce the financial burden associated with antibiotic therapy.
However, it is essential to acknowledge that de-escalation rates exhibited variations across
studies. The de-escalation rate varied depending on the study population and the definition
of de-escalation. This variation is likely due to a number of factors, including the study
population (e.g., PICU vs. NICU), the definition of de-escalation, and the severity of the
infection [59,60]. Another intriguing aspect was the diversity in de-escalation methods
employed in the included studies, highlighting the absence of a standardized approach in
clinical practice. Achieving a consensus on the best strategies for de-escalation remains a
challenge [19]. Successful implementation relies on close collaboration among healthcare
providers to ensure careful patient monitoring and the flexibility to adjust antibiotic regi-
mens as necessary [61,62]. This is because de-escalation requires careful monitoring of a
patient’s response to therapy and a willingness to change the antibiotic regimen as needed.
In addition, de-escalation can be challenging in patients with complex infections or those
who are at high risk of complications [63,64].

Despite the challenges, antibiotic de-escalation is a promising strategy for reducing the
risk of ABR [19,21]. As the global problem of antibiotic resistance continues to grow, it is
important to find ways to reduce the unnecessary use of antibiotics. Antibiotic de-escalation
is one such strategy that has the potential to make a significant impact on the problem of
ABR [65]. Broad-spectrum antibiotics are akin to a blunt instrument, affecting a wide array
of bacteria, including beneficial ones, and providing an environment where resistant strains
can thrive [66]. In contrast, de-escalation selects for less resistant bacterial strains, limiting
the emergence and spread of antibiotic-resistant genes. This practice not only preserves
the effectiveness of antibiotics currently in use but also extends the lifespan of these vital
drugs, ensuring they remain a valuable resource in our ongoing fight against ABR [67].
Nevertheless, early diagnosis is a critical component of effective antibiotic de-escalation
and ABR mitigation [10,11]. It empowers healthcare providers to make informed treatment
decisions, optimize antibiotic use, improve patient outcomes, and to contribute to the global
effort to combat antibiotic resistance [68].

Several limitations are highlighted in light of the findings of this systematic review.
The studies that were included had a variety of research designs, subjects, and interventions.
The results of the meta-analysis may have been more difficult to interpret because of this
heterogeneity. Second, the included studies were mostly of a brief duration. Thirdly,
depending on the type of infection, the patient’s underlying medical conditions, and the
type of antibiotic that is being de-escalated, the effect of antibiotic de-escalation on patient
outcomes may vary. Additionally, different studies use different definitions of antibiotic
de-escalation, making it challenging to compare the findings of various studies. To discover
the best strategy for antibiotic de-escalation and to pinpoint the risk factors, more study
is required.

4. Materials and Methods

This systematic review and meta-analysis were carried out in compliance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020
recommendations by utilizing its checklist.

4.1. Search Strategy

A comprehensive literature search was carried out using electronic databases including
PubMed, Google Scholar, Embase, Cochrane Library, and Web of Science, from inception to

Zaw

April 2023. The search terms used were “antibiotic de-escalation”, “antibiotic stewardship”,
“narrow-spectrum antibiotics”, “broad-spectrum antibiotics”, “length of hospitalization”,
“mortality”, and “cost”. Related MeSH headings with “AND” or “OR” were also used. In

addition, the reference lists of identified studies and relevant review articles were manually
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screened for additional studies. The search strategy was developed in consultation with a
librarian. The search strategy was updated on a regular basis to ensure that all relevant
studies were identified.

4.2. Eligibility Criteria

The eligibility criteria for including studies in this review were as follows:

Studies published in English;

Studies that evaluated the impact of antibiotic de-escalation on antibiotic consumption,
length of hospitalization, mortality, or cost in hospitalized adult patients;

Studies that compared de-escalation with continuation of broad-spectrum antibiotics
or no change in antibiotic therapy;

Full-text articles published in peer-reviewed journals conducted in humans.

Studies were excluded if they were abstracts, conference proceedings, letters to the
editor, or case reports.

4.3. Data Extraction

Two independent reviewers screened the titles and abstracts of all identified studies
for eligibility. Full-text articles were retrieved for potentially eligible studies, and data were
extracted using a standardized form. Data extracted included author and year, country,
study design, study duration, setting, population characteristics, sample size, intervention
and control details, condition of patients, de-escalation definition, type of antibiotics used,
outcomes of interest, and reported de-escalation rate, as summarized in Table 1 which
describes general characteristics. Table 2 contains specific information related to days of
antibiotic therapy (DOT), DOT /1000 patients, mortality rates, mean length of stay, and
overall costs. The first column lists the study’s name and year, and the second column
presents the days of DOT per 1000 patients in both non-de-escalation and de-escalation
groups. In the third column, the difference in DOT between the non-de-escalation and de-
escalation groups is presented in percentage points and days. The fourth and fifth columns
provide mortality rates in both non-de-escalation and de-escalation groups, respectively,
presented as a percentage of the total number of patients. The difference in percentage
points between the two groups is presented in column six. The seventh, eighth, and
ninth columns present the mean length of stay in both non-de-escalation and de-escalation
groups, the difference in days between the two groups, and the overall cost in US dollars,
respectively. The last column reports the difference in costs between the two groups.

4.4. Quality Assessment

The Newcastle-Ottawa Scale was used for assessing the quality of the included studies.
Any disagreements between reviewers were resolved by consensus or by a third reviewer.

4.5. Meta-Analysis

The data retrieved from 25 articles were pooled and analyzed using the Revman-5,
software version 5.4.1 (The Cochrane Collaboration). For dichotomous outcomes, the
results were documented as the relative risk (RR) with a 95% confidence interval, and the
weighted mean difference (MD) with a 95% confidence interval (CI) was estimated for
continuous outcomes. Studies that assessed similar interventions in a similar population
were evaluated for the presence of statistical heterogeneity by using a chi-square test
and the heterogeneity within groups was assessed using I? statistics (which indicated the
proportion of total variation between studies that is due to heterogeneity in study design,
patients, or interventions rather than chance). According to guidelines, I? values greater
than 50% indicated significant heterogeneity [69,70].

5. Conclusions

This systematic review showed that antibiotic de-escalation is associated with im-
proved clinical outcomes and a decrease in antibiotic consumption, length of stay, and
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possibly costs in both pediatric and adult patients. The studies included in this review
were conducted in various healthcare settings, indicating that de-escalation therapy can be
applied in different healthcare settings. However, the de-escalation rate varied depending
on the study population and definition of de-escalation. Despite this variation, the results
of this systematic review support the importance of de-escalation as a strategy to optimize
antibiotic therapy and to reduce the development of ABR. As the global healthcare commu-
nity faces the ongoing challenge of ABR, embracing de-escalation practices within ASPs
represents a critical step towards preserving the efficacy of antibiotics for future generations.
Further studies are needed to evaluate the impact of de-escalation on patient outcomes and
to standardize the definition of de-escalation to allow for better comparison of studies.
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