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Abstract

Background Antimicrobial stewardship (AMS) program aims to optimise antimicrobial utilisation and curb antimi-
crobial resistance. We investigated the clinical impact of AMS among patients with carbapenem in medical wards
of a tertiary hospital.

Methods A retrospective cohort study was conducted on hospitalised adult patients treated with carbapenem
and reviewed by a multidisciplinary AMS team. We compared the clinical outcomes of accepted (n=103) and not-
accepted AMS intervention cases (n=37). The outcomes evaluated include trends of total white blood cells (TWBC),
C-reactive protein (CRP), body temperature at day-7, and clinical status at day-30 post-AMS intervention.

Results The interventions included discontinuation (50%), de-escalation (47.9%) and escalation (2.1%) of antibi-

otics, where the acceptance rate was 67.1%, 80.6% and 66.7%, respectively. Overall, we found no significant dif-
ference in clinical outcomes between accepted and not-accepted AMS interventions at day-7 and day-30 post-
interventions. On day-7, 62.0% of patients in the accepted group showed decreased or normalised TWBC and CRP
levels compared to 47.4% of the not-accepted group (p=0.271). The mortality at day-30 (32% versus 35%, p=0.73),
discharge rate (53.4% versus 45.9%, p=0.437), and median length of hospital stay (36.0 versus 30.0 days, p=0.526)
between the groups were comparable. The predictors of 30-day mortality in the study subjects were Charlson Comor-
bidity Index >3 (OR: 2.84, 95% Cl 1.28-6.29, p=0.010) and being febrile at day-7 (OR: 4.58, 95% CI 1.83-11.5, p=0.001).

Conclusion AMS interventions do not result in significant adverse clinical impact and mortality risk.
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Background

World Health Organization (WHO) 2014 report on
global antimicrobial resistance surveillance revealed that
antibiotic resistance is a severe health threat worldwide
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commonly used antibiotic classes [2, 3]. Healthcare-
associated infections caused by multi-drug resistant
organisms (MRO), particularly the carbapenem-resistant
Enterobacterales (CRE), are on the rise and pose a signifi-
cant concern [4].

Optimisation of antimicrobial medicines usage through
antimicrobial stewardship (AMS) is one of the key strat-
egies recommended by the WHO to prevent antimi-
crobial resistance [5]. The AMS has been defined as a
coordinated intervention to improve the appropriate use
of antimicrobial agents by promoting the optimal anti-
microbial drug regimen, namely selection of agent, dos-
ing, duration of therapy, and route of administration [6].
Evidence supports the impact of AMS on decreasing the
average length of hospitalisation, mortality, antibiotic
consumption, and antibiotic expenditure [7-11].

The effort to initiate AMS has led to the establish-
ment of a multidisciplinary AMS team in many hospitals
in Malaysia. The concerns over possible adverse clinical
outcomes such as poor clinical response and mortality
are postulated to be the major hindrance in implement-
ing of AMS activities. However, investigations on the
acceptance of AMS interventions and their impact on
clinical outcomes among hospitalised patients, especially
in Malaysia, are lacking.

Therefore, this study aimed to determine the accept-
ance of carbapenem stewardship interventions, its
impact on clinical outcomes and the factors affecting the
30-day mortality among patients on carbapenem.

Methods

Design, setting, and population

This retrospective cohort study utilised the routinely col-
lected data extracted from AMS review forms and patient
medical records. The population studied was hospitalised
adult (>18 years old) patients in the medical wards of
Kuala Lumpur Hospital, the largest tertiary hospital in
Malaysia. Patients initiated on carbapenem (intravenous
meropenem, imipenem/cilastatin or ertapenem) by the
primary team either as prophylaxis, empirical or micro-
biological confirmed therapy; reviewed by AMS team
and classified as non-justified use of carbapenem were
included in the study. Cases initiated by other disciplines
referred to the infectious disease team or reviewed after
seven days on carbapenem were excluded.

Carbapenem stewardship review

The carbapenem stewardship review was conducted by
a multidisciplinary AMS team consisting of infectious
diseases consultants/specialists, pharmacists, microbi-
ologists, and infection control nurses. The reviews were
conducted weekly in all medical wards, in which patients
initiated on carbapenems were identified and reviewed.
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Upon review, the AMS team determined the judicious-
ness of carbapenem initiation, subsequently classified
into justified and non-justified use of carbapenems.
Unjustified use of carbapenems refers to the use of car-
bapenems when it is not indicated, where appropriate
and adequate coverage (optimal dose and duration) and
cost-effective therapy for the diagnosis or suspected
infection were not provided or given [12]. As for non-jus-
tified use, the prescribing problem and its cause/s were
identified, and interventions were recommended. Sub-
sequently, the primary team’s physician decided whether
to accept or decline the intervention. All information,
including the prescribing problems, causes, interven-
tions, acceptance and outcomes, were recorded in the
AMS review form.

Data collection

A list of patients on carbapenem in the medical wards
and reviewed by the AMS team from 1*' January 2016 to
31% December 2019 was obtained from the AMS census.
A stratified random sampling method was applied where
subjects were sampled from all cases fulfilling the eligi-
bility criteria. The cases were stratified into two groups
based on the acceptance of the interventions by the pri-
mary team and labelled as the accepted and not-accepted
groups. A random sampling method was used to achieve
each group’s required sample size. Patient comorbidities
were assessed using the Charlson Comorbidity Index
(CCI), a sum of scores based on the weightage of each
disease towards the risk of mortality. The higher the CCI,
the higher the chance of mortality [13].

Measured outcomes

The measures were classified based on the PCNE drug-
related problem classification Version 8.01 [14]. The
measured outcomes include AMS interventions and
the acceptance status, clinical outcomes at day-7 and
day-30, and predictors of 30-day mortality. Clinical out-
come at day-7 includes total white blood cells (TWBC),
C-reactive protein (CRP) and body temperature. Clini-
cal outcome at day-30 includes patient’s conditions such
as being discharged well, hospitalised with improv-
ing health, hospitalised with deteriorating health, or
deceased within thirty days from the AMS intervention.

Sample size and statistical analyses

The sample size was calculated using the Fleiss formula
with 80% study power and 95% confidence level [15]. The
sample size ratio was set at 0.36, with the percentage of
accepted and not-accepted interventions of 50% and 22%,
respectively, based on our preliminary data in 2016 [16].
A minimum of 136 patients (100 in the accepted group
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and 36 in the not-accepted group) was required to fulfil
the sample size need.

Data analyses were conducted using IBM® SPSS® Sta-
tistics Version 24. Categorical data were compared using
Chi-square or Fisher’s exact test and reported in fre-
quency and percentage (%). The distribution of patients’
age was normally distributed and compared between
groups using an independent t-test. The length of hos-
pital stay was not normally distributed and was com-
pared with Mann—Whitney Rank U test. Multiple logistic
regression forward LR was used to determine the predic-
tors of 30-day mortality. Variables with p<0.25 in binary
logistic regression were included in the final model,
where multicollinearity, interactions between variables,
model fitness, classification table and ROC curve tests
were also performed. Statistical significance was set at
p<0.05.

Results

Patient demographic and baseline characteristics

During the study period, 742 cases of broad-spectrum
antibiotics were reviewed under the hospital’s AMS pro-
gram (Fig. 1). A total of 140 cases were included in this
study, consisting of 103 accepted and 37 not-accepted
intervention cases (ratio of 0.36). Patient demographics
and clinical characteristics are summarised in Table 1.
The mean age of patients was 57.6 (SD =18.3) years, with
an almost equal distribution of males (48.6%) and females
(51.4%). The CCI was similar between the groups, and
55.0% had a CCI of more than three. A fraction of 37
(26.4%) subjects had a history of hospitalisation in the
last three months, with 8% having prior ICU admission.
Although 20 subjects (14.3%) had prior broad-spectrum
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antibiotic exposure, only six (4.3%) had MRO infection.
Nevertheless, the exposure to broad-spectrum antibiot-
ics over the past three months was significantly different
between the groups; 11 (10.7%) were in the accepted and
9 (24.3%) were in the not-accepted groups (p=0.042).

Meropenem was the commonly prescribed carbap-
enem (68.6%), and empirical therapy was initiated for
64.3% of the patients (60.2% and 75.7% cases from the
accepted and not-accepted groups, respectively), while
the remaining were culture-directed. More than half of
the cultures taken had no significant bacterial growth
(57.9%), and 4.3% grew mixed growth of organisms.
Twenty-three (16.4%) of the total isolates were extended-
spectrum beta-lactamases producers (ESBL). They were
isolated from non-sterile sites such as tracheal aspirate/
sputum, pus, bed-site tissue samples or urine. The most
commonly isolated organisms were Klebsiella pneumo-
niae (17.8%), where 11.4% were ESBL, 5.7% were sensi-
tive, and one (0.7%) was CRE. Non-ESBL organisms
caused 23 (16.4%) cases of bacteraemia. A total of 44
study cases (31.4%) were diagnosed with sepsis or septic
shock before carbapenem initiation.

AMS interventions and acceptance

The most frequently encountered drug-related prob-
lems were unnecessary carbapenem treatment (97.9%;
Table 2). Most carbapenem prescriptions were catego-
rised as having no clear indication (55%) or inappropri-
ate according to the recommendation by local antibiotic
guidelines (45%). Discontinuation of antibiotics therapy
was recommended for all cases with no clear indica-
tion for antibiotic use. Escalation to colistin was recom-
mended in three cases of therapy failure or inadequate
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Review by AMS

Other broad-spectrum antibiotics, T
n=124 = excluded l

Carbapenem stewardship cases reviewed

Justified use, n =371

AMS review after day 7,n=15 [« i
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- Accepted interventions = 167
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team
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7777777777777 Stewardship Continue therapy
interventions
v v
Intervention accepted by primary’ Intervention not accepted by
team primary team
Clinical outcome at day-7 and Clinical outcome at day-7 and
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Fig. 1 Carbapenem stewardship review flow and patient selection for the study
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Table 1 Patient demographic and clinical characteristics before carbapenem initiation

Characteristics Total Accepted Not-accepted p-value
n (%) n (%) n (%)

Age (years old) 0.097%"
Mean (SD) 57.6(183) 594 (16.1) 525(229)

Gender 0.709
Female 72 (51.4) 52(50.5) 20 (54.1)
Male 68 (48.6) 51 (49.5) 17 (45.9)

Race 0.504
Malay 77 (55.0) 56 (54.4) 21 (56.8)
Chinese 26 (18.6) 17 (16.5) 9(24.3)
Indian 34 (24.3) 28(27.2) 6(16.2)
Others 3(2.1) 2(1.9) 127

Comorbidities
Diabetes mellitus 67 (47.9) 56 (54.4) 11(29.7) 0010
Hypertension 51 (36.4) 44 (42.7) 7 (18.9) 0010
Renal disease 27 (19.3) 18 (17.5) 9(24.3) 0.365
Stroke 24(17.1) 23(223) 1(2.7) 0.007"
History of myocardial infarction 23(16.4) 15 (14.6) 8(21.6) 0.320
Congestive heart failure 20 (14.3) 13(12.6) 7(18.9) 0.348
Connective tissue disease 16 (11.4) 7 (6.8) 9(24.3) 0.012°

Charlson comorbidity index (CCl)

<3 63 (45.0) 43 (41.7) 20 (54.1) 0.197
>3 77 (55.0) 60 (58.3) 17 (45.9)

Hospitalisation within last 90 days
Yes 37 (26.4) 26 (25.2) 11(29.7) 0.595
No 103 (73.6) 77 (74.8) 26 (70.3)

ICU admission within last 90 days
Yes 11(79) 5(4.9) 6(16.2) 0.067°
No 129 (92.1) 98 (95.1) 31(83.8)

MRO infection within last 90 days
Yes 6 (4.3) 3029 381 0.188°
No 134 (95.7) 100 (97.1) 34(919)

Broad-spectrum antibiotic use within last 90 days
Yes 20(14.3) 11(10.7) 9(24.3) 0.042"
No 120 (85.7) 92 (89.3) 28(75.7)

Site of infection 0.283°
Respiratory 41(29.3) 29(28.2) 12 (324)
Urinary tract 19(13.6) 16 (15.5) 3(8.1)
Hepatobiliary 18(12.9) 10 (9.7) 8(21.6)
Skin and soft tissue 13(9.3) 12(11.7) 1.7)
Blood stream 13(9.3) 9(8.7) 4(10.8)
Central nervous system 5(3.6) 5(4.9) 0(0.0)
Intra-abdominal 3(2.1) 2(19) 12.7)
Multiple foci 3.1 3(29) 0(0.0)
Unknown source 25(17.5) 17 (16.5) 8216




Ramadas et al. Journal of Pharmaceutical Policy and Practice (2023) 16:94 Page 5 of 9

Table 1 (continued)

Characteristics Total Accepted Not-accepted p-value
n (%) n (%) n (%)
Organisms isolated 0472°
No organism isolated 81(57.9) 57(553) 24 (64.9)
K.pneumoniae (ESBL) 16 (11.4) 14 (13.6) 2(54)
K.pneumoniae (non-ESBL) 8(5.7) 6 (5.8) 2(54)
K.pneumoniae (CRE) 1(0.7) 1(1.0) 0(0.0)
E.coli (non-ESBL) 7 (5.0) 6 (5.8) 127)
E.coli (ESBL) 4(29) 3(29) 127)
Paeruginosa 2(14) 1(1.0) 127
Paeruginosa (MRO) 2(14) 0(0.0) 2(54)
Proteus spp. (ESBL) 2(14) 2(1.9) 0(0.0)
Proteus spp. (non-ESBL) 2(14) 2(1.9) 0(0.0)
Morganella morganii 2(14) 2(1.9) 0(0.0)
Gram positive 2(14) 1(1.0) 127
A.baumanii (MRO) 2(1.4) 2(1.9) 0 (0.0)
Burkolderia pseudomallei 1(0.7) 1(1.0) 1(1.0)
Citrobacter spp. (ESBL) 1(0.7) 1(1.0) 0(0.0)
Mixed growth 6(4.3) 4(39) 2(54)
Presence of bacteraemia 23 (164) 18 (17.5) 5(13.5) 0577
Presence of sepsis/septic shock 44 (31.4) 30(29.1) 14 (37.8) 0.328

Chi-square test was performed unless otherwise stated
2 Independent-samples T-test. PFisher’s exact test

" p<0.05 denotes statistical significance

Table 2 Types of carbapenem drug-related problems identified, its causes and interventions made

Total Accepted Not-accepted p-value
n (%) n (%) n (%)
Drug-related problems (DRP) 0.784°
Unnecessary antibiotic treatment 137 (97.9) 101 (73.7) 36 (26.3)
No effect or therapy failure 3(2.0) 2(66.7) 1(333)
Causes of DRP 0.802°
No indication for carbapenem use 77 (55.0) 56 (72.7) 21(27.3)
Inappropriate antibiotic choice according 63 (45.0) 47 (74.6) 16 (25.4)
to the guideline
Types of interventions 0.136°
Discontinuation 70 (50.0) 47 (67.1) 23(32.9)
De-escalation 67 (47.9) 54 (80.6) 13(194)
Escalation 3(2.1) 2 (66.7) 1(33.3)

2 Chi-square test. PFisher’s exact test

effect with the use of carbapenem due to the presence
of carbapenem-resistant infections. There was no sig-
nificant difference in the acceptance status between
types of interventions (p >0.05). More than 54% (n=20)

of the non-acceptance of AMS interventions were due to
the primary physician’s opinion that the patient’s clini-
cal condition was deemed unsuitable for de-escalation.
The physician’s intention to complete the currently
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prescribed antibiotic for one week was documented in
10 (27.0%) cases. Other reasons for non-acceptance were
the patients deemed clinically responded despite no posi-
tive culture, n=6 (16.2%) or despite culture results show-
ing resistance, n=1 (2.7%).

Clinical outcomes

The day-7 and day-30 clinical outcomes and length of
hospital stay are shown in Table 3. Overall, most patients
became afebrile and showed decreased or normalised
TWBC and CRP at day-7, but the differences between the
groups’ measures were non-significant. Overall outcome
at day-30 between the groups did not differ significantly.
The mortality at day-30 in the accepted and not-accepted
groups were 32% and 35%, respectively (p=0.731). The
discharge rate was also comparable between the groups
(53.4% versus 45.9%, p=0.437). The median (IQR) length
of hospitalisation in the accepted group was noted at 36.0
(23.5 — 48.5) versus the not accepted group at 30.0 (11.5
—48.5) days (p=0.526).

Predictors of 30-day mortality

Among patients with unjustified carbapenem use
(Table 4), CCI with a score of more than three increased
the odds of mortality by almost three times (OR=2.84,

Table 3 Clinical outcomes at day-seven and day-thirty
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95% CI=1.28-6.29, p=0.010), and febrile at day-7
increased the odds of mortality by 4.5 times (OR=4.58,
95% CI=1.83-11, p=0.010). Other factors, including the
intervention acceptance status, did not significantly pre-
dict mortality.

Discussion

Discontinuation, de-escalation, and dosage optimisa-
tion of antibiotics are the common AMS interventions.
This study found that de-escalation may be the preferred
AMS intervention, as it has the highest acceptance rate,
although discontinuation was mostly suggested. Simi-
larly, Seah et al. reported discontinuation of carbapenem
as their main AMS intervention, followed by de-escala-
tion and optimisation of dosing. They reported that the
acceptance of interventions to de-escalate is higher than
discontinuation, which is comparable to this study[10].
This is supported by another study, where the percentage
of acceptance of interventions for de-escalation was dou-
ble the acceptance of recommendations to stop carbap-
enems [9]. The better acceptance for de-escalation may
be due to the physicians feeling more justified of having
at least a narrow-spectrum antibiotic coverage rather
than no antibiotics for their patients.

Outcomes Total Accepted Not-accepted p-value
n (%) n (%) n (%)

Outcomes at day-7

TWBC trend 0.578°
Decreasing or normalised 114 (81.4) 85 (74.6) 29(254)
Increasing or elevated 26 (18.6) 18 (69.2) 8 (30.8)

CRP trend 0533°
Decreasing or normalised 52 (75.3) 39 (75.0) 13 (254)
Increasing or elevated 17 (24.6) 11 (64.7) 6 (35.3)

Temperature 0.164°
Afebrile 113 (80.7) 86 (76.1) 27 (23.9)
Febrile 27 (19.3) 17 (63.0) 10 (37.0)

Outcome at day-30
Discharged well 72 (51.4) 55 (76.4) 17 (23.6) 0.568°
Mortality 46 (32.9) 33(71.7) 13(283)
Still hospitalised (ill) 12 (8.6) 7(58.3) 5(41.7)
Still hospitalised (improving) 10 (7.1) 8(80.0) 2(20.0)

Length of stay (days) 0.526°
Median 34.5 36.0 300
(IQR) (30.5-48.5) (23.5-48.5) (11.5-48.5)

Normalising or decreasing trend: TWBC approaching 4.0-11.0 x 10°/L or CRP approaching <10.0mg/L

Increasing or elevated trends: TWBC increasing above 11.0 x 10%/L and CRP >10mg/L.

Febrile: temperature >37 °C, afebrile: temperature =37 °C
2 Chi-square test. PFisher’s exact test. “Mann Whitney test
9 N=69 as repeated CRP levels were not available for the remaining 71 cases
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Table 4 The predictors of thirty-day mortality

(2023) 16:94

Page 7 of 9

Variables Binary Logistic Regression Multiple Logistics Regression®
ORP (95% CI) p value OR* (95% CI) p value

ca>3 249 (1.18,5.25) 0.017° 2.84(1.28,6.29) 0.010

Febrile at day-7 4.02 (1.68,9.64) 0.002° 458(1.83,11.5) 0.001

Increasing or elevated TWBC at day-7 246 (1.03,5.85) 0.043°

Sepsis at baseline 94 (0.92, 4.09) 0.080°

Acceptance of intervention 0.87(0.39,1.92) 0.731

Bacteraemia at baseline 4(043,3.01) 0.787

Previous ICU admission 8(0.33,4.27) 0.797

Previous broad-spectrum antibiotics use 0.86 (0.31, 2.40) 0.769

Previous hospitalisation 0.97 (044, 2.17) 0.949

Previous MRO infection 02 (0.18, 5.80) 0.980

No interactions and multi-collinearity detected. Correlation matrix=0.183
Model is fit; Hosmer-Lemeshow test (x> =0.001, df =2, p=0.999)
Classification table (overall correctly classified =71.4%)

Area under ROC curve =0.690 (95% Cl 0.560, 0.78; p <0.001)

?Variables included in the multiple logistic regression

OR®: Crude odds-radio

ORS: Adjusted odds-ratio

Cl: Confidence interval

d Final model after forward LR method applied (excluding sepsis and TWBC trend)

Favourable clinical outcome or response at day-7 are
defined as decreasing or normalised TWBC and CRP
levels; and being afebrile. This study found a higher per-
centage of patients in the intervention accepted group
to have favourable clinical outcomes at day-7, although
the differences were not statistically significant. These
outcomes are comparable to studies which showed simi-
lar clinical success at day-7 between the accepted and
not-accepted groups [8—10]. This observation may sup-
port that AMS intervention did not worsen the markers
for infection and may dismiss the notion that discon-
tinuation or de-escalation of antibiotics may worsen the
patient conditions [17].

Clinical outcomes at day-30 represented by the dis-
charge and mortality rate were also similar between
the accepted and not-accepted groups. These findings
are also comparable to other published studies, which
showed similar survival rates at discharge [8, 9, 18] and
mortality [8, 17, 18]. These findings suggest that a thor-
ough and systematic assessment carried out prior to
AMS intervention may provide low-risk complications
of discontinuation or de-escalation of antibiotics. There
was no significant reduction in length of hospitalisa-
tion between groups in this study, similar to other stud-
ies in the region [8-10]. This may be due to the direct
effect of AMS interventions on antimicrobial therapy
alone and not the mainstay patient management plan.
Therefore, the changes in antimicrobial therapy may not

significantly affect the hospital stays of patients with pri-
mary medical conditions not relating to infection.

The study also found no significant association
between acceptance of AMS intervention and mortality.
Most studies which investigated the impact of accept-
ing AMS interventions on mortality found that there
was no significant association between acceptance and
mortality [10, 11, 19]. However, Teng et al. reported that
non-acceptance of AMS recommendation was associ-
ated with almost three times increase in 30-day mortality
risk [9]. This study found two independent predictors for
30-day mortality among patients with unjustified use of
carbapenem; CCI and body temperature>37 °C at day-
7. Although there are studies reporting CCI as a signifi-
cant predictor of mortality, none however reported on
body temperature. Okumura et al. reported increased
hazard ratio with increasing CCI among patients in gen-
eral wards and intensive care unit, while Palacios-Baena
et al. found an increased hazard of mortality with CCI>3
among patients with Enterobacterales bacteraemia [11,
20]. Apart from that, this study also found that being
febrile at day-7 has almost 4.5 times the odds of mortality
compared with those who are afebrile. No study reported
on body temperature as a significant predictor of mortal-
ity in stewardship programs.

Fever is commonly associated with lower mortality
risk in septic patients. A meta-analysis showed that the
mortality rate among normothermic and hypothermic
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septic patients was significantly higher than that of febrile
patients [21]. However, one study reported that tempera-
ture >38.5 °C was significantly associated with increased
mortality in non-septic patients [22]. In addition, fever
can also occur due to non-infective causes such as drug-
induced fever, thromboembolism, brain injury, pancrea-
titis, autoimmune diseases, malignancy and endocrine
disorders [23]. Since the current study consists of more
patients without sepsis or clear indications of infection,
being febrile can signify other underlying conditions that
may predispose to mortality.

The current study has highlighted several significant
findings to support the feasibility of AMS interventions.
The outcome of this study can be more widely applied to
further enforce and promote AMS. It can be used to rein-
force the positive impacts of accepting or implementing
AMS strategies without the increased concern over any
negative impact on the patient’s clinical outcome. Evi-
dence on the clinical implications of AMS in this study
can be used to further aid in the development and imple-
mentation of hospital-level AMS policy so that AMS
initiatives can be expanded to other than medical disci-
plines as well.

Nevertheless, some limitations may have influenced the
findings of this study. The nature of retrospective study
design has methodological limitations such as incom-
plete or missing data. The secondary data is collected
based on the information found on the AMS review
forms and patients’ medical records. CRP levels were not
available for all patients included in the study. However,
the extracted information from the existing data was suf-
ficient for this study’s analysis. This study did not include
other impacts such as adverse events and investigation
into the emergence of resistant organisms.

Conclusion

The acceptance of the antibiotic stewardship interven-
tions was good, where de-escalation was the preferred
intervention among the primary physicians. The clinical
outcomes at day-7 and day-thirty post-AMS interven-
tions were similar regardless of physicians’ acceptance
status. No negative impact was observed in accepting
stewardship interventions. This encourages more accept-
ance of future AMS interventions and activities.

Abbreviations

AMS Antimicrobial stewardship

[€e Charlson Comorbidity Index

cl Confidence interval

CRE Carbapenem-resistant Enterobacterales

CRP C-reactive protein

DRP Drug-realted problem

ESBL Extended-spectrum beta-lactamases producers
ICU Intensive care unit

IQR Interquartile range

(2023) 16:94

Page 8 of 9

MRO Multi-drug resistant organisms
OR Odds ratio

SD Standard deviation

TWBC Total white blood cells

WHO World Health Organization

Acknowledgements

The authors wish to thank the Director-General of Health Malaysia for the
permission to publish this paper. The authors are also grateful to the Hospital
Director, Head of Pharmacy, and the Head of Microbiology Unit of the hospital
for their support.

Author contributions

All authors contributed to the study conception and design. Material prepara-
tion, data collection and analysis were performed by AR. The original draft

of the manuscript was written by AR, RAK, MMB, KEK, and CLL. Subsequent
review and editing were done by RAK, MMB, and AR. The study supervisor was
MMB. All authors commented, read, and approved the final manuscript.

Funding
None.

Availability of data and materials

All data generated and/or analysed during the current study are included in
this article. The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the ethical standards of the
Medical Research and Ethics Committee (NMRR-19-3768-52327), Ministry of
Health Malaysia and the University’s Ethics Committee (UKM PPI/111/8/JEP-
2020-047) and Declaration of Helsinki. Consent to participate was exempted
by the ethical body as the data were obtained anonymously and retrospec-
tively from medical record.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests to disclose.

Received: 13 January 2023 Accepted: 14 July 2023
Published online: 24 July 2023

References

1. World Health Organization. Antimicrobial resistance: global report on
surveillance, Vol. 61, World Health Organization. Geneva: World Health
Organization; 2014, pp. 383-94.

2. Ministry of Health Malaysia. National antibiotic guideline. 3rd ed. Kuala
Lumpur: Pharmaceutical Services Programme, Ministry of Health
Malaysia; 2019.

3. Ministry of Health Malaysia. Malaysian action plan on antimicrobial
resistance (MyAP-AMR) 2017-2021. Kuala Lumpur: Ministry of Health
Malaysia; 2017.

4. Institute for Medical Research. National antibiotic resistance surveil-
lance report. Kuala Lumpur: Ministry of Health Malaysia; 2017.

5. World Health Organization. Global action plan on antimicrobial resist-
ance [Internet]. Geneva: World Health Organization; 2015.

6. Barlam TF, Cosgrove SE, Abbo LM, Macdougall C, Schuetz AN,
Septimus EJ, et al. Implementing an antibiotic stewardship program:
guidelines by the Infectious Diseases Society of America and the
Society for Healthcare Epidemiology of America. Clin Infect Dis.
2016,62(10):e51-77.



Ramadas et al. Journal of Pharmaceutical Policy and Practice

20.

21

22.

23.

(2023) 16:94

Nathwani D, Varghese D, Stephens J, Ansari W, Martin S, Charbonneau C.
Value of hospital antimicrobial stewardship programs [ASPs]: a systematic
review. Antimicrob Resist Infect Control. 2019;8(1):1-13.

Lew KY,Ng TM, Tan M, Tan SH, Lew EL, Ling LM, et al. Safety and clinical
outcomes of carbapenem de-escalation as part of an antimicrobial
stewardship programme in an ESBL-endemic setting. J Antimicrob
Chemother. 2014;70(4):1219-25.

Teng CB, Ng TM, Tan MW, Tan SH, Tay M, Lim SF, et al. Safety and effective-
ness of improving carbapenem use via prospective review and feedback
in a multidisciplinary antimicrobial stewardship programme. Ann Acad
Med Singapore. 2015;44(1):19-25.

Seah VXF, Ong RYL, Lim ASY, Chong CY, Tan NWH, Thoon KC. Impact of a
carbapenem antimicrobial stewardship program on patient outcomes.
Antimicrob Agents Chemother. 2017;61(9):1-9.

. Palacios-Baena ZR, Delgado-Valverde M, Valiente Méndez A, Almirante B,

Goémez-Zorrilla S, Borrell N, et al. Impact of de-escalation on prognosis of
patients with bacteremia due to enterobacteriaceae: a post hoc analysis
from a multicenter prospective cohort. Clin Infect Dis. 2018,69(6):956-62.
Gaur AH, English BK. The judicious use of antibiotics—an investment
towards optimized health care. Indian J Pediatr. 2006;73(4):343-50.
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas-
sifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis. 1987;40(5):373-83.

Pharmaceutical Care Network Europe. The PCNE Classification for Drug
Related Problems V8.01. 2017.

Fleiss JL. Statistical Methods for Rates and Proportions. 1st ed. New York:
John Wiley & Sons; 1981.

Ramadas A, Lin Teh H, Ambaras Khan R, Lii Ching S, Hassan R, Loon
Leong C, et al. Impact of an antibiotic stewardship program on the use of
carbapenem in a malaysian tertiary hospital (ACTION). Malaysian J Pharm.
2022:8:1.

Loo LW, Liew YX, Lee W, Lee LW, Chlebicki P, Kwa ALH. Discontinuation of
antibiotic therapy within 24 hours of treatment initiation for patients with
no clinical evidence of bacterial infection: a 5-year safety and outcome
study from Singapore General Hospital Antimicrobial Stewardship Pro-
gram. Int J Antimicrob Agents. 2019;53(5):606-11.

Sadyrbaeva-Dolgova S, Aznarte-Padial P, Pasquau-Liafo J, Expdsito-

Ruiz M, Calleja Hernandez MA, Hidalgo-Tenorio C. Clinical outcomes

of carbapenem de-escalation regardless of microbiological results: a
propensity score analysis. Int J Infect Dis. 2019;85:80-7.

Yeo CL, Wu JE, Chung GW, Chan DS, Chen HH, Hsu LY. Antimicrobial
stewardship auditing of patients reviewed by infectious diseases physi-
cians in a tertiary university hospital. Antimicrob Resist Infect Control.
2013;2(1):1-5.

Okumura LM, da Silva MMG, Veroneze I. Effects of a bundled antimicro-
bial stewardship program on mortality: a cohort study. Braz J Infect Dis.
2015;19(3):246-52.

Rumbus Z, Matics R, Hegyi P, Zsiboras C, Szabo |, llles A, et al. Fever is
associated with reduced, hypothermia with increased mortality in septic
patients: a meta-analysis of clinical trials. PLoS ONE. 2017;12(1): e0170152.
Lee BH, Inui D, Suh GY, Kim JY, Kwon JY, Park J, et al. Association of body
temperature and antipyretic treatments with mortality of critically ill
patients with and without sepsis: multi-centered prospective observa-
tional study. Crit Care. 2012;16(1):R33.

Niven DJ, Laupland KB. Pyrexia: aetiology in the ICU. Crit Care.
2016;20(1):247.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Clinical impact of multidisciplinary carbapenem stewardship interventions: a retrospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Design, setting, and population
	Carbapenem stewardship review
	Data collection
	Measured outcomes
	Sample size and statistical analyses

	Results
	Patient demographic and baseline characteristics
	AMS interventions and acceptance
	Clinical outcomes
	Predictors of 30-day mortality

	Discussion
	Conclusion
	Acknowledgements
	References


