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Objective: This study aimed to determine the effectiveness of a pharmacist-led audit-and-feedback
intervention in promoting the appropriate prescribing of third-generation cephalosporins and timely
culture and sensitivity (C&S) testing in patients admitted to a neurosurgical ward. Method: This
quasi-experimental study was conducted from July 2019 to August 2020 in a tertiary public hospital
in Malaysia. In the pre-intervention phase, seventy patients who have received treatment with third-
generation cephalosporins were examined by a ward pharmacist. The use of a cephalosporin was
deemed to be appropriate only if it was in line with either the National Antimicrobial Guidelines
2019 or the recommendations made by the Antimicrobial Stewardship team. The availability of C&S
test performed before the first dose of cephalosporin was also studied. As an intervention, the findings
were presented and discussed in a 2-hour feedback session. Subsequently, the post-intervention audit
was performed in the same manner as in the pre-intervention phase. The primary outcome measures
were the proportion of cases with appropriate use of cephalosporin and timely C&S testing. The
variables were analysed descriptively. Pearson’s chi-square test was used to assess the differences in
appropriateness of antibiotics use and C&S testing, in the pre- and post-intervention cohorts. Result:
Seventy cases were studied in the pre- and another seventy in post-intervention phases. The
proportion of cases with appropriate use of third-generation cephalosporin increased significantly
from 77.1% (54 / 70) to 95.8% (67 / 70) following the intervention (p = 0.001). The proportion of
cases with a C&S test performed timely also increased significantly from 38.6% (27 / 70) to 58.6%
(41/70) (p=0.018). Conclusion: The pharmacist-led audit-and-feedback intervention was effective
in improving the appropriateness of the prescribing of third-generation cephalosporins and timely
culture and sensitivity testing, indicating the antimicrobial stewardship strategy had produced a
positive outcome.
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INTRODUCTION

Third-generation cephalosporins have broad spectrum of
antimicrobial activities and are able to cross the blood-brain
barrier. This gives rise to their high usage as the empirical
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treatment of neurosurgical complications [1,2], which is
often linked to antimicrobial resistance in nosocomial
pathogens [3]. As a result, the treatment options for
infections caused by gram-negative bacteria have become
limited [4].
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In Asia, ceftriaxone is the most widely used third-generation
cephalosporin, prescribed for 59.1% to 81.8% of hospitalized
patients [5,6]. Most of the time, it was used as the empirical
treatment [7], including in neurosurgical wards [8].
Cefoperazone / sulbactam came in second, mainly prescribed
for those with sepsis [9].

In Malaysia, the cephalosporin usage reached 650 defined daily
dose/ 1000 patient-days in 2016. Slightly less than 80% of the
cases had cephalosporins used as the empirical treatment,
13.6% for microbiologically confirmed diseases and 5.7% as
surgical prophylaxis [10]. However, the use of antibiotics in
wards was commonly found to be inconsistent with the
recommendations in the National Antimicrobial Guideline
(NAG) [11]. Another study also related to the inappropriate
antibiotic prescribing to growing antimicrobial resistance and
mortality in hospitalized patients [12]. It is believed that the
most effective way to combat antimicrobial resistance is
through the rational use of antibiotics [13].

The Antimicrobial Stewardship (AMS) Program was launched
by the Ministry of Health (MOH) to promote the appropriate
prescribing of antibiotics in Malaysia. It is run by a
multidisciplinary team in each hospital, which includes
infectious disease physicians, clinical microbiologists and ward
pharmacists [14]. One of the important activities of the AMS
team is to perform audits and provide feedback [15], with the
aim to correct the inappropriate practice in antibiotic use [16].

Together with the AMS program, the NAG was introduced to
guide the prescribers in antibiotic use. In public health
institutions in Malaysia, prescribers are expected to follow the
recommendations of the NAG when it comes to antibiotic use.
The adherence to the NAG could be evaluated in several
aspects, including the drug selection, the regimen used, and the
purpose of treatment. Meanwhile, the AMS team served as an
important point of reference when a clinical condition is not
able to capture by the NAG.

In the Raja Permaisuri Bainun Hospital located in northern
Malaysia, the 38-bed neurosurgical ward recorded the highest
usage of ceftriaxone, with a defined daily dose of 189.11 / 1000
bed days between January and June 2019. This study aimed to
evaluate the effectiveness of an audit-and-feedback
intervention in promoting the appropriate prescribing of third-
generation cephalosporins and timely culture and sensitivity
(C&S) testing among patients admitted to this ward.

METHOD

This was a quasi-experimental study conducted in Raja
Permaisuri Bainun Hospital, a tertiary public hospital in the
Perak state of Malaysia, from July 2019 until August 2020. The
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audit consisted of pre-intervention, feedback and post-
intervention phases. The patients included were those who
were admitted to the neurosurgical ward during the pre- and
post-intervention of the audit and received treatment with one
of the three commonly used third-generation cephalosporin
(ceftriaxone, cefoperazone / sulbactam and ceftazidime). The
sample size required in each phase was estimated based on a
previous study, which reported that the proportions of
prescriptions showing an appropriate use of empirical
antibiotics were 61.7% and 83.8% before and after an
intervention, respectively [15]. With a confidence level of 95%
and a power of 80%, the calculated sample size for the pre- and
post-intervention phases was 63. To account for 10% of cases
with incomplete information, 70 cases were studied in both
phases.

Pre-intervention phase (1st July - 31st October 2019)

A ward pharmacist, who was also the AMS pharmacist,
collected data of patients treated with the third-generation
cephalosporin between 1st July and 31st October 2019 during
routine ward round prospectively. The data collection and
assessment were conducted at the point when the first dose of
a cephalosporin was administered prior to any interventions
made by the ward pharmacist. The information gathered
included the types of antibiotics, their dosage and frequency,
duration and the diagnosis of patients. In this context,
inappropriate prescribing referred to the use of a cephalosporin
not in line with either the NAG or recommendations of the
AMS team, in term of drug selection, dose and frequency; and
treatment duration. In a case that a condition was not captured
by the NAG, the prescribers were expected to seek advices
from the AMS team. Also, the prescribers were expected to
perform a C&S test right before the first dose of a
cephalosporin was given.

Intervention phase (13" December 2019)

The audit findings were then presented in a 2-hour feedback
session, in which all the cases of inappropriate prescribing were
discussed. The feedback session was led by the hospital AMS
team, which consisted of AMS pharmacists, clinical
microbiologists and infectious disease physicians. The
attendees included neurosurgeons and medical officers from
the neurosurgical department. The audit feedback was
presented by the ward AMS pharmacist and the discussion
emphasized the need to use cephalosporins according to the
recommendations of the NAG (Table 1), as well as to perform
C&S testing right before empirical treatment was initiated.

The neurosurgical team agreed to the above recommendations,
with an exception given to the use of ceftriaxone at their
discretion in patients who had a basilar skull fracture
complicated with cerebrospinal fluid (CSF) leak.



Tan R.W. et al.

Table I. Summary Note of Recommended Treatment for Several
Common Conditions in a Neurosurgical Ward (Adapted from the
National Antimicrobial Guideline 2019)

Conditions Recommended treatment
Intracranial trauma and open IV Cefuroxime 1.5g TDS + IV
fracture Metronidazole 500mg TDS/PO

Metronidazole 400mg TDS
IV Ceftriaxone 2g BD + IV
Metronidazole 500mg TDS/PO
Metronidazole 400mg TDS
IV Amoxycillin/Clavulanic  Acid

Depressed skull fracture and
penetrating  craniocerebral
injury

Aspiration pneumonia

1.2g TDS
Hospital-acquired
pneumonia
i. Early onset i. IV Amoxycillin / Clavulanic
Acid 1.2 g TDS
ii. Late onset ii. IV Piperacillin / Tazobactam

459 QID or IV Cefepime 29
TDS

Post-intervention phase (15™ December 2019 - 31t August
2020)

The post-intervention audit was performed in the same manner
as in the pre-intervention phase. No staff change took place
throughout the audit period. To minimize the Hawthorne effect
[17], only the head of neurosurgical department was informed
on the conduct of the audit. Only one ward pharmacist was
involved in the data collection and assessment in order to
ensure the internal reliability of the assessment.

The statistical analysis was performed using the SPSS for
Windows (Version 20.0. Armonk, NY: IBM Corp). The
categorical variables were described as frequencies and
percentages, and continuous variables as mean with standard
deviation (SD). The independent t-test was used to assess the
differences in age and length of stay, while the Pearson’s chi-
square tests was used to assess the differences in gender,
clinical diagnosis, antibiotics use, events of readmission and
mortality, total prescribing issues, C&S testing and type of
treatment involved in pre- and post-intervention phase. The
statistical significance of the test was indicated by a p-value

< 0.05.

The ethics approval for this study was obtained from the
Medical Research and Ethics Committee (MREC) under the
MOH, Malaysia [(Registration number: NMRR-19-804-47375
(IIR), approval number: KKM/NIHSEC/P19-945(10).]

RESULT

A total of 140 cases were examined in the pre- and post-
intervention phases, 70 cases in pre-intervention and 70 in post-
intervention. No differences in the distributions of age (t =

-0.037, p = 0.759) and gender (X2 = 0.150, p = 0.847) were
observed between two phases. The clinical diagnoses between
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the two cohorts were significantly different (X2 = 20.376, p =
0.002). Presumed meningitis was the most common conditions
in both cohorts, with 44 (62.9%) and 40 (57.2%) patients in the
pre- and post-intervention phases, respectively. Hospital-
acquired pneumonia was found to be more common in the pre-
intervention phase (n = 6,8.6%), while more patients had brain
abscess in the post-intervention phase (n = 9,12.9%).
Ceftriaxone was the most commonly prescribed third-
generation cephalosporin. It was given to 63 (89.9%) and 68
(97.1%) patients before and after intervention, respectively
(Table II). There were no significant differences in length of
stay (t=-1.874, p =0.063), thirty-day readmission (X2 = 0.890,
p = 0.822) and thirty-day mortality (X2 = 0.226, p = 0.698)
between the two groups of patients.

The proportion of cases with an appropriate use of third-
generation cephalosporins had significantly increased from
77.1% (54 / 70) to 95.8% (67 / 70) following the intervention
(X2 =10.291, p = 0.001). Common issues detected in the pre-
intervention phase included an inappropriate selection of
antibiotics (n = 13/ 70, 18.7%) and an inappropriate treatment
duration (n = 1 / 70, 1.4%). Of the 13 cases with an
inappropriate antibiotic selection, five were open skull fracture
and six were hospital-acquired pneumonia. After the
intervention, an inappropriate selection of antibiotics was only
observed in two cases (Table I11). Additionally, there were
three cases (2 before the intervention and 1 after the
intervention) in which the use of antibiotics was not
recommended in the NAG and the prescriber did not consult
the AMS team beforehand.

The proportion of cases with C&S test performed timely also
increased significantly from 38.6% (27 / 70) to 58.6% (41 / 70)
following the intervention (X2 = 5.605, p = 0.018) (Table I11.).

DISCUSSION

This study shows that pharmacist-led audit-and-feedback
intervention can serve as an effective approach to improve the
appropriateness of third-generation cephalosporins prescribing
in a hospital. It could also be used to promote the practice of
performing the C&S tests timely, which are essential to guide
the rational use of antibiotics in the ward. Meanwhile, the 30-
day mortality, 30-day readmission and length of stay in hospital
was similar in both groups of patients. In a previous study, it
was found that a more comprehensive and intensive modules in
multiple sessions could reduce the length of stay [18]. The
single session educational intervention in this study may be
inadequate to elicit significant change in clinical outcomes, and
this may explain the similar mortality, readmission and length
of stay among patients in the pre- and post-intervention cohorts.
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Table I1. Characteristics of Patients in the Pre-and Post-Intervention Phase
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Characteristics Pre-intervention (n, %0) Post-intervention (n, %) P-value
Age (mean £ SD) 36.4 +16.52 37.3+18.63 0.759*
Gender
Male 53 (75.7) 51 (72.9) 0.847**
Female 17 (24.3) 19 (27.1)
Clinical Diagnosis
Presumed meningitis (total) 44 (62.9) 40 (57.2) 0.002**
SSI with osteomyelitic changes 13 (18.6) 9 (12.9)
Pneumocephalus 13 (18.6) 21(30.0)
Depressed skull fracture 11 (15.7) 2 (2.9
Inner & outer skull fracture 3(4.3) 3(4.3)
Basilar skull fracture with CSF leak 4 (5.7) 5(7.1)
Brain abscess 1(1.4) 9 (12.9)
Closed skull fracture 1(1.4) 1(1.4)
Open skull fracture 5(7.2) -
Surgical chemoprophylaxis 3(4.3) -
Hospital acquired pneumonia 6 (8.6) -
Confirmed meningitis 4 (5.8) 10 (14.3)
Ventriculitis - 1(1.4)
Community acquired pneumonia - 1(1.4)
Infected VP shunt 1(1.4) 3(4.3)
Subdural empyema 1(1.4) 4(5.7)
Occult sepsis 1(1.4) -
Cerebral Toxoplasmosis 1(1.4) -
Penetrating injury 1(1.4) -
Scalp abscess - 1(1.4)
Aspiration pneumonia 1(1.4) -
Antibiotics used
Ceftriaxone 63 (90) 68 (97.2) 0.007**
Cefoperazone/sulbactam 7 (10) -
Ceftazidime - 2(2.8)
Length of stay, mean (SD) 11.79 (11.26) 16.23 (16.33) 0.063
Thirty days readmission 46.7) 7(100) 0.822
3(4.3) 4(5.7) 0.698**

Thirty days mortality

Note: SSl=surgical site infection.
*Independent t-test
**Pearson’s chi-square test. Significant value was set at p<0.05.

As it would be expected, ceftriaxone emerged as the most
commonly prescribed third-generation cephalosporin in the
ward. In both the pre- and post-intervention phases, most
patients received it as the empirical treatment for presumed
bacterial meningitis. A previous study supported such a
practice, suggesting that prompt treatment for presumptive
meningitis with broad-spectrum antibiotics could lower the risk
of mortality [19]. The latest evidence also recommends the use
of either ceftriaxone or cefotaxime as the empirical treatment
for the same condition [20]. It is noteworthy that we did not
seek to change the existing practice but advocated for the use
of antibiotics with a narrow spectrum of antimicrobial activities
for other clinical conditions, such as intracranial trauma and
open skull fracture, as recommended by the NAG (Table I).

It was also found that six patients with hospital-acquire
pneumonia and one patient with aspiration pneumonia were
treated with cefoperazone / sulbactam. However, the NAG
recommends the use of amoxicillin/ clavulanate for early onset
of both the conditions instead [20]. Such discrepancies were
highlighted in the feedback session, and the appropriate drug
selections for both the conditions were discussed. The
prescribers adhered to this recommendation in the post-
intervention phase, and no patient received cefoperazone /
sulbactam for similar conditions. This suggests the prescribers
have high level of acceptance towards evidence-based
recommendations made by the AMS team.

10
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Table 111. Findings of pre- and post-intervention audits
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Characteristics Pre-intervention (n, %) Post-intervention (n, %) P-value
Prescribing Issues (Total) 16 (22.9) 3(4.3) 0.001 **
Inappropriate drug selection 13 (18.7) 2(2.8) 0.003 **
Inappropriate treatment duration 1(1.4) - -
Indication not stated in NAG* 2(2.8) 1(1.4) 0.559 **
Conditions involved
Mastoid fracture 1(6.3) N/A
Open skull fracture 5(31.3)
Surgical prophylaxis 1(6.3)
Cerebral toxoplasmosis 1(6.3)
Occult sepsis 1(6.3)
Hospital acquired pneumonia 6 (37.2)
Aspiration pneumonia 1(6.3) -
Close skull fracture - 1(33.3)
Community acquired pneumonia 1(33.3)
Scalp abscess 1(33.3)
Culture and sensitivity test
Not done timely 43 (61.4) 29 (41.4) 0.018 **
Done timely 27 (38.6) 41 (58.6)

CSF 7 (10.0) 22 (315)

Blood 7(10.0) 1(1.4)

Tissue 8 (11.4) 14 (20.0)

Swab 5(7.2) 4(5.7)
Type of treatment involved
Empirical 67 (95.7) 69 (98.6) 0.245 **
Surgical Prophylaxis 3(4.3) -
Definitive - 1(1.4)

Note: * Antibiotics choice were not outlined in NAG and the prescriber did not consult the AMS team timely.

** Pearson Chi-square test. Significant value was set at p < 0.05.

There were also a few cases of basilar skull fracture
complicated with CSF leak in both phases, for which
antimicrobial treatment is not recommended by the NAG.
However, the neurosurgical team raised their concern that the
CSF leak could elevate the risk of meningitis. A consensus was
reached in the feedback session that such a practice was
acceptable. This shows a good example that the AMS team
could play an integral role in providing timely and relevant
advices when a condition is not captured by the NAG [15].
Similar conditions were also witnessed for cases of mastoid
fracture, occult sepsis and close skull fracture.

In the pre-intervention phase, only 27 out of 70 (38.6%)
patients had the C&S test performed timely. Ideally, the C&S
test is to be performed before the initiation of antimicrobial
treatment [22]. However, such a practice is often hindered by
the complexity lumbar puncture (LP) procedure, as patients
need to undergo a CT scan first and those with septic shock are
unfit for the procedure [22]. Right after the feedback session,
we observed a significant increase in the number of C&S tests
performed timely. Previous study reported that physicians
demonstrated distrust towards culture and sensitivity results, as

it occasionally contradicted with patients’ clinical
presentations [23]. Our educational audit-and-feedback session
emphasized on the choice of narrow spectrum antibiotics to
prevent antimicrobial resistance. This might have created
awareness on the importance of timely C&S testing, led to
increased C&S tests post-intervention.

This was the first local study evaluating the effectiveness of an
audit-and-feedback intervention in improving third generation
cephalosporins use among patients admitted in the
neurosurgical ward. Nevertheless, as this was a single center
study, the findings are not generalizable to other clinical
settings. This was also a one-off audit, and thus the
sustainability of the change in prescribing patterns could not be
evaluated.

CONCLUSION

The pharmacist-led audit-feedback intervention was shown to
be effective in improving the appropriateness of the third-
generation cephalosporins use and timely C&S testing,
indicating the antimicrobial stewardship strategy had produced

11
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a positive outcome. Further studies assessing the sustainability
of the improvement are warranted.
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