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Abstract

Objective: We compared the effectiveness of antibiotic postprescription review and authorization (PPRA) determined by infectious disease
(ID) clinical fellows with that of trained general pharmacists.
Methods: We conducted a noninferiority cluster-randomized controlled trial in 6 general medical wards at Siriraj Hospital in Bangkok,
Thailand. Three wards were randomly assigned to the intervention (ie, the pharmacist PPRA group), and another 3 wards were assigned to
the control (ie, the fellow PPRA group). We enrolled all patients in the study wards who received 1 or more doses of the targeted antibiotics:
piperacillin/tazobactam, imipenem/cilastatin, and meropenem. The noninferiority margin was 10% for the favorable clinical response and
1.5 defined daily doses (DDDs) for the targeted antibiotics.
Results: We enrolled 303 patients in the pharmacist PPRA group and 307 patients in the ID fellow PPRA group. The baseline and clinical
characteristics were similar in the 2 groups. The difference in the favorable response of patients who received the targeted antibiotics (ie, the
pharmacist PPRA group minus the fellow PPRA group) was 5.15% (95% confidence interval [CI], –2.69% to 12.98%); the difference in the
DDD of targeted antibiotic use (ie, the pharmacist PPRA group minus the fellow PPRA group) was 0.62 (95% CI, –1.57 to 2.82). We
observed no significant difference in the DDD of overall antibiotics, 28-day mortality, 28-day ID-related mortality, favorable microbiological
outcome, or antibiotic-associated complications.
Conclusions: We confirmed the noninferiority of pharmacist PPRA in terms of favorable clinical response; however, noninferiority in
targeted antibiotic consumption could not be established. Therefore, using trained general pharmacists rather than ID clinical fellows could
be an alternative in a resource-limited setting.
Clinical trials registration: clinicaltrials.gov identifier: NCT 01797133

(Received 18 May 2018; accepted 21 July 2018; electronically published August 29, 2018)

Previous antibiotic therapy is a well-known risk factor for the
emergence of antimicrobial resistance.1–5 The rational use of
antibiotics is key to preventing such emergence.6–9 Results from a
recent systematic review and meta-analysis have confirmed sig-
nificant benefits of many antimicrobial stewardship program
(ASP) strategies; they include empirical therapy according to
guidelines, de-escalation therapy, switching from intravenous to
oral treatment, therapeutic drug monitoring, using a list of
restricted antibiotics, and bedside consultation.10

To reduce antibiotic use in the healthcare setting, the 2016
Infectious Diseases Society of America and Society for Health-
care Epidemiology of America guidelines for implementing an
antibiotic stewardship program strongly recommend both pre-
authorization and prospective audit and feedback strategies.11

Antibiotic postprescription review and authorization imple-
mented by infectious disease (ID) specialists has been confirmed
as an effective strategy to improve clinical outcomes and to
reduce antibiotic consumption and expenditure.12 A recent
study revealed that postprescription authorization may have
greater impact on decreasing antibiotic consumption than pre-
prescription authorization.13

In terms of appropriateness of antibiotic prescriptions, anti-
biotic consumption, and clinical outcomes, an ASP implemented
by ID clinical pharmacists under ID faculty supervision was
shown to be superior to an ASP implemented by ID clinical fel-
lows.14 In some resource-limited countries, including Thailand,
the availability of ID clinical pharmacists is very restricted. In
such countries, most pharmacists on the ASP team are general
pharmacists without any formal ID training. To date, the effec-
tiveness of postprescription authorization of antibiotics deter-
mined by trained general pharmacists has not been confirmed.

Accordingly, we conducted a cluster-randomized controlled
trial to determine the effectiveness of postprescription review and
authorization of antibiotics made by ID clinical fellows. We
undertook a comparative study of such review and authorization
made by trained general pharmacists in terms of important

Cite this article: Rattanaumpawan P, et al. (2018). A noninferiority cluster-
randomized controlled trial on antibiotic postprescription review and authorization by
trained general pharmacists and infectious disease clinical fellows. Infection Control &
Hospital Epidemiology 2018, 39, 1154–1162. doi: 10.1017/ice.2018.198

Author for correspondence: Pinyo Rattanaumpawan MD, MSCE, PhD, Division of
Infectious Diseases and Tropical Medicine, Department of Medicine, Faculty of Medicine
Siriraj Hospital, Mahidol University, 2 Wanglung Road, Bangkoknoi, Bangkok, 10700,
Thailand. E-mail: pinyo.rat@mahidol.ac.th

© 2018 by The Society for Healthcare Epidemiology of America. All rights reserved.

https://doi.org/10.1017/ice.2018.198 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2018.198
mailto:pinyo.rat@mahidol.ac.th
https://doi.org/10.1017/ice.2018.198


treatment outcomes of IDs treated by the targeted antibiotics,
antibiotic consumption, and antibiotic expenditure.

Material and Methods

Study settings and design

From February 1 to September 30, 2013, we conducted a cluster-
randomized controlled study at 6 general medical wards in Siriraj
Hospital, a 2,200-bed tertiary-care university hospital in Bangkok,
Thailand. The Siriraj Institutional Review Board approved this
study with a waiver of informed consent.

Antimicrobial stewardship at Siriraj Hospital

The Siriraj ASP was officially established in 2007 by a multi-
disciplinary team composed of ID physicians, ID clinical fellows,
general pharmacists, and microbiologists. The hospital antibiotic
formulary includes 3 classes of antibiotics: general, restricted, and
controlled antibiotics.

General antibiotics can be prescribed by any physician without
restriction, and restricted antibiotics require approval from ID
physicians before dispensing (preprescription authorization).
Controlled antibiotics can be prescribed by any physician for use
within the first 72 hours of the index prescription; thereafter,
application of such antibiotics requires approval from an ID
physician: postprescription review and authorization (PPRA).
The list of controlled antibiotics at Siriraj Hospital includes
piperacillin/tazobactam, imipenem/cilastatin, and meropenem.
These were the targeted antibiotics in the present study.

Study subjects

The study subjects were hospitalized patients aged >15 years who
received at least 1 dose of the targeted antibiotics. The need for
informed consent was waived; thus, all eligible patients were
automatically enrolled in the study.

The study subjects could be enrolled more than once if they
underwent multiple hospitalizations during the study period.
However, only the first prescription during a given hospitalization
was included in the study.

Randomization

The unit of randomization was the medical ward. Three medical
wards were randomly assigned to the intervention group; an
additional 3 wards were assigned to the standard-of-care or
control group. Owing to the cluster-randomization design and the
nature of antibiotic approval processes, blinding was impossible.
However, the research team did not reveal the research hypothesis
to patients or related personnel.

Standard of care and study intervention

Standard of care: PPRA of targeted antibiotics by ID clinical fellows
(fellow PPRA). Prior to the study period, the PPRA was conducted
by an ID clinical fellow under an ID physician’s supervision. To
prescribe the targeted antibiotic, the responsible physician was
required to complete the drug-use evaluation form for targeted
antibiotics. The form included data about the infection site, the
causative pathogen if culture results were available, and an indi-
cation of targeted antibiotics. A prescription for targeted antibiotics
could be made by any physician for use within the first 72 hours of

the index prescription. Continuation of targeted antibiotics beyond
72 hours required approval from an ID clinical fellow under an ID
physician’s supervision. The decision to continue the targeted
antibiotics was classified as approved, temporarily approved, or not
approved. If the targeted antibiotic was appropriately prescribed, it
could be continued for up to 14 days. Additional approval was
required if a longer duration of the targeted antibiotic became
necessary. The approval processes began within the 72 hours after
initiation of the targeted antibiotics. In the case of waiting for
further information, the targeted antibiotic could be temporarily
approved for an additional 72 hours. If the targeted antibiotic was
inappropriately prescribed, it had to be discontinued. Alternative
antibiotic regimens could be suggested if necessary. The ID clinical
fellow could independently approve the prescription of targeted
antibiotics; however, final agreement from an ID physician was
required before discontinuing any prescription of targeted anti-
biotics. The responsible physician could directly consult the ID
service consultation team for a second opinion. The recommen-
dation from the ID service consultation team was considered final.

Intervention: PPRA of targeted antibiotics by trained general phar-
macist (pharmacist PPRA). The intervention processes were iden-
tical to those for fellow PPRA except that a trained general
pharmacist, rather than a clinical ID fellow, was responsible for
approval of the targeted antibiotics. The trained general pharmacist
could independently approve the prescription of targeted anti-
biotics; however, final agreement from an ID physician was required
before discontinuing any prescription of targeted antibiotics.

The pharmacists had received 3-month intensive training in
ASP. The ASP training course included attending an 8-hour
lecture course, a monthly interactive case discussion, and daily
ward rounds with an ID physician. The 8-hour lecture course
focused on all important aspects for ASP implementation: ASP
concept, basic laboratory interpretation, rational antibiotic use for
common infections, pharmacokinetic/pharmacodynamic approach
to antibiotic therapy, and basic concept of antibiotic allergy. Only
trained pharmacists who passed a qualification exam (10 clinical
scenarios) could participate in this study.

Data collection

Patient characteristics and clinical outcomes were obtained by
reviewing medical records; data on antibiotic use and expenditure
were retrieved directly from the Siriraj Hospital electronic database.
The primary outcome was a favorable clinical response of patients
receiving the targeted antibiotics; the secondary outcome was the
defined daily dose (DDD) of targeted antibiotics. We also collected
data about other outcomes of IDs treated with the targeted anti-
biotics, the DDDs of all antibiotics, and antibiotic expenditure.

An independent ID physician determined the appropriateness of
the antibiotic recommendation, and that physician retrospectively
reviewed all patients’medical records and drug-use evaluation forms.
The initial recommendation was any recommendation made within
the first 72 hours of the index prescription or any recommendation
with a temporarily approved decision. The final recommendation
was any recommendation made after the first 72 hours of index
prescription together with the decision to approve or not.

Sample size calculation

Based on a previous study conducted at our hospital,12 the
favorable clinical response was ~60%, with an intracluster
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correlation of 0.0001. The mean DDD of targeted antibiotics per
prescription was 7.0, with an intracluster correlation of 0.00001.
We hypothesized that the pharmacist PPRA group would not be
inferior to the fellow PPRA group in terms of the favorable
clinical response (with a noninferiority margin of 10%) and
mean DDD of targeted antibiotics per prescription (with a
noninferiority margin of 1.5 DDD). After adjusting for the
clustering effect (design effect), the total sample size for the
favorable clinical response and DDD of targeted antibiotic was
600 prescriptions (100 per cluster) and 540 prescriptions (90 per
cluster), respectively.

Statistical analysis

Categorical variables were reported as frequencies and percen-
tages. According to the distribution of the data, continuous
variables were reported as means± standard deviations, medians,
and ranges. We used intention-to-treat analysis with clustering
effect adjustment in assessing all treatment outcomes. We also
calculated the percent agreement between the independent ID
physician and the trained pharmacist or ID clinical fellow.

We performed all analyses using Stata version 14.0 software
(StataCorp, College Station, TX) with 2-sided analysis. We con-
sidered a P value≤ .05 to be statistically significant.

Results

During the 8-month study period (February to September 2013),
there were 1,632 hospitalizations in the study medical wards: 799
hospitalizations in the pharmacist PPRA group and 833 in the
fellow PPRA group. Of those 1,632 hospitalizations, there were
610 prescriptions with at least 1 dose of the targeted antibiotics:
303 prescriptions in the pharmacist PPRA group and 307 pre-
scriptions in the fellow PPRA group). The study flow chart
appears in Fig. 1.

Baseline and clinical characteristics

The baseline characteristics of the 2 groups are shown in
Table 1. The mean ages of patients in the pharmacist PPRA and
fellow PPRA groups were 60.06± 19.22 and 60.48± 19.03 years,

respectively. In both groups, ~60% of participants were female;
almost all of them had at least 1 underlying disease. Most of
the baseline characteristics were similar in the 2 groups. How-
ever, patients in the pharmacist PPRA group had a higher
proportion of neutropenia (6.3% vs 2.9%; P= .05), previous use
of a urinary catheter (20.5% vs 13.4%; P= .02), and previous
exposure to clindamycin during the previous 3 months (3.6% vs
1.0%; P= .03).

Table 2 presents the clinical characteristics of the 2 groups
(pharmacist PPRA versus fellow PPRA; P value). More than 90%
of patients in both groups had clinically documented infections.
Almost half of the infections were healthcare-associated infections
(53.8% vs 55.7%; P= .41). The 3 leading types of infections in
both groups were pneumonia (42.6% vs 44.6%; P= .61), urinary
tract infections (21.1% vs 25.7%; P= .18), and bloodstream
infections (25.7% vs 22.2%; P= .30).

Treatment outcomes

Table 3 displays the treatment outcomes between the 2 groups
(pharmacist PPRA versus fellow PPRA; P value). All treatment
outcomes were similar between the 2 groups (P > 0.05). Table 3
also shows the difference in outcomes of interest between the 2
groups. The lower bound of the 95% confidence interval (CI) of
difference in all favorable treatment outcomes (favorable clinical
response and favorable microbiological response) and the upper
bound of the 95% CI of difference in all unfavorable treatment
outcomes (ie, 28-day overall mortality, 28-day ID-related mor-
tality, superimposed infection, clinically diagnosed antibiotic
associated colitis, and antibiotic allergy) did not include the +10%
noninferiority margin.

Antibiotic consumption and antibiotic expenditure

Data from the pharmacy database, including antibiotic con-
sumption and expenditure from 610 hospitalizations, appear in
Table 4. There were no significant differences in the DDD, cost of
targeted antibiotics, cost of overall antibiotics per prescription, or
length of hospital stay. The difference in the DDD of targeted
antibiotic use (pharmacist PPRA minus fellow PPRA) was 0.62
(95% CI, –1.57 to 2.82).

Fig. 1. Study flow chart.
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Table 1. Baseline Characteristics of the 610 Study Patients

Variable Pharmacist (n= 303), No. (%) Fellow (n= 307), No. (%) P Value

Age, mean ± SD, years 60.06 ± 19.22 60.48 ± 19.03 .78

Female 188 (65.7) 195 (63.5) .58

Previous hospitalization 148 (48.8) 142 (46.3) .52

Having at least 1 underlying disease 288 (95.1) 300 (97.7) .08

Cerebrovascular disease 77 (25.4) 82 (26.7) .72

Chronic lung disease 37 (12.2) 41 (13.4) .67

Cardiovascular disease 90 (29.7) 106 ((34.5) .20

Diabetes mellitus 109 (36.0) 119 (38.8) .48

Chronic renal disease 59 (19.5) 58 (18.9) .86

Chronic liver disease 62 (20.5) 78 (25.4) .15

Nonmalignant hematological disease 46 (15.2) 33 (10.8) .10

Hematological malignancy 24 (7.9) 25 (8.1) .92

Solid tumor 59 (19.5) 53 (17.3) .48

Organ transplantation 6 (2.0) 6 (2.0) .98

Receipt of immunosuppressive agents within the previous 30 days 49 (16.2) 60 (19.5) .28

Neutropenia 19 (6.3) 9 (2.9) .05

HIV infection 4 (1.3) 10 (3.3) .18a

Having catheter in place

Permanent central venous catheter 16 (5.3) 16 (5.2) .97

Arteriovenous fistula 13 (4.3) 7 (2.3) .16

Urinary catheter 62 (20.5) 41 (13.4) .02

Nasogastric tube 36 (11.9) 38 (12.4) .90

Gastrostomy tube 11 (3.6) 4 (1.3) .07

Previous antibiotic exposure within the previous 3 months 268 (88.5) 262 (85.3) .26

Penicillin 13 (4.3) 8 (2.6) .25

Cephalosporin 69 (22.8) 56 (18.2) .17

Carbapenem 48 (15.8) 42 (13.7) .45

β-lactamase inhibitor 39 (12.9) 30 (9.8) .23

Aminoglycoside 9 (3.0) 8 (2.6) .79

Fluoroquinolone 47 (15.5) 38 (12.4) .26

Macrolide 13 (4.3) 12 (3.9) .81

Glycopeptide 14 (4.6) 13 (4.2) .82

Clindamycin 11 (3.6) 3 (1.0) .03

Polymyxin 1 (0.3) 2 (0.7) 1.00

Metronidazole 19 (6.3) 13 (4.2) .26

Co-trimoxazole 3 (1.0) 10 (3.3) .09a

Antituberculosis agent 7 (2.3) 6 (2.0) .76

Antifungal agent 1 (0.3) 3 (1.0) .63a

Antiviral agent 8 (2.6) 9 (2.9) .83

Note. SD, standard deviation; HIV, human immunodeficiency virus.
aP value from nonparametric test.
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Table 2. Clinical Characteristics of the 610 Study Patients

Infection Characteristics
Pharmacist

(n= 303), No. (%)a
Fellow

(n= 307), No. (%)a P Value

Clinically documented infections 277 (91.4) 284 (92.5) .62

Type of infection

Community-acquired infection 110 (36.3) 108 (35.2) .41

Hospital-acquired infection 163 (53.8) 171 (55.7)

Unknown 28 (9.2) 22 (7.2)

Infection site

Pneumonia 129 (42.6) 137 (44.6) .61

Urinary tract infection 64 (21.1) 79 (25.7) .18

Bloodstream infection (BSI) 78 (25.7) 68 (22.2) .30

Central venous catheter in place 24 (7.9) 24 (7.8) .96

Catheter-related BSI 10 (3.3) 8 (2.6) .61

Gastrointestinal tract infection 46 (15.2) 55 (17.9) .36

Skin and soft tissue infection 32 (10.6) 23 (7.5) .19

Surgical site infection 3 (1.0) 0 (0) .12

Central nervous system infection 2 (0.7) 9 (2.9) .06

Cardiovascular system infection 4 (1.3) 4 (1.3) 1.00

Bone and joint infection 1 (0.3) 6 (2.0) .12

Head nose throat infection 2 (0.7) 3 (1.0) 1.00

Reproductive system infection 1 (0.3) 4 (1.3) .37

APACHE parameters

History of chronic organ dysfunction 184 (61.1) 192 (63.8) .50

ICU admission

Before infection episode 16 (4.3) 13 (4.2) .58

After infection episode 22 (7.3) 16 (5.2)

Body temperature, mean ± SD, °C 35.81 ± 9.34 36.99 ± 6.14 .06

Arterial blood pH, mean ± SD 7.39 ± 0.12 (n= 61) 7.35 ± 0.15 (n= 56) .14

Heart rate mean ± SD per min 98.59 ± 32.86 103.30 ± 57.08 .21

Systolic blood pressure, mean ± SD, mmHg 108.95 ± 37.43 114.53 ± 30.09 .04

Diastolic blood pressure mean ± SD, mmHg 64.19 ± 41.86 65.43 ± 18.68 .64

Respiratory rate, mean ± SD per min 21.81 ± 7.24 22.83 ± 6.21 .62

Hematocrit, mean ± SD, % 28.66 ± 10.40 29.85 ± 8.40 .12

White blood cell count, mean ± SD, cell/mm3 12406 ± 11031 12506 ± 7663 .90

Serum sodium mean ± SD, mmol/L 134.36 ± 7.73 133.86 ± 11.30 .53

Serum potassium, mean ± SD, mmol/L 3.95 ± 0.78 3.99 ± 0.90 .54

Serum HCO3, mean ± SD, mmol/L 20.57 ± 5.87 20.46 ± 5.62 .82

Serum creatinine, mean ± SD, mg/dL 2.07 ± 2.76 2.38 ± 5.34 .37

Acute renal failure 104 (34.3) 111 (36.2) .64
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Antibiotic prescriptions and approval

Table 5 presents details of all 610 prescriptions and recommen-
dations made by the pharmacist PPRA and fellow PPRA. The

targeted antibiotics were mainly prescribed for treatment pur-
poses (97.7% vs 92.8%, respectively; P= .34). Another similarity
between the 2 groups (P= .59) was that the most frequently

Table 2. (Continued )

Infection Characteristics
Pharmacist

(n= 303), No. (%)a
Fellow

(n= 307), No. (%)a P Value

FiO2, mean ± SD, % 31.21 ± 20.28 30.94 ± 21.00 .87

PaO2, mean ± SD, mmHgb 122.13 ± 67.15 (n= 61) 128.83 ± 76.23 (n= 56) .62

PaCO2, mean ± SD, mmHg 31.04 ± 15.95 31.36 ± 18.95 .92

Glasgow coma score, mean ± SD 11.18 ± 5.95 11.34 ± 5.47 .60

Causative pathogens

Gram-negative bacteria 59 (19.5) 57 (18.6) .78

Escherichia coli 42 (13.9) 35 (11.4) .36

Klebsiella pneumoniae 16 (5.3) 19 (6.2) .63

Acinetobacter baumannii 10 (3.3) 15 (4.9) .32

Carbapenem-resistant strains 7 (2.3) 11 (3.6) .35

Pseudomonas aeruginosa 20 (6.6) 14 (4.6) .27

Carbapenem-resistant strains 6 (2.0) 6 (2.0) .98

Extended-spectrum β-lactamase–producing strains 34 (11.2) 30 (9.8) .56

Gram-positive bacteria 27 (8.9) 26 (8.5) .85

Enterococcus spp 8 (2.6) 11 (3.6) .50

Staphylococcus aureus 17 (5.6) 15 (4.9) .69

Note. APACHE: Acute Physiology and Chronic Health Evaluation; SD, standard deviation.
aUnless otherwise specified.
bArterial blood pH results were not available in some patients.

Table 3. Treatment Outcomes

Variable Pharmacist (n= 303), No. (%) Fellow (n= 307), No. (%) P Value Pharmacist vs Fellow, Difference (95% CI)

Clinical outcomes

∙ Favorable clinical response 136 (44.9) 122 (39.7) .20 5.15% (2.69% to 12.98%)

∙ 28-d overall mortality 61 (20.1) 82 (26.7) .06 –6.58% (–13.28% to 15.62%)

∙ 28-d ID-related mortality 52 (17.2) 66 (21.5) .18 –4.34% (–10.59% to 1.92%)

∙ Superimposed infection 42 (13.9) 48 (15.6) .54 –1.77% (–7.40% to 3.85%)

Microbiological outcome

∙ Favorable microbiological response 188 (62.1) 172 (56.0) .13 6.02% (–1.77% to 13.81%)

Antibiotic-associated complications

∙ Antibiotic-associated colitis (AAC)

- Clinically diagnosed AAC 18 (5.9) 21 (6.8) .20 0.09% (–3.93% to 4.07%)

- Laboratory-confirmed AAC 3 (1.0) 0 (0) …

∙ Antibiotic allergy 10 (3.3) 5 (1.6) .41 1.67% (–0.79% to 4.13%)

Note. CI, confidence interval; ID, infectious disease.
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prescribed targeted antibiotics (pharmacist PPRA group versus
fellow PPRA group) were meropenem (52.8% vs 56.4%), followed
by piperacillin/tazobactam (40.9% vs 37.5%), and imipenem/
cilastatin (6.3% vs 6.2%).

During the first 72 hours of prescriptions, 133 of 303 pre-
scriptions (43.9%) in the pharmacist PPRA group and 112 of 307
prescriptions (45.7%) in the fellow PPRA group were discontinued
before evaluation (P= .06). More than half of prescriptions in both
groups were approved or temporarily approved. Only 17 of 303
prescriptions (5.6%) in the pharmacist PPRA group and 27 of 307

prescriptions (8.8%) in the fellow PPRA group were immediately
disapproved (P= .11). The distribution of the final recommenda-
tion was also similar in the 2 groups. Of prescriptions of the tar-
geted antibiotics 63 of 303 prescriptions (20.8%) in the pharmacist
PPRA group were finally disapproved versus 66 of 307 prescrip-
tions (21.2%) in the fellow PPRA group (P = 0.17).

Prescriptions that were disapproved mostly led to changes in
or discontinuation of antibiotics. Among the patients whose
prescriptions for targeted antibiotics were disapproved, 19 of 29
prescriptions (65.5%) in the pharmacist PPRA group were later

Table 4. Antibiotic Consumption and Expenditure

Variable
Pharmacist
(n= 303)

Fellow
(n= 307) P Value Pharmacist vs Fellow, Difference (95% CI)

DDD per prescription, mean ± SD

∙ Targeted antibiotics 13.49 ± 15.31 12.86 ± 12.14 .58 0.62 (–1.57 to 2.82)

∙ Overall antibiotics 46.03 ± 52.04 41.43 ± 62.00 .32 4.60 (–4.5 to 13.71)

Cost, mean ± SD, US$

∙ Targeted antibiotics 268.88 ± 318.60 276.51 ± 336.51 .77 –7.64 (–59.76 to 44.48)

∙ Overall antibiotics 434.81 ± 836.46 393.43 ± 500.75 .46 41.38 (–68.08 to 150.84)

Length of hospital stay, mean ± SD, d 19.81 ± 24.27 20.40 ± 18.57 .74 0.59 (–4.02 to 18.39)

Note. CI, confidence interval; DDD, defined daily dose; SD, standard deviation.

Table 5. Details of 610 Prescriptions of Targeted Antibiotics

Variable Pharmacist (n= 303), No. (%) Fellow (n= 307), No. (%) P Value

Purpose of antibiotic prescription

∙ Treatment 287 (94.7) 285 (92.8) .34

∙ Prophylaxis 16 (5.3) 22 (7.2)

First targeted antibiotic prescribed

∙ Piperacillin/tazobactam 124 (40.9) 115 (37.5) .59

∙ Imipenem/cilastatin 19 (6.3) 19 (6.2)

∙ Meropenem 160 (52.8) 173 (56.4)

Initial recommendation

∙ Approved 61 (20.1) 78 (25.4) .11

∙ Temporarily approved 92 (30.4) 90 (29.3)

∙ Not approved 17 (5.6) 27 (8.8)

∙ Antibiotic stopped before evaluation 133 (43.9) 112 (36.5)

Final recommendation

∙ Approved 105 (36.7) 126 (41.0) .17

∙ Not approved 63 (20.8) 66 (21.5)

∙ Antibiotic stopped before evaluation 135 (44.5) 115 (37.5)

Percent agreement with ID physician

∙ Initial recommendationa 144/170 (84.7) 178/195 (91.3) .05

∙ Final recommendation 168/168 (100.0) 190/192 (99.0) .19

aExcluding all prescriptions discontinued before evaluation.
Note. ID, infections diseases.
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evaluated by the ID service consultation team; 21 of the 35
rejected prescriptions (60.0%) in the fellow PPRA group were
later assessed by the ID service consultation team. Of the 40 ID
service consultations, only 1 of 40 patients (2.5%) in the phar-
macist PPRA group subsequently received approval from the ID
service consultation team, and the targeted antibiotic was then
continued. In the pharmacist PPRA group, the common reasons
for rejected prescriptions were too broad antibiotic coverage
(70.7%) and no clinical evidence of infection (13.8%). In the
fellow PPRA group, the common reasons for rejected prescrip-
tions were too broad antibiotic coverage (65.7%) and no clinical
evidence of infection (18.6%).

The agreement rates between the initial recommendation in
the pharmacist PPRA and fellow PPRA groups were 84.7% and
91.3% (P= .05), respectively. The final recommendations between
the groups revealed nearly perfect agreement: 100% in the
pharmacist PPRA group and 99.0% in the fellow PPRA group
(P= .19). The details of the recommendations made by an inde-
pendent ID physician, trained general pharmacist, and ID clinical
fellows appear in Table 6.

Discussion

Several studies have demonstrated the benefits of ASP facilitated
by ID clinical pharmacists.15,16 The Infectious Diseases Society of
America has recognized the value of the pharmacist’s expertise
and recommends including an ID clinical pharmacist in the ASP
team.17 Thailand faces a shortage in ID specialists and ID clinical
pharmacists; thus, the present investigation sought to determine
whether trained general pharmacists could effectively implement
an antibiotic approval program.

The lower bound of the 95% CI of difference in all
favorable treatment outcomes (favorable clinical response and
favorable microbiological response) and the upper bound of
the 95% CI of difference in all unfavorable treatment out-
comes (28-day overall mortality, 28-day ID-related mortality,
superimposed infection, clinically diagnosed antibiotic asso-
ciated colitis, and antibiotic allergy) did not include the +10%

noninferiority margin. These results confirmed that the
recommendations of the pharmacist PPRA were not inferior
to those of the fellow PPRA in terms of all treatment out-
comes. Furthermore, 28-day overall mortality was slightly
lower in the pharmacist PPRA group; however, the difference
was not statistically significant.

The upper bound of the 95% CI of difference in the targeted
antibiotic use (pharmacist PPRA minus fellow PPRA) was >1.5
DDDs; thus, this study failed to confirm noninferiority in targeted
antibiotic consumption in the pharmacist PPRA group. Further-
more, the mean DDD of targeted antibiotic use and all antibiotic
use was slightly—but not significantly—higher in the pharmacist
PPRA group. These findings may be explained in the following
ways. First, the pharmacist PPRA group was less stringent than the
fellow PPRA group. This possibility is supported by the slightly
lower rate of disapproval on the initial evaluation. Second, with the
pharmacist PPRA group, the targeted antibiotics were usually
approved for a longer duration (eg, 14 days for upper urinary tract
infection), especially if the initial diagnosis was bacteremia. Addi-
tionally, the ID clinical fellows may have had more clinical
experience and may have been more comfortable in discontinuing
the target antibiotic as early as possible (eg, 7 days for upper
urinary tract infection). Unfortunately, to confirm that hypothesis,
we lacked data about the number of days of antibiotic therapy.

Researchers comparing antibiotic recommendations by ID
clinical pharmacists versus ID clinical fellows reported that ID
faculty agreement in antibiotic choice was higher among the former
(87.0% vs 47.0%, respectively; P < .001).14 In contrast, we found a
lower proportion of agreement with the initial recommendation
among pharmacists. However, the pharmacists in the present study
were general pharmacists without any formal ID training; they were
not ID clinical pharmacists as in the earlier investigation.

The present study has several strengths. First, to the best of our
knowledge, this is the first randomized controlled trial to compare
the effectiveness of an antibiotic approval program implemented by
trained general pharmacists compared with ID clinical fellows.
Second, this study was specifically designed to obtain not only
aggregate data on antibiotic consumption and expenditure but also

Table 6. Recommendations by Independent ID Physician, Trained Pharmacist, and ID Clinical Fellow

Pharmacist (n= 303) Fellow (n= 307)

ID Staff Approved
Temporarily
Approved

Not
Approved

Stopped
Before

Evaluation P Value Approved
Temporarily
Approved

Not
Approved

Stopped
Before

Evaluation
P

Value

Initial recommendation

Approved 57 5 1 0 < .001 72 5 0 0 < .001

Temporarily approved 3 73 2 0 4 79 0 0

Not approved 1 14 14 0 2 6 27 0

Antibiotic stopped before
evaluation

0 0 0 133 0 0 0 112

Final recommendation

Approved 105 NA 0 0 < .001 124 NA 0 0 < .001

Not approved 0 NA 63 0 2 NA 66 0

Antibiotic stopped before
evaluation

0 NA 0 135 0 NA 0 115

Note. ID, infectious diseases; NA, not applicable. Shading cells represent the number of concordant recommendations.
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data on all important clinical outcomes. Third, we also compared the
data on recommendations by the pharmacist, the ID clinical fellow,
and the independent ID physician. This helped us understand pre-
cisely the pitfalls and strengths of both strategies.

Our study has several limitations. First, the cluster-randomization
design may have been unable to control all confounders and led to
unbalanced baseline characteristics between the 2 groups. Second,
this study collected only data on the amount of antibiotic con-
sumption (DDD), not the day of therapy. Therefore, we were
unable to thoroughly explore the pattern of antibiotic prescription
in the 2 groups.

In conclusion, this study has demonstrated that general
pharmacists who have undergone a short ID training course can
safely implement an antibiotic approval program. Although our
study could not confirm the noninferiority of a pharmacist PPRA
in the targeted antibiotic consumption, we did demonstrate
noninferiority in terms of favorable clinical response. Further-
more, there was no significant difference in terms of consumption
of the targeted antibiotics, antibiotic expenditure, and other
important treatment outcomes. From these findings, the strategy
of using general pharmacists trained in the above manner appears
safe; however, it may not be as efficient in reducing antibiotic
consumption as antibiotic approval implemented by an ID clin-
ical fellow. Therefore, using trained general pharmacists could be
an alternative to ID specialists for antibiotic approval when
resources are limited.
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