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a b s t r a c t 

Many regional and remote hospitals (RRHs) do not have the specialist services that usually support an- 

timicrobial stewardship (AMS) programmes in major city hospitals. It is not known if this is associated 

with higher rates of inappropriate antimicrobial prescribing. The aim of this study was to identify sim- 

ilarities and differences in antimicrobial prescribing patterns between major city hospitals and RRHs in 

Australia. The Australian Hospital National Antimicrobial Prescribing Survey (H-NAPS) datasets from 2014, 

2015 and 2016 (totalling 47,876 antimicrobial prescriptions) were analysed. The antimicrobial prescribed, 

indications for use, documentation of indication, recording of a review date and assessment of the appro- 

priateness of prescribing were evaluated. Overall, inappropriate prescribing of antimicrobials was higher 

in RRHs than in major city hospitals (24.0% vs. 22.1%; P < 0.001). Compared with major city hospitals, 

inappropriate prescribing of ceftriaxone was higher in RRHs (33.9% vs. 27.6%; P < 0.001), as was inappro- 

priate prescribing for cellulitis (25.7% vs. 19.0%; P ≤0.001). A higher rate of inappropriate prescribing was 

noted for some high-risk infections in RRHs compared with major city hospitals, including Gram-positive 

bacteraemia with sepsis (12.6% vs. 6.5%; P = 0.004), empiric therapy for sepsis (26.0% vs. 12.0%; P < 0.001) 

and endocarditis (8.2% vs. 2.7%; P = 0.02). To the authors’ knowledge, this is the largest study to date com- 

paring antimicrobial prescribing of RRHs with major city hospitals. A key finding was that antimicrobial 

prescribing was more frequently inappropriate for some high-risk infections treated in RRHs. Targeted 

strategies that support appropriate antimicrobial prescribing in RRHs are required. 

© 2018 Elsevier B.V. and International Society of Chemotherapy. All rights reserved. 
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. Introduction 

Many regional and remote hospitals (RRHs) do not have the

pecialist resources that usually support antimicrobial stewardship

AMS) programmes in major city hospitals [1] . Studies from a num-

er of countries have highlighted that the uptake of AMS activities

n RRHs is more limited compared with major city hospitals [1–5] ,

nd that RRHs face unique challenges in delivering AMS pro-

rammes [6,7] . It is not known if this is associated with higher

ates of inappropriate antimicrobial prescribing. The lack of infor-
∗ Corresponding author. Address: National Centre for Antimicrobial Stewardship, 
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ation on antimicrobial prescribing practices in RRHs limits the

evelopment of tailored AMS interventions. 

The aim of this study was to identify similarities and differ-

nces in antimicrobial prescribing patterns between major city

ospitals and RRH in Australia using data submitted through the

ospital National Antimicrobial Prescribing Survey (H-NAPS). 

. Materials and methods 

H-NAPS is a standardized antimicrobial prescribing point

revalence auditing programme. Hospital-based auditors capture 

atient-specific information such as demographics, antimicrobial

rugs prescribed, allergies, renal impairment and other clinical co-

orbidities, indication for antimicrobial use, documentation of the

ntended duration of antimicrobial therapy and microbiology re-

ults. The local hospital’s nominated assessor determines the ap-
rved. 

https://doi.org/10.1016/j.ijantimicag.2018.10.009
http://www.ScienceDirect.com
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propriateness of each antimicrobial prescription. An inappropriate

antimicrobial prescription is characterized by lack of concordance

with national or local prescribing guidelines (including antimicro-

bial choice, dose, route and duration of therapy), or where the as-

sessor deems that the prescription is not a reasonable alternative

to those listed within guidelines (based on additional documented

clinical factors). An antimicrobial prescription may also be classi-

fied as inappropriate if an antimicrobial is not indicated, the pa-

tient has an allergy to the antimicrobial chosen or there is a seri-

ous drug interaction present. Surgical prophylaxis for > 24 h is also

considered inappropriate (except if endorsed by guidelines) [8] . Lo-

cal hospitals enter their audit results into a central online portal. 

Data collected from Australian hospitals using H-NAPS in 2014,

2015 and 2016 were accessed. Only data collected as a hospital

wide point prevalence study, a repeat/serial point prevalence study

or a random sample were included in the analysis. Audits de-

scribed as directed or ‘other’ (which were likely to target certain

drugs, conditions or units/wards) were excluded. Specialist psy-

chiatric and specialist alcohol/drug hospitals were excluded due

to limited antimicrobial prescribing. Private hospitals were also

excluded as they are predominately located in major cities. Pre-

scriptions categorized in H-NAPS as ‘medical prophylaxis’ were ex-

cluded as medical prophylaxis is far more commonly prescribed

in major city hospitals and with a high degree of appropriateness

(over 90%) [8] . Inclusion of medical prophylaxis could have posi-

tively skewed the overall appropriateness of antimicrobial prescrib-

ing in major city hospitals. 

Data were divided into two categories based on the Australian

Statistical Geography Standard Remoteness Area (ASGS-RA) classi-

fications: major city hospitals and RRHs (consisting of inner re-

gional, outer regional, remote and very remote hospitals) [9] . The

most common conditions treated with an antimicrobial and the

most common antimicrobials prescribed were identified for each

category. 

t  

Table 1 

Most common conditions for which antimicrobials were prescribed (%, n ) a , b and the mo

Most common conditions 

Ranking Major city hospitals 

( n = 31 579) 

Regional and remote ho

( n = 16 297) 

1 Community-acquired pneumonia 

(10.63%, 3358) 

Community-acquired pn

(18.87%, 3075) 

2 Surgical prophylaxis 

(9.68%, 3056) 

Cellulitis/erysipelas 

(7.64%, 1245) 

3 Urinary tract infection 

(5.52%, 1742) 

Urinary tract infection 

(6.55%, 1068) 

4 Sepsis: empirical therapy (organism unknown) 

(3.96%, 1252) 

Surgical prophylaxis 

(6.50%, 1059) 

5 Hospital-acquired pneumonia 

(3.60%, 1136) 

Chronic obstructive pulm

disease – infective exa

(5.69%, 928) 

Other conditions c 

Major city hospitals 

( n = 31 579) 

Regional and remote hospitals 

( n = 16 297) 

Cellulitis 

(3.34%, 1056) 

Sepsis: empirical therapy (orga

(3.28%, 535) 

Chronic obstructive pulmonary disease 

– infective exacerbation 

(2.88%, 909) 

Hospital-acquired pneumonia 

(2.14%, 348) 

a Excludes indications listed as ‘Other’ and ‘Indication unknown - pathogen unknown’.
b The Australian Hospital National Antimicrobial Prescribing Survey does not capture 

reflect only those conditions treated with an antimicrobial. This ranking is influenced

community-acquired pneumonia would be counted as an indication twice if both doxyc

once if treated with flucloxacillin. 
c These are conditions or antimicrobials that do not appear in the five most common 

in the alternative category. It is provided for comparison purposes. 
Overall appropriateness of antimicrobial prescribing and ap-

ropriateness of prescribing for common conditions and antimi-

robials were calculated. The number of prescriptions without an

ndication or a review date documented, and the proportion of in-

ravenous antimicrobial orders were determined. Appropriateness

f antimicrobial prescribing for high-risk infections (defined as en-

ocarditis, febrile neutropenia, meningitis, prosthetic joint infec-

ion and sepsis) were calculated. Pearson Chi-square test ( χ2 test)

as performed in SAS 9.4 (SAS Institute Inc., Cary, NC, USA) to de-

ect any differences between the two groups. 

The collection and analysis of data from H-NAPS was approved

y Melbourne Health’s Human Research Ethics Committee (Ap-

roval No. QA20130 6 6). 

. Results 

In total, 47 876 antimicrobial prescriptions were included in

he analysis, comprising 31 579 (65.96%) from major city hospitals,

652 (20.16%) from inner regional hospitals, 5035 (10.52%) from

uter regional hospitals, 1088 (2.27%) from remote hospitals and

22 (1.09%) from very remote hospitals. In total, RRHs contributed

6 297 (34.04%) antimicrobial prescriptions. 

.1. Most common conditions 

The five most common conditions for which antimicrobials

ere prescribed in major city hospitals and RRHs are listed in

able 1 . 

Community-acquired pneumonia (CAP) was the most common

ondition for which an antimicrobial was prescribed across both

ategories, but was more likely to be an indication for an antimi-

robial to be prescribed in RRHs compared with major city hospi-

als ( P < 0.001). Cellulitis, infective exacerbation of chronic obstruc-

ive pulmonary disease (COPD) and urinary tract infections (UTIs)
st common antimicrobials prescribed (%, n ). 

Most common antimicrobials 

spitals Major city hospitals 

( n = 31 579) 

Regional and remote hospitals 

( n = 16 297) 

eumonia Cefazolin 

(9.37%, 2960) 

Ceftriaxone 

(13.23%, 2156) 

Piperacillin-tazobactam 

(8.46%, 2673) 

Cefazolin 

(8.15%, 1329) 

Ceftriaxone 

(8.21%, 2593) 

Doxycycline 

(7.74%, 1262) 

Amoxicillin-clavulanic acid 

(7.61%, 2404) 

Flucloxacillin 

(7.17%, 1168) 

onary 

cerbation 

Metronidazole 

(7.18%, 2268) 

Metronidazole 

(6.81%, 1110) 

Other antimicrobials c 

Major city hospitals 

( n = 31 579) 

Regional and remote hospitals 

( n = 16 297) 

nism unknown) Flucloxacillin 

(3.96%, 1249) 

Amoxicillin-clavulanic acid 

(6.11%, 996) 

Doxycycline 

(3.95%, 1248) 

Piperacillin-tazobactam 

(5.95%, 970) 

 

data on the total number of presentations for conditions, and therefore the data 

 where multiple antibiotics are prescribed for the one condition. For example, 

ycline and amoxicillin were prescribed, whereas cellulitis would only be counted 

of their category (e.g. major city or regional and remote hospitals), but do appear 
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Table 2 

Rate of inappropriate antimicrobial prescribing for common indications and antimicrobials. 

Major city hospitals Regional and remote hospitals P -value 

Conditions 

Cellulitis 19.03% 

(201/1056) 

25.70% 

(320/1245) 

< 0.001 

Chronic obstructive pulmonary disease – infective exacerbation 34.21% 

(311/909) 

34.70% 

(322/928) 

0.827 

Community-acquired pneumonia 29.39% 

(987/3358) 

26.73% 

(822/3075) 

0.02 

Urinary tract infection 24.40% 

(425/1742) 

22.28% 

(238/1068) 

0.2 

Surgical prophylaxis 48.04% 

(1468/3056) 

36.45% 

(386/1059) 

0.001 

Hospital-acquired pneumonia 22.18% 

(252/1136) 

23.85% 

(83/348) 

0.515 

Antimicrobials 

Ceftriaxone 27.61% 

(716/2593) 

33.86% 

(730/2156) 

< 0.001 

Cefazolin 34.56% 

(1023/2960) 

27.24% 

(362/1329) 

< 0.001 

Doxycycline 21.47% 

(26 8/124 8) 

12.36% 

(156/1262) 

< 0.001 

Amoxicillin-clavulanic acid 32.65% 

(785/2404) 

30.22% 

(301/996) 

0.166 

Flucloxacillin 11.69% 

(146/1249) 

13.61%, 

(159/1168) 

0.155 

Metronidazole 28.40% 

(644/2268) 

27.75% 

(308/1110) 

0.695 

Piperacillin-tazobactam 19.00% 

(508/2673) 

22.68% 

(220/970) 

0.014 

w  

c

3

 

h  

f  

t  

m  

(  

m  

(

3

 

i  

v

 

f  

h  

t  

i  

d  

i  

t

 

c  

a  

p  

h

3

 

f  

R  

T  

b  

b  

c  

P

3

 

s  

t  

f

 

t  

w  

p  

j  

o  

c  

(  

a  

f  

w

3

 

h  

2  

m  

i  

2  

d  

i  

7  

o

ere also more common indications in RRHs compared with major

ity hospitals ( P < 0.001). 

.2. Most common antimicrobials 

The five most common antimicrobials prescribed in major city

ospitals and RRHs are listed in Table 1 . Ceftriaxone was more

requently prescribed in RRHs compared with major city hospi-

als ( P < 0.001). Flucloxacillin and doxycycline were also more com-

only prescribed in RRHs compared with major city hospitals

 P < 0.001). Cefazolin and piperacillin-tazobactam were more com-

only prescribed in major city hospitals compared with RRHs

 P < 0.001). 

.3. Appropriateness of antimicrobial prescriptions 

Overall, inappropriate prescribing of antimicrobials was higher

n RRHs compared with major city hospitals [23.91% (3897/16 297)

s. 22.16% (6999/31 579); P < 0.001]. 

The appropriateness of antimicrobial prescribing was analysed

or common indications and antimicrobials ( Table 2 ). RRHs had a

igher rate of inappropriate antimicrobial prescriptions for celluli-

is ( P < 0.001). Inappropriate antimicrobial prescribing was higher

n major city hospitals for CAP ( P = 0.02). There was no significant

ifference between major city hospitals and RRHs when comparing

nappropriate antimicrobial prescribing for UTIs ( P = 0.2) and infec-

ive exacerbation of COPD ( P = 0.83). 

Inappropriate prescribing of ceftriaxone was higher in RRHs

ompared with major city hospitals ( P < 0.001), as was inappropri-

te prescribing of piperacillin-tazobactam ( P = 0.01). Inappropriate

rescribing of cefazolin ( P < 0.001) and doxycycline ( P < 0.001) was

igher in major city hospitals compared with RRHs. 

.4. Surgical prophylaxis 

There were proportionately more antimicrobial prescriptions

or surgical prophylaxis in major city hospitals compared with

RHs [9.68% (3056/31 579) vs. 6.50% (1059/16 297); P < 0.001].
he rate of inappropriate antimicrobial prescribing was high in

oth categories, with higher rates of inappropriate antimicro-

ial prescriptions for surgical prophylaxis in major city hospitals

ompared with RRHs [48.04% (1468/3056) vs. 36.45% (386/1059);

 < 0.001]. 

.5. High-risk infections 

RRHs contributed 27.13% (1380/5086) of the antimicrobial pre-

criptions for high-risk infections (Table S1, see online supplemen-

ary material). Sepsis was the most commonly treated high-risk in-

ection in both major city hospitals and RRHs. 

Appropriateness of antimicrobial prescribing for high-risk infec-

ions is shown in Table 3 . For known Gram-positive bacteraemia

ith sepsis and empiric therapy for sepsis, the rate of inappro-

riate antimicrobial prescribing in RRHs was higher than in ma-

or city hospitals ( P = 0.004 and P < 0.001, respectively). Higher rates

f inappropriate antimicrobial prescribing were also found in RRHs

ompared with major city hospitals for all types of endocarditis

 P = 0.02). There was no significant difference between inappropri-

te antimicrobial prescribing for prosthetic joint infections ( P = 0.2),

ebrile neutropenia ( P = 0.6) and known Gram-negative bacteraemia

ith sepsis ( P = 0.7). 

.6. Other measures 

The proportion of intravenous antimicrobial prescriptions was

igher in RRHs than in major city hospitals [55.76% (9088/16

97) vs. 53.80% (16 990/31 579); P < 0.001]. Absence of a docu-

ented indication for the antimicrobial prescription was higher

n RRHs compared with major city hospitals [22.47% (3662/16

97) vs. 19.37% (6116/31 579); P < 0.001]. Similarly, absence of a

ocumented review or stop date for antimicrobials was higher

n RRHs compared with major city hospitals [68.35% (7998/11

02) vs. 63.92% (14 254/22 299); P < 0.001] (2015 and 2016 data

nly). 
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Table 3 

Rate of inappropriate antimicrobial prescribing for high-risk infections a . 

Major city hospitals Regional and remote hospitals P -value 

Endocarditis 2.7% 

(7/256) 

8.2% 

(8/98) 

0.02 

Febrile neutropenia 10.2% 

(62/609) 

11.5% 

(21/183) 

0.6 

Meningitis 11.9% 

(28/235) 

13.7% 

(7/51) 

0.7 

Prosthetic joint infection 4.3% 

(10/235) 

7.6% 

(8/105) 

0.2 

Sepsis 

Directed therapy – Gram-positive bacteraemia 6.4% 

(38/592) 

12.6% 

(28/223) 

0.004 

Directed therapy – Gram-negative bacteraemia 12.7% 

(67/527) 

11.9% 

(22/185) 

0.7 

Empirical therapy – organism unknown 11.98% 

(150/1252) 

26.0% 

(139/535) 

< 0.001 

a % = number of inappropriate prescriptions for indication/total number of prescriptions for that indication. 
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4. Discussion 

This study comparing antimicrobial prescribing patterns of

RRHs with major city hospitals has provided valuable insights that

will guide AMS initiatives targeted at RRHs. Of concern is the find-

ing that prescribing of antimicrobials for some high-risk infections

outside of major city hospitals is frequently inappropriate. Timely

treatment with appropriate antimicrobials is important to reduce

morbidity and mortality from high-risk infections, such as sepsis

[10] . High-risk infection management in RRHs therefore requires

further review and action so that the outcome of care is equiva-

lent regardless of the location of the hospital. 

The results of this study indicate that it would be valuable for

other countries to identify if similar variation exists in their an-

timicrobial prescribing practices. 

There are several strategies that may improve the appropriate-

ness of antimicrobial prescribing in high-risk infections in RRHs.

While RRHs may have access to expert input (e.g. from a micro-

biologist through existing pathology networks or an infectious dis-

eases specialist via telehealth), it is important that this advice is

sought routinely. A set of high-risk infections where there is a re-

quirement to seek expert advice may be of value, such as Gram-

positive bacteraemia or endocarditis. Where RRHs do not have ade-

quate access to timely expert infectious diseases advice, they must

be supported to develop formal arrangements [11] so that an ap-

propriate and consistent level of service is achieved. Structured

programmes, such as the SEPSIS KILLS [12] initiative delivered by

the Clinical Excellence Commission in Australia, have been effec-

tive in regional hospitals. Programmes targeting sepsis manage-

ment have also been trialled in critical access hospitals in the USA

[13] , and these findings suggest that there is an ongoing need for

work in this area. 

The current work has highlighted other priority areas for

AMS in RRHs, including initiatives that optimize ceftriaxone and

piperacillin-tazobactam use. Ceftriaxone appears to be an impor-

tant focus for intervention given that it was the most common an-

timicrobial used in RRHs. Inappropriate use of ceftriaxone in RRHs

has been identified previously [14] ; however, published interven-

tions to improve prescribing of ceftriaxone in RRHs are limited. In

one Australian study, Bond et al. reported an education-based in-

tervention at a large regional referral hospital. Local data and indi-

vidual prescriber/team e-mails were used to reduce the number of

patients receiving ceftriaxone for mild-to-moderate CAP infection

[15] . The authors concluded that the intervention could be ‘readily

transferred to other settings’ [15] . The higher rate of inappropriate

prescribing of piperacillin-tazobactam in RRHs was a surprise, al-

though it was much less commonly used than in major city hospi-

tals. The higher rate of inappropriate antimicrobial prescribing for
ellulitis in RRHs is also likely to be an important target because it

s such a common condition in RRHs. 

Several other indicators were identified for improvement [e.g.

ocumentation of antimicrobial indication and review dates, du-

ations of intravenous (IV) antimicrobial therapy], and these may

e suitable initial focuses in low-resource settings. The higher pro-

ortion of intravenous antimicrobial therapy in RRHs could suggest

hat IV to oral switch of antibiotics may not have been occurring as

requently in this setting as in major city hospitals. A centrally co-

rdinated AMS programme involving 47 private hospitals in South

frica also concluded that focusing on a few crucial interventions

such as excessive antibiotic duration) could yield substantial re-

urns with the least effort in low-resource settings [16] . 

There were also some positive findings in the analysis for

ntimicrobial prescribing in RRHs, including a higher frequency

f prescriptions for narrow-spectrum antimicrobials such as flu-

loxacillin and doxycycline, compared with major city hospitals.

he rates of inappropriate antimicrobial prescribing for surgical

rophylaxis were higher in major city hospitals, and this appears

o align with the higher rate of inappropriate prescribing of ce-

azolin (a common antimicrobial used for this indication). It is

ossible that more complex surgeries on more complex patients

re performed in major city hospitals, which might be associated

ith inappropriately prolonged prophylaxis. In major city hospi-

als, antimicrobial prescribing for CAP was more often inappropri-

te. This may be because more complex patients are perceived to

equire broader-spectrum antibiotics than guidelines generally ad-

ise. The higher rate of inappropriate prescribing of doxycycline in

ajor city hospitals was surprising and warrants further investiga-

ion. 

This study was not able to identify why differences in the ap-

ropriateness of antimicrobial prescribing existed between major

ity hospitals and RRHs. There may be justifiable clinical reasons

or the variation that are not acknowledged in the guidelines, or

re not being documented explicitly by the treating doctor for the

uditors to consider. However, barriers to AMS programme deliv-

ry in RRHs have been identified previously, including a lack of

ccess to staff who are skilled in AMS (including infectious dis-

ases physicians and pharmacists with training in infectious dis-

ases) [1] , geographical isolation from larger centres [16,17] and a

ack of information technology resources [18] . Given these barri-

rs, RRHs face challenges in applying initiatives that have been im-

lemented predominately in major city hospitals. Further research

pecific for RRHs is required [7] . This includes identifying and eval-

ating strategies that may exist in individual RRHs but are not

ublished or reported externally. 

This study has some other potential limitations. The sites who

ontribute data to H-NAPS do so voluntarily, and therefore the
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ata do not include all Australian hospitals. However, over 47 0 0 0

rescriptions were available for analysis, which provided a large

ample size. H-NAPS data were predominately collected using a

oint prevalence model. In large hospitals or hospitals with lim-

ted resources, only a sample population of patients may be re-

iewed on the day of the survey. Not all hospitals provide data

n the total number of patients in the sample; therefore, it is dif-

cult to determine certain measures accurately, such as the pro-

ortion of patients on antimicrobials. H-NAPS data were only col-

ected for patients prescribed antimicrobials, and this survey did

ot capture data on instances where antimicrobials should have

een prescribed but were not. The data also cannot account for di-

gnostic error. H-NAPS excludes antimicrobial prescriptions admin-

stered under programmes such as Hospital in the Home [e.g. out-

atient parenteral antimicrobial therapy (OPAT)]. An OPAT-specific

APS is currently being piloted [19] . The assessment of antimicro-

ial appropriateness is undertaken by hospital-appointed assessors

t each site, and variability in assessing appropriateness has been

eported previously [20] . 

The use of ASGS-RA classifications has limitations in that small

ospitals can be located within a major city location. Given that

he smaller hospitals in the major city classification would con-

ribute only a small number of prescriptions, this is unlikely to

ave influenced the findings of this study. It is recognized that

reating a dataset inclusive of inner regional, outer regional, re-

ote and very remote hospitals represents a wide range of hospital

tructures and resources, and that the factors driving antimicrobial

rescribing choices may differ within the dataset. Greater analysis

f individual ASGS-RA classifications may be warranted. No spe-

ific information on the AMS resources at individual hospitals was

vailable to directly evaluate the impact of resourcing on the ap-

ropriateness of antimicrobial prescribing. 

A strength of this study was the use of appropriateness of an-

imicrobial prescribing as a marker of judicious use, rather than

sage data. Although there may be differences in the case mix of

atients presenting to different hospitals, this methodology uses

he indication attributed by the treating clinician, and therefore ad-

usts for obvious situations where different antimicrobials are rec-

mmended (e.g. variation in meticillin-resistant Staphylococcus au-

eus epidemiology) or local variation for individual patient clinical

actors as documented by the treating team. 

. Conclusion 

This study provided valuable insight into the similarities and

ifferences in antimicrobial prescribing between RRHs and major

ity hospitals. High-risk infections are being managed in RRHs, and

he appropriateness of antimicrobial prescribing for some of these

igh-risk infections is lower than in major city hospitals. The man-

gement of cellulitis and the use of ceftriaxone were also identi-

ed as areas for improvement in RRHs. These findings will assist

he tailoring of AMS initiatives to optimize the management of pa-

ients requiring antimicrobials in RRHs. 
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