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AbstrAct

Background: International guidelines have recommended the long-acting formulation 

of nitrofurantoin as first-line treatment for uncomplicated urinary tract infections (UTIs) 

since 2010. Australian guidelines have only recently listed nitrofurantoin as a first-line 

agent, but the long-acting formulation is not available. In the setting of increasing 

multidrug-resistance, the unavailability of the long-acting formulation of nitrofurantoin 

in Australia, and anecdotal perception of confusion regarding dosing, we audited 

nitrofurantoin use.

Methods: We performed a retrospective audit of nitrofurantoin use at Alfred Health. 

All patients dispensed nitrofurantoin from January 2016 to June 2018, as identified 

from pharmacy dispensing records, were eligible. We used a standardised case report 

form to extract data from medical records, including dosing regimen and indication.

Results: We included 150 patients with 151 nitrofurantoin prescriptions in the analy-

sis, of whom 74% [111/150] were female. Nitrofurantoin was most commonly dispensed 

for the treatment of UTIs (68% [103/151] versus 32% [48/151] for UTI prophylaxis). For 

the treatment of uncomplicated UTIs, the most frequently used dose was 100 mg twice 

daily for five days. In male patients, the 100 mg twice daily for seven days was the most 

popular regimen. The prophylactic dose of 50 mg once daily was used in women but 

rarely in men. We did not find evidence of dose adjustment for renal impairment.

Conclusion: While treatment duration was consistent with guidelines, the dosage 

and frequency used was often incorrect for the formulation and was not adjusted for 

renal function. Nitrofurantoin use is likely to increase, so clarification regarding optimal 

nitrofurantoin dosing regimens may be appropriate.

Keywords:  nitrofurantoin; urinary tract infections; antibiotic use; oral drugs; infectious 

diseases
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IntroductIon

Nitrofurantoin is an oral antibiotic that has been recommended as first-line therapy for 

uncomplicated urinary tract infections (UTIs) in Europe and the United States (US) since 

2010 (1, 2). First registered in 1952, nitrofurantoin has undergone a recent resurgence 

in popularity in parallel with the emergence of multidrug-resistance among bacteria that 

cause UTIs. This is because of the low prevalence of nitrofurantoin resistance and the 

minimal impact of nitrofurantoin on commensal microbiota in comparison with other 

oral treatment options, such as beta-lactams and fluoroquinolones (1, 3). Its spectrum 

of activity includes most uropathogens, including extended spectrum beta-lactamase 

(ESBL)-producing Enterobacteriaceae and vancomycin resistant enterococci (VRE) (4, 5).

In Australia, nitrofurantoin is only available as 50 mg and 100 mg oral capsules 

(Macrodantin®). The product information recommends a dose of 50-100 mg four times 

daily for five days (6). Internationally, nitrofurantoin is also produced as an oral suspen-

sion (Macrodantin®) and as slow-release 100 mg capsules (Macrobid®) for twice daily 

dosing, but these formulations are not registered in Australia (4, 5, 7). These products 

all contain nitrofurantoin in its macrocrystalline form, the microcrystalline containing 

products being less popular due to gastrointestinal side effects (8). There is substantial 

heterogeneity in nitrofurantoin dosing recommendations internationally, with total 

daily dose ranging from 150 mg to 400 mg divided in two, three or four doses per day 

(9). This is of concern because suboptimal nitrofurantoin dosing regimens may lead to 

selection of resistant isolates (1, 10).

Despite its popularity in Europe and the US, at the time of this study, the ‘Therapeu-

tic Guidelines: Antibiotic’ (Version 15) recommended trimethoprim (300 mg once daily 

for three days), cephalexin (500 mg twice daily for five days) and amoxicillin-clavulanic 

acid (500/125 mg twice daily for five days) as preferable to nitrofurantoin for the treat-

ment of uncomplicated UTIs in non-pregnant women (11). A seven-day course was 

recommended for male patients. Nitrofurantoin was listed as a fourth-line therapy, but 

with twice daily dosing, which is usually reserved for the slow-release formulation, Mac-

robid® (not registered in Australia). Given the differing recommendations regarding 

indication and dosing of this antibiotic, and the local increase in Enterobacteriaceae 

resistant to first-line agents (12), we performed an audit of nitrofurantoin use across 

three hospitals within Alfred Health, with particular focus on the indications and dosing 

regimens being used.
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Methods

Design, setting and population
We performed an audit of nitrofurantoin use at the three hospital campuses within 

Alfred Health in Melbourne, Australia; the Alfred Hospital, Caulfield Hospital and 

Sandringham Hospital. Any patient prescribed nitrofurantoin from 1 January 2016 to 

30 June 2018 was eligible. We obtained a list of prescriptions from the pharmacy 

dispensing records. We reviewed how the antibiotic was used, with a specific focus on 

(1) the patient groups in whom this drug was used, (2) indication, and (3) variability in 

dosing (schedule, formulation and duration). Study data were collected and managed 

using REDCap electronic data capture tool hosted at Alfred Health (13).

Definitions
Uncomplicated UTIs were defined as UTIs in non-pregnant women who are not im-

munocompromised, have no urinary tract abnormalities, and no symptoms of tissue 

invasion and/or systemic infections (1). The following patients were considered to be 

at risk for developing a complicated UTI: male patients, pregnant women, patients with 

diabetes mellitus, patients with renal tract abnormalities, and patients with an impaired 

immune system (for example patients with transplants, Human Immunodeficiency Virus 

[HIV] infection, or cancer who receive immunosuppressive drugs).

Data collection and analysis
The extract from the pharmacy dispensing records included medical record number, 

nitrofurantoin brand name, date dispensed, and quantity dispensed. We then manually 

extracted data from paper-based patient medical records (including medication charts) 

using a standardized case report form. We recorded the laboratory accession number 

for relevant microbiology samples (blood/urine cultures) then extracted antimicrobial 

susceptibility testing results from the Alfred Health Department of Infectious Diseases 

microbiology database.

We used standard descriptive statistics. For most analyses, we stratified patients by 

nitrofurantoin indication into a therapeutic treatment group (suspected or confirmed 

UTI or other infection) and a prophylactic treatment group (use in asymptomatic pa-

tients to prevent UTIs). We also examined how nitrofurantoin was used in the following 

specific sub-groups; patients with renal impairment and patients at risk of complicated 

UTIs.
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results

Patient characteristics
We collected information regarding 150 patients with 151 nitrofurantoin prescriptions. 

The majority of these prescriptions were for therapeutic use (68% [103/151]). The 

median age was 75 years (interquartile range [IQR] 61-84) and 74% [111/150] were 

female. Three patients in this cohort were pregnant. Table 1 demonstrates the patient 

characteristics, stratified by indication.

Therapeutic use of nitrofurantoin
Among patients prescribed nitrofurantoin for the treatment of an infection, the most 

common indication was uncomplicated UTI (56% [58/103]), followed by complicated 

UTI (22% [23/103]). The indication was not specified in 6 of the 151 prescriptions (4%). 

Thirty-five (34%) of the 103 patients prescribed nitrofurantoin for the treatment of an 

infection had documentation of an intolerance or allergy to amoxicillin-clavulanic acid.

Dosage
The most commonly prescribed dosage in this population are displayed in Table 2.

 The 100 mg capsule was more commonly prescribed in the study population com-

pared to the 50 mg capsule (72% [109/151] versus 28% [42/151] for all prescriptions and 

81% [83/103] versus 17% [17/103] when used for UTI treatment). The most commonly 

prescribed therapeutic dose was 100 mg twice daily for five days (22% [23/103]) or 

seven days (18% [19/103]). The 50 mg dose was most frequently prescribed four times 

daily for five days (8% [8/103]). In total, 38 patients were treated with four doses per 

day. Only one patient was treated with three doses per day (100 mg for seven days).

There were 112 prescriptions of nitrofurantoin for female patients. The 100 mg 

capsule was more commonly prescribed than the 50 mg capsule (71% [79/112] versus 

29% [33/112]). When stratified by indication, 100 mg twice daily for five days was the 

most frequently prescribed dose in female patients to treat uncomplicated UTIs (30% 

[21/71]) (Table 2).

There were 39 nitrofurantoin prescriptions for male patients (Table 2). The 100 mg 

capsule was more commonly prescribed than the 50 mg capsule (79% [31/39] versus 

21% [8/39]). The most frequently prescribed dosing regimen was 100 mg twice daily 

for seven days (41% [13/32]) for the treatment of complicated UTI.

Pathogens
Ninety-eight microorganisms were isolated in urine samples obtained from 60 patients. 

Escherichia coli was the most frequently isolated bacteria (42% [41/98]). Six of these 

isolates were ESBL-producers, of which five were reported as resistant to trimethoprim, 
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cephalexin and amoxicillin-clavulanic acid, and one as resistant to trimethoprim and 

cephalexin. Additional susceptibility testing was performed for all six isolates, which 

were reported as susceptible to nitrofurantoin. The second most commonly isolated 

bacteria were Enterococcus faecalis (30% [29/98], of which 3 were VRE), followed by 

Staphylococcus aureus (10% [10/98], of which six were methicillin resistant). Two of the 

VRE isolates were also resistant to amoxicillin and were susceptible to nitrofurantoin.

Prophylactic use of nitrofurantoin
The most frequently prescribed dose of nitrofurantoin for UTI prophylaxis was 100 mg 

once daily (50% [24/48]), followed by the 50 mg once daily (46% [22/48]) (Table 2). 

No additional information was available about the duration of use. Among 41 female 

patients, the 50 mg once daily dose and 100 mg once daily dose were used with 

similar frequency (49% [20/41] and 46% [19/41]). Among the seven males prescribed 

nitrofurantoin for prophylaxis, 100 mg once daily was more frequently prescribed than 

50 mg once daily (71% [5/7] and 29% [2/7]).

Nitrofurantoin use in patients with renal impairment
The distribution of estimated glomerular filtration rate (eGFR) in this patient population 

is presented in Table 1. Among patients treated for a UTI, 100 mg twice daily was the 

most common daily dosage regardless of renal function, when categorised into the fol-

lowing groups: eGFR <60 mL/min, 60-89 mL/min, and ≥90 mL/min. The most common 

dosages of prophylactic nitrofurantoin varied with renal function; 50 mg daily and 100 

mg daily, respectively, for patients with an eGFR <89 mL/min, and ≥90 mL/min.

Nitrofurantoin dose adjustment for impaired renal function was mentioned in medi-

cal records for two female patients. The first patient was commenced on 100 mg four 

times daily and was changed to 100 mg twice daily in the context of an eGFR of 45 mL/

min. The second patient was started on 100 mg twice daily but changed to 50 mg twice 

daily in the setting of an eGFR of 30 mL/min.

We identified five patients with an eGFR of less than 30 mL/min, all of whom were 

prescribed nitrofurantoin for UTI treatment (Table 1). Of these five patients, three were 

prescribed 100 mg twice daily for five days, one with 100 mg four times daily for five 

days, and one with 50 mg four times daily for five days. Three of these five patients 

had bacteria isolated from a urine sample, but none of these were multidrug-resistant.

None of the patients receiving nitrofurantoin for UTI prophylaxis had an eGFR of 

less than 30 mL/min.

Nitrofurantoin use in patients at risk of complicated urinary tract infections
The patients at risk of developing a complicated UTI are described in Table 1. The three 

pregnant women in our study were all treated for seven days. The three patients with 
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table 1. Baseline patient characteristics stratified by indication for nitrofurantoin treatment.

baseline patient characteristics
nitrofurantoin prescriptions (n=151)

therapeutic (n=103) Prophylactic (n=48)

sex

 Female 71 (69%) 41 (85%)

 Male 32 (31%) 7 (15%)

Age (years)

 Median (IQR) 72 (59-84) 77 (65-85)

 Range 25 - 95 35 - 94

eGFr groups* (ml/min/1.73m2)

 < 30 5 (5%) 0 (0%)

 30-59 21 (20%) 9 (19%)

 60-89 41 (40%) 25 (52%)

 ≥ 90 24 (23%) 8 (17%)

 Unknown 12 (12%) 6 (13%)

comorbidities/medical diagnosis

Pregnancy 3 (3%) 0 (0%)

Immunosuppression 3 (3%) 0 (0%)

Diabetes Mellitus 13 (13%) 14 (29%)

Renal tract abnormalities

 Functional 10 (10%) 6 (13%)

 Structural 16 16%) 16 (33%)

Antibiotic allergy

 Amoxicillin-clavulanic acid 35 (34%) 2 (4%)

 Trimethoprim 4 (4%) 0 (0%)

 Cephalexin 4 (4%) 0 (0%)

Indications for nitrofurantoin use

 UTI prophylaxis NA 48 (100%)

 Uncomplicated UTI 58 (56%)

NA
 Complicated UTI 23 (22%)

 Asymptomatic bacteriuria 14 (14%)

 Prostatitis 2 (2%)

 Other infection/unknown* 6 (6%)

eGFR = estimated glomerular filtration rate; mL/min = millilitre/minute; IQR = inter quartile range; urinary tract 
infection (UTI)
* therapeutic treatment course used, but indication not documented.
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an impaired immune system were treated for 5 days. Among the thirteen patients with 

diabetes mellitus treated therapeutically with nitrofurantoin, five (56%) were treated for 

seven days. Six (60%) patients with functional renal tract abnormalities and nine (56%) 

patients with structural renal tract abnormalities were treated for seven days. Male 

patients were discussed above.

dIscussIon

We described the use of nitrofurantoin in three hospitals within our health service. 

The most common therapeutic dose prescribed was 100 mg twice daily for five days. 

A regimen of 100 mg twice daily for seven days was also commonly used, possibly 

because our study population contained a relatively high number of males and patients 

with comorbidities, which may place the patients at risk for a complicated UTI. The 

duration of treatment was predominantly consistent with (international) guidelines (1, 

11, 14). Nitrofurantoin was also used for the prophylaxis of UTIs despite not being 

recommended for this indication in ‘Therapeutic Guidelines: Antibiotic’ (version 15) 

during the study period (11).

The most common frequency used for treatment of UTIs was twice daily, a substantial 

departure from the Macrodantin® recommendation of four times daily (6). This differ-

ence may be explained by the fact that the ‘Therapeutic Guidelines: Antibiotic’ (version 

15) recommended 100 mg twice daily for nitrofurantoin without specifying which for-

table 2. The most frequently prescribed nitrofurantoin regimens, stratified by indication and sex.

total Females Males

therapeutic use (n=103) (n=71) (n=32)

100 mg BD 5d 23 (22%) 21 (30%) 2 (6%)

100 mg BD 7d 20 (19%) 7 (10%) 13 (41%)

100 mg QID 5d 11 (11%) 9 (13%) 2 (6%)

50 mg QID 5d 8 (8%) 8 (11%) 0

100 mg QID 7d 4 (4%) 4 (6%) 0

100 mg BD 10d 4 (4%) 4 (6%) 0

Other 33 (32%) 18 (25%) 15 (47%)

Prophylactic use (n=48) (n=41) (n=7)

100 mg daily 24 (50%) 19 (17%) 5 (71%)

50 mg daily 22 (46%) 20 (49%) 2 (29%)

50 mg BD 2 (4%) 2 (5%) 0

Percentages in parentheses correspond to the proportion of times each regimen was used for the corresponding 
group (i.e. total, female, or males). d=days, BD=twice daily, QID=four times daily.
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mulation. In contrast, the 2010 US-European guidelines also recommend 100 mg twice 

daily, but specified the Macrobid® (long-acting) formulation. There are pharmacokinetic 

differences between Macrodantin® and Macrobid®, so substituting these nitrofurantoin 

products may result in different antibiotic concentration profiles in the lower urinary tract 

(15–17). The impact of twice daily dosing of Macrodantin® on therapeutic effectiveness 

is unknown, however we did not observe major problems with relapse or recurrence in 

this study (albeit that we had limited capacity to evaluate this).

Among the patients in our cohort, the median eGFR was 74 mL/min/1.73m2 in the 

treatment group and 76 mL/min/1.73m2 in the prophylactic group, with 35 patients 

having an eGFR of <60 mL/min. While the Australian Macrodantin® product informa-

tion leaflet lists a creatinine clearance of less than 60 mL/min as a contraindication, 

the United Kingdom Medicines and Products Regulatory Agency revised this to a 

threshold eGFR of 45 mL/min/1.73m2, adding that short courses (5-7 days) may be 

used with caution in patients with an eGFR of 30 to 45 mL/min/1.73m2 in the setting 

of multidrug-resistant bacteria (6). The Australian Medicines Handbook provides the 

same recommendation (18). Patients with impaired renal function excrete less nitrofu-

rantoin in the urine so urinary concentrations may be sub-therapeutic, which could lead 

to treatment failure, the selection of nitrofurantoin-resistance, or toxicity due to higher 

plasma concentrations (19–21). In this study, eight patients with an eGFR between 30 

and 45 mL/min were treated with nitrofurantoin, one of which had a UTI caused by 

multidrug-resistant bacteria. Of five patients with an eGFR <30 mL/min treated with 

nitrofurantoin, none had a UTI caused by a multidrug-resistant bacteria. We did not 

find any evidence that the prophylactic dose was changed (or discontinued) based on 

impaired renal function. The prophylactic use of nitrofurantoin is not mentioned in the 

‘Therapeutic Guidelines: Antibiotic’ (Version 15) or the Australian Medicines Handbook 

(2019). However, it may be reasonable for a prescriber to adjust the duration of the 

prophylactic use because long term use of nitrofurantoin is associated with (severe) 

side effects (22) as side effects are more likely to occur in patients where higher plasma 

concentrations of nitrofurantoin can be expected due to slower excretion from the 

plasma to the urine compartment (16). We identified no patients with an eGFR < 30 

mL/min being treated with prophylactic nitrofurantoin in this cohort.

A new version (Version 16) of the Australian ‘Therapeutic Guidelines: Antibiotic’ was 

published after the completion of this study (23). The two first-line options for treat-

ment of uncomplicated lower UTIs are now nitrofurantoin, 100 mg four times daily for 

five days, and trimethoprim 300 mg once daily for three days (23). The nitrofurantoin 

formulation is not specified, but given Macrobid® is not available in Australia, prescrib-

ers will most likely prescribe Macrodantin®. This total daily dosage of nitrofurantoin 

(400 mg) is higher than recommended in all but one European national guideline 
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(9). A recent review of national treatments guidelines for UTIs in European countries 

highlighted the lack of clarity around optimal nitrofurantoin dosing, with recommenda-

tions ranging from 150 mg daily (50 mg 8-hourly in Norway and Sweden, and 75 mg 

12-hourly in Finland) to the one country that recommends up to 400 mg daily (Russia). 

This diversity in recommendations demonstrates the need for further research on the 

pharmacokinetics and pharmacodynamics of nitrofurantoin, and evidence regarding 

efficacy of different regimens.

We acknowledge the limitations of this study. First, our cohort comes from three hospi-

tals in one health service, and may not be generalisable to other settings in Australia. 

Second, we don’t have information about the total number of UTIs at Alfred Health 

during the study period, and therefore can’t calculate the relative frequency of nitro-

furantoin usage for the treatment of UTIs. Finally, we were not able to systematically 

collect information regarding clinical or microbiological cure from this retrospective 

audit.

conclusIons

Nitrofurantoin is considered an important antibiotic for the treatment of UTIs in the 

context of increasing multi-drug resistance. In our study, while the most common indi-

cation for nitrofurantoin use (uncomplicated lower UTIs) and treatment duration were 

consistent with national and international guidelines, the dosage frequency used was 

not correct for the formulation that is available in Australia. This study and the wide 

range of different recommendations for nitrofurantoin dosing internationally, highlight 

the need for further research into optimal nitrofurantoin dosing regimens to maximise 

efficacy while avoiding dose-dependent toxicities and the emergence of resistance.

Ethics
The study was approved by the Human Research and Ethics Committee at Alfred 

Hospital [Project Number: 577/18].

Author statement
RAW, AYP and AJS designed the study. RAW, SJC and KAC obtained the data. RAW 

analysed the data and drafted the report. All authors critically reviewed the report and 

approved the final version.

Conflicts of interest
All authors have no conflicts of interest relevant to this study.

10 Erasmus Medical Center Rotterdam



Funding
AJS is supported by an Australian National Health and Medical Research Council 

Early Career Fellowship (GNT1141398) and AYP is supported by an Australian National 

Health and Medical Research Council Practitioner Fellowship (GNT1117940).

An audit of nitrofurantoin use in three Australian hospitals 11



reFerences

 1.  Gupta K, Hooton TM, Naber KG, Wullt B, Colgan R, Miller L. 2011. International clinical 
practice guidelines for the treatment of acute uncomplicated cystitis and pyelonephritis in 
women: A 2010 update by the Infectious Diseases Society of America and the European 
Society for Microbiology and Infectious Diseases. Clin Infect Dis 52:103–120.

 2.  Shah RR, Wade G. 1989. Reappraisal of the risk/benefit of nitrofurantoin: review of toxicity 
and efficacy. Advers drug react acute poisoning rev 8:183–201.

 3.  Garau J. 2008. Other antimicrobials of interest in the era of extended-spectrum 
β-lactamases: Fosfomycin, nitrofurantoin and tigecycline. Clin Microbiol Infect 14:198–202.

 4.  FDA. 2009. Macrodantin® (nitrofurantoin macrocrystals) Capsules product information. 
https://www.accessdata.fda.gov/drugsatfda_docs/label/2009/016620s068lbl.pdf.

 5.  FDA. 2009. Macrobid® (nitrofurantoin monohydrate/macrocrystals) Capsules product 
information. https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/20064slr014_
macrobid_lbl.pdf.

 6.  PfizerAustralia. 2013. Product Information Macrodantin® capsules 50 mg and 100 mg 1–9.

 7.  FDA. 2008. Furadantin® (nitrofurantoin) Oral suspension. https://www.accessdata.fda.
gov/drugsatfda_docs/label/2009/009175s037lbl.pdf.

 8.  Bates TR, Young JM, Wu CM, Rosenberg HA. 1974. pH dependent dissolution rate of ni-
trofurantoin from commercial suspensions, tablets, and capsules. J Pharm Sci 63:643–645.

 9.  Malmros K, Huttner BD, McNulty C, Rodríguez-Baño J, Pulcini C, Tängdén T. 2019. 
Comparison of antibiotic treatment guidelines for urinary tract infections in 15 European 
countries – results of an online survey. Int J Antimicrob Agents.

 10.  Huttner A, Brossier C, von Dach E, Kowalczyk A, Godychi-Cwirko M, Babitch T, Turjeman 
A, Leibovici L, Theuretzbacher U, Mouton JW, Harbarth S. 2017. Increasing nitrofurantoin 
resistance in Escherichia coli urinary isolates in a country with over-the-counter antibiotic 
sales. Presented at: 27th European Congress on Clinical Microbiology and Infection; April 
22; Vienna, Austria.

 11.   2014. Acute cystitis. In: Antibiotic Expert Group. Therapeutic guidelines: antibiotic (Ver-
sion 15). Melbourne. Ther Guidel Ltd 419–22.

 12.  Australian Commission on Safety and Quality in Health Care (ACSQHC). 2019. AURA 
2019: third Australian report on antimicrobial use and resistance in human health. Sydney: 
ACSQHC;

 13.  Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, McLeod L, Delacqua G, 
Delacqua F, Kirby J, Duda SN. 2019. The REDCap Consortium: Building an International 
Community of Software Platform Partners. J Biomed Inform 95:103208.

 14.  Kranz J, Schmidt S, Lebert C, Schneidewind L, Mandraka F, Kunze M, Helbig S, Vahlensieck 
W, Naber K, Schmiemann G, Wagenlehner FM. 2018. The 2017 Update of the German 
Clinical Guideline on Epidemiology, Diagnostics, Therapy, Prevention, and Management 
of Uncomplicated Urinary Tract Infections in Adult Patients: Part 1. Urol Int.

12 Erasmus Medical Center Rotterdam



 15.  Mason WD, Conklin JD, Hailey FJ. 1987. Between-Lot and Within-Lot Comparisons of 
Bioavailability of Macrocrystalline Nitrofurantoin Capsules. Pharm Res An Off J Am Assoc 
Pharm Sci 4:499–503.

 16.  Wijma RA, Huttner A, Koch BCP, Mouton JW, Muller AE. 2018. Review of the pharmacoki-
netic properties of nitrofurantoin and nitroxoline. J Antimicrob Chemother 73:2916–2926.

 17.  Maier-Lenz. 1979. Comperative pharmacokinetics and relative bioavailability for different 
preparations of nitrofurantoin. Arzneimittelforschung 29:1898–1901.

 18.  Buckley N (Ed). 2019. Australian Medicines Handbook.

 19.  Felts JH, Hayes DM, Gergen JA, Toole JF. 1971. Neural, hematologic and bacteriologic 
effects of nitrofurantoin in renal insufficiency. Am J Med 51:331–339.

 20.  Sullivan JW, Bueschen AJ, Schlegel JU. 1975. Nitrofurantoin, sulfamethizole and 
cephalexin urinary concentration in unequally functioning pyelonephritic kidneys. J UROL 
114:343–347.

 21.  Sachs J, Geer T, Noell P, Kunin C. 1968. Effect of renal function on urinary recovery of orally 
administered nitrofurantoin. N Engl J Med 278:1032–5.

 22.  Muller AE, Verhaegh EM, Harbarth S, Mouton JW, Huttner A. 2016. Nitrofurantoin’s ef-
ficacy and safety as prophylaxis for urinary tract infections: A systematic review of the 
literature and meta-analysis of controlled trials. Clin Microbiol Infect 23:355–363.

 23.   2019. Urinary Tract Infections [revised 2019 Jun]. In: eTG complete [internet]. Melbourne. 
Ther Guidel Ltd June.

An audit of nitrofurantoin use in three Australian hospitals 13


