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Background.  The emergence of antimicrobial resistance in uropathogens has generated interest in the use of nitrofurantoin in 
controversial populations, such as in males and those with renal dysfunction. The purpose of this study was to compare the efficacy 
and safety of nitrofurantoin for the treatment of cystitis in males and females with variable degrees of renal dysfunction.

Methods.  A retrospective chart review was conducted in adult patients who received nitrofurantoin for acute cystitis in the 
outpatient setting. The primary outcome was clinical cure compared between males and females and across various renal function 
groups (creatinine clearances [CrCl] >60 mL/min, 30–60 mL/min, and <30 mL/min) following nitrofurantoin treatment. The sec-
ondary outcome was adverse events.

Results.  A total of 446 patients were included, with 278 females and 168 males. The overall clinical cure rate was 86.5% (95% 
CI, 83.0%–89.4%; n = 386). The clinical cure rate did not vary between genders (odds ratio [OR], 0.6; 95% CI 0.35–1.04; P = .085) 
or between patients with a CrCl >60 mL/min compared with those with CrCl 30–60 mL/min (OR, 1.01; 95% CI, 0.40–2.44; P = 1). 
The 1 patient with a CrCl <30 mL/min was not included in the analysis. A history of benign prostatic hyperplasia (OR, 0.5; 95% CI, 
0.26–0.99; P = .045) or cirrhosis (OR, 0.21; 95% CI, 0.06–0.82; P = .025) was associated with decreased odds of clinical cure. Adverse 
events occurred in 2% (n = 9) of patients.

Conclusions.  There was no statistically significant difference in clinical cure with nitrofurantoin between genders or various 
renal functions.

Keywords.   cystitis; kidney diseases; nitrofurantoin; renal insufficiency; urinary tract infections.

Nitrofurantoin is an ideal antibiotic for the treatment of cys-
titis due to its activity against gram-negative and gram-posi-
tive organisms, high urine concentrations, low resistance rates, 
and favorable side effect profile. The 2010 Infectious Diseases 
Society of America (IDSA) guidelines for the treatment of un-
complicated cystitis in females recommends nitrofurantoin as a 
first-line agent targeting Escherichia coli as the predominate uri-
nary pathogen [1]. However, evidence is lacking for the safety 
and efficacy of nitrofurantoin in treating cystitis in the male 
population.

Male urinary tract infections are often complicated by in-
strumentation, prostate enlargement, urinary stents, or renal or 
urinary stones, increasing the urinary concentrations required 
to achieve optimal antimicrobial killing [2, 3]. Therefore, prac-
titioners may be hesitant to use nitrofurantoin for the treat-
ment of cystitis in males. One retrospective study evaluated the 
safety and efficacy of nitrofurantoin for the treatment of acute 

cystitis in 485 male veterans at a single VA health care system. 
An overall clinical cure rate of 77.3% was observed, and the au-
thors identified that renal insufficiency was an independent risk 
factor for treatment ineffectiveness [2].

In addition, manufacturer labeling recommends avoiding 
nitrofurantoin in patients with creatinine clearances (CrCls) 
<60  mL/min [4]. This recommendation was based on studies 
that demonstrated that nitrofurantoin urinary concentrations 
in healthy volunteers with CrCls <60 mL/min did not reach ad-
equate levels to be effective against common urinary tract infec-
tion (UTI) pathogens after a single dose [5–8].

In 2015, the American Geriatrics Society Beers Criteria 
Update Expert Panel revised their recommendation for avoiding 
nitrofurantoin from a CrCl of <60 mL/min to a CrCl of <30 mL/
min based on 2 retrospective studies [9]. Geerts et al. compared 
clinical failure of cystitis treatment and adverse event rates be-
tween nitrofurantoin and trimethoprim in females treated in 
a primary care setting and found no difference in efficacy or 
safety between patients with an estimated glomerular filtration 
rate (eGFR) of >50 mL/min/1.73 m2 and those with an eGFR 
of 30–50  mL/min/1.73 m2. However, an eGFR of 10–29  mL/
min/1.73 m2 was associated with higher rates of pulmonary ad-
verse events requiring hospitalization. Notably, only 0.9% of pa-
tients in this study had an eGFR <50 mL/min/1.73 m2, and the 

applyparastyle “fig//caption/p[1]” parastyle “FigCapt”

mailto:caroline.pham@va.gov?subject=
https://doi.org/10.1093/ofid/ofab442
https://orcid.org/0000-0002-0243-633X


2  •  ofid  •  Welch et al

study only included females [10]. A similar retrospective study 
by Bains et al., which included predominantly females, found 
no significant difference in clinical cure or adverse event rates 
between patients with or without renal impairment [11].

The emergence of antimicrobial resistance in urinary tract 
pathogens is compelling our providers to use nitrofurantoin not 
only in males, but also in patients with renal dysfunction. To our 
knowledge, no previous studies have compared the efficacy and 
safety of nitrofurantoin for the treatment of acute cystitis be-
tween males and females, nor are there previous studies making 
a similar comparison based on variable renal function in a pop-
ulation with comparable gender proportions. The purpose of 
this study was to compare the efficacy and safety of nitrofuran-
toin for the treatment of cystitis between males and females and 
between patients with and without renal insufficiency.

METHODS

Study Design and Population

This was a single-center, retrospective chart review of male 
and female veterans treated with nitrofurantoin for acute cys-
titis in an outpatient setting at the Michael E DeBakey Veterans 
Affairs Medical Center (MEDVAMC) between May 1, 2018, 
and May 1, 2019. During the study, 94% of all E. coli urinary 
isolates at our institution were susceptible to nitrofurantoin. 
Approximately 12% of the E.  coli urinary isolates produced 
extended-spectrum beta-lactamases with 86% susceptibility to 
nitrofurantoin. Patients included were age 18  years and older 
and had received an outpatient prescription for nitrofurantoin 
macrocrystals/monohydrate at an appropriate dose with a du-
ration of 5–14 days for the treatment of acute cystitis. Patients 
with catheter-associated UTIs were also eligible for inclusion. 
Patients were excluded if they received nitrofurantoin for 
asymptomatic bacteriuria, prostatitis, pyelonephritis, chronic 
suppressive therapy, prophylaxis, or pre/postprocedural. 
Patients were also excluded if they were treated for an organism 
with resistance to nitrofurantoin or if they received concomi-
tant antibiotics with nitrofurantoin during treatment for cys-
titis. The study was approved by the Baylor College of Medicine 
Institutional Review Board and the Veterans Affairs Office of 
Research and Development.

Study Definitions

Patients were defined as having acute cystitis if they were docu-
mented as having any lower urinary tract symptoms attributed 
to cystitis or UTI or altered mental status changes with no al-
ternative diagnosis in the Computerized Patient Record System 
(CPRS). Lower urinary tract symptoms included dysuria, dif-
ficulty urinating or change in frequency of urination, new or 
worsening urinary retention, gross hematuria, suprapubic ten-
derness, or lower abdominal pain. Patients were excluded if 
the described symptoms were later attributed to an alternative 

diagnosis. Pyelonephritis was defined by the presence of sys-
temic symptoms with flank pain and/or costovertebral angle 
tenderness.

Patients who had at least 1 of the following on urinalysis 
(UA) were determined to have a positive UA: positive leukocyte 
esterase, red blood cells >2 per high-powered field (HPF), white 
blood cells >10 per HPF, or positive for bacteria. Patients with 
documented symptoms but with a corresponding negative UA 
and no growth on urine culture were not included in the anal-
ysis. However, patients who did not have a documented UA in 
the chart could still be included.

Study Outcomes

The primary outcome was clinical cure following a treatment 
course of nitrofurantoin. Rate of clinical cure was compared 
between males and females and between individuals with CrCl 
>60 mL/min, 30–60 mL/min, and <30 mL/min. Clinical cure 
was defined as treatment discontinuation after an appropriate 
course of nitrofurantoin (between 5 and 14 days) and no other 
antibiotics initiated or signs/symptoms of a urinary tract infec-
tion within 14 days of completion of treatment.

The secondary outcome was having an adverse event related 
to nitrofurantoin identified during therapy, up to 7 days after 
completion of therapy. Adverse events evaluated were gastro-
intestinal distress, headache, peripheral neuropathy, rash, acute 
pulmonary reaction, elevated liver enzymes, hepatotoxicity, he-
molytic reaction, or miscellaneous.

Data Collection

A list of patients who received a prescription for nitrofuran-
toin within the study period was generated using the Veterans 
Information Systems and Technology Architecture (VISTA) 
system. Data collected from the CPRS included age, gender, 
height, weight, prespecified comorbidities, indication for nitro-
furantoin use, urine culture isolate information, presence of a 
urinary catheter and catheter type (if applicable), antibiotic use 
during and 14  days following treatment with nitrofurantoin, 
signs and symptoms suggestive of cystitis, urinalysis, serum 
creatinine, dialysis mode and schedule (if applicable), and ad-
verse effects potentially related to nitrofurantoin use. CrCl was 
estimated using the Cockcroft-Gault formula utilizing the most 
recent serum creatinine, weight, and height values available be-
fore initiation of nitrofurantoin. Urine culture data were col-
lected, if available; however, absence of urine culture did not 
exclude patients from analysis.

Statistical Analysis

Based on previous retrospective studies, the expected incidence 
of the primary outcome was 80% in patients with CrCl >60 mL/
min and 65% in patients with CrCl ≤60 mL/min [2, 11]. Using 
the Fisher exact test, to detect an expected difference of 15% in 
the primary outcome with a power of 80% and an alpha level of 
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.05, a sample size of 326 patients was required. This included an 
expected enrollment of 233 patients with CrCl >60 mL/min and 
93 patients with CrCl ≤60 mL/min.

Descriptive statistics were used to summarize demographic 
and baseline data and reported as frequency with percentage, 
median with interquartile range (IQR), or mean with SD, as 
appropriate. Summary statistics were stratified by gender and 
compared using the Fisher exact, chi-square, Wilcoxon rank-
sum, or Student t test as appropriate. Prespecified subgroup 
analyses compared the primary outcome using the methods 
described above by dividing patients into subgroups based on 
gender and CrCl range. Independent logistic regression was 
used to measure the association between patient characteristics 
and clinical cure. Characteristics found to have a significant as-
sociation with clinical cure (P < .05) in bivariate analysis were 
included in multivariable logistic regression. Odds ratios (ORs) 
with 95% CIs were reported, and a P value <.05 was used to de-
termine statistical significance. All statistical analyses were per-
formed using JMP, version 15.1 (SAS).

RESULTS

There were 965 patients who were prescribed nitrofurantoin 
between May 1, 2018, and May 1, 2019. Of these, 446 patients 
met the inclusion criteria (Figure 1). The most common reasons 
for exclusion were lack of documented symptoms or diagnostic 

criteria attributed to acute cystitis or UTI (n = 183), treatment 
of asymptomatic bacteriuria (n = 105), receipt of antibiotic(s) 
other than nitrofurantoin during the treatment period (n = 85), 
and prescribing of nitrofurantoin as a periprocedural antibiotic 
(n = 45). All patients included in this study received the nitro-
furantoin macrocrystals/monohydrate formulation dosed at 
100 mg twice a day.

Baseline Characteristics

Patient baseline characteristics are shown in Table 1. More females 
(n = 278) than males (n = 168) were included in the study. Males 
had a greater median (IQR) age (69 [13] vs 48 [24] years; P < .001), 
lower CrCl (82.2 [37] vs 96.4 [41.2] mL/min; P < .001), and 
longer treatment duration (8.4 ± 2.4 vs 7.0 ± 1.4 days; P < .001) 
compared with females. A  majority of the patients (89.9%)  
had a CrCl >60 mL/min (n = 401), followed by 9.9% of patients 
with a CrCl between 30 and 60 mL/min (n = 44) and 1 patient 
with a CrCl <30 mL/min. The patient with a CrCl <30 mL/min 
was excluded from all efficacy analyses. No patients were re-
ceiving dialysis. There were more males than females in the 
group that had a CrCl between 30 and 60 mL/min (16.7% vs 
5.8%; P < .001).

Approximately 5.6% (n = 25) of the study population had a 
catheter, with a majority (68%, n = 17) utilizing a Foley catheter. 
Males also had higher rates of urinary catheter use compared 
with females (14.3% vs 0.4%; P < .001).

Adult patients prescribed nitrofurantoin 
from May 1, 2018, to May 1, 2019 (n = 965) 

Excluded (n = 519) 

Did not meet study criteria for cystitis/UTI (n = 183) 
Asymptomatic bacteriuria (n = 105) 
Receipt of antibiotic(s) other than nitrofurantoin (n = 85) 
Pre- or postprocedural (n = 57) 
Cultured organism resistant to nitrofurantoin (n = 45) 
Chronic suppressive therapy (n = 25) 
Nitrofurantoin >14 days (n = 16) 
Nitrofurantoin for UTI prophylaxis (n = 11) 
Nitrofurantoin <5 days (n = 7) 
Prostatitis (n = 5) 
Pyelonephritis (n = 1) 

Included for analysis (n = 446) 

Creatine clearance 
>60 mL/min (n = 401) 
30–60 mL/min (n = 44) 
<30 mL/min (n = 1) 

Gender 
Male (n = 168) 
Female (n = 278) 

Figure 1.  Flow diagram outlining inclusion and exclusion. Abbreviation: UTI, urinary tract infection.
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A urinalysis was obtained from 88.1% (n = 393) of the pa-
tients, of whom 93.1% (n = 366) had a positive UA. A urine cul-
ture was acquired from 78% (n = 348) of the total patients, of 

whom 83% (n = 289) grew at least 1 organism. The most common 
organisms documented were E.  coli (48.8%), Streptococcus sp. 
(4.6%), Staphylococcus sp. (2.9%), and Enterococcus sp. (2.9%).

Table 1.  Baseline Characteristics

Baseline Characteristics

Total Male Female

P Value (Male vs Female)(n = 446) (n = 168) (n = 278)

Age, median (IQR), y 58 (26.5) 69 (13.0) 48 (24.0) <.001*

CrCl, median (IQR), mL/min 91.4 (40.5) 82.2 (37.0) 96.4 (41.2) <.001*

Treatment duration, mean ± SD, d 7.5 ± 1.9 8.4 ± 2.4 7.0 ± 1.4 <.001*

  5 d, No. (%) 59 (13.2) 21 (12.4) 38 (13.7)  

  7 d, No. (%) 291 (65.3) 75 (44.6) 216 (77.7)  

  10 d, No. (%) 78 (17.5) 58 (34.5) 20 (7.2)  

  12 d, No. (%) 1 (0.22) 1 (0.6) 0 (0)  

  14 d, No. (%) 17 (3.8) 13 (7.7) 4 (1.4)  

CrCl range, No. (%)    .001*

  >60 mL/min 401 (89.9) 139 (82.7) 262 (94.2)  

  30–60 mL/min 44 (9.9) 28 (16.7) 16 (5.8)  

  <30 mL/min 1 (0.2) 1 (0.6) 0 (0)  

Urinary catheter use, No. (%) 25 (5.6) 24 (14.3) 1 (0.4) <.001*

  Foley 17 (3.8) 16 (9.5) 1 (0.4)  

  Condom 1 (0.2) 1 (0.6) 0 (0)  

  Intermittent/straight 6 (1.3) 6 (3.6) 0 (0)  

  Suprapubic 1 (0.2) 1 (0.6) 0 (0)  

Urinalysis, No. (%) 393 (88.1) 158 (94) 235 (84.5)  

  Positivea 366 (93.1) 151 (95.5) 215 (91.5) .189

  Negativea 27 (6.9) 7 (4.4) 20 (8.5)  

Urine culture results, No. (%)     

  Culture attained 348 (78) 134 (79.8) 214 (77)  

  Culture growthb 289 (83) 112 (83.5) 177 (82.7) .359

Culture organism, No. (%)b    –

  E. coli (total) 170 (48.8) 74 (55.2) 96 (44.9)  

  E. coli (ESBL-producing) 16 (4.6) 14 (10.4) 2 (0.9)  

  Streptococcus sp. 16 (4.6) 6 (4.5) 10 (4.7)  

  Staphylococcus sp. 10 (2.9) 4 (3.0) 6 (2.8)  

  Enterococcus sp. 12 (3.4) 9 (6.7) 3 (1.4)  

  Klebsiella sp. 14 (4.0) 5 (3.7) 9 (4.2)  

  Proteus sp. 1 (0.3) 0 (0) 1 (0.5)  

  Citrobacter sp. 3 (0.9) 0 (0) 3 (1.4)  

  Other sp.c 58 (16.7) 19 (14.2) 39 (18.2)  

Comorbidities, No. (%)     

  Spinal cord injury 6 (1.3) 4 (2.4) 2 (0.7)  

  BPH 94 (21.1) 94 (56.0) –  

  Structural urinary obstruction 4 (0.9) 3 (1.8) 1 (0.4)  

  Active cancer and/or cancer treatment 19 (4.3) 13 (7.7) 6 (2.2)  

  Receipt of agent known to cause immunosuppression 17 (3.8) 6 (3.6) 11 (4.0)  

  Autoimmune disorder 15 (3.4) 2 (1.2) 13 (4.7)  

  Active prostate cancer w/in 12 mo 8 (1.8) 8 (4.8) –  

  COPD or asthma 39 (8.7) 14 (8.3) 25 (9.0)  

  Diabetes 116 (26.0) 73 (43.5) 43 (15.5)  

  Liver disease (noncirrhotic) 19 (4.3) 4 (2.4) 15 (5.4)  

  Liver disease (cirrhotic) 10 (2.2) 6 (3.6) 4 (1.4)  

  Chronic heart failure 16 (3.6) 14 (8.3) 2 (0.7)  

Abbreviations: BPH, benign prostatic hyperplasia; COPD, chronic obstructive pulmonary disease; CrCl, creatinine clearance; ESBL, extended-spectrum beta-lactamase; IQR, interquartile 
range.

*P < .05, statistically significant.
aNo. (%) calculated from total number of patients who had a urinalysis.
bNo. (%) calculated from total number of patients who had a urine culture.
cIncludes gram-positive organisms, lactose-negative/positive gram-negative rods, Candida sp., Lactobacillus sp., Aerococcus urinae, Gardnerella vaginallis.
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Clinical Cure

The results of the clinical cure analysis are shown in Table 2. 
The overall clinical cure rate was 86.5% (95% CI, 83.0%–89.4%; 
n = 386). The odds of clinical cure did not vary between males 
and females (OR, 0.60; 95% CI, 0.35–1.04; P = .085), nor did it 
vary between patients whose CrCl was >60 mL/min and those 
whose CrCl was 30–60 mL/min (OR, 1.01; 95% CI, 0.40–2.44; 
P = 1). The group with CrCl <30 mL/min was excluded from 
analysis as it consisted of only 1 patient.

Subgroup analyses were conducted for each comparison 
based on subdivisions of gender and CrCl range. Among those 
with a CrCl >60 mL/min, the odds of clinical cure was lower in 
males than in females (OR, 0.52; 95% CI, 0.29–0.92; P = .031) 
(Table 2). The odds of clinical cure did not vary based on CrCl 
for either gender (Table 2).

Table 3 details the results of the independent and multivariable 
logistic regression analysis investigating the association be-
tween various patient-specific characteristics and clinical cure. 
According to independent regressions, the odds of clinical cure 
did not vary based on age (P = .381), CrCl (P = .797), gender 
(P = .07), or having a CrCl of 30–60  mL/min compared with 
>60 mL/min (P = .975). Various comorbidities were assessed in 
this analysis, and history of benign prostatic hyperplasia (BPH; 
OR, 0.39; 95% CI, 0.22–0.70; P = .002) or cirrhosis (OR, 0.15; 
95% CI, 0.04–0.53; P = .003) was associated with decreased 
odds of clinical cure. The use of a Foley catheter was also as-
sociated with decreased odds of clinical cure (OR, 0.2; 95% CI, 
0.07–0.54; P = .002). History of BPH, cirrhosis, and Foley cath-
eter use were all analyzed via multivariable logistical regression 
analysis, but only BPH (adjusted OR, 0.50; 95% CI, 0.26–0.99; 
P = .045) and cirrhosis (adjusted OR, 0.21; 95% CI, 0.06–0.82; 
P = .025) retained a significant association with decreased odds 
of clinical cure.

Safety Outcome

Adverse events occurred in 2% (n = 9) of patients and are pre-
sented in Table 4. Five patients experienced gastrointestinal dis-
tress, leading to nitrofurantoin discontinuation in 1 patient; 2 

patients experienced minor rashes, both leading to discontinu-
ation; and there were 2 cases of elevated liver enzymes with no 
discontinuation. The odds of having an adverse event did not 
vary based on gender or CrCl range.

DISCUSSION

The emergence of antimicrobial resistance in uropathogens 
has increased consideration of nitrofurantoin in controversial 
populations, such as in males and in those with renal dysfunc-
tion. Previous studies have demonstrated mixed results re-
garding the efficacy of nitrofurantoin in renal insufficiency, and 
studies that did not demonstrate a difference in efficacy based 
on renal function were conducted in primarily females [10, 11]. 
This study compared the efficacy and safety of nitrofurantoin 
for the treatment of acute cystitis between males and females 
and between patients with and without renal insufficiency in a 
veteran population.

In our study population, we found that age, CrCl, and the 
rate of catheter use differed significantly between males and fe-
males. Males tended to be older, have lower renal function, use 
urinary catheters more frequently, and were prescribed longer 
courses of nitrofurantoin compared with females. Despite this, 
no significant differences in the rate of clinical cure were found 
between genders or between patients with or without renal in-
sufficiency. To meet 80% power, a sample size of 326 patients 
was required, with an expected enrollment of 233 patients with 
a CrCl >60 mL/min and 93 patients with a CrCl ≤60 mL/min. 
However, enrollment of individuals with a CrCl ≤60 mL/min 
was lower than anticipated (n = 45). Therefore, our finding that 
efficacy did not vary based on renal function should be inter-
preted as hypothesis-generating due to the small sample size 
for the group with renal impairment. Also, a power calculation 
was not performed for the male and female comparison groups; 
therefore, we cannot comment on the probability of a type II 
error for this comparison.

The overall clinical cure rate (86.5%) from this study is com-
parable to previously reported cure rates with nitrofurantoin 

Table 2.  Rate of Clinical Cure by Gender and by Renal Function

Clinical Cure, No. Clinical Cure/Total (%)

 Male Female OR (95% CI) P Value

Total 139/168 (82.7) 247/278 (88.9) 0.60 (0.35–1.04) .085

CrCl >60 mL/min 113/139 (81.3) 234/262 (89.3) 0.52 (0.29–0.92) .031*

CrCl 30–60 mL/min 25/28 (89.3) 13/16 (81.3) 1.92 (0.34–11.11) .652

 Clinical Cure, No. Clinical Cure/Total (%)

 CrCl >60 mL/min CrCl 30–60 mL/min OR (95% CI) P Value

Total 347/401 (86.5) 38/44 (86.4) 1.01 (0.40–2.44) 1

Male 113/139 (81.3) 25/28 (89.3) 0.52 (0.15–1.85) .417

Female 234/262 (89.3) 13/16 (81.3) 1.93 (0.52–7.19) .401

Abbreviations: CrCl, creatinine clearance; OR, odds ratio.

*P < .05, statistically significant.
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treatment for acute cystitis ranging from 79% to 92% [12]. 
Previous studies have evaluated the efficacy of nitrofurantoin 
in mixed study populations, but patients were predominantly 

female, making it difficult to ascertain efficacy in males [10–12]. 
To our knowledge, this is the first study that has compared clin-
ical results between males and females in comparable gender 
proportions.

The subgroup analysis revealed that clinical cure in males was 
lower compared with females with a CrCl >60  mL/min. This 
may be explained by the fact that male urinary infections are 
often complicated by instrumentation, prostate enlargement, 
and renal or urinary stones. However, this subgroup analysis 
was considered an exploratory outcome, and this result should 
be interpreted with caution, as the primary comparison of 
overall clinical cure in males vs females did not demonstrate a 
significant difference.

In this study, a history of cirrhosis or BPH was associated 
with lower odds of clinical cure. BPH is associated with uri-
nary retention, renal insufficiency, the development of gross 
hematuria, bladder calculi, urinary incontinence, and recur-
rent UTIs [13, 14]. Furthermore, it is known that BPH is one 
of the most common causes of urinary tract obstruction and 
stasis predisposing to UTIs, with UTIs being more common 
in patients with BPH who are unable to empty their bladder 
completely. A review article suggests that treatment of UTIs in 
the presence of a urinary tract obstruction requires not only re-
quires effective antimicrobial therapy, but also appropriate uro-
logical intervention to remove the obstruction and repair the 
function of the urinary tract to prevent recurrent UTIs [15].

To our knowledge, this study is the first to identify a corre-
lation between treatment failure with nitrofurantoin for acute 
cystitis in patients with BPH. In comparison, a previous ret-
rospective study evaluating nitrofurantoin, pivmecillinam, or 
trimethoprim for treatment of cystitis in males found that the 
presence of BPH was not associated with a difference in rates 
of a new antibiotic prescription requirement or relapse of in-
fection within 3 months following an initial treatment course. 
Efficacy outcomes were also similar between patients with a his-
tory of BPH receiving nitrofurantoin and pivmecillinam [16]. 
We did not identify any other publications reporting outcomes 
regarding the efficacy of nitrofurantoin vs other antibiotics in 
individuals with BPH.

It is known that cirrhosis is associated with immune dys-
function, increased risk of bacterial infections, and worse out-
comes associated with infections. UTIs have been reported as 
the second most common bacterial infection in patients with 
cirrhosis, with a frequency about twice that of matched controls 

Table 4.  Rate of Adverse Events by Gender and Renal Function

Adverse Events, No. AE/Total (%) OR (95% CI) P Value

Male Female   

4/168 (2.4) 5/278 (1.8) 1.33 (0.35–5.00) .734

CrCl >60 mL/min CrCl 30–60 mL/min   

7/401 (1.8) 2/44 (4.6) 0.37 (0.075–1.85) .221
Abbreviations: AE, adverse events; CrCl, creatinine clearance; OR, odds ratio. 

Table 3.  Independent and Multivariable Regression Analysis of Clinical 
Cure

Bivariate Analysis
Multivariable 

Analysis

Characteristic
OR of Clinical 
Cure (95% CI) P Value

Adjusted OR 
(95% CI)

P 
Value

Age, y 1.01 (0.99–
1.02)a

.381   

CrCl, mL/min 1.00 (0.99–
1.01)a

.797   

Treatment duration, d 1.07 (0.94–
1.22)a

.303   

Male 0.60 (0.35–
1.03)

.070   

CrCl range 30–60 mL/min 1.01 (0.41–
2.51)

.975   

Urinary catheter     

  No catheter 4.06 (1.70–
9.69)

.002*   

  Foley catheter 0.20 (0.07–
0.54)

.002* 0.41 (0.13–
1.31)

.135

  Non-Foley catheter 0.41 (0.08–
2.10)

.289   

Complicated cystitis 0.72 (0.42–
1.25)

.242   

Obstructing renal calculi 0.15 (0.01–
2.50)

.188   

Spinal cord injury 0.78 (0.09–
6.83)

.826   

History of BPH 0.39 (0.22–
0.70)

.002* 0.50 (0.26–
0.99)

.045*

Structural urinary obstruction 0.46 (0.05–
4.54)

.510   

Active cancer and/or active 
cancer treatment

0.57 (0.18–
1.77)

.329   

Receipt of agent known to 
cause immunosuppressionb

0.71 (0.20–
2.57)

.610   

Autoimmune disorder 0.61 (0.17–
2.24)

.460   

Active prostate cancer within 
12 mo

0.46 (0.09–
2.33)

.348   

COPD or asthma 0.69 (0.29–
1.63)

.395   

Diabetes 0.72 (0.40–
1.30)

.275   

Liver disease     

  No liver disease 1.75 (0.68–
4.50)

.243   

  Noncirrhotic 2.68 (0.35–
20.52)

.341   

  Cirrhotic 0.15 (0.04–
0.53)

.003* 0.21 (0.06–
0.82)

.025*

Chronic heart failure 0.67 (0.18–
2.41)

.535   

Abbreviations: BPH, benign prostatic hyperplasia; COPD, chronic obstructive pulmonary 
disease; CrCl, creatinine clearance.

*P < .05, statistically significant.
aPer unit change.
bDuring the previous 6 months.
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[17]. We did not identify any studies evaluating the efficacy of 
nitrofurantoin for the treatment of UTIs in patients with cir-
rhosis, nor is there a known physiological mechanism for de-
creased efficacy of nitrofurantoin in patients with liver disease. 
However, its use is contraindicated in patients with a history 
of nitrofurantoin-induced cholestatic jaundice or hepatic dys-
function [4, 18, 19].

Clinical cure was assessed at a follow-up of 14  days to de-
crease the likelihood that patients were experiencing a rein-
fection or recurrence of infection vs true failure of treatment. 
Unfortunately, we did not assess whether patients had a history 
of urinary retention, incomplete bladder emptying, or recurrent 
UTIs, which could have helped to further refine contributing 
factors to treatment failure.

Adverse events were infrequent (2%) and did not vary based 
on gender or CrCl, but were comparable to previous observa-
tional studies [2, 10, 12]. Our rates are lower than the 5%–16% 
cited across randomized controlled studies [12]. This is partially 
explained by the higher risk of reporting bias with retrospective 
studies vs randomized trials.

In addition to the limitations previously addressed, the ret-
rospective nature of our study means that it is associated with a 
high risk of reporting bias due to lack of documentation of signs 
and symptoms of UTI, adverse events, return of UTI symp-
toms, alternative diagnoses for lower urinary symptoms, early 
discontinuation of therapy by patients, and lack of follow-up. 
Per chart review, we could assess whether a patient was pre-
scribed nitrofurantoin, but we could not assess completion of 
treatment. Another major limitation is that 22% of patients did 
not have an associated urine culture; therefore, these patients 
were being treated empirically. As this study was conducted in 
an outpatient setting, providers may not always order a urine 
culture, or patients did not always provide urine samples for 
cultures as ordered. However, all patients included in our anal-
ysis without a urine culture had a positive UA with associated 
urinary symptoms. Additionally, organisms identified in cul-
tures within our study aligned with previous results from a large 
epidemiological study of 40  618 community-acquired UTIs. 
Overall, culture results from Laupland and colleagues revealed 
similar distributions compared with our study of E. coli (74.2% 
vs 48.8%), Klebsiella spp. (7.1% vs 4%), Enterococcus spp. (5.3% 
vs 3.4%), Streptococcus spp. (3.7% vs 4.6%), and Staphylococcus 
spp. (2.1% vs 2.9%) [20]. Also, culture susceptibility testing at 
our facility did not always include testing for all relevant anti-
biotics. For example, susceptibility testing for nitrofurantoin is 
not routinely performed for Enterococcus sp., Staphylococcus sp., 
or Streptococcus sp. Thus, we cannot exclude the possibility of 
other resistant organisms contributing to treatment failure. The 
timing of acquisition of urine culture relative to the initiation of 
nitrofurantoin was not recorded. Therefore, we cannot exclude 
the possibility of patients receiving 1 or more doses of nitrofur-
antoin before acquisition of urine culture, which may explain 

the obtained urine cultures that had no growth (17%; n = 59). 
Additionally, the calculated CrCl utilized was dependent on the 
frequency of laboratory and vital assessment, and thus may not 
always reflect the true renal function of patients at the time of 
treatment.

Regarding the strengths of this study, we assessed patients 
with a wide age range and balanced gender proportions, which 
resulted in a more diverse population than assessed in previous 
similar studies. Also, the Department of Veterans Affairs is an 
integrated health care system that uses a common electronic 
health record across all facilities. Investigations in a VA popula-
tion therefore offer the advantage of a presumably high rate of 
follow-up and thus relatively complete documentation within 
the available health record.

CONCLUSIONS

There was no statistically significant difference in clinical cure 
with nitrofurantoin between genders and various renal impair-
ments. Subgroup analysis revealed lower efficacy in males vs fe-
males in patients with CrCl >60 mL/min. In addition, history of 
cirrhosis or BPH was associated with decreased efficacy. This 
study adds to the growing body of literature suggesting that 
renal dysfunction with a CrCl of 30–60 mL/min may not carry 
the risk of treatment failure and adverse effects previously as-
sociated with nitrofurantoin, but larger randomized trials are 
needed to confirm these results.
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