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An increase in fluoroquinolone resistance and transrectal ultrasound-guided prostate (TRUS) biopsy infections has prompted
the need for alternative effective antibiotic prophylaxis. We aimed to compare ciprofloxacin and other single-agent therapies to
combination therapy for efficacy and adverse effects. Men who underwent a TRUS biopsy within the VA Boston health care sys-
tem with documented receipt of prophylactic antibiotics periprocedure were eligible for inclusion. Postprocedure infections
within 30 days were ascertained by chart review from electronic records, including any inpatient, outpatient, or urgent-care vis-
its. Among 455 evaluable men over a 3-year period, there were 25 infections (5.49%), with sepsis occurring in 2.4%, urinary tract
infections (UTI) in 1.54%, and bacteremia in 0.44% of patients. Escherichia coli was the most common urine (89%) and blood
(92%) pathogen, with fluoroquinolone resistance rates of 88% and 91%, respectively. Ciprofloxacin alone was associated with
significantly more infections than ciprofloxacin plus an additional agent (P � 0.014). Intramuscular gentamicin alone was also
significantly associated with a higher infection rate obtained with all other regimens (P � 0.004). Any single-agent regimen, in-
cluding ciprofloxacin, ceftriaxone, or gentamicin, was associated with significantly higher infection rates than any combination
regimen (odds ratio [OR], 4; 95% confidence interval [CI], 1.47, 10.85; P � 0.004). Diabetes, immunosuppressive condition or
medication, hospitalization within the previous year, and UTI within the previous 6 months were not associated with infection
risk. Clostridium difficile infections were similar. These findings suggest that ciprofloxacin, ceftriaxone, and gentamicin alone
are inferior to a combination regimen. Institutions with high failure rates of prophylaxis for TRUS biopsies should consider
combination regimens derived from their local data.

Atransrectal ultrasound-guided prostate biopsy (TRUS-
guided prostate biopsy) is the most commonly used tech-

nique to diagnose prostate cancer (1). The most common com-
plication of TRUS biopsies is infection, specifically urinary
tract infection (UTI), bacteremia, and septicemia. Therefore,
antibiotic prophylaxis is standard practice prior to the proce-
dure to prevent postbiopsy infections. The American Urologi-
cal Association (AUA) recommends single-agent prophylaxis
with fluoroquinolones (FQs) or cephalosporins (drugs of choice) or
trimethoprim-sulfamethoxazole or aminoglycosides (alternatives)
for periprocedure prophylaxis. Fluoroquinolones, specifically cipro-
floxacin, are most commonly used due to their broad spectrum of
activity, oral administration, good penetration to the prostate gland,
and long-lasting activity (2).

The most common organism responsible for post-TRUS bi-
opsy infection complications is Escherichia coli (3). Unfortunately,
fluoroquinolone resistance among E. coli organisms is increasing,
with reported rates as high as 22% in patients undergoing a uro-
logical procedure (4). A recent study showed the rate of postpro-
cedure infection after TRUS biopsy to be 2.65% and on an upward
trend from 2006 to 2010 (5). Based on these data and other studies
of alternative prophylactic regimens, the preferred prophylactic
regimen at our institution was changed from ciprofloxacin to cip-
rofloxacin plus cefpodoxime in late 2012.

Previous studies have compared different prophylaxis regi-
mens for TRUS biopsy, mostly comparing ciprofloxacin to an-
other single agent. One study evaluated the addition of genta-
micin as a second agent to standard ciprofloxacin and found a
reduced postprocedure hospitalization rate (6). However, no
study has evaluated a general strategy of single-agent- versus

combination-based therapy. The risks of using a two-drug reg-
imen includes increased rates of adverse effects and an increase
in cost. Therefore, we sought to evaluate the comparative ef-
fectiveness of single-agent therapy and combination therapy
for reduction in postbiopsy infection rates.

MATERIALS AND METHODS
We conducted a retrospective cohort study of patients who underwent a
TRUS biopsy within the VA Boston Healthcare System between January
2011 and October 2013. All patients receive periprocedure prophylactic
antibiotics as the standard of care. Patients who had documentation of
taking the prescribed regimen were eligible for inclusion. Patients were
excluded if they underwent a simultaneous procedure at the time of pros-
tate biopsy, such as bladder endoscopy, if they did not have clear docu-
mentation of antibiotics received, or if the procedure was not completed.
The Veterans Administration (VA) institutional review board approved
the study protocol.

The primary objective was to compare the rates of infection-related
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complications in patients receiving ciprofloxacin and in those receiving
alternative regimens, such as ciprofloxacin plus a cephalosporin or a
non-FQ regimen. Assessment for an infection-related complication was
limited to 30 days postprocedure to accurately include only those patients
with a procedure-related event. Infection-related complications included
symptomatic UTI with fever, bacteremia, or sepsis. UTI with fever was
defined as bacteriuria postprocedure associated with clinical signs of UTI
(dysuria, frequency, and urgency) and a temperature of �38°C. Bactere-
mia was defined as the presence of bacteria in the blood culture, irrespec-
tive of clinical signs. Sepsis was defined as systemic inflammatory response
syndrome (SIRS) caused by infection (SIRS is defined as two or more of
the following: temperature of �38°C [centigrade] or less than 36°C, heart
rate more than 90 beats/minute, respiratory rate more than 20 breaths/
minute or respiratory alkalosis, white blood cell count more than 12,000,
or immature forms more than 4,000 or more than 10%) (2).

Baseline demographic data (age and race), clinical data (diabetes, im-
munosuppressive condition, or medications), and information regarding
hospitalization within the previous year, antibiotic use within the previ-
ous 6 months, UTI within the previous year (symptoms plus a positive
culture), antibiotics received prior to the procedure and infection post-
procedure, adverse drug effects, and episodes of Clostridium difficile in-
fection within 30 days of the procedure were collected by manual review of
the electronic medical record. If a patient was admitted to the hospital for
an infection, blood and urine culture data with pathogen and sensitivities,
antibiotics received, and discharge diagnosis were collected utilizing man-
ual chart review. Data for patients admitted to outside hospitals were
available through a non-VA care progress note that is routinely entered by
a nurse.

The statistical analyses were conducted in JMP (version 12; JMP, Cary,
NC). Multivariate analyses were performed using logistic regression with
infection as the primary outcome. Covariates were determined by their
univariate significance. We hypothesized that the incidence of infection
with alternative combination regimens would be 1%, compared to 5 to
10% with ciprofloxacin alone; thus, for 80% power with an � of 0.05, a
range of 200 to 570 patients were needed.

RESULTS

A total of 487 subjects were evaluated during the study period (Fig.
1). Of these men, 22 were excluded because of undergoing con-
current bladder procedures, 7 had insufficient antibiotic docu-
mentation, and 3 did not complete the procedure. The character-
istics of the 455 included subjects are shown in Table 1. The mean
age was 65 years, the majority were Caucasian, and almost half had
undergone prostate biopsy previously. Among the 455 men in-
cluded in the study cohort, almost half (200, 43.9%) received
ciprofloxacin alone, 182 received ciprofloxacin plus cefpodoxime,
and the remaining 73 received another regimen. The other regi-
mens included ceftriaxone alone (6), intramuscular (i.m.) genta-
micin alone (29), or combination regimens. As expected based on
the institutional policy change, the use of a combination regimen
was more common in years 2 and 3 than in year 1 of the study.

There were a total of 25 infections (5.49%) in the study cohort,
with sepsis occurring in 2.4%, UTI in 1.54%, and bacteremia in
0.44% of patients. E. coli was the most common blood (92%) and
urine (89%) pathogen, with fluoroquinolone resistance rates of
91% and 88%, respectively. Fluoroquinolone resistance among E.
coli isolates in general at our institution during the study period
was approximately 25%. Klebsiella was the only other pathogen
isolated. All patients who developed an infection-related compli-
cation presented to the hospital within 3 days of their procedure.

There were significantly more infections in the ciprofloxacin
group (15 [7.5%]) than in the group receiving dual therapy with
ciprofloxacin plus cefpodoxime (2 [1.1%]) (OR, 7.29; 95% CI,
1.65 to 32.37; P � 0.002) (Fig. 1). There were also significantly
more infections with ciprofloxacin alone than there were with
ciprofloxacin plus any additional agent (5 [2.3%]) (P � 0.014).
Patients given intramuscular gentamicin alone had significantly
more infections (5/29 [17.2%]) than did those receiving any alter-
native regimen (20/426 [4.69%]) (odds ratio [OR], 4.23; 95%
confidence interval [CI], 1.5 to 12.2; P � 0.004). Ciprofloxacin
alone was associated with a statistical trend for fewer infections
than observed with gentamicin alone (OR, 0.39; 95% CI, 0.13 to
1.17; P � 0.08).

In univariate analyses, the rates of infection were not signifi-
cantly different among patients who were hospitalized or had UTI

FIG 1 Flow chart of study participants and risk of infections post-TRUS bi-
opsy based on antibiotic regimen.

TABLE 1 Characteristics of the study cohort

Patient characteristic
Total no. of patients
(n � 455)

Age (mean; yrs) 65

Race
Caucasian (%) 86.9
African American (%) 9.4

Diabetes mellitus (%) 20.7
Immunosuppressive medication or disease (%) 8.1
Hospitalization within the previous 1 yr (%) 21.9
Antibiotic use within the previous 6 mo (%) 21.2
UTI within the previous 1 yr (%) 4.7
History of prior biopsy (%) 41.8

Periprocedure prophylaxis regimen
Ciprofloxacin 200
Ciprofloxacin plus cefpodoxime 182
Other regimen 73
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in the past year and those who did not. In addition, diabetes,
immunocompromising medications or disease, and previous bi-
opsy were not found to be significantly associated with postbiopsy
infection risk. The rate of infection was 3-fold higher in 2011-2012
than in 2013, 6.8% versus 2.3% (P � 0.06).

In multivariate analyses, year of infection was no longer
significantly associated with infection risk after accounting for
a single-agent versus combination antibiotic regimen. Use of
any single-agent regimen, including ciprofloxacin, ceftriaxone,
or i.m. gentamicin, was associated with significantly higher in-
fection rates than obtained with any combination regimen
(OR, 4.0; 95% CI, 1.47 to 10.85; P � 0.004), independent of
UTI history and year of study.

There were no drug-related adverse events in any of the treat-
ment groups. There was one episode of C. difficile infection in a
patient who received combination therapy (1/220 [0.5%]) with
ciprofloxacin and cefpodoxime and none in the single-agent treat-
ment group (0/235 [0%]), for a nonsignificant difference of 0.5%
between groups.

DISCUSSION

Prostate biopsy-related infections are largely preventable events if
appropriate and active antimicrobial prophylaxis is utilized. This
has become more challenging with increasing rates of multidrug-
resistant Gram-negative organisms. Designing a regimen that is
safe, effective, and easily deliverable to an outpatient population
and that minimizes unnecessary antimicrobial exposure requires
consideration of two-drug regimens rather than the traditional
single-agent prophylaxis that has been the standard of care. The
data presented here support the use of a combination regimen in
terms of both efficacy and safety. In fact, the two single-agent
regimens recommended by the AUA were both significantly asso-
ciated with inferior outcomes. The use of any combination anti-
biotic regimen was highly protective and demonstrated a 75%
reduction in infection rate compared to those obtained with
ciprofloxacin or i.m. gentamicin or ceftriaxone alone. Impor-
tantly, there were no drug-related adverse events in either group,
and no significant difference in C. difficile rates between the
groups.

The optimal combination regimen likely varies by institutional
rates and patterns of Gram-negative resistance and is not some-
thing we were able to further tease out from our data. The majority
of patients in our study received a fluoroquinolone with a beta-
lactam because that was the regimen we recommended after re-
view of microbiology and breakthrough infections that occurred
when ciprofloxacin alone was the primary regimen. Use of peri-
rectal swabs to determine optimal prophylaxis is another ap-
proach that experts have proposed, but the logistics of obtaining
swabs and results prior to the procedure were not deemed feasible
at our institution, particularly with a large number of outside re-
ferrals that present on the day of the procedure. Thus, combina-
tion therapy may be an approach other facilities could utilize if
faced with similar logistical problems determining preprocedural

rectal flora. Assessing individual risk factors, such as recent hos-
pitalization or previous biopsy, may also be useful in identifying
patients at higher risk of infection (7, 8, 9).

Our study is limited by being performed in a single institution,
although the patient population represents the entire New Eng-
land region since our VA facility is a referral center for this proce-
dure. The retrospective design can be biased by unmeasured con-
founders. In addition, although the VA electronic medical record
is very robust, we may have missed events occurring at non-VA
facilities. Finally, although our study was well-powered for our
primary outcome, the power for secondary analyses on risk factors
for infection and adverse events may be limited and warrant fur-
ther evaluation.

In conclusion, this 3-year study of more than 450 patients
demonstrates that combination therapy is associated with reduced
post-TRUS biopsy infections compared to those obtained with
single-drug therapy, with no difference in adverse effects. With
increasing reports of failures of standard prophylaxis, this general
strategy may be helpful in reducing a costly and potentially life-
threatening adverse outcome (7).
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