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Preface 

This monograph gives an excellent review of the issue of antimicrobial prophylaxis in urol­
ogy and the use of the new fluoroquinolones in urology. The development of the fluoro­
quinolones has had a profound effect in urology, specifically because of the unique phar­
macokinetics of the fluoroquinolones with their two or more pK values, making concen­
tration of these compounds possible in the prostate. Their wide spectra against infecting 
organisms causing infections in the urinary tract have also made them popular and almost 
ideal in the treatment of urinary tract infections. 

This thesis summarizes in an concise way and brings up to date practically all our know­
ledge concerning the use of fluoroquinolones in urology. The chapter on antimicrobial 
prophylaxis covers our present knowledge completely, especially concerning the use of 
these drugs in antimicrobial prophylaxis in transurethral surgery. 

September 1992 PaulO. Madsen 
Madison, Wisconsin, USA 
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I. Introduction 

LL Author's Publications Referred to in Text 

This thesis is based on the following articles, referred to in the text by Roman numerals: 

I. Gasser, T. c., Larsen, E. H., Dorflinger, T., Madsen, P.O.: The influence of various 
body fluids and pH on E. coli MIC of quinolone derivatives. In: Weidner W (ed). 
Therapy of Prostatitis. Zuckschwerdt Verlag, Miinchen, 50-53, 1986. 

II. Gasser, T. C., Graversen, P. H., Larsen, E. H., Dorflinger, T.: Quinolone penetra­
tion into canine vaginal and urethral secretions. Scand. J. Urol. Nephrol. 104 
(suppl): 101-105, 1987. 

III. Gasser, T. c., Graversen, P. H., Madsen, P. 0.: Fleroxacin (Ro 23-6240) distribution 
in canine prostatic tissue and fluids. Antimicrob. Agents Chemother. 31: 1010-1013, 
1987. 

rv. Gasser, T. C., Graversen, P. H., Larsen, E. H., Madsen, P.O.: Vergleichende Phar­
makokinetik in der Prostata. In: Paul Ehrlich Gesellschaft (Naber KG, Adam D., 
Grobecker H., Hrsg.). Gyrase Hemmer II. Fortschritte der antimikrobiellen und 
antineoplastischen Chemotherapie. Futuramed Verlag, Miinchen, Band 6-10, 2027-
2032,1987. 

V. Gasser, T. c., Ebert, S. C., Graversen, P. H., Madsen, P. 0.: Ciprofloxacin phar­
macokinetics in patients with normal and impaired renal function. Antimicrob. 
Agents Chemother. 31: 709-712, 1987. 

VI. Gasser, T. c., Graversen, P. H., Madsen, P.O.: Treatment of complicated urinary 
tract infections with ciprofloxacin. Am. J. Med. 82 (suppI4A): 278-279, 1987. 

VII. Gasser, T. C., Madsen, P.O.: Antimicrobial prophylaxis in urology: TIming, dosing, 
and duration studies with special reference to high-risk conditions (unpublished). 

L2. Historical Background 

Since the discovery of sulfa in the 1930's and penicillin in the 1940's, an enormous number 
of antimicrobials have been developed. Drugs, such as tetracyclines and cephalosporins, 
considerably improved the armory to fight bacterial infections. In the 1980's, one group of 
particularly interesting antimicrobials was introduced: the fluoroquinolones. They were 
developed from long known quinolones such as nalidixic acid, oxolinic acid, pipemidic 
acid, and cinoxacin. The fluorination of the molecule improved the antibacterial activity 
greatly (Hooper and Wolfson, 1991). As quinolones have been found to reach high tissue 
concentrations in genitourinary organs and have a very broad antibacterial spectrum, they 
have been successfully used to treat infections of the urinary tract (Nielsen and Madsen, 
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1989). For these reasons, quinolones appear to be suitable for prophylactic purposes in 
urology. However, as the benefit of antimicrobial prophylaxis in urology is highly disputed 
and different from any other area in medicine, a discussion of the role of quinolones with 
respect to antimicrobial prophylaxis seems warranted. 

Antimicrobial agents have been used for prophylactic purposes for many years. But 
despite high expectations, early reports showed no benefit of antimicrobial prophylaxis 
(McKittrik and Wheelock, 1954). Some authors even found detrimental effects of 
prophylaxis, either owing to selection of resistant bacteria without reducing the number of 
infections (Sanchez-Ubeda et aI., 1958), or to higher infection rates in the treatment group 
(National Research Council, 1964). It was only in 1961 when Burke's pioneer work pro­
vided the first scientific basis for rational use of prophylactic antimicrobials (Burke, 1961). 
He was able to show in a study of guinea pigs that infections of dermal lesions and experi­
mental incisions could be prevented by antimicrobial agents. Most importantly, however, 
he found that antimicrobial agents had to be given before and no later than 3 hours after 
the incision. This finding led to change of the then accepted practice of administering the 
antimicrobial at termination of the operation. 

L3. Problems of Antimicrobial Prophylaxis in Urology 

Since Burke's work, many clinical studies have proven the efficacy of antimicrobial 
prophylaxis in many surgical fields (Kaiser, 1986). The need for antimicrobial prophylaxis 
is undisputed for many operations and clinical conditions. Such conditions include opera­
tions with a high risk of infection, e.g., colonic surgery, or those in which infection causes 
high mortality (cardiac or vascular surgery), or serious morbidity (orthopedic surgery) 
(Guglielmo et aI., 1983; Kaiser, 1986). 

However, in urologic surgery, particularly transurethral surgery, much controversy 
remains as to the benefit of prophylactic administration of antimicrobials (Gasser et aI., 
1987; Grabe, 1987; Kaiser, 1986). 

There may be various reasons for this controversy. First, Burke's work may only have li­
mited applications in urology. Caution should be used when translating results of animal 
experiments to clinical situations. Burke's experiments were carried out in dermal lesions 
with Gram-positive organisms, whereas Gram-negative organisms are primarily encoun­
tered in clinical urology. While some authors have found no difference in infection rate be­
tween prophylactic and placebo groups (Ferrie and Scott, 1984; Qvist et aI., 1984; Haver­
kom, 1984), others have reported significant reductions in urinary tract infections and bac­
teremia in the treatment group (Prokocimer et aI., 1986; Nielsen et aI., 1981; Dorflinger 
and Madsen, 1984). Secondly, the efficacy of antimicrobial prophylaxis in urologic surgery 
is difficult to assess, as there are no clear definitions of postoperative infections such as 
wound infections or infection of a prosthesis. The definition of significant bacteriuria has 
been debated and appears to be lOZ colony-forming units (CFU)/ml in catheterized pa­
tients, rather than the traditional level of 105 CFU/ml (Stark and Maki, 1984; see also chap­
ter 2.1.1). Thirdly, many of the complications are minor and therefore, may be treated as 
they occur. Some urologists feel that it is safer to treat a urinary tract infection when it 
occurs according to the infecting organism than to administer antimicrobials to every 
patient. 

Therefore, a review of the various aspects of antimicrobial prophylaxis in urologic 
surgery seems to be warranted. 
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II. General Considerations 

2.1. Definitions 

Infectious complications after urologic surgery usually follow a two-step pattern. The first 
step in urinary tract infection takes the form of a simple bladder infection. This may be 
symptomatic or asymptomatic, and the treatment is usually very effective. However, the 
infections secondary to this initial infection (in the form of bacteremia, septicemia, 
pyelonephritis, and wound infection) represent the real dangers to the patient. The two­
step pattern is emphasized because patients with preoperatively infected urine have a 
much higher risk of acquiring a secondary infection. The incidence of infection is highly in­
fluenced by factors such as sex, age, type of instrumentation of the urinary tract, and gen­
eral health condition. Because of wide inconsistencies in the literature, definitions and 
subsequent incidence of these infections are briefly discussed. 

2.1.1. Bacteriuria and urinary tract infections 

The term "bacteriuria" denotes the fact that any number of bacteria are found in the urine. 
Bacteriuria may be symptomatic or asymptomatic. If asymptomatic, the term "coloniza­
tion" may be used. If symptoms are present, the term "urinary tract infection" (UTI) 
should be applied. The most often agreed upon level of significant bacteriuria is > 105 

CFU/ml urine. This definition is based on studies by Kass, who found that women with 
> 105 CFU/ml in a clean voided urine specimen had a 80 % chance of having a true blad­
der infection (Kass, 1960). Colony counts of < 105 were considered contamination. How­
ever, newer studies indicate that the level of significant bacteriuria is considerably lower. 
One study of 122 catheterized patients found that a bacterial count of 103 CFU/ml was as­
sociated with pathological sequelae (Gordon et aI., 1983). Another study reported that 
colony counts as low as 10Z may represent an early stage of UTI (Stark and Maki, 1984). In 
this study, 96 % of patients with low-count bacteriuria developed UTI, usually within 
three days. On the other hand, when obtaining urine by suprapubic puncture, any bacteria 
detected aroconsidered pathological. Unlike midstream urine (risk of contamination) and 
catheter urine (risk of introducing bacteria from the external meatus into the bladder), 
suprapubic puncture virtually assures no risk of false-positive results. 

2.1.2. Bacteremia and septicemia 

The terms "bacteremia", "septicemia", and "sepsis" are often used synonymously in the 
literature. Similar to bacteriuria, it is suggested that the presence of bacteria in the 
bloodstream be named "bacteremia", and symptomatic bacteremia should be named 
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"septicemia. ". Howeyer, any number of bacteria in the blood is considered pathological, 
as bacteremia is often transient (Biorn et al., 1950). Bacteremia following manipulation of 
the urinary tract occurs in up to 30 % of patients (Sullivan et aI., 1973). Sullivan found that 
patients with preoperative indwelling catheter and UTI represented particular high-risk 
conditions with positive blood cultures in 50 % and 67 % , respectively. The secondary na­
ture of bacteremia is illustrated by the finding that in 83 % of 221 bacteremic hospital-ac­
quired infections, the same microorganisms were isolated from cultures of blood and urine 
(Bryan and Reynolds, 1984). Therefore, it is generally agreed that a UTI should be treated 
prior to any urologic operation (Kaiser, 1986). 

2.1.3. Nosocomial infections 

Nosocomial or hospital-acquired infections have been estimated in at least 5 % of patients 
admitted to hospitals in the U.S.A. (Haleyet aI., 1985b). More than 40 % of these infec­
tions are attributed to the urinary tract. An indwelling catheter in place for more than 3 
days represents a major risk factor for nosocomial bacteremia (Trilla et al., 1991). Other 
major sites include surgical wounds (24 %), respiratory tract (10 %), blood (5 %), and 
other sites (19 %). Approximately 1 % of nosocomial UTI result in bacteremia, and 10 % 
of these are fatal (Stamm et aI., 1977). In one study, the acquisition of a nosocomial UTI 
was associated with a threefold increase in hospital mortality (Platt et aI., 1982). As illus­
trated in Table 1, about 75 % of nosocomial UTIs are due to Gram-negative bacteria. In a 
hospital setting, Escherichia coli accounts for approximately 50 % of these bacteriurias, 
followed by Proteus, Pseudomonas, Klebsiella, Enterobacter and Serratia. The remaining 
25 % is largely due to Gram-positive organisms such as Streptococcus and Staphylococ­
cus. Within the last decade, an increasing number of infections have been caused by more 
troublesome organisms such as Pseudomonas, Klebsiella, Serratia, Gram-positive cocci, 
and even Candida species (Krieger et aI., 1983). 

Thble L Distribution of infecting organisms in 1,276 males undergoing transurethral resection of the 
prostate (TURP) at the Veterans Administration Hospital, Madison, WI (Nielsen et aI., 1981) 

Infecting Organism 

Eschen'chia coli 
Proteus mirabilis 
Streptococcus 
Pseudomonas 
Klebsiella 
Staphylococcus 
Indole-positive Proteus 
Enterobacter 
Citrobacter 
Serratia 
Providencia 

4 

Percentage With Infection 

35.6 
13.4 
12.6 
10.8 
9.0 
8.9 
3.8 
2.7 
1.6 
0.9 
0.7 



2.1.4. Wound infections 

Wound infections may be primary due to contamination at the site of incision or secondary 
through a remote infection such as UTI. The reported overall rate of wound infections in 
urologic patients has ranged from 2.3 % to 9.2 % (Cruse et al., 1980; Edwards, 1976). This 
is highly dependent on the type of surgery and degree of contamination of the wound. The 
National Research Council has created a classification of wounds and corresponding infec­
tion rates (National Research Council, 1964). According to this classification, Cruse 
studied more than 62,000 surgical wounds and found a "clean wound" infection rate of 
1.5 % compared to a "dirty wound" rate of 40 % (Table 2) (Cruse et al., 1980). 

While the benefit of antimicrobial prophylaxis in dirty wounds is undisputed, recent 
studies have also demonstrated reduced infection rates for clean operations like hernior­
rhaphy and certain types of breast surgery if antimicrobial prophylaxis is used (Platt et al., 
1990). The importance of a remote infection has been stressed by Edwards who reported 
that the wound infection rate increased 2.7 to 5.3 times in patients with a secondary focus 
(Edwards, 1976). Among 1,865 patients with wound infections, he found a 61 % incidence 
of associated remote infections, the most frequent sites being the urinary tract (30 %), 
lower respiratory tract (25 %), gastrointestinal tract (11 %), and blood (9 %). 

2.2. Pathophysiology of Infection 

By administering antimicrobials prophylactically, prevention of possible or likely infection 
is attempted. This has to be clearly distinguished from therapy whereby infection has al­
ready occurred and is to be eradicated. Any operation causes a disruption of the natural 
barrier between a normally sterile tissue and the non sterile environment. In the case of an 

Thble 2. Classification of wounds (National Research Council, 1964; Cruse et aI., 1980) 

Classification 

Clean 

Clean contaminated 

Contaminated 

Dirty 

Overrui 

Definition 

No infection encountered, 
no break in aseptic 
technique, no hollow 
muscular organ opened 

Hollow muscular organ 
opened,butminhnru 
spillage of contents 

Hollow muscular organ 
opened, gross spillage 
of contents or acute 
inflammation, major break 
in aseptic technique , 

Pus encountered at operation 
or a perforated viscus found 

Wound Infection Rate ('Yo ) 

1.5 

7.7 

15.2 

40.0 

4.7 
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open operation, the incision exposes the skin covered underlying tissue to the always con­
taminated air. In the case of endoscopic operations, the mucosa is traumatized and a direct 
communication between the cavity examined and the external environment is created 
(Larsen et al., 1986). Once the bacteria have gained access to the tissue, they may either 
multiply locally or enter the bloodstream and be carried to distant sites. Bacteria are de­
fended by humoral and cellular mechanisms. However, if the number of invading or­
ganisms is exceedingly high or if the host's defense mechanisms are lowered for some 
reason, the bacteria may multiply and develop into a clinically evident infection. There­
fore, the goal of antimicrobial prophylaxis is to reduce the number of bacteria in the body, 
thus supporting the natural defense mechanisms. 

2.3. Specifics of Antimicrobial Agents to be Used in Prophylaxis 

According to what was stated above, antimicrobials used for prophylactic purposes should 
possess the following properties: 
- High efficacy against potentially invading bacteria 
- Reach sufficient local tissue concentrations to inhibit bacterial growth 
- Have pharmacokinetic properties to reach maximum concentration within a defined 

time frame 
- Not being counteracted by the host environment, e.g., body fluids and pH 
- Be effective against low, as well as high bacterial counts 
- Not interfering with natural defense mechanisms due to local toxicity 
Other properties such as lack of side effects, easy administration, and low cost must also 
be considered, although they are not prerequisites for successful prophylaxis. 

2.4. Role of Quinolones 

Since the discovery of the sulfonamides and penicillin, many new antimicrobial agents 
have been developed. Compared to the four antimicrobials tested by Burke (penicillin G, 
chloramphenicol, erythromycin, and achromycin), new agents have a broader antimiero­
bial spectrum, are less toxic, and easier to administer. One new groups of antimicrobials 
that are particularly interesting are the newer fluoroquinolones (Nielsen and Madsen, 
1989). Their antimicrobial activity, pharmacokinetic properties, tissue concentration, and 
safety ~ake the quinolones an attractive choice for prophylaxis in urology. 

2.4.L Antimicrobial activity 

The antimicrobial activity, as well as p\1armacokinetic properties of newer quinolones, 
have been outlined in detail elsewhere (Hooper and Wolfson, 1991). The basic structure of 
the fluoroquinolone antimicrobials is shown in Figure 1. The fluorine atom at position 6 is 
the hallmark of the fluoroquinolone and has considerably increased the antibacterial activ­
ity of the molecule, as compared to earlier groups of quinolones spch as cinoxacin or 
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COOH 

Fig. L Basic chemical structure of fluoroquinolones (R indicates side group). 

nalidixic acid. The unique mode of action of quinolones is the binding and blocking of the 
bacterial DNA-gyrase enzyme. This prevents the supercoiling of the DNA molecule, 
which is necessary for the bacterium to function. The gyrase in human cells is different 
and, therefore, not inhibited by the quinolones. 

The MIC of various quinolones against selected bacteria is listed in Table 3. In general, 
quinolones are active against Gram-positive and Gram-negative bacteria, including sev­
eral Pseudomonas strains and beta-Iactam bacteria. The antibacterial spectrum includes 
most of the uropathogens. Gram-positive cocci, Chlamydia trachomatis, and Ureaplasma 
urealyticum are usually less sensitive, and anaerobic bacteria are resistant to quinolones. 
Despite wide use, development of resistance appears to be low (Kresken and Wiedemann, 
1988). The influence of various factors (pH, body fluid, inoculum size) on quinolone MIC 
is discussed in section 3.2. 

2.4.2. Pharmacokinetic properties 

Some fluoroquinolones can be administered both orally and intravenously (H6ffken et al., 
1985). The al;>solute oral bioavailability is rapid and exceeds 50 %. It is greatest in ofloxa­
cin and pefloxacin (> 95 %). The absorption is delayed by food or antacids (Ledergerber 
et al., 1985; Preheim et aI, 1986). Quinolones reach very high concentrations in serum, 
e.g., up to 4.2llglmlfor ciprofloxacin, and urine (up to 500 Ilglml). They are well tolerated 
after sequential dose increases (Tartaglione et al., 1986). The distribution volume exceeds 
1 Ukg, indicating excellent tissue penetration (Weidekamm et al., 1987). The terminal 
half-life of most quinolones has been calculated to be between 3 and 5 hours, except for 
fleroxacin and pefloxacin which have half-lives of 11.2 and 10.5 hours, respectively 
(Hooper and Wolfson, 1991; Weidekamm et al., 1987). 

Elimination of quinolones is both renal and nonrenal. In an open, randomized, cross­
over study of 32 men with impaired renal function, we found that reduc4J.g the dose of 
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ciprofloxacin was necessary only if creatinine clearance was below 50 ml!min (V). How­
ever, in patients with severely impaired renal function, ciprofloxacin was still excreted re­
nally and reached concentrations several times higher than the MIC for most urinary 
pathogens, suggesting clinical efficacy in this group of patients. 

2.4.3. Side effects 

Quinolones are usually well tolerated. Side effects occur in approximately 5 % . Gastroin­
testinal and central nervous system side effects prevail, but are usually mild (Nielsen and 
Madsen, 1989). Allergic reactions have been infrequently reported. Studies have shown 
cartilage damage in young animals given quinolones. Children, pregnant, and breastfeed­
ing women should therefore not be treated with fluoroquinolones. Many fluoro­
quinolones, especially enoxacin, ciprofloxacin, and pefloxacin, interfere with the hepatic 
metabolism of theophylline by lowering its clearance, leading to possible overdose 
(Hooper and Wolfson, 1991). Crystalluria has also been reported but is usually not of clin­
ical relevance. 

Thble 3. Activity of fluoroquinolones in vitro against common uropathogens (!!g/ml) . a (Adapted from 
Hooper and Wolfson, 1991; Nielsen and Madsen, 1989) 

NORFLOX CIPRO OFLOX ENOX PEFLOX FLEROX LOMEFLOX 

Escherichia coli 0.12 0.03 0.12 DAD 0.25 1.00 0.25 
Proteus mirabilis 0.10 <0.12 0.20 0.80 0.50 0.50 
Streptococcus 

pyogenes 6.30 2.00 3.10 12.00 16.00 8.00 
Pseudomonas 

aeruginosa 2.00 0.50 2.00 4.00 2.00 2.00 4.00 
Klebsiella 

pneumoniae 1.60 <0.12 0.20 3.10 2.00 2.00 
Staphylococcus 

aureus 6.30 1.00 0.40 3.10 0.50 1.00 2.00 
Coagulase-

negative 
Staphylococcus 3.10 0.25 0.80 6.30 0.50 1.00 1.00 

Enterobacter DAD <0.12 1.00 DAD 2.00 
Serratiw 

marcescens 3.10 1.00 1.60 6.30 1.00 12.00 2.00 
Bacteroides 

fragiIis >128 8.00 8.00 32.00 16.00 32.00 32.00 
Neisseria 

gonorrhea 0.06 0.01 0.06 0.25 0.20 0.12 
Chlamydia 

trachomatis 25.00 1.60 0.80 6.30 3.10 3.20 

aMIC 90 (concentration of drug inhibiting 90 % of strains tested). 
NORFLOX = Norfioxacin, CIPRO = Ciprofloxacin, OFLOX = Ofloxacin, PEFLOX = Pefloxacin, 
FLEROX = Fleroxacin, LOMEFLOX = Lomefloxacin 
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2.4.4. Uncomplicated urinary tract infection 

Treatment of uncomplicated UTI is simple and highly effective. Single-dose treatment 
appears to be as effective as treatment over several days (Fang et aI., 1978). Newer 
quinolones have shown cure rates comparable to or better than trimethoprim sul­
famethoxazole in the treatment of acute cystitis. In one study, the overall bacterial cure 
rate for single use of norfloxacin, ciprofloxacin, ofloxacin, fleroxacin, and pefloxacin was 
83 % (Andriole, 1991). With a three-dose regimen, slightly better cure rates were 
achieved. Conversely, in a study of 209 patients with uncomplicated UTI, a ten-day treat­
ment with norfloxacin did not produce higher cure rates as compared to a three-day regi­
men (Stein et al., 1987). 

The emergence of resistant bacteria appears to be of minor importance with 
quinolones. In a study of 40 women with uncomplicated UTI who were treated for 10 days, 
norfloxacin was as effective and safe as trimethoprim (Schaeffer and Sisney, 1985). How­
ever, no resistant bacteria were observed in the norfloxacin treated group as compared to 
11 % in the trimethoprim treated group. 

Nevertheless, because of the excellent cure rates of conventional drugs such as 
trimethoprim and amoxicillin, fluoroquinolones should be restricted to difficult-to-treat 
UTI. 

The role of newer quinolones in the prophylaxis of recurrent UTI has yet to be deter­
mined. Long-term, low-dose norfloxacin has increased the interval between symptomatic 
attacks by 26 % over a 12-month period (Brumfitt et aI., 1989). No resistance has emerged 
during the 12 months of continuous therapy; however, nitrofurantoin was as effective as 
norfloxacin, yet had no effect on intestinal flora. 

2.4.5. Complicated urinary tract infection 

Complicated UTI is defined as an infection in the presence of a structural or functional ab­
normality of the urinary tract. Generally, the fluOfoquinolones achieve cure rates equal or 
higher than conventional drugs (Naber, 1989). In a study of 43 women, no significant dif­
ference in cure rates was found between norfloxacin (400 mg bid) and trimethoprim-sul­
famethoxasole (160 - 800 mg bid) (95 % and 90 %, respectively [Haase et aI., 1984]). In 
another study, ofloxacin was equally effective as trimethoprim-sulfamethoxazole but 
clearly superior to carbenicillin (Cox, 1989). In a study of 45 women with complicated 
UTI, cure rates of ciprofloxacin were significantly higher than of trimethoprim-sul­
famethoxazole (82 % vs 52 % , respectively, [Allais et aI., 1988]). 

We performed a study on 161 patients with complicated UTI (VI). The safety and effi­
cacy of a three-dose regimen of ciprofloxacin (250, 500, and 750 mg orally every 12 hours 
for 7 days) were compared in a prospective, controlled, randomized, double-blind study. 
Cure rates 7 days after treatment were approximately 85 % with no differences among 
groups, suggesting that 250 mg of ciprofloxacin twice daily is sufficient for the treatment of 
UTI. 

Treatment results with ofloxacin and enoxacin are generally not different from those 
using ciprofloxacin or norfloxacin (Cox, 1989; Naber, 1989). 
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2.4.6. Bacterial prostatitis 

Prostatitis is a disease often misdiagnosed and therefore, mistreated. Drach et al. (1978) 
introduced a classification of prostatitis based on objective evidence of the microscopic 
examination of urine and prostatic secretion (Meares and Stamey, 1968). Voided urine and 
prostatic secretions are collected and cultured in segmented specimens: the first 10 ml voi­
ded (voided bladder 1 [VB1]); the midstream sample (VB2); the expressed prostatic secre­
tion (EPS) obtained by prostatic massage; and the first 10 ml voided immediately after 
prostatic message (VB3). The diagnosis of prostatic infection is confirmed when the quan­
titative bacterial colony count of the prostatic specimens (EPS and VB3) significantly ex­
ceeds those of urethral (VB1) and bladder (VB2) specimens. According to the classifica­
tion suggested by Drach et al., only acute and chronic bacterial prostatitis are caused by 
bacterial infection of the prostate. The etiology of nonbacterial prostatitis and pros­
tatodynia is not clear. Nonbacterial prostatitis clearly shows signs of inflammation in the 
absence of bacteria. Infecting agents such as Chlamydia trachomatis (Doble et al., 1989) 
and Ureaplasma urealyticum (Berger et al., 1989) have been suggested, but never proven. 
Prostatodynia appears to be a urodynamic problem rather than an infection of the prostate 
(Barbalias et al., 1983). 

The treatment of acute bacterial prostatitis usually poses no particular problems. As it is 
most often caused by Gram-negative enterobacteria such as Escherichia coli, Proteus 
mirabilis, Klebsiella pneumoniae, and Pseudomonas aeruginosa, quinolones are expected 
to be highly effective. Treatment should be instituted immediately and continued for 3-4 
weeks to prevent prostatic abscess and chronic bacterial prostatitis. Conversely, chronic 
bacterial prostatitis is difficult to treat. Best cure rates range from 32 % to 71 % with 
trimethoprim (Meares, 1980). This has been explained by poor drug penetration into the 
prostate (Stamey et al., 1970; see also section 4.1). Newer quinolones concentrate in the 
prostate, making them ideal drugs for the treatment of chronic bacterial prostatitis (IV). 
Ofloxacin has been shown to be superior to carbenicillin (the only antimicrobial approved 
by the American Food and Drug Administration for this indication until a few years ago) 
(Cox, 1989). Ciprofloxacin has also been used successfully (Weidner, 1987). Bacterial 
prostatitis is a rare disease at present, but is expected to increase as more patients acquire 
the AIDS syndrome (Leport et al., 1989). Therefore, the importance of quinolones in the 
treatment of this disease will also increase. 

2.5. Cost-Benefit Analysis of Antimicrobial Prophylaxis 

Worldwide, antimicrobial agents are increasingly used and often misused. For example, 
one study reported that only 38 % of patients receiving antimicrobials had recorded evi­
dence of infection (Scheckler and Bennett, 1970). Beside the morbidity and discomfort to 
the patient, cost-benefit analysis is an increasingly important factor to be considered. In 
1990, over 15 billion U.S. dollars were spent worldwide on antimicrobial agents alone 
(Kunin et al., 1990). Therefore, indiscriminate use of antimicrobials raises the costs of an 
already strained health care system. On the other hand, physicians are increasingly faced 
with lawsuits for malpractice, prompting them to be more cautious and overprescribe anti­
microbials. This may be reflected by the fact that the rate of antimicrobial agent misuse is 
higher in surgical services than in medical services (Weiner et al., 19~0). 
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Urologic surgery is performed with increasing frequency, with transurethral prostatec­
tomy being the most common procedure (Rutkow, 1982). Approximately 400,000 trans­
urethral resections of the prostate (TURP) are performed each year in the US. alone, 
making it the tenth most frequent of all operations (Rutkow, 1986). 

Assuming that 30 % of patients who undergo TURP acquire infections, approximately 
120,000 UTI can be attributed to this kind of surgery annually (Larsen et al., 1986). In 
1985, one nosocomial UTI was estimated to prolong a hospital stay by 2.5 days at an extra 
cost of $ 355 (Rutledge and McDonald, 1985; Haley et al., 1981b). Therefore, the addi­
tional costs of nosocomial UTI in connection with TURP may exceed 43 million dollars an­
nually in the US. Similar data for Switzerland are not available. Assuming a similar rate of 
surgery as in other western countries, approximately 10,000 TURP are performed in Swit­
zerland' resulting in up to 3,000 nosocomial UTI. If the daily hospital cost in Switzerland 
is 300 Swiss francs/day ($ 200 in US.), extra costs may exceed 2.3 million Swiss francs an­
nually. On the other hand, if every patient is given a single injection of a newer cephalo­
sporin (e.g., cefotaxime, $ 25/g) , the approximate prophylaxis cost is 12 million dollars in 
the US. and 160,000 francs in Switzerland. If cheaper drugs such as first-generation 
cephalosporins are administered (e.g., cefazolin), costs may be reduced to one-tenth of 
this figure. The cost of quinolones compares favorably with that of cephalosporins, e.g., a 
single treatment of 750 mg ciprofloxacin costs approximately $ 3.50 (Hooper and Wolfson, 
1991). Therefore, with successful prophylaxis, huge amounts of money could be saved. Ad­
mittedly, such calculations are theoretical and do not take into account individual factors 
such as patient morbidity, type of surgery, surgeon proficiency, etc. Moreover, complete 
prevention of infectious complications is not possible with antimicrobial prophylaxis. But 
even a partial reduction in infection would result in considerable savings of precious health 
care funds. 
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III. In Vitro Studies 

3.L Minimal Inhibitory Concentrations (MIC) 

The most frequent pathogens encountered in urologic surgery are Gram-negative bacteria 
(Table 1). In a hospital setting, E. coli is still the predominant pathogen, but bacteria that 
are difficult to treat such as Proteus mirabilis and Pseudomonas aeruginosa are found with 
increasing frequency. Third-generation cephalosporins have been widely used for 
prophylaxis as they have a favorable antimicrobial action and low toxicity (McEniry and 
Gorbach, 1987). The MIC against most uropathogens is well below 1 mglL for most third­
generation cephalosporins. Likewise, quinolones have a very broad antimicrobial spec­
trum against most uropathogens and some are active against Pseudomonas aeruginosa, 
Staphylococcus aureus, Mycoplasma and Chlamydia trachomatis (Hooper and Wolfson, 
1991; Nielsen and Madsen, 1989). Moreover, the quinolone MIC against many of these 
bacteria is very low (see Table 3 and section 2.4.1). 

3.2. Influence of Various Factors on MIC (I) 

The MIC is usually determined under standardized in vitro conditions with an inoculum 
size of UP CFU in a medium with a pH of7 .2. However, in the living organism the number 
of bacteria and the pH may be different, and there may be interaction between body fluid 
and antimicrobial agents. 

The materials and methods, as well as the results of a study addressing these questions 
are detailed in paper I. In brief, the MI C of various quinolones was only slightly affected 
by either very high or very low numbers of bacteria (no inoculum effect). Conversely, 'an 
increase of the inoculum from 106 to 109 caused a 19-fold increase in trimethoprim MIC. 
While the MIC for most quinolones studied was higher in canine prostatic fluid and tissue, 
and in human urine, such an increase could not be demonstrated in human prostatic tissue. 
DecreaSes in MI C ranging between 11- and 42-fold for all the quinolones studied occurred 
between pH 5.7 and 7.0. However, further increases in pH only affected the MIC slightly 
for most quinolones, except amifloxacin. This relatively stable antimicrobial activity of 
quinolones explains why these drugs are highly active in humans and therefore, are also ex­
pected to be beneficial for prophylactic purposes. The increase in MI C in human urine is of 
no clinical importance, as very high urine concentrations are achieved with all quinolones 
(Hooper and Wolfson, 1991). 
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IV. Animal Studies 

4.1. Drug Penetration into Various TIssues (II, m, IV) 

In order to achieve antibacterial activity, an antimicrobial agent must reach tissue concen­
trations above the MIC of that drug against the bacteria. Concentrations of various 
quinolones in prostatic tissue, prostatic fluid, and vaginal and urethral secretions were 
examined in a canine model (II, III, IV). Briefly, the drug was given intravenously to 
achieve steady-state conditions. At various intervals, samples of vaginal, urethral, and 
prostatic secretions were taken. At the end of the study, the animals were sacrificed. The 
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Fig. 2. Illustration of non·ionic diffusion of an antibacterial acid (pKa 5.4) and an antibacterial base (pKa 
8.4) into dog prostatic fluid. (adapted from Stamey et a!., 1970) 

13 



organs were removed, and homogenized, and drug concentrations were determined by 
bioassay. These studies demonstrated that all of the quinolones reached very high tissue 
concentrations, sometimes several times higher than the plasma concentration. 

It is not known how many times above the MIC the tissue concentration must be to be ef­
fective. It seems logical that the higher the concentration, the better. The term "inhibitory 
quotient" or "therapeutic index" has been suggested to express this ratio: drug concentra­
tion divided by MIC 90 (Ellner and Neu, 1981). The new quinolones achieve very high 
therapeutic indices, e.g., 340 for ciprofloxacin in the prostate (III). This high number de­
monstrates the excellent combination of high tissue concentration and low MIe. The find­
ings in these animal studies have been confirmed in humans. Quinolones reach very high 
concentrations in most tissues (Gerding and Hitt, 1989), particularly in the prostate and 
prostatic tissue (Boerema et al., 1985). 

Drug penetration into the prostate gland is thought to be governed by the principles de­
termining drug passage across biological lipid-containing membranes in general. In the ab­
sence of secretory or active transport mechanisms, the drug penetration is presumably 
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passive, consisting of diffusion and concentration. Drug characteristics that determine 
simple diffusion and concentration are lipid solubility, degree of ionization, degree of pro­
tein binding, and the size and shape of the molecule. In addition, the presence of a pH gra­
dient across a biological membrane induces the phenomenon of ion trapping. In the dog 
prostate, there is a pH gradient across the prostatic epithelium, the pH of plasma being 7.4 
and of the prostatic secretion being 6.4 (Figure 2). In a stable system, the uncharged frac­
tion of a lipid soluble drug will equilibrate on the two sides of the membrane but the 
charged fraction will vary, depending on the pH, the higher drug concentration being on 
the side of the higher degree of ionization. 

The Henderson-Hasselbalch equation determines the theoretical drug concentration 
ratio across a biological membrane at equilibrium. In the Henderson-Hasselbalch .equa­
tion (pH = pKa + log [A-]J[AH]), pH relates to the medium, pK. is the ionization con­
stant, [A-] and [AH] are the concentrations of ionized and non-ionized fractions of the 
drug, respectively (Madsen et aI., 1986). 

Figure 3 illustrates the situation for an acid with pKa of 5.4 and a base with pKa of 8.4. 
The higher the pKa is for an acid, the higher the drug concentration will be in the prostatic 
secretion, but it will never exceed the plasma concentration. Weak bases, however, may 
concentrate (exceed plasma concentrations) in the prostatic secretion and the higher the 
pKa, the higher the drug concentration will be. 

The newer quinolones are amphoteric or zwitterionic drugs. Figure 4 shows the ioniza­
tion curves of an acid (cinoxacin), a base (trimethoprim), and the amphoteric quinolones 
(ciprofloxacin and temafloxacin). The curves were calculated using the Henderson-Has-

100 

90 

80 

70 
0 
w 60 N 
Z 50 CIPROFLOXACIN 0 

pka60.8.8 

~ 0 40 

30 

20 

10 

6 10 
pH 

Fig. 4. Theoretical concentration curves for an acid (cinoxacin), a base (trimethoprim) and amphoteric 
substances (ciprofloxacin, temafloxacin), calculated using the Henderson-Hasselbalch equation [adapted 
from IV]. 

15 



selbalch equation. M9st amphoteric quinolones have two ionization groups, one posi­
tively charged and one negatively charged. At the isoelectric point, representing the aver­
age of the two pI<" values, the ionization is at a minimum. Since the best drug diffusion 
into the prostate occurs at the site lowest in degree of ionization, drugs with an isoelectric 
point close to plasma pH will diffuse well into the prostate. Conversely, amphoteric drugs 
with an isoelectric point different from the pH of plasma will diffuse poorly into the pros­
tate. 

4.2. TIming, Dosing, and Duration Studies (VII) 

Since Burke's animal studies 30 years ago, many clinical studies have demonstrated the be­
nefits of some kind of antimicrobial prophylaxis in various settings (Burke, 1961; Kaiser, 
1986). Despite the enormous amount of new antimicrobial agents, few experimental 
studies addressing such basic issues as timing, dosing, and duration of antimicrobial 
prophylaxis have been published. In 1980, one animal study on prophylaxis in a fulgurated 
bladder found that appropriate timing varied with the infecting organism (Bagley et al., 
1980). This study also demonstrated that persistent bacteriuria depends on the size of the 
bacterial inoculum and that a single dose of an antimicrobial possibly prevents infection. 
Another study on rats could not confirm Burke's "decisive period" (Burke, 1961), as 
prophylaxis was effective up to 6 hours after bacterial challenge (Nielsen and Madsen, 
1982). Also in this study, the infecting organism and infected organs appeared to be of 
great importance. Single-dose antimicrobial prophylaxis considerably lowered the infect­
ing rate iIi kidney and epididymis, and eliminated the infection completely in the prostate. 

We performed a guinea pig study to investigate the importance of timing, dosing, and 
duration of antimicrobial prophylaxis (VII). To simulate high-risk conditions in some ani­
mals, we subcutaneously implanted a plastic chamber in the flank to serve as a foreign 
body 4 weeks before experiments were conducted. After cauterizing the prostate, bac­
teremia was induced by an intravenously administered solution of E. coli containing 2.7 x 
105 CPU/mi. The animals were sacrificed after 24 hours, and organs were removed under 
sterile conditions and examined for bacteria. 

In the timing study, ciprofloxacin was administered 15 min before, during, and 15 min 
and 3 hours after bacteremia induction. In the dosing study, ciprofloxacin was given at full 
dose (5.7 mglkg) , one-fourth ofthe dose, and one-eighth ofthe dose. To investigate dura­
tion, a triple-dose ciprofloxacin regimen was compared to a single dose. 

This study confirmed the efficacy of prophylactic administration of a newer quinolone. 
However, it appeared that the decisive period for efficacy is even shorter than 3 hours. A 
single close was as effective as multiple doses. One-fourth of the recommended dose was 
equally effective, but one-eighth was not. The infection of the foreign body could reliably 
be prevented with single dose antimicrobials. 

In summary, this study confirmed the efficacy of antimicrobial prophylaxis for newer 
quinolones and the current trend to apply antimicrobial prophylaxis for a limited time 
only. The antimicrobials should be given before the bacterial challenge. This finding re­
cently has been confirmed in a large climcal setting (Classen et al., 1992). 
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4.3. Bladder Irrigation Studies 

It is known that bacterial adhesion to the bladder mucosa is the first step to infection 
(Svanborg Eden et al., 1976). 

During a transurethral operation, a non-ionic, and therefore nonconductive, irrigation 
fluid is used. Various commercial solutions are available. But while many studies address 
the question of prophylactic antimicrobials little is known as to the importance of irriga­
tion solutions for the development of postoperative urinary tract infection. Iversen and 
Madsen (1982) had found that high intravesical pressure irrigation led to higher bacterial 
adherence while change of temperature did not. 

The influence of some of the most common irrigation fluids on bacterial adherence to 
the bladder mucosa has been studied in a in vitro and a guinea pig model (Gasser and Mad­
sen, 1992, submitted for publication). The irrigation solutions studied were glycine 1.5 %, 
glycine 1.5 % and ethanol 1 %, glycerol 3 % , mannose 6 % , sorbitol 2. 7 % and mannitol 
0.54 %. Povidone-iodine and normal saline were used as controls. 

The in vitro studies showed that while all irrigation fluids had some antibacterial activity 
it was most pronounced for mannose 6 % where after 120 minutes only 48 % of the original 
inoculum of 3.4 x 105 CFU was present. This was most likely because mannose was the only 
solution effectively blocking the type I pili of the Escherichia coli strain used. Type I pili 
are the most widely found type of bacterial adhesins. 

In the guinea pig study two different strains of E. coli were tested: one with type I pili 
and one without. After electrocautery of one bladder side the bladder was incoculated 
with 108 CFU E. coli for 30 minutes. Then the bladder was irrigated with various solutions. 
It was found that E. coli with type I pili adhered clearly stronger to the bladder urothelium 
than E. coli without that adhesin. Moreover, it was found that the type I containing E. coli 
particularly adhered to urothelium injured by electocautery. This suggests that the more 
virulent bacteria also adhere stronger to the injured site of the bladder. No statistically sig­
nificant difference was found among the irrigation solutions. Considering the in vivo re­
sults it appears, however, that mannose 6 % may be superior to the other investigated sol­
utions in preventing postoperative urinary tract infection, possibly because of its anti­
adherence effect. 
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V. Human Studies and Review of the Literature 

Studies of antimicrobial prophylaxis in urologic surgery are numerous and will be dis­
cussed according to the various kinds of surgery employed. Prophylactic studies using 
quinolones are relatively sparse, but are being published with increasing frequency. Childs 
(1983) suggested that urologic procedures should be classified according to designations of 
wound infection as determined by the National Research Council (1964). Table 4 gives an 
overview of suggested classifications of urologic procedures and corresponding recom­
mendations for prophylaxis. Only in clean operations is antimicrobial prophylaxis usually 
not necessary. In clean-contaminated procedures and contaminated procedures, single-

'Illble 4. Recommendations for antimicrobial prophylaxis in urologic surgery. 

Operative 
Wound 
Classification 

Clean 

Clean-contaminated 

Contaminated 

Dirty 

Corresponding 
Urologic 
Procedure 

- Operation of external genitalia 
- Simple nephrectomy 
- Catheterization/urethral dilatation 
- Cystoscopy/simple retrograde pyelography 
- Transperineal prostate biopsy 
- Laparoscopic surgery 
-ESWL 

- Pyeloplasty 
- TURPITURBlInternal Urethrotomy 
- Ureterorenoscopy 
- Percutaneous nephrolitholapaxy 
- Transrectal prostate biopsy 
- Partial cystectomy 

- Open prostatectomy/Radical 
prostatectomy 

- Cystectomy and urinary diversion 
with proper bowel preparation 

- Kidney transplantation 
- Insertion of prosthesis or foreign body 
- Stone surgery 

- .AJJ.y procedure following acute trauma 
- TURPITURB in the presence of bacteriuria 
- Urinary diversion in the absence of adequate 

bowel preparation 

Recommendation" 

No 
prophylaxis 

Single-dose 
prophylaxis 

Short-time 
prophylaxis 
(3-5 days) 

Prophylaxis 
followed by treatment 
regimen 

" Patients with defective or artificial heart valves should be treated according to guidelines (Malinverni et 
al., 1984; Simmons et al., 1982) for the prevention of subacute endocarditis. 
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dose and short-time (3-5 days) prophylaxis, respectively, should suffice. Dirty wounds re­
quire antimicrobial prophylaxis, followed by prolonged therapeutic antimicrobial admin­
istration. 

5.1. Catheterization and Urethral nllatation 

Urinary catheters are used for various reasons, from relieving urinary retention to 
monitoring urinary output in a critically ill patient, to control of bleeding afterTURP. The 
risk of bacteriuria after a single catheterization is 2 % in an outpatient setting (Walter and 
Vejlsgaard, 1978). This rate increases to 20 % for inpatients (Garibaldi et aI., 1974; Thiel 
and Spuhler, 1965). Nineteen percent of patients on the urology ward are treated with in­
dwelling catheters (Wenzel et al., 1976). Eighty percent of nosocomial UTI are attributed 
to indwelling catheters (Stamm et al., 1977). The risk of infection increases with the dura­
tion of the catheterization. The cumulative risk of infection has been estimated to exceed 
5 % per day, with all patients becoming infected after approximately 10 days (Figure 5; 
Fowler, 1983). 

In a catheterized patient, bacteria may gain access to the bladder by the intra- or ex­
traluminal pathway. Entrance via the intraluminal pathway was dramatically reduced by 
the introduction of a closed drainage system, reducing the infection rate from 95 % to 
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23 % (Kunin and Mc~ormack, 1966). The existence of the extraluminal pathway was de­
monstrated by Kass who, after inoculating the urethral meatus with Serratia marcescens, 
was able to isolate the same organism in the urine two days later (Kass and Schneider­
mann, 1957). Ascending bacteria move along the catheter by building a biofilm at a speed 
of approximately 1 cmlhr (Nickel et aI., 1992). The bacteria ascending the periurethral 
mucous sheath originate from meatal colonization and the perineum (Garibaldi et al., 
1980; Brehmer and Madsen, 1972). Also, the anterior urethra is often a source of bacteria 
leading to UTI after instrumentation (Walker et aI., 1986). Various measures to reduce the 
intra- and extraluminal pathways have been described. Indications for placing a catheter 
should be strict, and the catheter should be indwelling for the shortest possible time. The 
closed drainage system should be applied, and disconnection of the catheter bag junction 
should be avoided, as this is associated with high risk of infection (Kunin and McCormack, 
1966; Warren et aI., 1978). Trials in which disinfectant agents were placed in the drainage 
bag produced conflicting results, but may reduce UTI (Holliman et al., 1987; Maizels and 
Schaeffer, 1980; Thompson et aI., 1984). Brehmer and Madsen (1972) found contamina­
tion of the drainage bag was of minor importance. On the other hand, they found a re­
duced infection rate in patients who had daily antiseptic sitz baths and applied an antibio­
tic spray to the perineum and external genitalia. Conversely, other authors found no be­
nefit of daily meatal care (Burke et aI., 1981; Classen et al., 1991). The use of an antiseptic 
lubricating gel may be effective in preventing UTI following catheterization (Cohen, 
1985). 

Systemic antimicrobial agents reduce the frequency of bacteriuria, but the protection 
only lasts for the first four days of catheterization (Garibaldi et aI., 1974). However, if in­
fection has occurred, removal of the catheter alone is not sufficient, and administration of 
antimicrobials is necessary to clear the infection (Gordon et aI., 1983). One must consider 
that long-term antimicrobial administration increases the risk of development of bacterial 
resistance (Mountokalakis et al., 1985). Also, it has been shown that the short -term use of 
an indwelling catheter after extensive surgery reduces the incidence of urinary retention 
and bladder over-distension, without increasing the rate of UTI (Michelson et aI., 1988). 
To reduce infection, an alternate urinary drainage system should be considered. Clean in­
termittent self-catheterization has been used successfully in patients with voiding dysfunc­
tion, resulting in reduced infection rate as compared to patients with indwelling catheters 
(Lapides et aI., 1974). Use of suprapubic catheterization can reduce UTI considerably 
(Shapiro et al., 1982). No data are available on the infection risk of urethral dilatation to 
treat urethral stricture. It is assumed that the risk of UTI matches that of simple catheteri­
zation. If dilatation has been difficult and traumatizing, antimicrobial prophylaxis may ,be 
necessary. Therefore, antimicrobial prophylaxis is only needed for high-risk patients 
(those with defective or artificial heart valves). 

5.2. Endourologic Procedures 

S.2.L Cystoscopy 

Theoretically, a gentle diagnostic cystoscopy with a small (17 French) endoscope should 
carry no higher infection rate than a single catheterization. However, since Barrington and 
Wright (1930) found that transient bacteremia is very common after urethral manipUla­
tion, routine antimicrobial prophylaxis has been instituted in many centers. A 10 % -16 % 
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incidence of chills or rigor~ was reported in patients undergoing ambulatory cystoscopy, 
but no blood cultures were obtained (Hart et aI., 1980; Reilly et aI., 1981). The 10 % inci­
dence of chills in the group undergoing prophylaxis suggested endotoxin release rather 
than true bacteremia. One study, however, demonstrated a reduction in UTI of 45 % to 
2 % following endoscopy when sulfa-trimethoprim was administered as compared to 
placebo (Korbel and Maher, 1976). However, newer prospective randomized trials 
showed an overall infection rate of 2 % with no differences between the treated and con­
trol groups (Manson, 1988). The latter finding is in accordance with everyday clinical prac­
tice. Hence, antimicrobial prophylaxis is not recommended for patients with sterile urine 
who undergo cystoscopy. In case of UTI, pathogen-specific antimicrobial therapy should 
be instituted and cystoscopy should be delayed until the infection has cleared. 

5.2.2. Internal urethrotomy 

Literature that specifically addresses urethrotomy is sparse. One study of 23 patients 
showed a possible advantage of oral ciprofloxacin over no prophylaxis (Murdoch and 
Badenoch, 1987). As the risk and mechanism of infection appear to be similar to those in 
other kinds of transurethral surgery, these problems will be discussed in detail in the fol­
lowing sections. 

5.2.3. lhmsurethral resection of the prostate (TURP) 

TURP is the most frequent urologic procedure performed in the U.S. (Rutkow, 1986). 
Therefore, it is the most widely investigated regarding the benefit of antimicrobial 
prophylaxis. Infectious complications (UTI and septicemia) were the most common in a 
study of 1,000 patients who underwent TURP (Paquin et aI., 1988). 

Possible sources of infection are shown in figure 6 and include the inevitable lens-eye 
contact, the urethra with its wide variety of bacteria (Garibaldi et aI., 1974), the prostate 
(Gorelick et aI., 1988), and contaminated irrigation fluids (Morris et aI., 1976). 

Irrigati ng Fluids 

Bladder Tumor Prostate Urethra Lens-Eye Contact 

Fig. 6. Possible sources of infection during transurethral resection of the prostate. 
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With the implementation of video cameras and television screens to perform TURP, 
lens-eye contact is no longer necessary and may result in reduced infection rates. There 
must be a clear differentiation between patients with preoperatively infected urine and 
those with sterile urine. Bacteremia following TURP is a common finding, occurring in 
11 % of patients with sterile urine (Biorn etal., 1950; Creevy and Feeny, 1954). However, 
if the urine is infected, positive blood cultures are found in 50 % (Sullivan et al., 1973). 
Preoperative bacteriuria is clearly a risk factor for post -operative septicemia (Adolfsson et 
al., 1989; Cafferkey et aI., 1987; Haverkorn, 1984). Because TURP requires postoperative 
urethral catheterization and a UTI does not usually clear unless antimicrobials are applied 
(Gordon et aI., 1983), it is generally agreed to treat any UTI before TURP is performed 
(Kaiser, 1986). 

The question as to whether antimicrobials should be administered to patients with 
sterile urine who undergo TURP is controversial. In a review article, Chodak and Plaut 
(1979) were unable to draw definite conclusions as to the benefit of antimicrobial 
prophylaxis in urologic surgery, mainly because of the poor design of the studies reviewed. 
They called for prospective, randomized, controlled trials. Since then, many such studies 
have been published, but have not ended the dispute. Although it appears certain that 
many antimicrobials will reduce the incidence of bacteriuria postoperatively, this bac­
teriuria is mostly asymptomatic and harmless. Therefore, it could be argued that it is bet­
ter to treat bacteriuria when it occurs than to prophylactically lower the incidence. This 
question is still unanswered and will probably remain so. 

Table 5 lists selected studies on this matter published within the last twelve years. Incon­
sistencies exist among these studies regarding the definition of significant bacteriuria, but 
all patients cited had preoperative sterile urine and were evaluated between the fifth and 
seventh post-operative day. 

Five studies found no effect of prophylaxis on the infection rate (Ferrie and Scott, 1984; 
Qvist et al., 1984; Millar et aI., 1987; Stricker and Grant, 1988; Houle et aI., 1989). This 
may well be for statistical reasons. It has been calculated that the studies by Ferrie and 
Qvist had a statistical power of < 50 % , indicating a 50 % chance of overlooking a signif­
icant difference between treatment and placebo groups (Gasser et al., 1987). The study by 
Houle et al. (1989) found an unmatched low bacteriuria number, even in the control 
group, which is not explained. The study by Millar et ai. (1987) was well-designed and 
found no significant difference between the two groups. There was a clear trend toward 
fewer infections in the prophylaxis group. Stricker and Grant (1988) found no significant 
difference between the two groups. They found that a break in the closed drainage system 
was far more important than use of antimicrobials. Forty percent of the patients who'de­
veloped a UTI had a break in the closed drainage system; this break occurred in 10 % of 
patients without postoperative UTI. 

All of the other studies demonstrated statistically significant reductions in infection rate 
from approximately 30 % to well below 10 % , among them the ones using quinolones as 
the active agent (Ueda et aI., 1991; Abbou et aI., 1989). Even with every reasonable effort 
to identify bacteriuric patients preoperatively, up to 19 % will unknowingly be infected 
during surgery (Shearman, 1987), particularly in the case of preoperative indwelling 
catheters (Hansen et aI., 1987). In a study that included these unsuspected cases, the 
treated patients fared significantly better than the nontreated patients with respect to 
febrile episodes, complications, and length of hospital stay (Hargreave et aI., 1982). In 
another study, up to 21 % undergoing TURP for obstruction had a prostatic infection, 
placing them at high post-operative risk. However, 82 % of these patients had a sterile 
urine culture preoperatively (Gorelick et al., 1988). There have b~en indications that 
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urethral stricture formation was higher in patients who did not receive antimicrobials 
(Grabe and Hellsten, i985). 

No evidence exists that short-term administration of prophylactic antimicrobials results 
in the development of resistant strains (Bentsi et aI., 1987). Therefore, antimicrobial 
prophylaxis is recommended for patients with sterile urine who undergo TURP. 

In addition to systemic antimicrobials, application of local antiseptics has been investi­
gated. Bladder irrigation with chlorhexidine following transurethral operations reduced 
the incidence of postoperative bacteriuria from 37 % in control patients to 13 % in treated 
patients (Ball et aI., 1987). However, preexisting infections were not eliminated by this re­
gimen. Conversely, application of antiseptic lubricating jelly into the urethra was not effec­
tive in reducing postoperative bacteriuria (Prescott et aI., 1990). 

5.2.4. 'fransurethral resectiou of bladder tumors (TURB) 

The information presented forTURP basically holds true for transurethral resection of the 
bladder (TURE). One study has reported that the incidence of post-operative bacteriuria 
following TURE is higher than afterTURP (Appell et aI., 1980), but another report found 
a lower incidence (Goldwasser et al., 1983a). Occult bacterial colonization of bladder 
tumors was confirmed in both reports, and therefore may be an additional source of infec­
tion. Consequently, antimicrobial prophylaxis is also suggested for patients with sterile 
urine who undergo TURE. 

5.2.5. Ureteroreuoscopy (URS) 

Prophylactic studies exclusively about ureterorenoscopy (URS) do not exist. One study 
on endoscopic extraction of upper urinary tract stones included URS and percutaneous 
surgery (Fourcade et aI., 1990). This study found a significant reduction in post-operative 
bacteriuria from 25 % in the placebo group to 8.5 % in the cefotaxime-treated group. As 
in any transurethral surgery, the scope must be passed through the urethra and the bladder 
into the ureter. Therefore, the same sources of infection as in TURP must be considered. 
Moreover, up to 70 % of branched renal calculi are infected despite sterile urine; there­
fore, antimicrobial prophylaxis appears to be particularly worthwhile in this group of pa­
tients (Fowler, 1984). Considering the high percentage of urease positive bacteria, the 
agent of choice should have an antimicrobial spectrum that covers these troublesome 
microorganisms. 

5.2.6. :percutaneous surgery 

Percutaneous nephrolitholapaxy (PNL) is another endoscopic operation to treat kidney 
stones (Brannen et aI., 1985). No controlled studies addressing the use of systemic antimic­
robial prophylaxis in percutaneous surgery have been published. However, one study com­
paring PNL and open surgery found no infectious complications of PNL as compared to 
4 % wound infections in open surgery (Brannen et al., 1985). Another study compared 
nephrolithotomy and PNL and found a 10 % wound infection rate in nephrolithotomy pa­
tients and a 37 % UTI rate in PNL patients (Assimos et al., 1991). Serious infectious com­
plications such as pyelonephritis (15 % ) and sepsis (4 %) occurred in the PNL group, but 
not in the nephrolithotomy group. A study of 126 patients found a 35 0/0 postoperative bac-
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teriuria rate in the face of preoperatively sterile urine (Charton et al., 1986). Conversely, 
preoperative bacteriuria and pyuria represented a risk factor for postoperative bacteremia 
and endotoxemia in a study of 117 patients who underwent endourological manipulation 
for stones in the upper urinary tract (Rao et aI., 1991). In this study, the infection risk in 
PNL was higher than in URS and ESWL. 

A double-blind, randomized, placebo-controlled study using noxythiolin (a topical bac­
tericidal agent) irrigation of the upper urinary tract found this regimen to be a beneficial 
adjunct to reducing infectious risk in patients undergoing percutaneous surgery (Buck, 
1988). As there is always the possibility of bacteria harbored within the stone, antimicro­
bials should be given during a PNL. 

New percutaneous surgical techniques include laparoscopic ligation of spermatic veins 
(Matsuda et aI., 1992) and pelvic lymphadenectomy (Schuessler et al., 1991). Studies of in­
fectious complications are not yet available, but so far, no infectious complications have 
been reported. As the endoscopic picture is transferred to a TV screen, direct contact be­
tween the endoscope and the eye of the surgeon is no longer necessary. If safe antiseptic 
rules are applied, this surgical procedure can be considered clean, and antimicrobials are 
probably not necessary. 

5.3. Open Surgery 

5.3.L Surgery of kidneys and external genitalia 

Surgical procedures of the kidneys such as nephrectomy, partial nephrectomy, and pyelo­
plasty are considered clean operations (Childs, 1983). While most surgeons would agree 
on administration of antimicrobials to patients with drainage tubes and catheters in place 
for a lengthy period oftime (as in pyeloplasty), this may not be the case for simple nephrec­
tomy. 

Operations on external genitalia also have a low risk of infection, and antimicrobials 
may not be necessary. However, a large, prospective, randomized, placebo-controlled, 
double-blind cefonicid study, including clean operations such as mastectomy and hernior­
rhaphy, found a significant reduction in infectious complications in the treatment group 
(Platt et aI., 1990). The reduction in wound infections was from 12.2 % to 6.2 % and from 
4.2 % to 2.3 % for mastectomy and herniorrhaphy, respectively. This indicates that anti­
microbial prophylaxis may also be worthwhile for clean operations. This is particularly 
true when a prosthetic device such as a penile prosthesis is introduced (Chao et aI., 1991). 

General agreement exists to institute antimicrobial prophylaxis on patients undergoing 
open renal sUrgery of kidney stones, as there is always the possibility of releasing bacteria 
trapped in the stones (Lewi et al., 1983; Harrison et aI., 1977). Various antimicrobial regi­
mens are effective in reducing UTI and wound infections following open surgery. 

5.3.2. Open prostatectomy 

By perfecting the transurethral technique, fewer open prostatectomies are performed to 
relieve prostatic obstruction. The suprapubic approach is used to enucleate large adenoma 
or for radical prostatectomy in localized prostatic cancer. In addition to tlli( infection risk 
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after TURP, retropubic prostatectomy includes the risk of osteitis pubis and wound infec­
tion (Hock and Kurtz; 1951; Meares, 1975). There are few recent studies on prophylaxis in 
open prostatectomies, as these operations are usually included in studies ofTURP. In a re­
view of 761 retropubic prostatectomies, Marshall (1967) found an overall postoperative in­
fection rate of 23 % in patients with preoperative sterile urine, vs. 44 % in patients with 
preoperative bacteriuria. In a placebo-controlled trimethoprim study by Haverkorn 
(1984),24 % of patients in the placebo group had positive blood cultures vs. 9 % in the 
treatment group. Williams et al. (1980) investigated 57 patients undergoing retropubic 
prostatectomy. In patients with preoperatively sterile urine, the placebo group had an 
infection rate of 42 % compared to 33 % of the cephradine-treated group. Again, in 
preoperatively bacteriuric patients, the post-operative infection risk rose to 71 % and 
67 % in placebo and treatment groups, respectively. A recent study of 150 consecutive pa­
tients undergoing open prostatectomy found a wound infection rate of 23 % and 9 % in pa­
tients with infected and sterile urine, respectively (Richter et al., 1991). Despite antibiotic 
prophylaxis, the authors recommended that prostatectomy be deferred until urine be­
comes sterile. As the infection rate after open prostatectomy is as high as that following 
TURP, antimicrobial prophylaxis is recommended, based on the same principles as for 
TURP. 

5.3.3. Cystectomy with urinary diversion 

Cystectomy for treatment of bladder cancer requires some kind of urinary diversion. The 
diversion may be an ileal loop or one of the various pouches recently described (Marshall, 
1991). However, the common denominator of all these surgical procedures is use of the 
small or large bowel to create the reservoir or the conduit. No studies have been published 
specifically about prophylaxis in urinary diversion. These operations have to be consi­
dered contaminated at least (National Research Council, 1964). Therefore, an antimicro­
bial regimen should be administered (as in colonic surgery) and should significantly re­
duce the rate of wound infection (Kaiser, 1986). This regimen should cover the anaerobic 
bacteria. Therefore, quinolones alone are not sufficient to provide protection and should 
be combined with antimicrobials that are active against anaerobic bacteria. 

5.3.4. Kidney transplantation 

A detailed discussion of infections occurring in the kidney transplant patient is beyond the 
scope pf this article and has been extensively reviewed elsewhere (Rubin and Young, 
1988). However, as many urologists are involved in the care of such patients, a short over­
view of the infections in kidney transplantation seems warranted. 

As many as 80 % of renal transplant patients suffer at least one infection during the first 
year after surgery. Infections remain the leading cause of death (Barnes et aI., 1975). 
Many of the these infections are viral or fungal in origin, but bacterial infections also pose 
a threat to the patient in the early days after transplantation (Rubin et aI., 1981). Indeed, 
during the first month after transplantation, the major causes of infection are the bacterial 
wound, pulmonary and urinary tract infections, and intravenous catheter related infec­
tions. Prevention of such infections includes eradication of a smoldering bacterial infec­
tion before transplantation, as this infection may flare up during imnlUnosuppression de-
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spite impeccable surgical ~echnique, and antimicrobial administration. The incidence of 
wound infections was reported as 41 % of patients, with Gram-negative bacteria being re­
sponsible in 73 % of these cases (Burgos-Calderon et al., 1971). With the advent of newer, 
less aggressive immunosuppressive regimens, the wound infection dropped to 1.7% in un­
complicated wounds, and to 18.5 % in a transplant wound reopened for reasons other than 
infection (Schweizer et al., 1973). 

Diabetes and retransplantation are associated with increased risk of 6.1 % in wound in­
fections (Kyriakides et al., 1975). Bacteremia is a frequent complication of kidney trans­
plantation. In the early postoperative course, 50 % to 75 % of the patients develop signif­
icant bacteremia (Bennett et aI., 1970; Ramsey et aI., 1979). One study reported 53 
episodes in 140 patients, with the urinary tract being the primary focus in 60 % (Myerowitz 
et al., 1972). Elective appendectomy performed at the time of transplantation has been 
associated with a high incidence of Bacteroides fragilis bacteremia (Fisher et al., 1981). 
Therefore, any elective surgery should be avoided at the time of transplantation. 

Septicemia niay have particularly severe consequences for transplant patients. While 
Candida septicemia is associated with metastatic infections in < 5 % of normal individu­
als, more than 50 % of immunosuppressed patients will develop metastatic infection if 
untreated (Vincenti et al., 1982). 

Undoubtedly, as in other patients, an indwelling catheter represents the major risk fac­
tor for the development of UTI. Culturing the tip of indwelling catheters has not been use­
ful in the normal host. One study of 61 transplant patients reported that 16/24 patients with 
positive tip cultures subsequently developed UTI; in contrast, none of 15 with negative tip 
cultures developed UTI (Burleson et aI., 1977). Not only is bacteriuria associated with the 
risk of bacteremia, with more severe consequences in transplant patients, but there is a 
suggested association between UTI and graft rejection (Byrd et al., 1978). Therefore, pre­
vention of post-operative infection in transplant patients includes many measures. Careful 
surgical technique becomes even more important than in other surgical areas. Anyexist­
ing infection should be eradicated before transplantation, and unnecessary surgery should 
be avoided. Wound irrigation with topical antimicrobial agents prevents infection (Belzer 
et al., 1973). Urinary and intravenous catheters should be removed at the earliest possible 
time. Prophylactic antimicrobials are recommended in kidney transplantation. One study 
attributed the reduced wound infection rate and improved survival rate of the patients 
with the use of broad spectrum antimicrobials (TIlney et aI., 1978). Another study de­
monstrated a complete elimination of UTI in the first four months after transplantation 
using long term, low dose antimicrobials, compared to 23 % in the control group (Lem­
mers and Barry, 1991). 

5.4. Various Urologic Procedures 

S.4.L Biopsy of the prostate 

5.4.1.1. Transrectal biopsy 

Transrectal biopsy of the prostate is performed to obtain tissue for cytological or histolog­
ical examination. With the advent of transrectal ultrasound, the frequency of transrectal 
biopsy has increased, especially with the use of smaller needles. Reported infectious com-
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plications following tr~nsrecta1 biopsy include UTI, bacteremia, fever, prostatitis, 
epididymitis, pyelonephritis, local abscess, and even osteomyelitis (Larsen et al., 1986; 
Crawford et al., 1982). Bacteremia has been reported in up to 70 % of patients following 
transrectal biopsy (Ruebush et al., 1979), but usually approximate 40 % (Fong et al., 1991; 
Sharpe et al., 1982; Crawford et al., 1982). The bacteriuria rate ranges between 21 % and 
36 % (Crawford et al., 1982; Ruebush et al., 1979). Trimethoprim sulfamethoxazole did 
not reduce the rate of bacteremia in two studies, but significantly reduced fever in one of 
the studies. However, the rate of UTI was dramatically reduced below 2 %. The reported 
result for trimethoprim sulfamethoxazole was better than for a combination of netilmycin 
and metronidazole, or carbenicillin (Fong et al., 1991; Crawford et al .• 1982). This may be 
due to better penetration of trimethoprim into the prostate (IV). Another recent study de­
monstrated a bacteremia rate of 7 % for ciprofloxacin treated patients vs. 37 % for gen­
tamycin treated patients, suggesting that quinolones are a good choice for prophylaxis 
(Roach et al., 1991). Cleansing enemas containing povidone-iodine did not reduce the in­
cidence of infectious complications as compared to saline irrigation (Sharpe et al., 1982). 

In view of the results of these studies, systemic antimicrobials are recommended for pa­
tients undergoing core biopsy of the prostate. However, this may not be necessary for 
transrectal needle aspiration of the prostate with a very thin instrument. No studies 
addressing this question are available at present. 

5.4.1.2. TransperineaZ biopsy 

With further development of transrectal prostatic ultrasound, transperineal biopsy will be 
used less frequently. Transient bacteremia occurs in less than 10 % . In contrast to transrec­
tal biopsy, it is usually not caused by anaerobic bacteria (Hillyard, 1987). One study of 162 
patients found no difference between placebo and trimethoprim or cephalosporin with re­
spect to febrile episodes and UTI (Packer et al., 1984). Therefore, in cases of preoperative 
sterile urine and adequate skin preparation, transperineal biopsy can be considered clean, 
and antimicrobial prophylaxis is not necessary. 

5.4.2. Extracorporeal shock wave lithotripsy (ESWL) 

Extracorporeal shock wave lithotripsy (ESWL) has revolutionized the treatment of kid­
ney and ureteral stones. However, literature regarding infectious complications of ESWL 
is sparse. As urinary calculi may harbor bacteria at the surface (Fowler, 1984) or within the 
stone (Nickel et al., 1986), these bacteria may be released during ESWL. This could result 
in bacteriuria and bacteremia. However, in a study of 23 patients we found that bacteremia 
occurred in less than 5 % (Gasser and Frei, 1992). Bacteriuria has been found in 5 % of pa­
tients with preoperative sterile urine who undergo ESWL. This low incidence per se does 
not justify routine antimicrobial prophylaxis for every patient. However, one should al­
ways consider the possibility of obstruction due to passing fragments with subsequent in­
fection. This calls for careful evaluation and surveillance of patients at risk. In a recent 
study of patients undergoing ESWL, 14 % had bacteremia (MUller-Mattheis et al., 1991). 
Therefore, patients at risk for subacute bacterial endocarditis should receive periopera­
tive antimicrobial prophylaxis according to guidelines for the prevention of subacute 
bacterial endocarditis (Malinverni et al., 1984; Simmons et al., 1982). " 
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5.5. Various High-Risk Conditions 

Many of the conditions which place patients at increased risk for infection have been dis­
cussed in previous sections. One must distinguish between situational and individual 
characteristics that place these patients at increased risk of infection (Tables 6 and 7). 

5.5.1. Situations predisposing to infection 

The most important factor for wound infection is the classification of the wound as desig­
nated by the National Research Council (Table 2). Not surprisingly, the wound infection 
rate is highest in dirty wounds and lowest in clean wounds. Other factors associated with a 
high risk of wound infection are abdominal operations and procedures over 2 hours long 
(Haley et al., 1985a). The length of the preoperative hospital stay is directly correlated 

Thble 6. Situations placing patients at risk for infection. (Modified from Larsen et aI., 1986) 

Indwelling catheters 
Infected roommate 
Prolonged preoperative hospitalization 
Preoperative shaving 
Wound classification 
Surgery 

Poor technique 
Contaminated equipment 
Extensive blood loss 
Improper drainage 
Excessive cauterization 
Necrotic debris 
Prolonged surgery 
Abdominal surgery 

Thble 7. Individual patient characteristics that increase risk of infection 

Recurrent urinary tract infection 
Pregnancy 
Female 
Older 
Serious underlying disease 
Diabetes mellitus 
Immunosuppression 
Obesity 
Malnutrition 
Remote infection 
Cancer 
Defective or artificial heart valve 
Alcoholism 
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with the incidence of wound infection. Studies by the National Research Council (1964) 
and Cruse and Foord (1980) have consistently found a clean wound infection rate of 1 % 
after one preoperative hospital day; when this time period increased to one week and 2 
weeks, the rate increased to 2 % and 4 %, respectively. Preoperative shaving may predis­
pose the patient to wound infection, particularly if performed the day before surgery. The 
wound infection rate was 6 % in patients shaved the day before surgery, as compared to 
1.9 % in patients shaved the day of surgery (Olson et al., 1984). 

Not surprisingly, indwelling catheters are the single most influential risk factor for UTI 
development (Stamm et aI., 1977). Eighty percent of all nosocomial UTI are related to 
catheterization. Other "non-patient" factors which determine infection risk include the 
surgeon's skill, amount of blood loss, and surgical postponement for administrative 
reasons. Improper use of drains and inadequately sized urethral catheters can affect drain­
age of blood and other body fluids, promoting environments which foster bacterial 
growth. Overuse of electrical cauterization in open or transurethral procedures, or failure 
to remove all necrotic debris such as prostatic chips may also promote infection. 

5.5.2. Patient characteristics predisposing to infection 

In general, females, older individuals, and those with a medical history of recurrent UTI 
or prostatitis, and pregnancy are at higher risk for infection (Haley et al. , 1981a). Poor gen­
eral health, as indicated by three or more underlying diseases, also represents a high risk 
situation (Haley et aI., 1985b). Cancer patients undergoing chemotherapy are also at risk 
(Gross et aI., 1980). In the study by the National Research Council, the overall wound in­
fection rate rose from 7.1 % to 10.4 % in diabetic patients, was 16% in patients undergoing 
preoperative steroid therapy, 18.1 % in obese patients, and 22.4 % in patients with severe 
malnutrition. Similar percentages have been reported in the Foothill hospital study (Cruse 
and Foord, 1980). Immunocompromized patients are at risk for bacterial infection, par­
ticularly if the granulocyte count is below 1500/mm3 (Rubin and Young, 1988). This is also 
true for patients with hematologic disorders or Acquired immunodeficiency syndrome 
(AIDS). Patients with a daily alcohol consumption level of 2: 60 g are at increased risk of 
infections, i.e., cystitis, epididymitis, or septicemia, following TURP (Tonnesen et aI., 
1988). 

Patients with a defective or artificial heart valve are at high risk for subacute bacterial 
endocarditis, which often originates in the urogenital tract (Svanbom and Strandell, 
1978). These patients require antimicrobial prophylaxis according to guidelines for pre­
vention of subacute bacterial endocarditis (Malinverni et al., 1984; Simmons et al., 1982). 
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VII. Summary 

The fluoroquinolones represent a new group of highly active antimicrobial agents. Their 
broad antimicrobial spectrum covers all aerobic Gram-negative and Gram-positive bac­
teria encountered in urinary tract infections. These new quinolones are all administered 
orally, some also intravenously and they are usually well tolerated. 

Because of these properties fluoroquinolones appear ideal antimicrobials for use in 
Urology. In various in vitro experiments, and animal and human studies the newer 
quinolones were investigated for their possible therapeutic and prophylactic use in urol­
ogy. Since the benefit of antimicrobial prophylaxis in urologic surgery is highly disputed 
this aspect was particularly emphasized. 

It was shown that the in vitro activity of several fluoroquinolones is quite stable in vari­
ous media such as prostatic fluid, prostatic tissue and urine and at wide ranges of pH and 
inoculum sizes. 

In various animal studies it was shown that fluoroquinolones reach very high tissue con­
centrations in urethral, vaginal and prostatic secretion and in prostatic tissue, sometimes 
higher than simultaneous serum concentration. This is explained by the amphoteric nature 
of these compounds (zwitterions). 

Ciprofloxacin was found to be highly effective in preventing experimental urosurgical 
infections in animals. Foreign body infection could be prevented by single-dose ciproflox­
acin prophylaxis. 

In a pharmacokinetic study of patients with impaired renal function it was found that 
dose reduction of ciprofloxacin is necessary only at creatinine clearances below 50 mIlmin. 

Excellent clinical efficacy of ciprofloxacin was proven in a study of 161 patients with 
complicated urinary tract infections. 

It is concluded that the newer quinolones are especially suitable for use in urological 
infections as well as in prophylaxis. 

In an extensive review of the literature including some own studies the specific aspects 
of antimicrobial prophylaxis in urology are discussed and recommendations for the vari­
ous urologic procedures are given. 
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The InO.uence of Various Body Fluids and pH on E. Coli MIC 
of Quinolone Derivativesl 

T.C Gasser, E.H. Larsen, T. Dmflinger and P.O. Madsen 
Urology Section, William S. Middleton Memorial Veterans Hospital and 
Department of Surgery, University of Wisconsin School of Medicine, Madison, WI, USA 

Introduction 

Great efforts have been made to treat chronic 
bacterial prostatitis but the results have been 
disappointing, possibly due to poor drug pe­
netration in the prostate (9, 10). 
The minimum inhibitory concentration 
(MIC) is normally determined under stand­
ardized in vitro conditions with an inoculum" 
size of 104 to 105 bacteria in a medium with a 
pH of 7.2 (6). In prostatitis, however, the 
number of bacteria may be higher; the pH of 
the prostate is more basic; and there may be 
an interaction between body fluid and anti­
microbial agents (3, 8, 11). In an earlier study 
we found that trimethoprim was inhibited by 
prostatic fluid and prostatic tissue extract and 
that the trimethoprim MIC decreased with 
increased pH (7). 
To improve the treatment of chronic bacterial 
prostatitis, it is important to determine the 
influence of inoculum size, pH, and different 
tissue extracts on MIC. We determined the 
MICs of six quinolones and trimethoprim at 
different inoculum sizes and pH values in tis­
sue extracts and body fluids of humans and 
dogs. 

Material and methods 

The MICs oftrimethoprim and six quinolone 
derivatives (ciprofloxacin, norfloxacin, enox-

I Supported in part by the U.S. Veterans Adminis­
tration 

acin, amifloxacin, ofloxacin, and A-56620) 
were determined with routine dilution me­
thods against six different strains of Escher i­
chia coli. The MIC was defined as the concen­
tration that produced a 90% inhibition of the 
original inoculum. 
To study the effect ofinoculum size on MIC, 
the initial inoculum of109 bacteria was serially 
diluted IO-fold down to 101, and the MICs 
were determined at each step. 
To investigate the effect of tissue and body 
fluids on MIC, 1 gr of either dog prostatic tis­
sue or human prostatic tissue was homoge­
nized in 3 ml of phosphate buffer, pH 7. The 
resulting supernatant, and also dog prostatic 
fluid and human urine, were adjusted to pH 7 
with NaOH, and MICs were determined in 
each medium. 
To investigate the influence of pH on MIC, 
Mueller-Hinton broth was adjusted to pH 6, 
7, or 8 with either HCl or NaOH, and the 
MICs were determined. 
Except for the study of the inoculum size 
effect, the inoculum size was 105. 

Results 

The effect of inoculum size on MIC is shown 
in figure 1. Ciprofloxacin had the lowest and 
trimethoprim the highest MIC at all inocu­
lum sizes. 
Increase of the inoculum size from 106 to 109 

bacteria caused a 19-fold increase of the trime­
thoprim MI C. In contrast, the quinolones had 
an increased MIC only at an inoculum size of 
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Figure 1. Effect of inoculum size on MIC of s~ven 
antimicrobials in Mueller-Hinton broth, pH 7 
(means for six strains of E. coli). 
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Figure 2.' Effect of pH on MIC of seven anti­
microbials in Mueller-Hinton broth (means for six 
strains of E. coli). 

109, indicating that they are only slightly affect­
ed by inoculum size. 
The effect of pH on MIC is shown in figure 2. 
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Figure 3. Influence of dog prostatic tissue and dog 
prostatic fluid on MIC of six antimicrobials at pH 7 
(means for six strains of E. coli). 

Ciprofloxacin had the lowest and trimetho­
prim the highest MIC at each pH investigat­
ed. The MICs of all drugs decreased between 
pH 6 and 7. There was no MIC change be­
tween pH 7 and 8 for ciprofloxacin, ofloxacin, 
and trimethoprim and a slight decrease for 
enoxacin, norfloxacin, and A-56620. For ami­
floxacin, however, there was a 3.5-fold in­
crease of MIC between pH 7 and 8. 
The MICs for all drugs except enoxacin were 
higher in dog prostatic tissue and dog prosta­
tic fluid (figure 3). Human prostatic tissue ex­
tract, however, had only a slight effect on the 
newer quinolones but clearly inhibited tri­
methoprim. The MIC values in human urine 
were higher than in Mueller-Hinton broth for 
alI drugs investigated except for ofloxacin 
(figure 4). 
Table I demonstrates the influence of the pH 
in human urine for four quinolone deriva­
tives. The decrease of the MIC between pH 
5.7 and 7 was 17-fold, Il-fold, 34-fold, and 42-
fold, respectively, for enoxacin, amifloxacin, 
ciprofloxacin, and ofloxacin. 
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Figure 4. Influence of human prostatic tissue and 
human urine on MIC of six antimicrobials at pH 7 
(means for six strains of E. coli). 

Table I. MIC in human urine at different pH values 
(range for 6 strains of E. coli). 

Drug MIC, llg/ml 

pH 5.7 pH 7 

Enoxacin 5.0 0.25 -0.5 
Amifloxacin 1.0 -2.0 0.125-0.25 
Ciprofloxacin 0.06-2.0 0.008-0.06 
Ofloxacin 1.0 -2.0 0.008-0.06 

Discussion 

The quinolone derivatives investigated show­
ed an inoculum effect only at very high 
numbers of bacteria. This implies that they 
should keep their activity even if the number 
of bacteria is higher than under standardized 
in vitro conditions. 
The effect of pH on MIC could be explained 
by changes in the degree of drug ionizaton. 
The ionization curves for trimethoprim, ami­
floxacin, and ciprofloxacin are shown in fig­
ure 5. These curves were calculated using the 
Henderson-Hasselbalch equation. Enoxacin 
and norfloxacin have curves similar to the one 
of ciprofloxacin. For a base like trimethoprim, 
with one pKa, a large proportion of the drug is 

ionized and therefore inactive at low pH (10). 
Only the nonionized fraction of a drug is 
active, and therefore, more drug is needed to 
inhibit bacteria. This results in an increased 
MIC. 
Some quinolones are zwitterions with two 
pKa's. At their isoelectric point most of the 
drug is uncharged. At either higher or lower 
pH more drug is ionized and therefore inac­
tive. Norfloxacin, enoxacin, and ciprofloxacin 
have the isoelectric point close to plasma pH 
of7.4. At pH 6,50 to 70% of the drug is ionized 
and at pH 7 only about 100/0 is ionized. This 
might explain the decrease ofthe MIC. At pH 
8, between 15 and 300/0 of the drug is ionized, 
and one would therefore expect a slight 
increase of the MIC. Our results, however, 
show either no change or a slight decrease, 
possibly because high pH itself inhibits 
bacterial growth. The greater amount ofinac­
tive drug could be balanced by the inhibiting 
effect of pH 8 on bacterial growth. The iso­
electric point of amifloxacin is near pH 6.6. At 
pH 6 and 7 the drug is 36 and 25% ionized, re­
spectively. At pH 8, however, 70% of the drug 
is ionized and inactive. This may explain the 
MIC decrease between pH 6 and 7 and the 
increase between pH 7 and 8. 
Therefore, in the treatment of bacterial pros­
tatitis, where the pH is around 8 (3) one would 
expect better results with quinolones having 
either neutral or slightly basic isoelectric 
points (such as ciprofloxacin, norfloxacin, or 
enoxacin) than with quinolones having either 
strongly acid or basic isoelectric points. 
These theoretical considerations would also 
explain the MIC decrease in human urine at 
higher pH, indicating that one should alka­
linize the urine if the newer quinolones are 
used for the treatment of urinary tract in­
fections. 

Conclusion 

Our data indicate that the pH ofthe medium 
influences the MIC of the newer quinolones, 
possibly because of changes in the degree of 
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ionization of these drugs. Since the quino­
lones are not inhibited by human prostatic tis­
sue extract, have a broad antibacterial spec­
trum, and tend to concentrate in the human 
prostate, we expect them to be useful drugs in 
the treatment of bacterial prostatitis (1 2 4 5 
12). ' , , , 
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QUINOLONE PENETRATION INTO CANINE VAGINAL 
AND URETHRAL SECRETIONS 

T. C. Gasser, P. H. Graversen, E. H. Larsen and T. D0rflinger 

From the Urology Section. William S. Middleton Memorial Veterans Hospital. 
Madison. Wisconsin. USA 

Abstract. Four newer quinolones (amifloxacin, cipro­
floxacin, enoxacin, norfloxacin) were administered to 
female dogs by intravenous infusion. Drug concentra­
tions in plasma, urine, and vaginal and urethral secretion 
were determined by bioassay. All four quinolones pen­
etrated into vaginal and urethral secretion in concentra­
tions several times higher than the MIC against common 
urinary pathogens, ciprofloxacin and norfloxacin reach­
ing concentrations exceeding the simultaneous plasma 
concentrations. Because of their favorable antibacterial 
spectra, new quinolones should be investigated clini­
cally for the treatment of recurrent urinary tract infec­
tion and bacterial vaginitis. 

Key words: quinolones, urinary tract infection, bacterial 
vaginitis. 

Since the discovery of nalidixic acid and sub­
sequent synthesis of rosoxacin and cinoxacin 
several years ago, the search for new antimicro­
bials has yielded a large number of related com­
pounds (8). The development of 6-fluoro-7-
piperazino-4-quinolones broadened and en­
hanced the antibacterial activity considerably. 
Minimal inhibitory concentrations (MIC) of the 
fluoroquinolones are very low against most Gram­
negative bacteria, including Pseudomonas and En­
terobacteriaceae, and they are also active against 
many Gram-positive organisms (1,2,5). 

Colonization of the vaginal vestibule and lower 
urethra has been blamed for the high rate of recur­
rent urinary tract infections (UTIs) in women (6). 
Trimethoprim's popularity in the treatment and 
prophylaxis of UTI in women (7) has been attrib­
uted to the drug,'s relatively high concentration in 
vaginal fluid. The newer quinolones are currently 
being investigated as potential agents for treat­
ment of UTIs and possibly for prophylaxis of UTI 
in w{)men; As part of the investigation for the 
latter use, it would be helpful to know the concen­
trations that the drugs attain in the vaginal and 
urethral mucosa. If adequate concentrations are 
reached, new quinolones could be beneficial for 

treatment and prophylaxis of recurrent UTIs in 
women. 

Results from animal studies form the basis for 
trials in humans. We therefore undertook drug 
penetration studies in dogs. Amifloxacin, cipro­
floxacin, enoxacin, and norfloxacin were investi­
gated. 

MATERIAL AND METHODS 
Twenty-one adult female mongrel dogs weighing be­
tween ~5 and 39 kg were anaesthetized by intravenous 
sodium pentothal. The bladder neck was exposed 
through a midline abdominal incision and ligated to 
prevent urinary contamination of the urethral secretion. 
Urine was diverted through a cystostomy by a Foley 
catheter. 

To achieve steady-state conditions, the quinolones 
were given intravenously as a bolus injection (10 mg/kg 
body weight) followed by a constant infusion of I mg/kg 
body weight for 4 hours. Pilocarpine (I mg/kg body 
weight) was given i. v. at intervals as needed to stimulate 
vaginal and urethral secretion. Samples of vaginal secre­
tion, urethral secretion, plasma, and urine were taken 
before and at 30-min intervals for 4 hours after the bolus 
injection. The vagina was exposed through a speculum, 
and two 6-mm blank paper disks (sterile blanks, Difco 
Laboratories, Detroit, MI) with a small thread attached 
for retrieval were inserted into both the urethra and the 
vagina. Mter 3·5 min in situ, they were removed and the 
drug concentrations of the secretion-saturated disks 
were determined by bioassay. 

Amifloxacin disk content was determined by placing 
the disk direct on trypticase glucose extract agar, pH 7.0, 
using Proteus vulgaris A TC 9920 as test organism. Cipro­
floxacin disk content was determined by first washing 
out the content in 0.2 ml phosphate buffered saline, pH 
7.2. The bioassay was carried out within 24 hours in 
Medium C (neomycin assay agar, BBL, pH 7.2) using 
Klebsiella pneumoniae ATCC 10031 as test organism. 
Enoxacin disk concentration was determined by placing 
the disk directly on Medium 2 (Bacto Penassay Base 
agar, pH 7.0), using Escherichia coli KP as test organism. 
Norfloxacin disk content was determined by placing the 
disk directly on nutrient base yeast agar, pH 7.0, using 
Klebsiella pneumoniae ATCC 10031 as test organism. 
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Table I. Concentration of quinolones in plasma. urine. and vaginal and urethral secretion 

Body fluid 

Plasma 
Vaginal secretion 
Urethral secretion 
Urine 

Concentration of drug (l1g/ml; mean ± SD) 

JO min 60 min 90 min 120 min 150 min 180 min 210 min 240 min 

Amifloxacin (n = 5) 

9.7±3.8 8.3±3.0 7.7±2.2 7.1 ±2.0 6.5± 1.6 6.3± 1.8 
8.9±5.3 5.7±2.8 6.1 ±2.7 7.0±3.8 5.9±2.4 4.4±2.5 
9.3±4.8 6.9±2.8 5.9±2.8 6.9±3.9 6.1±3.1 5.8±2.9 

107±121 108±137 78±104 78±111 51±81 81±144 

Ciprofloxacin (n = 5) 

6.3 ± 1.9 6.2 ± 1.9 
5.3 ± 3.5 4.9 ± 2.4 
6.2±3.8 5.4±2.9 
30±32 37±57 

Plasma 6.6 ± 2.5 4.2 ± 1.2 3.9 ± 1.3 3.5 ± 1.2 3.1 ± 0.9 3.0 ± 1.0 
Vaginal secretion 11.6±13.5 6.8±7.4 5.4±5.4 4.9±4.9 5.3±5.7 4.3±4.0 
Urethral secretion 9.5±9.8 7.4±9.9 5.3±5.1 4.5±3.6 4.5±4.1 3.9±2.9 
Urine 69±118 261±214 238±157 135±60 87±57 83±32 

2.9 ± 1.1 2.8 ± 0.9 
4.4±4.0 4.4±3.8 
4.1 ±3.2 4.4±3.5 
96±64 92±75 

Plasma 
Vaginal secretion 
Urethral secretion 
Urine 

Plasma 
Vaginal secretion 
Urethral secretion 
Urine 

Enoxacin (n = 5) 

14.3±7.0 9.7±4.6 7.1 ±4.1 6.1 ±3.9 5.3±2.7 5.4±2.5 5.1 ±2.4 4.9±2.2 
4.7±1.8 5.3±2.1 2.8±1.8 3.7±1.5 3.8±2.1 4.2±2.4 4.0±1.7 4.3±2.4 
6.1 ± 1.4 4.5 ± 1.4 4.2 ± 1.9 3.4 ± 1.1 3.3 ± 1.2 4.2 ± 2.4 3.8 ± 1.5 3.5 ± 2.1 
70±86 403±442 141±106 123±111 207±201 129±83 143±194 159±201 

Norfloxacin (n = 6) 

5.9±1.3 5.4±1.3 4.6±0.9 3.7±0.6 3.6±0.5 3.4±0.4 
4.3±2.1 4.2±1.0 3.9±1.3 4.1±0.5 4.3±1.0 4.4±1.1 
5.0±0.6 4.8± 1.3 4.1 ±0.9 4.2±0.9 3.9±0.8 4.4±0.9 
54±95 249±346 292±234 278±186 181±217 107±83 

3.6±0.7 3.4±0.7 
4.1 ± 1.6 4.8± 1.6 
4.5 ± 1.3 4.1 ± 1.3 
75±58 56±21 

Table II. Ratios of quino[one concentration in vaginal and urethral secretion to plasma concentration 

Ratio: secretion concentration/plasma concentration (mean ± SD) 

Type of secretion 30 min 60 min 90 min 120 min 150 min 180 min 210 min 240 min 

Vaginal 
Urethral 

Vaginal 
Urethral 

Vaginal 
Urethral 

Vaginal 
Urethral 

Amifloxacin 

.96±.47 .69±.21 .76±.87 ;91±.34 .90±.20 .67±.20 .76±.33 .75±.17 

.95±.30 .83±.15 .74±.16 .92±.37 .91±.30 .90±.24 .91±.31 .84±.25 

Ciprofloxacin 

1.43± 1.50 1.43± 1.321.27± 1.191.27 ± 1.191.67 ± 1.83 1.44± 1.40 1.56± 1.491.82± 1.35 
.84±.451.71 ±2.24 1.24±.831.31 ± 1.051.54± 1.461.38± 1.13 1.72± 1.421.81 ± 1.76 

Enoxacin 

.51 ±.48 .64±.48 .61 ±.58 .85±.55 .80±.39 .85±.44 .75±.26 .92±.44 

.63±.54 .65±.50 .66±.32 .66±.30 .70±.23 .90±.53 .80±.24 .78±.39 

Norfloxacin 

.79±.45 .86±.37 .88±'.31 1.14±.28 1.22±.70 1.29±.25 1.14±.30 1.40±.26 

.88±.15 .94±.36 .92±.25 1.16±.22 1.11 ±.26 1.29±.24 1.23 ±.16 1.18±.25 
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Plasma and urine concentrations were assayed by 
agar disk diffusion, using the same test media and test 
organisms as for the vaginal and urethral secretion. 

RESULTS 
The concentrations of the four quinolones investi­
gated in plasma, urine, and vaginal and urethral 
secretion are shown in Table I. The concentration 
ratios for vaginal secretion/plasma and urethral 
secretion/plasma are given in Table II and are 
shown graphically in Fig. I and 2. Ciprofloxacin 
and norfloxacin reached ratios greater than 1.0 for 
both vaginal and urethral secretions, indicating 
that both drugs concentrate in these secretions. 
Amifloxacin and enoxacin also penetrated into 
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Fig. 1. Vaginal secretion/plasma concentration ra­
tios of four quinolones during a drug penetration 
study (mean). 
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Fig. 2. Urethral secretion/plasma concentration 
ratios of four quinolones during a drug penetra­
tion study (mean). 
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vaginal and urethral secretion, but in concentra­
tions lower than in plasma. 

DISCUSSION 
This study demonstrates that amifloxacin, cipro­
floxacin, enoxacin, and norfloxacin penetrate into 
the vaginal and urethral mucosa. The mechanism 
of drug diffusion into the vagina is not completely 
clear, but is thought to be governed by the prin­
ciples of passive nonionic diffusion (6,7). Only 
nonionized (uncharged) drug can penetrate the 
vaginal epithelium. The degree of ionization of a 
drug is determined by the drug's pKa value and 
the pH of the surrounding fluid. This relation is 
expressed in the Henderson-Hasselbalch 
equation: 

pH = pKa + log concentration of ionized drug 
concentration of nomoiiiZed drug 

At equilibrium, the highest drug concentration 
(charged and uncharged) is on the side of the 
membrane where most drug is ionized. That is, 
bases concentrate on the acid side and acids on the 
basic side. This phenomenon is called ion-trap­
ping. Most antimicrobials are weak acids or weak 
bases. The quinolones investigated, however, are 
so-called zwitterions; i.e., they have both acidic 
and basic properties. Zwitterions have two ioniz­
ing groups, one positively and one negatively 
charged, and thus two pKa values. The ionization 
curves of the four drugs investigated (their degree 
of ionization at various pH values) are shown in 
Fig. 3. The Henderson-Hasselbalch equation was 

100 

90 
NorHoxacin 

80 / 

70 
Cl 
UJ 60 
N 

Z 50 
S 
ae 40 

30 

20 

10 

5 6 7 8 9 10 
pH 

Fig. 3. The relation between degree of ionization 
and pH for four quinolones. 
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used for calculation of the curves. The minimum 
amount of drug is charged at the drug's isoelectric 
point. At higher pH values, more drug is nega­
tively charged. Conversely, at lower pH value~, 
more drug is positively charged. 

Table III. Theoretical concentration ratios. vaginal 
secretion/plasma at various pH values of vaginal 
secretion (plasma pH = 7.4) 

pH 

Drug 5.0 6.0 7.0 

Amifloxacin 4.1 0.9 0.8 
Ciprofloxacin 10.2 1.9 1.0 
Enoxacin 10.8 1.8 1.0 
Norfloxacin 16.6 2.7 1.3 

The theoretical vaginal secretion/plasma ratios 
of drug at different pH values of the vaginal secre­
tion are listed in Table III. In dogs, plasma pH is 
7.4 and the pH of vaginal and urethral secretions 
is 7.0 (4). In our dog experiments, good correlation 
was found between theoretical and actual values 
for amifloxacin and norfloxacin (Fig. I). Enoxa­
cin values were slightly lower than expected. The 
reason for this is not known. Other drug properties 
such as lipid solubility, protein binding, and mole­
cular shape may be of influence. Actual cipro­
floxacin concentration exceeded the expected 
values. This may be due to an active transport 
mechanism. However, in spite of bladder neck 
ligation, contamination with urine (containing 
high ciprofloxacin concentrations) cannot be ex­
cluded. 

In humans, the pH of vaginal secretion is con­
siderably more acid than in dogs. This would 
favor the penetration of the quinolones into the 
vagina (Table III). While the pH in uninfected 
women is below 4.4, it can be as high as 5.0-6.0 
in infected women (6). Thus, highest concentra­
tions in human vaginal secretion are expected for 
norfloxl\cin and lowest for amifloxacin. 

Antibiotic concentrations alone, however, are 
not a good indicator of possible clinical efficacy. 
The concentration should be considered in rela­
tion to the MIC agairist the most common 
pathogens. This relation can be expressed as the 
inhibitory quotient or therapeutic index: drug 
concentration/MICgo (3). The calculated thera­
peutic indices for the most common urinary 
pathogen in women, E. coli, are given in Table IV. 
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Table IV. Therapeutic index of quinolones for E. 
coli 

Drug 

Amifloxacin 
Ciprofloxacin 
Enoxacin 
Norfloxacin 

Concentration (l1g/ml) Thera-
Vaginal b peutic 

secretiona MIC90 index 

5.5 
5.1 
4.0 
4.3 

0.25 
0.015 
0.40 
0.12 

22 
340 

10 
36 

a Mean of 2-4 hours of drug infusion in dogs. 
bReferences 1,2,5. 

A therapeutic index of ~ 2 is generally required 
for a drug to be effective. Thus all four drugs 
investigated are expected to be clinically effective. 
However, ciprofloxacin seems to be superior, 
mainly because of its very low MICgo (I). As 
higher quinolone concentrations in human vag­
inal secretion are expected, even more favorable 
therapeutic indices would result for all four 
quinolones investigated. 

The penetration properties and the favorable 
antimicrobial spectra of quinolones make clinical 
trials warranted. Determinations of quinolone 
concentrations in women should be followed by 
trials to assess the value of long-term antimicro­
bial prophylaxis with quinolones in women with 
recurrent UTI. 
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The distribution of Oeroxacin (Ro 23-6240) in canine prostatic tissue and Onids was investigated nnder 
steady-state conditions during intravenous infusion. Mean ratios of fleroxacin concentration in tissue and fluids 
over concentration in plasma were 1.57 ± 0.25 for prostatic tissue, 1.12 ± 0.28 for prostatic secretion, and 0.93 
± 0,14 for prostatic interstitial fluid. Tbese levels and concentrations in urine were several times higher than 
the MlC for most pathogens that cause chronic bacterial prostatitis and urinary tract infection. The MlCs for 
several isolates of Escherichia coli were only slightly affected by canine prostatic secretion, human prostatic 
tissue extract, and human urine. Clinical trials with fleroxacin appear justified for chronic bacterial prostatitis 
and urinary tract infection. 

Chronic bacterial prostatitis may be the most common 
cause of recurrent urinary tract infection in men (20). De­
spite the availability of antimicrobial agents with suitable 
antibacterial spectra, results of treating chronic bacterial 
prostatitis have been rather disappointing. The best cure 
rates reported. using trimethoprim-sulfamethoxazole for 4 to 
16 weeks, vary from 32 to 71% (19). 

Fleroxacin (Ro 23-6240 or AM-833) is a newly developed 
quinolone derivative structurally related to the latest gener­
ation of 6-fluoro-7-piperazine-4-quinolones. It has a broad 
antibacterial spectrum against both gram-positive and gram­
negative bacteria, including Pseudomonas aeruginosa and 
the Enterobacteriaceae (4, 8, 10). Fleroxacin is well ab­
sorbed after oral administration in experimental animals 
(13), and its long half-life of9 to 11 h may allow once-per-day 
dosing (data on file, Hoffmann-La Roche, Inc.). Its antibac­
terial and pharmacokinetic properties make tleroxacin a 
potential drug for the treatment of urologic infections, pos­
sibly including chronic bacterial prostatitis. 

The purpose of this study was to evaluate the distribution 
of fleroxacin in plasma, prostatic secretion, prostatic inter­
stitial fluid, prostatic tissue. and urine of dogs. We investi­
gated in vitro the influence of dog prostatic secretion, human 
prostatic tissue extract. and human urine on the antibacterial 
activity of fleroxacin. 

MATERIALS AND METHODS 

Animal studies. Fleroxacin was obtained from Hoffmann­
La Roche. Inc .• Nutley. N.J. The dog model used for drug 
infusion studies has been previously described (15). Five 
adult male mongrel dogs weighing 23 to 33 kg were anesthe­
tized intravenously with sodium thiopental. The prostrate 
was exposed through a low midline abdominal incision, and 
a multiperforated polyethylene tissue chamber (10 by 6 mm) 
with two connecting.,tubes (Engineering Industries, Verona, 
Wis.) was implanted in each lateral lobe (Fig. 1). The tubes 
were irrigated with heparin and placed subcutaneously. 
Approximately 4 weeks later, the dogs were anesthetized 
again. The bladder neck was ligated, and a vasectomy was 
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performed to prevent contamination of the prostatic secre­
tion. Prostatic secretion was collected through a transurethr­
ally inserted catheter; prostatic interstitial fluid was obtained 
from the tissue chambers via the tubes. Urine was collected 
through a cystostomy. Blood samples were drawn through a 
cannula inserted in the femoral artery. 

To achieve steady-state conditions, fleroxacin was given 
intravenously as a bolus injection (10 mg/kg of body weight) 
followed by constant infusion of 1 mg/kg of body weight for 
4 h. The infusion rate was doubled in three of the dogs after 
3 h and extended to 5 h. To stimulate prostatic secretion, 
pilocarpine (0.1 mg/kg of body weight) was administered 
intravenously at intervals as needed. Samples of plasma, 
urine, prostatic interstitial fluid, and prostatic secretion were 
collected before drug administration and subsequently at 
30-min intervals until the end of the experiment. The dogs 
were then sacrificed, and specimens from various tissues 
were taken for bioassay. 

All samples were frozen immediately and stored at -lrC 
until used for bioassay. Fleroxacin concentrations were 
determined by bioassay, using a disk diffusion method. The 
test medium was tryptose glucose agar (pH 7.2; GIBCO 
Diagnostics, Madison, Wis.), and the test organism was 
Bacillus subtillis ATCC 6633 (Difco Laboratories, Detroit, 
Mich.). Tissue samples were weighed and then homogenized 
with an equal volume of phosphate buffer (pH 7.2) by using 
a Polytron 10 homogenizer (Kinematica GmbH, Luzern, 
Switzerland), and the supernatant was removed. Urine sam­
ples were diluted 1:25 in phosphate buffer (pH 7.2). Plasma, 
prostatic secretion, and prostatic interstitial fluid were not 
diluted. Standard curves for plasma were generated from 
pooled normal dog plasma. A phosphate buffer (pH 7.2) was 
used for standard curves for prostatic secretion. prostatic 
interstitial fluid, tissues, and urine. All samples were assayed 
in triplicate and incubated at 37°C overnight before inhibition 
zones were measured. 

To study the effect of body fluids on the antibacterial 
activity of fleroxacin, samples of canine prostatic secretion, 
human prostatic tissue (obtained from patients with benign 
prostatic hyperplasia, undergoing transurethral resection of 
the prostate), and human urine were collected. The extract 
of human prostatic tissue was obtained by homogenizing 
prostatic tissue with an equal volume of phosphate buffer 
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PIG. 1. Dog model with implanted tissue chambers in the 
prostate. 

(PH 7.2) and removing the supernatant. MIC determinations 
were performed at existing pH levels of fluids and extracts, 
and all samples were then adjusted to pH 7.0 with 0.1 N 
sodium hydroxide. The MIC was determined by using a 
twofold dilution technique with Mueller-Hinton broth plus 
body fluids and extracts. The final dilutions, containing lOS 
Escherichia coli per mI (obtained from 12 different patients 
with urinary tract infection), were incubated overnight at 
37·C with the antibacterial agent. At the end of this period, 
the MIC was defined as the concentration in the last clear 
well. 

For statistical calculations, we employed Student's t test 
and the Mann-Whitney rank-sum test; P values of <0.05 
were considered significant. 

RESULTS 

All tissue chambers yielded sufficient amounts of fluid 
every 30 min for bioassay. The prostatic interstitial fluid 
values are averages for the two chambers. Table 1 shows 
mean values of fleroxacin concentrations in plasma, 
prostatic secretion, prostatic interstitial fluid, and urine 
along with the prostatic secretion/plasma and prostatic inter­
stitial fluid/plasma concentration ratios. Assuming that a 
steady state bad occurred after 1.5 h, the mean concentra­
tions were significantly higher in prostatic secretion than in 
prostatic interstitial fluid (P <0.001); the prostatic 
secretion/plasma concentration ratios were constantly above 
1. Some dogs had relatively small urine output in the 
beginning of the study period, which may explain the high 
urine concentrations recorded from 0.5 to 1.5 h. 

TABLE 2. Concentrations and tissue/plasma concentration ratios 
of fleroxacin in various tissues at autopsy" 

Tissue Conen Tissue/plasma ratio 
(f.L8/g) 

Prostate 11.0 ± 2.6 1.57 ± 0.25 
Testis 11.4 ± 2.3 1.67 ± 0.35 
Epididymis 11.1 ± 4.3 1.56 ± 0.40 
Bladder wall 11.1 ± 3.9 1.63 ± 0.37 
Kidney cortex 19.8 ± 6.5 2.91 ± 1.23 
Kidney meduUa 20.4 ± 5.8 3.04 ± 0.80 

tl Mean ± standard deviation. 

Various lower genitourinary tissue concentrations and 
corresponding tissue/plasma concentration ratios are shown 
in Table 2. Table 3 shows the influence of various body fluids 
in the MIC of fleroxacin. Canine prostatic secretion, human 
prostatic tissue extract, and human urine had only a slight 
effect; the MICs for 90% of isolates tested at pH 7.0 in 
human prostatic tissue extract and human urine did not differ 
significantly from the values obtained in Mueller-Hinton 
broth (results not shown). Conversely, lowering the pH 
values in the medium increased the MICs significantly (P < 
0.01). 

DISCUSSION 

This study demonstrated that fleroxacin penetrates well 
into lower genitourinary tissues and secretions of dogs. The 
concentrations of fleroxacin in prostatic secretion, prostatic 
interstitial fluid, and urine were many times higher than the 
MIC for most urinary tract pathogens (4, 10, 18). 

To treat chronic bacterial prostatitis successfully, ade­
quate drug levels must be achieved in the prostate. Penetra­
tion into the prostate is thought to be a passive process and 
depends on many physicochemical properties, such as de­
gree of ionization, protein binding, and lipid solubility (22). 
In this study, prostatic secretion/plasma and prostatic inter­
stitial fluid/plasma concentration ratios close to 1 were not 
changed by increasing the plasma concentration of 
fleroxacin (Table 1). This suggests that the drug is passively 
diffused from plasma into the prostate and is in accordance 
with the theory proposed by Stamey et al. (22). The ideal 
drug is uncharged at plasma pH, has low protein binding, 
and is lipophilic. In addition to these factors, the presence of 
a pH gradient across the prostatic epithelium is also impor­
tant because of the phenomenon of ion trapping. When 
steady-state conditions have occurred, the highest drug 
concentration will be on the side of the biological membrane 
where most ionization occurs (i.e., charged plus uncharged). 
This is dependent on the pKa of the drug and the pH of the 
medium. This relation is expressed by the Henderson­
Hasselbalch equation (22). Whereas most antimicrobial 
drugs are either weak acids or bases (with 1 pKJ, newer 

TABLE 1. Concentration of fleroxacin in fluids in five dogs 

Conen <1Lg/ml: mean ± SO) at timeh: 

Fluid" , 
0.5 h 1.0 h J.5h 2.0 h 2.S h 3.0 h 3.S h 4.0 h 4.S h S.Oh 

P 7.6 ± 1.0 7.0 ± 0.6 6.6 ± 0.8 6.5 ± 1.0 6.3 ± 0.7 6.2 ± 0.9 6.9 ± 1.0 6.8 ± 1.5 7.6 ± 2.1 8.1 ± 1.9 
PS 13.5 ± 1.6 9.2 ± 1.4 7.2 ± 1.6 7.2 ± 1.4 6.9 ± 1.6 6.5 ± 1.5 7.2 ± 1.8 7.2 ± 1.6 9.4 ± 2.3 9.4 ± 1.8 
PIF 9.2 ± 3.8 8.4 ± 3.6 6.6 ± 1.5 5.8 ± 1.4 5.9 ± 1.8 5.7 ± 1.7 5.7 ± 1.8 6.3 ± 1.7 7.7 ± 2.1 8.2 ± 1.9 
Urine 149 ± 226 176 ± 141 154 ± 152 94 ± 50 104 ± 98 124 ± 129 66 ± 29 67 ± 48 76 ± 24 63 ± 38 

PSIP 1.80 ± 0.25 1.34 ± 0.35 1.12 ± 0.38 1.13 ± 0.37 1.12 ± 0.28 1.06 ± 0.31 1.05 ± 0.23 1.07 ± 0.22 1.26 ± 0.26 1.16 ± 0.16 
PIPIP 1.10 ± 0.26 1.20 ± 0.32 0.99 ± 0.20 0.88 ± 0.20 0.94 ± 0.19 0.91 ± 0.18 0.80 ± 0.16 0.91 ± 0.10 1.00 ± 0.05 1.00 ± 0.07 

II P. Plasma; PSt prostatic secretion; PIF. prostatic interstitial fluid: 
b Between 3.S and 5 h. data from only three dogs were compiled. 
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TABLE 3. Effect of various body fluids on the MIC of fleroxacin 
for 12 isolates of Escherichia coli 

Body fluid pH 
MIC (!,giml)" 

Range 50% 90% 

Dog prostatic secretion 6.5 1.0-1.0 1.0 1.0 
Dog prostatic secretion 7.0 0.03-1.0 0.06 0.125 
Human prostatic tissue extract 7.0 0.06-1.0 0.125 0.25 
Human urine 5.0 0.25->1.0 1.0 1.0 
Human urine 7.0 0.06-0.5 0.125 0.25 

u 50% and 90%, MIC for 50 and 90% of isolates, respectively. 

quinolone drugs have two ionizing groups, one positively 
and the other negatively charged, and thus two pKas (the 
so-called zwitterions, or dipolar ions). The two pKas of 
fleroxacin are 5.5 and 8.1. Figure 2 shows the calculated 
ionization curve for fleroxacin. As only the uncharged 
fraction is diffusible and active (22), the lowest MIC is 
expected at the drug's isoelectric point. At both higher and 
lower pH values more drug is charged, resulting in an 
increased MIC. This pH effect was demonstrable in canine 
prostatic secretion and human urine (Table 3) and suggests 
that it might be worthwhile to adjust pH to around 7.0 when 
treating urinary tract infections with fleroxacin. 

Interaction between body fluids and antimicrobial agents 
has been previously described (16, 21). In our study, how­
ever, the investigated body fluids had no significant effect on 
MIC, indicating that the antibacterial activity of fleroxacin 
would be unaffected by prostatic secretion and urine. 

The prostatic secretion/plasma ratio of fleroxacin (Fig. 3) 
was compared with ratios found for six other quinolones 
studied in our laboratory, using the same dog model (6, 8, 9, 
12, 17). Only fleroxacin and enoxacin had prostatic 
secretion/plasma concentration ratios constantly above 1. 
Although the results obtained from canine studies cannot be 
extrapolated to humans without caution, we would expect to 
find high prostatic concentrations of fleroxacin in humans. In 
humans, the pH of prostatic secretions is neutral or slightly 
alkaline, and in men with prostatitis, the pH may be as high 
as 8.3 (7). Theoretically, this should favor the penetration of 
most of the quinolones into the prostate. Published data on 
clinical studies with the quinolones and the prostate are 
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FIG. 2. Ionization curve for fteroxacin. using the Henderson­
Hasselbalch equation for calculation. 
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FIG. 3. Prostatic secretion/plasma concentration ratios of 
fleroxacin compared with those of six other quinolones. 

currently limited to determination of concentrations in 
prostatic tissue and fluids. Several quinolones (i.e., norftox­
acin, enoxacin, and ciprofloxacin) have been shown to 
concentrate in human prostatic tissue in concentrations 
substantially above the MIC for most urinary tract patho­
gens (1-3, 5, 11, 14). 

Our findings, along with the favorable broad antimicrobial 
activity of fleroxacin, indicate that it might be a promising 
new drug for the treatment of urologic infections, including 
bacterial prostatitis. 
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Einleitung 

Die chronisch bakterielle Prostatitis ist ein 
schwer zu behandelndes Krankheitsbild. Die 
besten Heilungsraten von nur 32-71 % bei 
Langzeitbehandlung mit Trimethoprim-Sul­
famethoxazol (9) werden mit schlechter Dif­
fusion des Medikaments in die Prostata er­
kIm (10). 

Neuere Chinolone besitzen ein antibakteriel­
les Spektrum, das die meisten der Prostatitis 
verursachenden Bakterien beinhaltet (1, 4, 
6); sie konnten deshalb von Nutzen in der 
Behandlung der chronisch bakteriellen Pro­
statitis sein. Urn Einblick in die Pharmakoki­
netik dieser neuen antibakteriellen Substan­
zen zu gewinnen, haben wir in unserem Tier­
labor die Diffusion von sieben Chinolonen in 
die Hundeprostata unter Steady-state-Be­
dingungen untersucht. Das verwendete Tier­
modell wurde bereits von .MADSEN et al. be­
schrieben (8). 

Material un'd Methoden 

Ausgewachsenen Hunden (Gewicht: 15-35 kg) 
wurden in Narkose zwei 10 x 6 mm groBe perfo­
rierte Gewebekammem in die Prostata implan-

tiert (Abb.1). Bei zu kleiner Prostata wurde nur 
eine Kammer eingebracht. Die Kaniilen der Kam­
mem wurden nach SpUlung mit Heparin subkutan 
plaziert. 

Einen Monat spater wurden die Hunde emeut 
aniisthesiert und der Blasenhals sowie die Vasa 
deferentia ligiert. Prostatasekret (PS) wurde mit­
tels transurethralem Katheter, interstitielle Pro­
statafliissigkeit (IPF) durch die Gewebekammem 
und Plasma (P) mittels Arteria-femoralis-Kathe­
ter gewonnen. 

Nach einer Lv. Bolusinjektion von 10mglkg Kor­
pergewicht (KG) wurden die Chinolone mit 
1-3 mglkg KG/Stunde fUr vier Stunden Lv. infun­
diert. 

Die Prostatasekretion wurde mit Pilocarpin 
(0,1 mglkg KG) stimuliert. Proben von P, PS und 
IPF wurden vor und in 30miniitigen IntervaIlen 
nach Beginn der Infusion gewonnen. 

Am Ende des Experiments wurden die Hunde 
getotet und Gewebeproben zur Bestimmung der 
Chinolonkonzentration aus der Prostata entnom­
men. AIle Proben wurden bis zur Weiterverarbei­
tung bei -17°C aufbewahrt. 

Die Cinoxacinkonzentration wurde mittels FIuo­
rometrie, die Konzentrationen der iibrigen sechs 
Chinolone mittels Bioassay bestimmt. 

• Unterstilizt durch die Veterans Administration der 
U.S.A. 

Keywords: Prostatitis - Trimethoprim-Sulfamethoxazol- Pharmakokinetik - Tiermodell Hundeprostata - Chinolone 
- Prostatasekretion 
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Femur, Arterie und Vene 

Prostata­
Interstitial­
flOssigkeit 

Prostata­
sekretion 

Abbildong 1: Schematische Zeichnung des verwendeten Hundemodells mit in die Prostata impiantierten Gewebe­
kammem 

TabeUe 1: Konzentration von sieben Chinolonen in Plasma und Prostatades Hundes (f.lglml, Mittel und 
Streuung) wahrend konstanter Infusion 

Chinolon Plasma Prostatasekret Interstitielle Prostatagewebe 
Prostatafiiissigkeit (f.lg/g) 

Enoxacin 2,9 ( 2,3- 3,2) 4,2 (1,9- 5,5) 3,6 (2,3- 4,5) 5,8 (2,6--12,0) 
A-56620 5,4 ( 3,1- 7,7) 6,6 (3,8- 9,0) 5,6 (2,5- 9,5) 5,8 (1,7- 7,2) 
Ciprofioxacin 6,0 ( 3,6-- 9,9) 3,4 (1,8- 7,5) 3,2 (1,6-- 5,4) 4,0 (3,1- 4,7) 
Norfloxacin 3,8 ( 2,7-11,1) 2,1 (0,7- 5,1) 2,3 (1,5- 4,5) 3,2 (2,th 5,7) 
Amifioxacin 12,0 ( 9,0-19,0) 6,3 (3,6--15,0) 6,7 (4,2-20,0) 9,4 (5,8-11,2) 
Rosoxacin 11,1 ( 6,0-18,0) 1,1 (0,4- 2,0) 2,9 (1,5- 4,5) 3,7 (2,8- 5,2) 
Cinoxacin 45 (37 -52 ) 1,0 (0,5- 2,6) 5,0 (2,4-29,6) 2,8 (2,3- 5,1) 

Ergebnisse 

Die Konzentrationen der sieben untersuch­
ten Chinoione in P, PS und IPF sind in Tabel­
Ie 1 aufgefiihrt. Das Erreichen des Steady-

state-Zustandes wurde nach 120 min ange­
nommen. In Abbildung 2 ist ein graphischer 
Vergleich der PS/P-Quotienten der sieben 
Chino lone dargestellt. AIle untersuchten 
Chinolone konnten im PS nachgewiesen wer­
den, aber nur EnQxacin und A-56620 erreich-

58 



Band 6--10, 1987 

2.5 

2 

a... 

" (f) 
1.5 a... 

f-z 
W 

f-
0 
::J 

Pharmakokinetik der Prostata 2029 

Enoxacin 
----A-56620 

0 

0.5 

Amifloxacin 
-- ~--... ====----===-:===o::::::=-__ ::::::::;: Ciproflox~cin ~ -===----Norfloxacln 

__ =====_-==-----======--Cinoxacin 
O = Rosoxacin 

~I -----T----~I~--~I,_---n~I~--~I----~I~--~1 o 1.5 2 2.5 3 3.5 4 

STUNDEN 

Abbilduug 2: Prostatasekretion (PS)/Plasma (P)-Konzentrationsquotienten von sieben Chinolonen wahrend einer 
Infusionsstudie beim Hund 

ten Quotienten groBer als 1 ,0 (d. h. sie kon­
zentrierten im PS). Ahnliche Verhaltnisse 
wurden auch in IPF und Prostatagewebe ge­
funden (Tab. 1). 

Diskussion 

In den 60er J ahren fuhrte STAMEY Diffusions­
studien antibakterieller Substanzen im Hun­
demo dell durch, urn Verstandnis fiir das hau­
fige Versagen' antibakterieller Therapie bei 
Patienten mit chronisch bakterieller Prostati­
tis zu gewinnen (10). Wahrend die basischen 
Substanzen Erythromycin und Oleandomy­
cin im PS in hoheren Konzentrationen als im 
Plasma gefunden wurden, konnten trotz ho­
her Plasmaspiegel keine der sauren Medika­
mente nachgewiesen werden. Aufgrund die­
ser Beobachtung wandte STAMEY die Theorie 
der passiven, nichtionischen Diffusion auf 

die Prostata an. Diese besagt, daB nur unge­
ladene (= nichtionisierte) Partikel eine bio­
logische Membran passieren konnen. Der 
lonisierungsgrad einer Substanz ist abhangig 
von ihrem pKa und dem pH des umgebenden 
Mediums, ausgedriickt durch die HEN­
DERsoN-HAssELBALcH-Gleichung: 

pH = pKa + log [A]/[AH] 

1m Gleichgewichtszustand findet sich die 
hohere Gesamtkonzentration (gel aden und 
ungeladen) der Substanz auf der Seite des 
hoheren lonisierungsgrades. 

Bei einem pH im Plasma von 7,4 ist praktisch 
100% der Saure Cinoxacin (pKa 4,7) negativ 
ionisiert und somit unfahig, in die Hunde­
prostata (pH 6,4) zu penetrieren (Abb. 3). 
Der erwartet tiefe PS/P-Quotient wurde ex­
perimentell bestatigt. Rosoxacin (pKa 8,5) ist 
ebenfalls eine Saure und sollte nicht im PS 
konzentrieren. Der gefundene Wert - deut-
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Abbildnng 3: Ionisationskurven von Cinoxacin, Amifloxacin und Enoxacin, berechnet mit der HENDERSON­

HAssELBALcH-Gleichung 

lich tiefer als erwartet - ist moglicherweise 
mit der hohen EiweiBbindung der Substanz 
zu erkHiren (11). 
Enoxacin, Ciprofloxacin, Amifloxacin und 
Norfloxacin sind weder Sauren noch Basen, 
sondern besitzen be ide Eigenschaften (= 
Zwitterionen) und haben deshalb U-formige 
Ionisationskurven (Abb. 3). Am isoelektri­
schen Punkt ist ein Minimum an Substanz 
ionisiert. Amifloxacin (pKal 5,8; pKa2 7,5) 
mit dem isoelektrischen Punkt nahe dem pH 
des PS sollte auf der Plasmaseite (hoherer 
Ionisationsgrad bei pH 7,4) konzentrieren, 
wahrend Enoxacin (pKal 6,0; pKa2 8,5) mit 
dem isoelektrischen Punkt nahe dem pH des 
Plasmas im PS in hoherer Konzentration ge­
funden werden sollte. Ciprofloxacin (pKal 
6,0; pKa2 8,8) und Norfloxacin (pKal 6,3; 
pKa2 8,8) haben sehr ahnliche isoelektrische 
Punkte (und Ionisationskurven) wie Enox­
acin und sollten ebenfalls im PS konzen­
trieren. 
Die Griinde dafur, warum erwarteter und 
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tatsachlicher Wert nur bei Amifloxacin und 
Enoxacin iibereinstimrnen, nicht aber bei Ci­
profloxacin und Norfloxacin, sind nicht be­
kannt. Andere Substanzeigenschaften wie 
EiweiBbindung, Fettloslichkeit oder stocha­
stische Eigenheiten konnten eine Rolle spie­
len. Ihr EinfluB ist jedoch schwierig zu unter­
suchen. Es ist unklar, weshalb A-56620 (3 
pKa's!) in der Hundeprostata konzentriert. 

Da der pH-Wert des menschlichen PS neu­
tral oder leicht alkalisch ist (5), existiert 
praktisch kein pH-Gefiille zwischen PS und 
P, und fiir die neueren Chinolone ist ein 
Quotient nahe 1 zu erwarten. Da jedoch 
deutlich hohere ProstatagewebelPlasma­
Quotienten fiir Norfloxacin, Ciprofloxacin 
und Enoxacin gefunden wurden (Tab. 2) (2, 
3, 7), muB ein spezifischer aktiver Transport­
mechanismus fur diese fluorierten Chino lone 
in die menschliche Prostata vermutet wer­
den. Die Annahme eines solchen aktiven 
Transportmechanismus ist spekulativ, wird 
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TabeUe 2: Konzentration von Norfloxacin, Ciprofloxacin und Enoxacin in Plasma und Prostata des 
Menschen (Mittel und Standardabweichung) (5) 

Chino Ion Plasma (P) 
(Ilglml) 

Norfloxacin 1,2 ± 0,6 
Ciprofloxacin 1,7 ± 1,0 
Enoxacin 2,1 ± 0,6 

aber unterstiitzt durch die Tatsache, daB die 
gefundenen Prostatagewebekonzentratio­
nen sowohl beim Hund wie beim Menschen 
in derselben GraBenordnung liegen (Tab. 1 
und 2), obwohl im Hundeplasma hahere 
Plasmawerte vorlagen als beim Menschen. 
Bei rein pas siver Diffusion wurde man eine 
direkte Proportionalitiit zwischen Plasma­
und Gewebekonzentration erwarten. 

Wenn auch die theoretische Basis fur die 
gefundenen Konzentrationen nicht ganz klar 
ist, so kannte diese doch klinisch bedeutsam 
sein. Die Konzentrationen von Enoxacin, 
Norfloxacin und Ciprofloxacin in Plasma und 
Prostatagewebe des Menschen sind deutlich 
haher als die minimale Hemmkonzentration 
(MHK) der meisten pathogenen Organis­
men, einschlieBlich so problematischer Kei­
me wie Pseudomonas, Klebsiella oder En­
terobacter spp. (12). Fur E. coli, einem hiiu­
figen Verursacher der chronisch bakteriellen 
Prostatitis (10), liegen die Konzentrationen 
im Gewebe 55fach (Norfloxacin), 6lfach 
(Enoxacin) und 533fach (Ciprofloxacin) 
uber der MHKgo. 

Schlu8folgerungen 

Tierexperimentell erhobene Befunde kan­
nen nur mit Vorbehalten auf den Menschen 
ubertragen werden. Aufgrund der hohen 

Prostatagewebe Quotient (PIG) 
(G) (llg/g) 

2,2 ± 0,8 1,86 ± 0,47 
3,2 ± 2,8 2,05 ± 1,46 
4,9 ± 1,7 2,48 ± 1,17 

Gewebekonzentrationen in der Prostata des 
Hundes und des Menschen sowie des breiten 
antibakteriellen Spektrums erscheinen die 
neueren Chinolone vielversprechend in der 
Behandlung der chronisch bakteriellen Pro­
statitis. 

Literator 

1. Barry, A. L., R. N. Jones, C. Thornsberry, L. W. 
Ayers, E. H. Gerlach, H. M. Sommers. 1984. Anti­
bacterial Activities of Ciprofloxacin, Norfloxacin, 
Oxolinic Acid, Cinoxacin, and Nalidixic Acid. Anti­
microb. Agents Chemother. 25: 633-637. 

2. Bergeron, M. G., M. Thabet, R. Roy, C. Lessard, 
P. Foucault. 1985. Norfloxacin Penetration into 
Human Renal and Prostatic Tissues. Antimicrob. 
Agents Chemother. 28: 349-350. 

3. Boerema, J. B. J., A. Dalhofl', F. M. Y. Debruyne. 
1985. Ciprofloxacin Distribution in Prostatic Tissue 
and Fluid Following Oral Administration. Chemo­
therapy 31: 13-18. 

4. Chin, N.-X., H.-C. Neu. 1983. In Vitro Activity of 
Enoxacin, a Quinolone Carboxylic Acid, Compared 
with those of Norfloxacin, New p-Lactams, Amino­
glycosides and Trimethoprim. Antimicrob. Agents 
Chemother. 24: 754-763. 

5. Fair, W. R., J. J. Cordonnier. 1978. The pH of 
Prostatic Fluid: A Reappraisal and Therapeutic 
Implication. J. Urol. 120: 695-698. 

6. Jacobus, N. V., F. P. Tally, M. Barza. 1984. Anti­
microbial Spectrum of Win 49375. Antimicrob. 
Agents Chemother. 26: 104-107. 

7. Larsen, E. H., T. C. Gasser, T. Derflinger, P. O. 
Madsen. 1986. The Concentration of Various 
Quinolone Derivatives in the Human Prostate. In 
W. Weidner (Ed.) Therapy of Prostatitis, Experi­
mental and Clinical Data. Zuckschwerdt, Munchen, 
in press. 

8. Madsen, P.O., A. Baumiiller, U. Hoyme. 1978. 
Experimental Models for Determination of Anti-

61 



2032 T. C. GASSER u. Mitarbeiter 

microbials in Prostatic Tissue, Interstitial Fluid and 
Secretion. Scand. J. Infect. Dis. Suppl. 14: 145-150. 

9. Meares, E. M., Jr. 1980. Prostatitis Syndromes: New 
Perspectives about Old Woes. J. Urol.l23: 141-147. 

10. Stamey, T. A., E. M. Meares Jr., D. G. Winning· 
ham. 1970. Chronic Bacterial Prostatitis and the 
Diffusion of Drugs into Prostatic Fluid. J. Urol. 103: 
187-194. 

62 

FAC Fortschr. antimikr. antineoplast. Chemother. 

11. Sterling·Winthrop Researdl Institute. 1979. A Sum­
mary of Laboratory Data for Roxadyl (Brand of 
Rosoxacin) Injection. Sterling-Winthrop Research 
Institute, Rensselaer, New York. 

12. Wolfson, J. S., D. C. Hooper. 1985. The Fluoro­
quinolones: Structures, Mechanisms of Action and 
Resistance, and Spectra of Activity In Vitro. Anti­
microb. Agents Chemother. 28: 581-586. 



ANTIMICROBIAL AGENTS AND CHEMOTHE!'APY, May 1987, p. 70~712 Vol. 31, No.5 
0066,4804/87/050709-04$02.00/0 . 
Copyright <!:> 1987, American Society for Microbiology 

Ciprofloxacin Pharmacokinetics in Patients with Normal and 
Impaired Renal Function 

THOMAS c. GASSER,' STEVEN C. EBERT,2 PEpER H. GRAVERSEN,' AND PAUL O. tdADSEN'* 

Urology Section, Surgical Service, William S. Middleton Me,,!orial Veterans Hospital, Madison, Wisconsin 53705,1 and 
School of Pharmacy, f}niversity of Wisconsin, Madison, Wiscqnsin 537062 

Received 2 September 19861Accepted 12 February 1987 

The pharmacokinetics of ciproHoxacin following single oI'l!l doses of 500 and 750 mg in 32 patieQts with 
various degrees of renal function impairment were investigated in an open, randoI!1ized crossover fashiol!. 
CiprQlloxacin was administered after overnight fasting; the washout time between the two doses was 1 week. 
Serum and urine samples were collected serially between 0 aud 24 h and subjected to bioassay and 
high-performance liqnid chromatography. PharI!1acokinetic parameters were analyzed, assuming an open 
tWIl-compartment model with first-order input and elimin!ltion. A distinct difference' was observed in 
pharmaeokinetic parameters between patients with impaired renal fuQction (creatinine clearance, <50 m1fmin 
per 1.73 m') and those with normal renal function (~reatinine clearance, 2:50 m1fmin per 1.73 m'). For the 
former group, the area under the curve of serum concentration versus time was doubled, the renlll clearance 
of ciproHoxacin was cut to one-fourth, the total and nonrenal ciproHllllacin clearance was redoced by 50%, and 
the elimination half-life was prolonged by a factor of approxitp3tely 1.7. The correlation between renal drog 
clearance and creatinine clearance was highly Significant (r = 0.890; P < p.001). On the 1!asis of these findingS, 
it appears that a 50% dose reduction of ciproHoxacin in patients with impaired renal functilln (creatinine 
clearance, <50 m1fmin per 1.73 m') may be inlliC!lted to achieve concentrations in seroIt\ similar to those 
observed in normal individu!lls. As the concentration of ciproHoxacin in urine after 24 h remained above the 
MIC for most urinary pathogens, this drug appears to be of potentilll benefit for the treatment of urinary tract 
infections in patients with impaired renal function. 

Ciprofioxacin (Bay 0 9867) is a new quinolone carboxylic 
acid derivative with broad antibacterial activity against 
gram-positive and gram-negative bacteria, including those 
resistant to aminoglycosides and j3-lactam antibiotics (1, 12). 
Single~ and multiple-oral-dose pharmacokinetic studies have 
shown that ciprofioxacin is rapidly absorbed and penetrates 
well into tissue (3, 5). Ciprofioxacin is eliminated from serum 
by renal excretion and by extrarenal routes (11). The pur­
pose of this study was to investigate the pharmacokinetics of 
ciprofioxacin foUowing single oral doses of 500 and 750 mg in 
patients with various degrees of renal function. 

MATERIALS AND METHODS 

Volunteers. Thirty-eight male patients with no known 
allergies to quinolone derivatives were enrolled in this study 
iuter written informed consent was obtained. Six of these 
s!1bjects were subsequently excluded from analysis from 
both phases of the study (one vomited shortly after drug 
administration, one could not be <,ssigned to a group because 
/Ie had contradictory creatinine clearqnce [CLaJ values, 
two had received magnesium hydroxide before dmg admin­
istration, one received Metamucil, and one ingested food 
before drug administration). Of the remaining 32 subjects, 4 
(2 in each dosing group) were included in analysis in only one 
phase of the study, because they had received magnesium 
hydroxide on one study day. 

The renal function was estimated by CLCR determina­
tions, with two 12-h urinary creatinine collections and two 
determinations of creatinine in serum prior to ciprofloxacin 
administration. Patients were initially assigned into four 
different groups according to their CLCR values: group A, 
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>80 m1fmin per 1.73 m2 (12 parients); group B, 50 to 79 
m1fmin per 1.73 m2 (5 patients); group C, 20 to 49 m1fmin per 
1.73 m2 (10 patients); and group D, <20 m1fmin per 1.73 m2 
(5 patients). However, during subsequent analysis of these 
groups, it became obvious that there were no noticeable 
differences in pharmacokinetic parameters between groups 
A and B, and between groups C ;lDd D. Therefore, patients 
were reassigned to groups 1 and 2 with CLCR of 2:50 mllmin 
per 1.73 m2 and <50 mllmin per 1.73 m2, respectively, for 
statistical evaluation of pharmacoldnetic parameters (Table 
1). Most patients had lower-urinary-tract obstruction be­
cause of carcinoma of the prostrate, hypertrophy of the 
prostate, or bladder tumors, and some had indwelling uri­
nary catheters. 

Stu!1y design. This study was an open, randomized cross­
over trial. Patients received either 500 mg of ciprofioxacin as 
a single oral dose with at least 7 days of washout time, 
followed by 750 mg of ciprofioxacin as a single oral dose, or 
vice versa. The drug was administered with 180 ml of tap 
water after an overnight fast. Patients were instructed to 
void before drug administration and to abstain from eating 
for 4 h after drug administration. 

Drug safety was evaluated by measuring vital signs and by 
questioning the patients about side effects, The following 
parameten were also measured before and after 
ciprofioxacin administration: erythrocyte and leukocyte 

TABLE 1. Personal data on study subjects 

Group 
Age range Wt range CLcR (mVmin 

(yr) (kg) per 1.73 m2~ 
(~o. of members) (median) (median) (range) 

1 (17) 39-74 (60) 64-108 (76) 2:50 (51-157) 
2 (15) 48-90 (70) 57-114 (77) <50 (8-46) 
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FIG. 1. Ciprofloxacin concentrations in serum after a single oral 
dose of 500 mg (top) or 750 mg (bottom) (geometric mean and 
standard deviation). 

count, hemoglobin, hematocrit, platelet count, electrolytes, 
liver enzymes (bilirubin, alkaline phosphatase, serum 
glutamic oxalacetic transaminase, and serum glutamic 
pyruvic transaminase), serum creatinine, blood urea nitro­
gen, uric acid, total protein and albumin, and urinalysis. 

Serum samples were drawn before dosing and at 0.25, 0.5, 
1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 12.0, and 24.0 h after 
ciprofloxacin administration. Urine was collected before 
dosing and during the intervals from 0 to 2, 2 to 4, 4 to 8, 8 
to 12, and 12 to 24 h thereafter. Urine samples were also 
taken 24 to 48 h after drug administration in group 2 only. 
Samples for bioassay were immediately frozen in plastic 
containers at - 20°C; those for high-performance liquid chro­
matography (HPLC) were frozen at -70'C. All samples 
were assayed by both bioassay and HPLC. 

Microbiological assay. Serum and urine samples were 
assayed by a plate diffusion method (10), with Klebsiella 
pneumoniae ATCC 10031 (Miles Pharmaceuticals, West 
Haven, Conn.) as a test organism. The test medium was 
neomycin assay agar at pH 7.9 (medium 11; Difco Labora­
tories, Detroit, Mich.). Standards were prepared with pooled 
normal human antibiotic-free serum for serum samples and a 
pH 7.0- phosphate buffer for urine. The plates were incu­
bated overnight at 37'C. The standards, controls, and sam­
ples were run at least four times. The sensitivity of the assay 
was 0.01 lLg/ml. 

HPLC. HPLC serum assay procedures were performed by 
Miles Pharmaceuticals by a previously described reversed­
phase method with fluorescence detection (4). The sensitiv­
ity of the assay was 0.008 lLg/ml. Urine samples were 
assayed by a newly developed HPLC method to differentiate 
between ciprofloxacin and its three metabolites (0. J. Krol, 
A. J. Noi, and D. Beermann, J. Liq. Chromatogr., in press). 
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Assay results by microbiological and HPLC methods were 
analyzed for comparability. 

Pharmacokinetic analysis. The pharmacokinetic parame­
ters of each subject were indiviQuaily calculated by 
nonlinear least-squares regression analysis with a NONLIN 
program on an IBM-XT personal computer (c. M. Metzler, 
O. K. Elfring, and A. J. McEwen, Abstr. Biometrics 1984, 
2215, p. 562-563). 

The pharmacokinetic analysis of the serum values was 
based on an open, two-compartment model with first-order 
input and elimination, corresponding to the following equa­
tion (6): 

Cp(l) = Ae-·' + Be-~t + Ce -ka' 

where Cp(l) (in micrograms per milliliter) is the concentra­
tion in serum at time I, A and B (in micrograms per milliliter) 
are the zero intercepts of the tangents " and 13 with the y 
axis, C is -(A + B), " and 13 (in reciprocal hours) are the 
slopes of the rapid initial distribution and the slow terminal 
elimination phases, respectively, and ka is the absorption 
rate constant. The secondary parameters, i.e., area under 
the concentration-time curve from time zero to infinity 
(AU4.a,), peak concentration (Cmax), time at which Cmax is 
achieved (T max), distribution and elimination half-lives (11/2. 
and tl/2P, respectively), and volume of the central compart­
ment (V,) were calculated from the initial parameters (A, B, 
", and 13) by standard methods (6). The systemic or total 
drug clearance (CLtoJ and the renal drug clearance (CL,,) 
were calculated from the relationship of dose/AUC...., and 
XJAUC...." respectively, where Xu is the total amount of 
unchanged drug excreted in the urine. Extrarenal clearance 
was defined as C"'R = CLtot - CLR• The predicted average 
steady-state concentration in serum was calculated as 
AUC....,IT, where T is the dosage interval. 

Statistical analysis. The Wilcoxon rank sum test was used 
to compare pharmacokinetic parameters between the two 
groups of patients. The paired t tests was used to test 
changes in laboratory values. 

RESULTS 

In both groups 1 and 2, there were excellent correlations 
between HPLC values and bioassay values for serum (group 
1: r = 0.959, y = 0.15 + 0.85x, P < 0.001; and group 2: r = 
0.94, y = 0.125 + 0.95x, P < 0.001). Measurement of bias by 
comparing values from bioassay with those from HPLC 
revealed a mean difference of only 2.7% for samples in group 
1 (310 paired observations) and 2.9% for samples in group 2 
(271 paired observations). The correlation of values was not 
as good for urine (r = 0.610, y = 29 + 0.59x, P < 0.001; mean 
difference, 19.3%), with bioassay values being higher, prob­
ably owing to excretion of biologically active metabolites. 
These results were consistent with findings of previous 
studies (9). Therefore, we used bioassay results for serum 
and HPLC results for urine in our analyses. 

Mean concentrations of ciprofloxacin in serum after 500-
and 750-mg doses had been given to patients in groups 1 and 
2 are shown in Fig. 1. In both groups, the 750-mg dose led to 
higher levels of ciprofloxacin in serum, higher Cmax, longer 
T max, and higher AUC...., than the 500-mg dose (Table 2). 
Other parameters such as 11/2, CLtoto CLR, and CLNR were 
dose independent. 

Patients in group 2 (those with impaired renal function) 
had higher dose concentrations in serum than those in group 
1 (those with normal or slightly impaired renal function) after 
both doses. Compared with group 1, group 2 patients also 
had higher mean values for Cm .. and longer T max (Table 2). 
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TABLE 2. Pharmacokinetic parameters for ciprofloxacin in patients with normal and impaired renal function" 

Dose and 
group 

C_(fL8/'ml) Tmu (h) VI (liters) 11120 (h) (no. of 
members) 

500 mg 
Group 1 2.2 ± 1.1 1.3 ± 1.0 123.4 ± 46.5 0.65 ± 0.30 

(13) 
Group 2 2.5 ± 0.8 1.8 ± 0.5 136.6 ± 11.7 0.86 ± 0.61 

(14) (NS), (P < 0.01) (NS) eNS) 

750 mg 
Group 1 2.8 ± 1.5 1.6 ± 0.5 158.0 ± 46.5 0.79 ± 0.35 

(13) 
Group 2 3.7 ± 0.8 2.3 ± 0.8 113.8 ± 34.2 1.02 ± 0.47 

(15) (P < 0.01) (P < 0.01) (NS) (NS) 

<I Results are expressed as the mean :!:: standard deviation. 
b F, BioavaiJability. 
eNS, not significant. 

The AUCl).4o was approximately doubled, and t1l2~ was 
prolonged by a factor of approximately 1.7. Group 2 patients 
had statistically smaller CLm .. CLR, and CLNR• The pre­
dicted average concentrations in serum at steady state, 
assuming a 12-h dosage interval, were as follows: 500-mg 
dose: 0.82 .. g/ml in group 1, 1.68 .. g/ml in group 2; 750-mg 
dose: 1.30 .. g/ml in group 1, 2.23 .. g/ml in group 2. 

The cumulative percentage of ciprofioxacin excreted and 
unchanged in the urine is shown in Fig. 2. While the 
percentage of excretion in urine was dose independent, it 
was only 15% of the dose administered to group 2 patients 
compared with 26% for group 1 patients. Concentrations in 
urine after administration of 500 mg of ciprofioxacin are 
shown in Fig. 3. Renal clearance of ciprofioxacin as a 
function of endogenous CLcR is shown in Fig. 4. The 
correlation coefficient (r = 0.890) was highly significant (P < 
0.001). 

Ciprofioxacin was well tolerated by nearly all subjects. 
Four patients in the group given 500 mg and three in the 
group given 750 mg complained of side effects including 
headache, dizziness, nausea, vomiting, and diarrhea. Two of 
the patients experienced severe headache and diarrhea, 
while the remaining side effects were only of mild intensity, 
with no differences between groups 1 and 2. No significant 
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FIG. 2. Cumulative percentage of unchanged ciprofloxacin ex­
cretion in urine after single oral doses of 500 and 750 mg (mean and 
standard deviation). 

Ill"(h) 
AUc.., CUP CL.IF CL""IF 

(1'8' hlmI) (mUntin) (mUntin) (mUmin) 

4.3 ± 2.5 9.8 ± 4.0 1,002 ± 463 245 ± 101 780 ± 446 

7.1 ± 2.9 20.2 ± 9.9 S27 ± 288 64 ± 62 462 ± 294 
(P< 0.01) (P < 0.01) (P<O.OI) (P< 0.01) (P < O.OS) 

3.5 ± 1.2 15.6 ± 9.1 1,173 ± 815 272 ± 160 901 ± 699 

6.3 ± 3.2 26.8 :t 6.6 490 ± 107 72 ± 53 4i9 ± 92 
(P < 0.01) (P < 0.01) (P<O.OI) (P < 0.01) (P < 0.05) 

changes occurred in the measured laboratory results before 
and after ciprofioxacin administration. 

DISCUSSION 
This study demonstrates the relationship between ~e 

degree of renal function and ciprofioxacin clearance. Pa­
tients with moderate or severely impaired renal function 
(CLCR < 50 mlImin per 1.73 m2) experienced pharmacoki­
netic changes with ciprofioxacin administration compared 
with patients with normal or s~t1y impaired renal function 
(CLCR ~ 50 mlImin per 1.73 m ). 

Patients with renal function impairment had higher Cmax 
and longer T max values, as well as a higher predicted average 
of steady-state concentrations of ciprofioxacin in serum. 
Assuming that the bioavailability of ciprofioxacin was the 
same in both groups, the total ciprofioxacin clearance was 
greatly reduced in group 2 patients, primarily owing to the 
lower CLR • However, CLNR was also significantly reduced 
in group 2 patients. This may be because the patients in this 
group were older, often bedridden, and in generally poor 
physical condition. Reduced CLR in group 2 patients re­
suited in a 50% reduction in excretion of unchanged 
ciprofioxacin in urine. However, the 24-h ciprofioxacin 
concentration in urine for this group (Fig. 4) was still 
between 2 and 100 times the MIC for most urinary-tract 
pathogens, indicating that therapeutic ciprofioxacin levels in 
urine can be achieved in patients with renal dysfunction and 
that doses as high as 500 and 750 mg might not be necessary 

1000 

2 4 9 12 

t:.-i:!. GroupJ 
0--0 GroupE 

TIME (hours) 
24 49 

FIG. 3. Concentrations of ciprofloxacin In urine after a single 
oral dose of 500 mg (geometric mean and standard deviation). 

65 



712 GASSER ET AL. 

r-a890 
y:-6+a28x(p<Q.00I) 
0500mg 
.75Omg • 

• 

• 
I 

Creaiinine Clearance (ml/minl 
200 

FIG. 4. Correlation between CLR of ciprofioxacin and endoge­
nousCLat. 

for the treatment of urinary-tract infections in normal indi­
viduals. 

The absorption of ciproftoxacin did not appear to be 
influenced by the age of the patients: the Cmax and T max 
values were consistent with those froni studies of younger 
patients (11). The extent of absorption as a function of age or 
renal function was not determined. Other studies have 
revealed bioavailability values of 60 to 80% (7, 11). . 

Our study included only male subjects. liowever, since 
ciproftoxacin concentrations in serum and urine were sex 
iridej)endent in healthy volunteers in another study (8), we 
can: assume that this would also be true for female patients 
wiilt ilnimired renal function. 

. A study involving the administration of 250 mg of 
ciproftoxacin to patients with renal failure (CLeR, <20 
ml/min per 1.73 m2 ) demonstrated alterations in 
j)harmacokinetic parameters similar to those in this study 
(2). A 50% dose reduction was recommended for these 
patients. However, since only patients with CLca of either 
>60 mlImin per 1.73 m2 or <20 mlImin per 1.73 m2 were 
included in the study, .dosage adjustment in patients with 
CLot between 20 and' 60 mlImin per 1.73 m2 was not 
addtessed. On the basis of results of our study, the differ­
ence of the AUC for seriJm (and consequently the CL.oJ 
between groups suggests that dose adjustments shOuld be 
considered for patients with impaired renal function. A 
reduction in the ciproftoxacin dose by 50% appears indicated 
for patients with CLeR of <50 mlImin per 1.73 m2 if concen­
trations in serum comparable to those in sera of individuals 
with normal renal function are desired. The high CLNtt of 
cirproftoxacin relative to CLR , which is consistent with 
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previous studies (11), confirms the importance of extrarenal 
elimination routes for ciproftoxacin. Therefore, further dose 
reduction should probably be considered for patients with 
both impaired renal and impaired hepatic function. 
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The safety and efficacy of three different dosage regimens of 
ciprofloxacin (250,500, and 750 mg orally every 12 hours for seven 
days) were compared in a prospective, controlled, randomized, 
double-blind stUdy. Enrolled were 161 patients (110 who were evalu­
able for efficacy) with complicated urinary tract infection defined as 
a bacterial count of at least 105 colony-forming unitslml of urine in 
the presence of structural or functional abnormality of the urinary 
tract. Cure rates five to nine days after treatment were 84 percent, 87 
percent, and 86 percent in the 250-, 500-, and 75O-mg dosage 
groups, respectively, with no significant difference between groups. 
This suggests that 250 mg of ciprofloxacin twice daily is sufficient 
for the treatment of urinary tract infection. All three dosage regi­
mens were well tolerated. 

Ciprofloxacin is a new quinolone with a broad antibacterial spectrum 
against gram-positive and gram-negative organisms, including Entero­
bacteriaceae and strains of Pseudomonas aeruginosa [1]. After oral ad­
ministration, the drug rapidly achieves high levels in the urine [2], and it is 
therefore expected to be effective as a treatment for urinary tract infec­
tion. To investigate the safety and efficacy of ciprofloxacin, a comparison 
of three oral dosage regimens was carried out. 

PATIENTS AND METHODS 

Five women and 156 men (161 patients) with complicated urinary tract infec­
tions were enrolled in a prospective, controlled, randomized, double-blind 
study. All 161 were evaluable for safety; 110 were evaluable for efficacy. 
Fifty-one patients were excluded for the fallowing reasons: 20 had negative 
urine culture results before treatment; 22 had no urine specimens cultured 
during or after treatment; and nine had taken the medication incorrectly. Com­
plicated urinary tract infection was defined as a bacterial count of at least 105 

colony-forming units (cfu)lml of urine in the presence of structural or func­
tional abnormality of the urinary tract, accompanied by typical signs and 
symptoms of infection. Patients were randomly assigned to receive treatment 
with either 250, 500, or 750 mg of oral ciprofioxacin every 12 hours for seven 
days. Urine specimens were cultured before, during, and five to nine days 
after therapy. The bacteriologic response five to nine days after treatment 
was defined as follows: cure, less than 105 cfulml of urine of the same organ­
ism; persistence, at least 105 cfulml of the same organism; reinfection, at 
least 105 cfulml of a new organism; and superinfection, at least 105 cfulml 
with a new organism in addition to the original one. For the safety evaluation, 
the incidence of side effects was recorded, and laboratory tests of hemato­
logic and blood chemistry parameters (including kidney function parameters 
and liver enzymes) and urinalysis were performed before, during, and 48 
hours after treatment. 
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The three treatment groups were comparable in age. 
weight. and urologic diagnosis of the patients (Table I). The 
most common causative organism was Escherichia coli (35 
strains). This was followed by Streptococcus species (28). 
Pseudomonas species (22). Staphylococcus species (18). 
Enterobacter cloacae (six). Klebsiella pneumoniae (five). 
Proteus mirabills (four). and others (Candida albicans. Alca­
ligenes odorans. Citrobacter freundli. Gardnerella vaginalis) 
(five). Eleven patients had more than one type of organism. 
There was no difference between the treatment groups. 

RESULTS 

The bacteriologic results are summarized in Table II. 
There was no significant difference in cure rates between 
the treatment groups. The 15 persistent infections com­
prised five P. aeruginosa. five Streptococcus faecalis. two 
C. albicans. one P. mirabilis. one E. cloacae. and one 
A. odorans. One patient with E. coli became reinfected 
with S. faecalis. One patient with P. aeruginosa became 
superinfected with S. faecalis. and one patient with S. fae­
calis was superinfected with Serratia marcescens. 

Ciprofloxacin was well tolerated. Values of laboratory 
parameters were not altered. Adverse reactions consid­
ered probably or possibly due to treatment with 
ciprofloxacin occurred in 18 of the 161 patients (11 per­
cent): five gastrointestinal. six neurologic. six gastrointes­
tinal and neurologic. and one skin rash. There were no 
differences between groups. Only one patient. whose pre­
viously present gastrointestinal symptoms were worsened 
by the drug. required discontinuation of therapy. 

In this study. ciprofloxacin has been shown to be highly 
effective in the treatment of complicated urinary tract in­
fection. Cure rates of 85 percent five to nine days after 
completion of therapy are considered excellent in our pa­
tient population. Similar cure rates (82 percent) were 
found in an earlier open study of 28 patients with compli­
cated urinary tract infections [3). Moreover. cure rates of 
89 percent have been found in patients with urinary tract 
infections caused by P. aeruginosa [4). a notoriously diffi­
cult pathogen to treat. 

There was no difference in bacteriologic results be­
tween the treatment groups. This is not surprising. consid-

TABLE II Bacteriologic Results 

250 

Response· Day 3 

Cure 42 (98) 36 (84) 
Persistence 1 6 
Reinfection 0 1 
Superinfection 0 0 

"There was no statistical difference between groups (chl·square test). 
tFollow-up was five to nine days after treatment. 

SYMPOSIUM ON CIPROFLOXACIN-GASSER ET AL 

TABLE I Patient Characteristics and Diatributlon of 
Diagnoses 

Age (years. mean ± SO) 
Weight (kg. mean ± SO) 
Diagnosis (number)· 

Benign prostatic 
hyperplasia 

Carcinoma of prostate 
Carcinoma of bladder 
Urethral stricture 
Bladder neck 

contracture 
Neurogenic bladder 
Otherst 

250 
(n=38) 

65.2 ± 11.2 
81.7 ± 17.7 

21 
5 
7 
5 

2 
1 
3 

DDse (ma) 

500 
(n =34) 

68.8 ± 11.1 
BO.5 ± 17.4 

19 
5 
1 
6 

0 
3 
7 

·Flfteen patients had more than one diagnosis. 

750 
(n = 38) 

65.9 ± 10.4 
77.1 ± 17.8 

17 
7 
4 
7 

2 
3 
5 

tlncludes calculi. phimosis. carcinoma of penis. epididymitis. and In­
terstHial cystHis (non-infectious bladder disease). 

ering the high levels of ciprofloxacin in the urine and the 
low minimal inhibitory concentration against most urinary 
pathogens. It appears. therefore. that 250 mg of oral 
ciprofloxacin twice daily for seven days is sufficient for the 
treatment of complicated urinary tract infection. In addi­
tion. ciprofloxacin seems to be a safe drug. as all three 
dosage regimens were well tolerated. 
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Number of Patients (percent) 

Dose (mg) 

500 750 

Day 3 Follow·Upt Day 3 Follow-Upt 

36 (97) 32 (87) 41 (95) 37 (86) 
1 4 2 5 
0 0 0 0 
0 0 1 
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Antimicrobial Prophylaxis in Urology: 
Timing, Dosing, and Duration Studies with 
special reference to High-risk conditions 

T. C. Gasser, P. O. Madsen 

Summary: A study in guinea pigs was performed to investigate the importance of timing, 
dosage, and duration of antimicrobial prophylaxis in urologic surgery. To simulate high­
risk conditions, in one group a foreign body was implanted subcutaneously. The prostate 
and one kidney were cauterized and bacteremia was induced by intravenous injection of 
Escherichia coli solution. Various ciprofloxacin regimen were tested. 

The results indicate that antimicrobial prophylaxis is beneficial only if administered be­
fore or shortly after surgery. Full therapeutic dosage may not be necessary for prophylactic 
efficacy. Single dose prophylaxis was as effective as multiple doses. Foreign body infection 
could be prevented by single-dose prophylaxis. 

Introduction 

Antimicrobial prophylaxis to prevent infectious complications has been used in surgery 
for many decades. Over 30 years ago, Burke (1), using cutaneous inoculation with 
Staphylococcus aureus in guinea pigs, found antimicrobial prophylaxis was effective only 
during a short decisive period, i.e., from the time the bacteria entered the body until 3 h 
later. Burke's data have been directly transformed into clinical use and are still applied 
today. 

Antimicrobial prophylaxis is widely used - and possibly misused (2). Increasing num­
bers of high-risk patients (implantation of foreign bodies, such as joint replacements, pace 
makers) require urologic surgery. Many new, highly potent antimicrobials such as 
quinolones have been developed. However, surprisingly few studies have been published 
regarding basic questions such as timing, duration, and dosing of antimicrobials and their 
benefits in high-risk patients. 

Materials and Methods 

Animals: White Hartley guinea pigs (Charmany Farms, Madison, Wisconsin, USA) with a 
mean weight of 499 g ± 74 were used. The animals were anesthetized with ketamine hydro­
chloride (60 mg/lOO g body weight) and xylazine (6 mg/lOO g body weight) intramuscularly. 
In addition, the skin was anesthetized subcutaneously with a 1 % lidocaine injection. 
After shaving, the skin was prepared with merthiolate (Eli Lilly, Indianapolis, Indiana, 
USA). 

A lower midline laparotomy was performed. The bladder was punctured with a 25-
gauge needle and urine was aspirated for bacterial culture to rule out pre-existing urinary 
tract infection. To mimic surgery involving electrocautery, the prostate and the left kidney 
were cauterized. For this, the bladder was opened at its dome, and the prostatic urethra 
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was cauterized with a small electrode for 3 s. The left kidney was exposed and cauterized 
similarly for 3 s to produce a 4 x 4-mm lesion. The lower vena cava was then exposed for 
repeat blood aspiration and injection of the antimicrobial or bacterial solution. 

Study groups of four to eight animals were used. The animals were sacrificed 24 h after 
the study with the exception of the foreign body studies, where the animals were sacrificed 
after 48 h. The liver, spleen, left and right kidney, bladder, and prostate were removed 
under sterile conditions and examined for bacterial counts. If not stated otherwise, ciprof­
loxacin (Ciproxin, Bayer) was given at a dose of 5.7 mg/kg. 

Bacteremia studies: The bacterial solution was injected into the inferior vena cava. 
Blood was aspirated before and every 10 min after injection for 1 h and examined for via­
ble bacteria. One group of seven animals received no antimicrobial prophylaxis and 
served as control group. Another group of seven animals received a single dose of cipro­
floxacin 15 min before the bacterial challenge. 

Timing studies: Ciprofloxacin was given to four groups of animals: 1) 15 min before (six 
animals), 2) together with (six animals), 3) 15 min after (seven animals) and 4) 3 hours 
after (six animals) the bacterial solution. 

Dosing studies: To investigate if a smaller dose would be sufficient for the purpose of 
prophylaxis, ciprofloxacin was injected 15 min before the bacterial solution in three groups 
of animals at doses of 1) 5.7 mg/kg (full dose) (six animals), 2) 1.4 mgikg (114 dose) (seven 
animals), and 3) 0.7 mglkg(1/8 dose) (seven animals). 

Duration studies: Ciprofloxacin prophylaxis was given as a single dose before (seven ani­
mals) or as three doses before, 3 h, and 6 h after the bacterial challenge (six animals). In 
addition, one group was treated with a single dose of 5.7 mgikg fleroxacin (Quinodis, 
Hoffmann-La Roche) (six animals). 

Foreign body studies: In 16 animals two cylindrical plastic chambers (3 x 1 cm, Ciba­
Geigy, Basel, Switzerland) were implanted subcutaneously to serve as foreign bodies (3). 
As each animal carried two chambers, groups of only four animals each were used. The 
chambers were perforated to allow for repeat aspiration of chamber fluid. After approxi­
mately 3 weeks, when the chambers had healed in completely, the animals were injected 
with the bacterial solution intravenously, and the chambers were punctured at 0, 1,3,6, 
24, and 48 h. The aspirate was cultured for viable counts. One group of four animals re­
ceived no antimicrobials. One group of four received ciprofloxacin 15 min before the 
bacterial challenge. Another two groups of four animals received ciprofloxacin three times 
and fleroxacin once, respectively. At sacrifice, the chambers were removed and placed in 
Mueller-Hinton broth for overnight culture. 

Preparation of bacterial solution: Escherichia coli ATCC 25922, a commercially availa­
ble standard strain, was grown overnight in Mueller-Hinton broth (BBL Microbiology Sys­
tems, Cockeysville, Massachusetts, USA) and 0.05 mI were diluted in 5 ml normal saline. 
One-tenth of a milliliter of this solution was injected intravenously, giving a mean 
inoculun;t of 2.7 x 105 colony-forming units per millilitre (CFU/ml). 

Bacterial counts: For the bacteremia studies, 0.2 ml of blood was drawn. In the control 
group half of this amount (0.1 mI) was directly streaked out on MacConkey agar (Difco 
Laboratories, Detroit, Michigan, USA). After incubation overnight at 37°C, the colonies 
were counted under a scanning microscope. Only bright red colonies were accepted as 
Escherichia coli. By multiplying the actual number by 10, the CFU/ml blood were calcu­
lated (limit of detection: 10 CFU/ml). To detect low bacteremia, the remaining 0.1 ml of 
blood was placed overnight in the Mueller-Hinton broth and examined for bacterial 
growth the next day. In the prophylaxis group the blood was first passed through a bacte­
rial filter (diameter 0.45 !lm pore size, Millipore Corp. Milford, Massachusetts, USA) (4). 
No lyzing solution was used. The filter was rinsed with sterile saline to remove the antimic-
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robial and then directly pla.ced on agar and grown overnight. The colonies were counted 
the following day. 

To express the bacterial counts in various organs, the organs were placed in preweighed 
plastic containers containing 2 ml sterile saline, and the weight of the tissue was deter­
mined. The tissue was homogenized in a Polytron homogenizer (Kinematica, Lucerne, 
Switzerland). Serial dilutions of 1:5 were made of the homogenate and 0.01 ml of each di­
lution was streaked out on MacConkey agar. The plates were incubated overnight at 37 °C, 
and the number of CFU were counted using a scanning microscope. 

Statistics: Fisher's exact test was used for statistical evaluation. A p value of less than 
0.05 was considered significant. 

Results 

The inoculum of 2.7 x lOS CFU/ml caused infections in all organs examined of all animals 
(Table 1). When 104 and 103 CFU/ml were used, only approximately 50 % and 20 %, re­
spectively, of the organs became infected. The cauterized left kidney became more often 
infected than the right one. 

After intravenous injection of 2.7 x 105 CFU/ml the bacteremia reached 1.5 x 1Q3 CFUI 
ml at 10 mil} and rapidly dropped to numbers below 50 CFU/ml at 60 min (Fig. 1). How­
ever, after previous ciprofloxacin injection, no bacteria could be detected in the blood. 

Timing study: Figure 2 shows that, with ciprofloxacin and fleroxacin, the infection rate 
could be reduced significantly. The effect was most pronounced in liver, spleen, and pros­
tate. Prophylaxis was less effective in the bladder and in the cauterized kidney. However, 
prophylactic efficacy was noted only if ciprofloxacin was given shortly before or after the 
bacterial challenge. When administered 3 h after induction of bacteremia, infection could 
not be prevented reliably (no significant difference to controls). 

Dosing study: With only one-fourth of the recommended dose a significant reduction of 
infection was noted in most organs, with the exception ofthe bladder (Fig. 3). The rate of 
infection did not significantly differ from the ones found with full ciprofloxacin dose. How­
ever, 1/8 of the full dose was not effective in reducing infection (no significant difference to 
controls). 

1llble 1. Duration study: Percentage of infected organs after intravenous injection of Escherichia coli 

Tissue Control Ciprofloxacin Ciprofloxacin Fleroxacin 

Doses none 1 time 3 times 1 time 
n= 7 7 6 6 

Liver 100 0 0 0 

Spleen 100 14 0 33 

Right kidney 100 29 33 0 

Left kidney 100 29 50 50 

Bladder 100 0 50 50 

Prostate 100 14 16 33 
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Fig. L Bacteremia after intravenous injection of Escherichia coli (median). CFU/ml = colony forming 
units per milliliter blood. 
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Fig. 2. Timing study. Ciprofioxacin injection 15 min before (pre), simultaneously (with), 15 min and 3 h 
after (post) the injection of Escherichia coli. 
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Fig. 4. Foreign body studies. Aspirates of chamber fluid 0, 1, 3, 6, 24, and 48 h after intravenous injection 
of Escherichia coli (median). CFU/ml = colony forming units per milliliter aspirate. 
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Duration study: The reduction of infection achieved by a single dose of ciprofloxacin 
could not be further enhanced by multiple administration. Fleroxacin and ciprofloxacin 
were equally effective (Table 1). 

Foreign body studies: The animals tolerated the implanted chambers well. None of the 
chambers was infected at the beginning of the experiments. After the intravenous injec­
tion of the bacterial solution the chambers did not become infected until 3 h later at which 
time all the chambers were infected (Fig. 4). The maximal colony count was noted after 
6 h. Surprisingly, after 48 h the chamber aspirates and the chambers itself were sterile. 
Chamber infection could completely be prevented by three doses of ciprofloxacin as no 
chamber was infected. A single dose of ciprofloxacin or fleroxacin led to sterile chambers 
in all animals. 

Discussion 

Over 30 years ago, Burke (1) established the important relation between the timing of an 
antimicrobial and its prophylactic efficacy. The then used antimicrobials penicillin G 
potassium, chloramphenicol, erythromycin, and achromycin could prevent infection only 
if administered during a short decisive period - between the entrance of the bacteria and 
no later than 3 h thereafter. However, Burke's experiments do not directly relate to 
urologic surgery for two reasons. First, he used gram - positive organisms rarely encoun­
tered in urologic surgery. Second, he performed the prophylactic studies on skin incisions, 
which is also not applicable to urologic surgery. Possibly for these reasons, Nielsen and 
Madsen (5) could not confirm the existence of this limited time period, as the antimicro­
bial used in their study, the cephalosporin cefotaxime, was effective in preventing infec­
tions up to 6 h after the bacterial challenge. In their study, the type of infecting organism 
and infected organ appeared to be of greater importance. 

Antimicrobial prophylaxis is used universally in almost every surgical field (2,6). While 
the benefit of some kind of antimicrobial prophylaxis has been established for many surgi­
cal specialties (i.e., orthopedic, vascular, colonic surgery) much controversy remains in 
urology (7). Moreover, despite the wide use of antimicrobial prophylaxis and the increase 
of high - risk patients (e.g., patients with prostheses, etc.) surprisingly little experimental 
research has been published, addressing such important questions as dosing and length of 
administration of antimicrobials in high-risk conditions. 

In this study, we attempted to simulate clinical conditions often encountered in urologic 
practice. Surgical trauma involving electrocautery (as in transurethral resection) was pro­
duced by cauterizing the prostate and the left kidney. 

Bacteremia often originates from the urinary tract (7). Bacteremia occurs in up to 60 % 
of the patients with preoperative bacteriuria undergoing transurethral resection of the 
prostate (8). In the case of preoperative sterile urine, up to 36 % of the blood cultures are 
positive (9). As bacteremia poses the real threat to the patient, we induced bacteremia by 
intravenous injection of a bacterial suspension. The plastic chambers were implanted to 
mimic a prosthetic device frequently found in older patients. 

This guinea - pig study confirms Burke's findings for newer, more potent antimicrobials, 
like the quinolones, since infection could be prevented reliably. It appears, however, that 
the decisive period is even shorter than the presently accepted 3 h, supporting the admin­
istration of the antimicrobial at the time of induction of anesthesia. 

Interestingly, to achieve protection against infection, one- fourth of the recommended 
therapeutic dose for ciprofloxacin may be sufficient. This may be due, to the very low min-
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imal inhibitory concentration of ciprofloxacin against most pathogens encountered in 
urologic surgery (10). With estimated yearly overall expenses of US$15 billion for antimic­
robials worldwide (2), administration of a lower antimicrobial single dose for prophylactic 
purposes would result in considerable cost reduction. 

The optimal length of antimicrobial prophylaxis is still debated. In an experimental 
study, single dose amoxicillin - gentamicin prophylaxis was less effective than multiple 
doses in preventing streptococcal endocarditis (11). Also, in urology some authors still rec­
ommend prophylaxis to be extended for several days, while others stress the single dose re­
gimen (12, 13). This study supports the current trend of using a single dose of an antimicro­
bial against postoperative infection. Longer administration of the antimicrobial did not 
yield better results than a single dose. Fleroxacin and ciprofloxacin were equally effective 
in preventing infection. The half-life of fleroxacin in guinea pigs is similar to ciprofloxacin 
(1.8 hand 1.5 h, respectively) (14). In humans, however, the half-life of fleroxacin is con­
siderably longer than of ciprofloxacin (11.2 and 3.3 h, respectively) (15). Therefore, from 
a theoretical standpoint the long half-life of fleroxacin and its excellent tissue penetration 
would make it an ideal drug for prophylactic purposes, especially for longer operations 
(16). 

Foreign bodies are particularly prone to becoming infected since they represent a locus 
minoris resistentiae (3, 17). Besides bacterial contamination at the time of insertion the 
foreign body may become infected hematogenously. We found that intravenously injected 
bacteria could be recovered from the subcutaneous chambers after 3 h and reached a 
maximum count after 6 h. However, after 48 h the chamber fluid as well as the chambers it­
self were sterile, suggesting that th~ inoculum of 2.7 x 105 CFU/ml was not high enough to 
establish infection. Zimmerli et al. found that with an inoculum as high as 5 x 108 CPU/ml 
82 % of the cages became permanently infected (3). This indicates that extravascular 
foreign bodies are at risk for hematogenous infection, however, only when exposed to high 
numbers of bacteria. The incidence of bacteremia during and after transurethral resection 
of the prostate has been repOlied as high as 60 % (8). However, the actual bacterial density 
occurring during a bacteremia is not known. It has been estimated that bacterial concen­
trations of 102 - 103 CFU/ml are frequently encountered in human bacteremia (3). There­
fore, the risk of hematogenous infection of an extravascular foreign body appears to be 
remote and can be practically eliminated by a single dose of ciprofloxacin or fleroxacin. 

In conclusion, the necessity to administer the antimicrobial before surgery is confirmed. 
A single dose of ciprofloxacin or fleroxacin appears to be as effective as multiple doses. 
Full therapeutic dose may not be necessary for prophylactic efficacy. Foreign bodies are 
probably infected hematogenously in less than 3 h after the bacterial challenge, but infec­
tion can be prevented by single - dose prophylaxis. 
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