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Abstract

Background Progressive deterioration in liver function is
a common cause of hepatic decompensation and indication
for liver transplantation in patients with advanced liver
disease. Previous studies in animal models of acute and
chronic liver disease revealed that daily ciprofloxacin
improves biochemical parameters of hepatic function.
The primary objective of this study was to deter-
mine whether hepatic function improves in patients with
advanced liver disease after 1 month of daily ciprofloxacin
therapy. A secondary objective was to determine whether
ciprofloxacin treatment for 1 or 3 months results in fewer
hospitalizations for decompensated liver disease.

Methods Forty-four patients with advanced liver disease
awaiting liver transplantation received oral ciprofloxacin
(250 or 500 mg twice daily) or placebo for 1 (n = 22/
group) or 3 (n = 10 ciprofloxacin, 14 placebo) months.
Results Compared to placebo recipients, ciprofloxacin-
treated patients had mild improvements in serum albumin
levels (41.5 versus —3.4%, p = 0.026) while bilirubin and
international normalized ratios (INR) of prothrombin times
remained unchanged. Overall, fewer hospitalizations
occurred in ciprofloxacin-treated patients (1/22, 5% versus
7/22, 32%, respectively, p = 0.02) during the study period.
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Treatment was well tolerated and no resistant infections
occurred in either cohort.

Conclusions The results of this study suggest that daily
ciprofloxacin may result in fewer hospitalizations for
patients with advanced liver diseases awaiting liver trans-
plantation but not by enhancing hepatic function.
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Introduction

Advanced liver disease is the eighth most common cause of
death from disease globally [1]. Although numerous ther-
apeutic options have been developed for treating the
complications of liver failure, these treatments have no
effect on the underlying liver disease and have not been
shown to favorably alter survival [2-4]. As a result, liver
transplantation remains the only effective therapy for
patients with end-stage liver disease. Unfortunately, donor
organs are limited and deaths from liver failure in patients
awaiting liver transplantation are common. Therapeutic
agents that attenuate or stabilize the rate of hepatic dys-
function or perhaps improve the functional capacity of the
liver would be expected to improve morbidity and mor-
tality rates in transplant candidates and, ideally, obviate the
need for transplantation in some individuals.

Our laboratory recently described the role of fluoro-
quinolone antibiotics as a treatment for various forms of
liver failure. Results indicated that these agents (and cip-
rofloxacin in particular) are of therapeutic benefit in animal
models of fulminant hepatic failure, acute and chronic liver
disease, and cirrhosis [5-7]. While the mechanism(s) of
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action has yet to be elucidated, data suggest that in the
setting of advanced liver disease, fluoroquinolones stimu-
late hepatic regeneration, perhaps by interfering with
gamma aminobutyric acid (GABA) receptor activity [8, 9].
Based on these findings, and the fact that ciprofloxacin is
commercially available and often used as antimicrobial
prophylaxis for patients with decompensated liver disease
[10], we documented the outcome of daily treatment with
oral ciprofloxacin for 1 or 3 months in patients being
considered or listed for liver transplantation at our center.

Materials and Methods

This was a prospective, randomized, double-blind,
placebo-controlled, single-center trial approved by the
University of Manitoba Conjoint Ethics Committee for
Human Experimentation.

Candidates were identified for the study as a result of their
being followed in or referred to the Section of Hepatology’s
Outpatient Liver Transplant Evaluation Clinic at the Health
Sciences Centre in Winnipeg, Canada. Inclusion criteria
included: patients 18 years of age or older with clinical,
biochemical and/or radiological evidence of decompensated
liver disease (defined as persistent jaundice, ascites, history
of portal hypertensive bleeding and/or hepatic encephalop-
athy), and at least two of the following laboratory abnor-
malities: serum bilirubin level greater than 50 pmol/l,
albumin less than 30 gm/1 or International Normalized Ratio
(INR) of prothrombin times greater than or equal to 1.3.
Patients were excluded if they were receiving at the time of
evaluation or had received within the previous 6 weeks daily
fluoroquinolone antibiotics, a history of allergy to fluoro-
quinolone antibiotics or seizure disorders, a sedative,
hypnotic or centrally acting analgesic, a presentation in
keeping with acute on chronic liver disease, fulminant
hepatic failure, renal failure (serum creatine > 300 pmol/l),
or were unwilling to participate in the trial.

Estimates of the study population size were based on
results of previous animal studies in which a 25-35%
improvement in liver biochemistry and regenerative
activity was achieved with fluoroquinolone treatment.
Thus, assigning a P1 of 0.05, P2: 0.3, two-tailed alpha:
0.05, and beta = 0.2, a sample size of 50 patients (25 per
group) was estimated to address the principal outcome
measure; changes in liver function at 1 month.

After obtaining informed, written consent, patients were
randomized by sealed envelope to receive either 1 or
3 months of oral ciprofloxacin at a dose of 250 or 500 mg
(< or >75 kg weight, respectively) or placebo twice daily.
The primary endpoint was differences in biochemical
parameters of hepatic function (albumin, INR and bilirubin)
at 1 month. The secondary endpoint was hospitalizations
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after 3 months of therapy. This end point was developed in
order to determine whether changes in liver function tests
resulted in altered clinical outcomes. Treatment was con-
tinued until the earlier of; 1 or 3 months of treatment as per
randomization, liver transplantation, or death. Complica-
tions of liver failure such as hepatic encephalopathy,
ascites, variceal bleeds, etc., were treated as required.
Patients with documented or suspected sepsis and those
hospitalized for portal hypertensive bleeding received non-
fluoroquinolone antibiotics if antibiotics were deemed
necessary. Decisions regarding hospitalizations were made
by hospital-based emergency physicians not involved in
the study.

Complete blood cell counts, liver enzyme and function
tests, and number connection tests were obtained at the
initial visit and monthly thereafter until the patient exited
from the study. Serum hemoglobin levels were censored in
patients with gastrointestinal bleeding that required blood
transfusions. Number connection testing was performed
as described previously [11]. All hematologic and bio-
chemical testing was performed by standard laboratory
techniques in the Clinical Hematology and Chemistry
Laboratories at the Health Sciences Centre.

A Yates correction of the x-squared test was used to
assess the distribution of discreet variables between the
ciprofloxacin and placebo-treated study groups. Continuous
variables were compared by independent ¢ tests. The mean
value of test results obtained 1 month prior to and on the
first day of treatment were considered baseline values and
expressed as 100%. All consecutive measurements were
calculated as the percent change compared to the baseline
value of 100%. Changes in laboratory values over time
were compared using repeated measures ANOVA.

Results

Patient Randomization, Demographics, and Disease
Profiles

Forty-nine patients were enrolled in the study. Five
reversed their decision and withdrew prior to treatment.
Two of the withdrawals had been assigned to receive cip-
rofloxacin and three placebo.

Of the remaining 44 patients, 20 (45%) were random-
ized to 1 month and 24 (55%) to 3 months of treatment.
Among those randomized to 1 month of treatment, 12/20
(60%) were to receive ciprofloxacin and 8/20 (40%) pla-
cebo. Of those randomized to 3 months, 10/24 (42%) were
to receive ciprofloxacin and 14/24 (58%) placebo. The
mean (£SD) ages and gender distributions of the study
cohorts are provided in Table 1.
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Table 1 Demographic characteristics, underlying causes of liver disease, and Child-Pugh score of the patient population

1 month 3 months Totals

Ciprofloxacin Placebo Ciprofloxacin Placebo Ciprofloxacin Placebo

(n=12) (n=28) (n = 10) (n=14) (n=22) (n=22)
Age (years) £+ SD 476 £ 6.4 55.1 £10.0 569 £ 8.9 559 £ 183 51.8 =89 55.6 £ 156
Male/Female 9/3 6/2 4/6 10/4 13/9 16/6
Hepatitis C 6 (50%) 6 (75%) 5 (50%) 1 (7%) 11 (50%) 7 (32%)
Alcoholic cirrhosis 4 (33%) 1 (12.5%) 1 (10%) 2 (14%) 5 (23%) 3 (14%)
Cryptogenic cirrhosis 1 (8%) 0 (0%) 1 (10%) 3 (21%) 2 (9%) 3 (14%)
Other® 1 (8%) 1 (12.5%) 3 (30%) 8 (58%) 4 (18%) 9 (41%)
CPS-A 3 (25%) 4 (50%) 0 (0%) 1 (7%) 3 (14%) 5 (23%)
CPS-B 5 (42%) 2 (25%) 7 (70%) 8 (57%) 12 (55%) 10 (46%)
CPS-C 4 (33%) 2 (25%) 3 (30%) 5 (36%) 7 (32%) 7 (32%)

Abbreviations: CPS, Child-Pugh score

 Other conditions include primary biliary cirrhosis (n = 4), primary sclerosing cholangitis (n = 4), autoimmune hepatitis (n = 2), hepatitis B

(n = 2), and nonalcoholic steatohepatitis (n = 1)

The underlying causes of liver disease are also shown in
Table 1. Hepatitis C was the principal etiology in 41% of
patients while alcohol-induced liver disease accounted for
18%, and cryptogenic cirrhosis 11%. Other disorders
constituted less than 10% of the total. They included pri-
mary biliary cirrhosis (n = 4: 1 ciprofloxacin/3 placebo),
primary sclerosing cholangitis (n = 4: 1 ciprofloxacin/
3 placebo), autoimmune hepatitis (n = 2: 1 ciprofloxacin/
1 placebo), hepatitis B (n = 2: 2 placebo) and nonalcoholic
steatohepatitis (n = 1: 1 ciprofloxacin). The differences in
distributions of liver disease between ciprofloxacin and
placebo-treated groups were not significant.

Child-Pugh scores (CPS) at baseline were as follows:
8/44 (18%) CPS-A, 22/44 (50%) CPS-B and 14/44 (32%)
CPS-C (Table 1). Once again, the distributions of CPS
were similar for ciprofloxacin and placebo recipients.

Laboratory Results
One-Month Cohorts

Changes in liver function tests (albumin, INR, and biliru-
bin) after 1 month of treatment are shown in Table 2.
Serum albumin levels increased by 1.5% in ciprofloxacin-
treated patients while decreasing 3.4% in placebo recipi-
ents (p = 0.032). This difference could not be explained on
the basis of exogenous albumin administered during large-
volume paracentesis as only two patients from the cipro-
floxacin and three from the placebo cohorts underwent
such paracentesis during the 1-month period and similar
amounts of albumin were administered (2.0 versus 2.2
units/patient, respectively). INR levels deteriorated to a
lesser extent in ciprofloxacin-treated patients but the dif-
ference was not significant (ciprofloxacin: 4+0.8% versus

placebo: +3.2%, p = 0.213). Also, not reaching statistical
significance were serum bilirubin levels, which declined by
1.5% in ciprofloxacin and 3.4% in placebo recipients
(p = 0.762).

As shown in Table 3, blood hemoglobin levels
decreased by 0.2% in ciprofloxacin and 4.4% in placebo-
treated patients (p = 0.031). Changes in white blood cell
and platelet counts, liver enzymes, and creatinine levels
were similar in the two groups. Although there was a trend
towards higher serum AST values (47.9 versus —6.6%)
and lower creatinine levels (—1.2 versus +14.7%) in cip-
rofloxacin-treated patients, the differences did not reach
statistical significance when compared to placebo recipi-
ents (p = 0.18 and 0.132, respectively).

Number connection test results improved by 8.6% in
ciprofloxacin-treated patients while remaining essentially
unaltered (40.1%) in placebo recipients (p = 0.329).

Three-Month Cohorts

The improvement in serum albumin and the trend towards
improved INR values seen after 1 month of treatment in
ciprofloxacin recipients were maintained after 2 and
3 months of treatment (Fig. 1a, b). However, in the case of
albumin, the differences were no longer significant at either
subsequent time interval. Serum bilirubin levels continued
to improve to a greater extent in placebo recipients, but
again, the differences were not significant (Fig. 1c). It
should be noted, however, that the number of subjects was
small and the study not powered to document significant
changes in liver function at these time intervals.

Changes in blood cell counts, liver enzymes, and cre-
atinine levels were also similar at 2 and 3 months in the
3-month ciprofloxacin and placebo-treated cohorts (data
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Table 2 Changes from baseline in liver function test results after 1 month of treatment with ciprofloxacin or placebo

Ciprofloxacin (n = 22) Placebo (n = 22) p*
Baseline After 1 month of Tx Baseline After 1 month of Tx
TEST Mean + SE Mean + SE % change* Mean + SE Mean + SE % change*
Albumin 300 £ 1.2 305 £ 1.1 1.5 297+ 14 287 £ 1.5 -3.4 0.032
INR 1.31 £ 0.05 1.32 £ 0.07 0.8 1.27 £ 0.07 1.31 £ 0.08 32 0.213
Bilirubin 46.1 £ 9.6 454 £ 123 -1.5 350 £ 7.1 33.8 £ 6.6 —-3.4 0.762
* p value for the differences in the % change between ciprofloxacin vs. placebo-treated groups
Abbreviations: n, number of subjects; SD, standard deviation; /NR, international normalized ratio of prothrombin times
Table 3 Changes from baseline in laboratory and NCT results after 1 month of treatment with ciprofloxacin or placebo
Ciprofloxacin (n = 22) Placebo (n = 22) p*
Baseline After 1 month of Tx Baseline After 1 month of Tx
TEST Mean £ SE Mean + SE % change* Mean + SE Mean + SE % change*
HGB* 128.3 £ 3.9 128.0 £+ 3.7 -0.2 1242 + 4.8 118.7 £ 53 —4.4 0.031
WBC 4.61 £0.3 4.55+0.3 —1.2 5.12 £ 04 477 £ 0.5 —6.8 0.247
Platelets 89.3 +£ 10.0 86.0 = 7.9 3.7 1175 £ 14.4 114.6 £ 16.9 —-2.5 0.885
ALT 71.8 £ 15.7 69.1 £11.0 -3.7 473 £58 45.8 £ 4.0 -3.1 0.705
AST 89.0 + 16.1 96.0 £ 13.8 7.9 65.7 £ 7.6 614 £ 8.6 —6.6 0.18
Alk. Phos. 176.9 £+ 28.0 179.2 £ 30.3 1.3 188.3 £ 19.9 193.0 £+ 21.7 2.5 0.613
GGT 84.4 +17.8 81.4 + 155 -3.6 153.4 £ 50.0 149.7 £ 40.2 2.4 0.454
Creatinine 649 £ 4.4 64.1 £6.8 —-1.2 849 + 8.3 974 £ 174 14.7 0.132
NCT 42.6 £ 4.5 389+ 39 —8.6 50.0 £ 8.2 50.1 + 6.6 0.1 0.329

* p value for the differences in the % change between ciprofloxacin vs. placebo-treated groups

Abbreviations: n, number of subjects; SD, standard deviation; HGB, hemoglobin; WBC, white blood cell count; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; Alk. Phos., alkaline phosphatase; GGT, gamma glutamyltransferase; INR, international normalized ratio of

prothrombin times; NCT, number connection test

not shown). The trend towards improvement in the number
connection test results observed in ciprofloxacin-treated
patients at 1 month was more apparent at 3 months (cip-
rofloxacin: —15.8% versus placebo: —3.5%) but once
again, failed to reach statistical significance (p = 0.095,
Fig. 1d).

Hospitalizations

In patients randomized to 1 month of treatment, 1/12 (8%)
receiving ciprofloxacin required hospitalization for com-
plications of cirrhosis compared to 1/8 (13%) receiving
placebo. In patients randomized to 3 months of treatment,
0/10 ciprofloxacin-treated patients required hospitalization
compared to 6/14 (43%) who received placebo (p = 0.023).
Thus, overall, 1/22 (5%) ciprofloxacin and 7/22 (32%)
placebo required hospitalization for decompensated liver
disease during the course of the study (p = 0.02).

The reasons for hospitalization are provided in
Table 4. The one hospitalization in ciprofloxacin-treated
patients was for hepatic failure while the majority of
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hospitalizations in placebo recipients (4/7) were for hepatic
encephalopathy. In two of the four encephalopathic
patients, the encephalopathy was thought to be precipitated
by dehydration, while constipation and “spontaneous
encephalopathy” were implicated in the remaining to
subjects respectively.

There were no episodes of sepsis, new musculoskeletal
complaints, liver transplantations, or deaths in either cohort
during the subjects’ 1 or 3 month study involvement.

Drug Tolerance

One patient randomized to 1 month of treatment with
ciprofloxacin received twice daily treatment for 1 week,
then reduced the dose to once daily for the remaining
3 weeks as a result of excessive nausea. Otherwise, no dose
adjustments were required in the ciprofloxacin- or placebo-
treated patients. Of note, there were no episodes of anti-
biotic-resistant infections or new musculoskeletal com-
plaints in either cohort.
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Fig. 1 Percent changes from
baseline (T = 0) in serum levels
of albumin (a), INR (b),
bilirubin (c¢), and number
connection test results (d) in
patients randomized to

3 months of treatment with
ciprofloxacin or placebo. The
results provided represent
findings in ten ciprofloxacin and
14 placebo recipients

Table 4 Indications for
hospital admissions in patients
randomized to receive 1 or

3 months of treatment with
ciprofloxacin or placebo

Abbreviations: CPS, Child-
Pugh score; HCV, hepatitis C
virus; PSC, primary sclerosing
cholangitis; PBC, primary
biliary cirrhosis
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Placebo Portal hypertensive bleed 65 F PBC C
Placebo Encephalopathy 70 M Cryptogenic C
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Discussion

In the absence of nutritional, gastrointestinal, renal and
hematologic disorders, serum albumin, INR and bilirubin
values serve as useful surrogate markers of hepatic func-
tion [12, 13]. In the present study, compared to placebo
recipients, significant improvements in serum albumin
levels were observed after 1 month in ciprofloxacin-treated
patients but the improvements were limited (A 4.9%) and
not accompanied by significant changes in INR or bilirubin
levels. Thus, it is unlikely that daily ciprofloxacin therapy
results in clinically relevant improvements in hepatic
function in patients with advanced liver disease.

Why ciprofloxacin was less effective in humans than
rodents with advanced liver disease remains to be deter-
mined. In our previous animal studies, enhanced hepatic
regeneration was thought to be responsible for the benefi-
cial effects on hepatic function [5-7]. Unfortunately, sen-
sitive and specific non-invasive markers of hepatic
regenerative activity are not presently available and per-
cutaneous liver biopsies are generally contraindicated in
patients with advanced liver disease with coagulopathies
and/or tense ascites. Thus, whether hepatic regeneration
was enhanced in the ciprofloxacin-treated patients enrolled
in the present study remains unclear. Perhaps also relevant
to the discrepancy in findings was the trend towards higher
serum AST values in ciprofloxacin-treated patients (which
may reflect increased hepatic oxidative stress with these
agents) that was not reported in previous animal studies
[14]. Also to be considered are data indicating that enteric
flora produce cytokines and growth regulators that effect
hepatic regeneration and function [15-17]. Whether cip-
rofloxacin alters rodent but not human enteric flora in a
manner that results in improved hepatic function in one
species but not the other requires further study. Finally, the
previously studied animal models required ongoing
inflammation of the liver to maintain the cirrhotic state
whereas cirrhosis in humans tends to be more quiescent
with thick fibrous septa that together, would render the
liver less responsive to a regenerative stimulus.

Embedded within the primary study design was a pilot
study wherein hospitalization rates for patients with
decompensated liver disease were compared in ciproflox-
acin and placebo recipients after 1 and 3 months of
therapy. The results revealed significantly fewer hospital-
izations in ciprofloxacin-treated patients overall and after
3 months, but not after 1 month of therapy. This delayed
benefit would be in keeping with the time required for
hepatic regeneration to occur. However, as discussed pre-
viously, if enhanced hepatic regeneration was achieved, it
was clearly not associated with meaningful improvements
in hepatic function. This raises the possibility of
improvements in clinical outcomes that are independent of
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hepatic function. For example, fluoroquinolones possess
anti-GABA receptor activity, which could contribute to
fewer cases of hepatic encephalopathy and direct
improvements in cognitive function as suggested by the
results of number connection tests [18]. Recent data doc-
umenting fewer episodes of hepatic encephalopathy and
hospitalizations for patients with advanced liver disease
randomized to 6 months of Rifaximin (versus placebo)
raises the possibility of altered bowel flora being respon-
sible for the same beneficial outcomes identified in our
study [19]. Antibiotics also possess procoagulant activities
and have been reported to decrease portal hypertension in
the setting of cirrhosis, which in addition to contributing to
fewer hospitalizations for portal hypertensive bleeding,
could also explain the significant improvement in blood
hemoglobin levels documented in ciprofloxacin recipients
[20, 21]. Finally, although spontaneous bacterial peritonitis
and hepatorenal syndrome did not occur in either study
cohort during the 3-month study period, primary prophy-
laxis with fluoroquinolones significantly decrease the
incidence of these complications in patients with advanced
liver disease [22].

The main concerns associated with long-term daily
administration of fluoroquinolone antibiotics to patients
with cirrhosis are drug toxicity associated with altered
pharmacokinetics and antimicrobial resistance. Recent
studies in cirrhotic patients indicate that the pharmacoki-
netics of ciprofloxacin are essentially unaltered in cirrhosis
[23]. Regarding resistance, when used at the same dose and
schedule for longer periods of time (6-12 months) as
prophylaxis against urinary tract infections, fluoroquino-
lones were well tolerated and clinically relevant changes in
bacterial sensitivities were not detected [24, 25]. None-
theless, because no attempts were made to document
antimicrobial resistance in the present study, and because
fluoroquinolone use has recently been associated with the
emergence of hyper virulent strains of C. difficile [26], it
seems prudent to limit the duration of fluoroquinolones
administration in this setting to 1-3 months.

There are a number of limitations to this study that
warrant emphasis. First, the number of subjects studied was
small, and therefore the possibility of a type 1 (or type 2)
error is strong. Thus, the finding of reduced hospitalizations
in ciprofloxacin-treated subjects must be interpreted with
caution. Future studies involving larger numbers of patients
are required to address this and other important end points.
Second, as mentioned previously, non-invasive parameters
of hepatic regenerative activity are lacking, hence the
mechanism of ciprofloxacin’s effect remains unclear.
Third, although number connection test results were used
to monitor changes in cognitive function (rather than for
diagnosing hepatic encephalopathy), its value for this
purpose has yet to be established. Finally, whether
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antimicrobial resistance subsequently became a problem in
ciprofloxacin recipients was not ascertained.

In conclusion, the results of this pilot study are suffi-
ciently encouraging to warrant further studies involving
larger numbers of patients, different doses of ciprofloxacin,
and longer periods of treatment. If the results of these studies
are supportive, then long-term ciprofloxacin administration
may serve to stabilize patients with advanced liver disease
awaiting liver transplantation.

Acknowledgments The authors wish to thank Ms. R. Vizniak for
her prompt and accurate typing of the manuscript. This study was
supported by a grant from the Health Sciences Centre Research
Foundation.

References

1. Murray C, Lopez A. Mortality by cause for eight regions of the
world: global burden of diseases study. Lancet. 1997;349(9061):
1269-1276.

2. Runyon B. Management of adult patients with ascites caused by
cirrhosis. Hepatology. 1998;27(1):264-272.

3. Garcio-Tsao G, Sanyal A, Grace N, Carey W. Prevention and
management of gastroesophageal varices and variceal hemor-
rhage in cirrhosis. Hepatology. 2007;46(3):922-938.

4. Riordan S, Williams R. Treatment of hepatic encephalopathy.
N Engl J Med. 1997;337(7):473-479.

5. Kaita K, Assy N, Gauthier T, Zhang M, Meyers A, Minuk G. The
beneficial effects of a ciprofloxacin on survival and hepatic
regenerative activity in a rat model of fulminant hepatic failure.
Hepatology. 1998;27(2):533-536.

6. Minuk G, Gauthier T, Zhang X, Wang G, Burczynski F. Cipro-
floxacin prevents the inhibitory effects of acute ethanol exposure
on hepatic regeneration in the rat. Hepatology. 1995;22(6):
1797-1800.

7. Zhang M, Guopei S, Minuk G. Effects of hepatic stimulator
substance, herbal medicine, selenium/vitamin E, and ciprofloxa-
cin on cirrhosis in the rat. Gastroenterology. 1996;110(4):
1150-1155.

8. Minuk G, Gauthier T. The effect of gamma aminobutyric acid
(GABA) on hepatic regenerative activity following partial hep-
atectomy in rats. Gastroenterology. 1993;104:217-221.

9. Zhang M, Gong Y, Minuk G. The effects of ethanol and gamma
aminobutyric acid alone and in combination on hepatic regener-
ative activity in the rat. J Hepatol. 1998;209:638-641.

10. Rolachon A, Cordier L, Bacq Y, et al. Ciprofloxacin and long-
term prevention of spontaneous bacterial peritonitis: results of a
prospective controlled trial. Hepatology. 1995;22:1171-1174.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Yang S, Wu C, Chiang T, Chen D. Somatosensory evoked
potentials in subclinical portosystemic encephalopathy: a com-
parison with psychometric tests. Hepatology. 1998;27(2):
357-361.

Ayling R. Pitfalls in the interpretation of common biochemical
tests. Postgrad Med J. 2000;76(893):129-132.

Burke M. Liver function: tests selection and interpretation of
results. Clin Lab Med. 2002;22(2):377-390.

Gurbay A, Hincal F. Ciprofloxacin-induced glutathione redox
status alterations in rat tissues. Drug Chem Toxicol. 2004;27(3):
233-242.

Williams R. Review article: bacterial flora and pathogenesis
in hepatic encephalopathy. Aliment Pharmacol Ther. 2007;25
(Suppl 1):17-22.

Freund HR, Muggia-Sullam M, LaFrance R, Enrione EB, Popp
MB, Bjornson HS. A possible beneficial effect of metronidazole
in reducing TPN-associated liver function derangements. J Surg
Res. 1985;38(4):356-363.

Cornell RP, Liljequist BL, Bartizal KF. Depressed liver regenera-
tion after partial hepatectomy of germ-free, athymic and lipopo-
lysaccharide-resistant mice. Hepatology. 1990;11(6):916-922.
Segev S, Rehavi M, Rubinstein E. Quinolones, theophylline, and
diclofenac interactions with the y-aminobutyric acid receptor.
Antimicrob Agents Chemother. 1988;32(11):1624-1626.

Bass NM, Mullen KD, Sanyal A, et al. Rifaximin treatment in
hepatic encephalopathy. N Engl J Med. 2010;362(12):1071-1081.
Montalito P, Viachogiannakos J, Cox D, Pastacaldi S, Patch D,
Burroughs A. Bacterial infection in cirrhosis impairs coagulation
by a heparin effect: a prospective study. J Hepatol. 2002;37(4):
463-470.

Vlachogiannakos J, Saveriadis AS, Viazis N, et al. Intestinal
decontamination improves liver haemodynamics in patients with
alcohol-related decompensated cirrhosis. Aliment Pharmacol
Ther. 2009;29(9):992-999.

Fernandez J, Navasa M, Planas R, et al. Primary prophylaxis of
spontaneous bacterial peritonitis delays hepatorenal syndrome
and improves survival in cirrhosis. Gastroenterology. 2007,
133(3):818-824.

Dexit R, Satapathy S, Kumar R, et al. Pharmacokinetics of cip-
rofloxacin in patients with liver cirrhosis. Indian H Gasteroen-
terol. 2004;21(2):62-63.

Schoof M, Hill K. Antibiotics for recurrent urinary tract infec-
tions. Am Fam Physician. 2005;71(7):1301-1302.

Moyses Neto M, Costa R, Reis M, et al. Use of ciprofloxacin as a
prophylactic agent in urinary tract infections in renal transplant
recipients. Clin Transplant. 1997;11:446-452.

Weiss K. Clostridium difficile and fluoroquinolones: is there a
link? Int J Antimicrob Agents. 2009;33(Suppl 1):S29-S32.

@ Springer



	Daily Ciprofloxacin Treatment for Patients with Advanced Liver Disease Awaiting Liver Transplantation Reduces Hospitalizations
	Abstract
	Background
	Aims
	Methods
	Results
	Conclusions

	Introduction
	Materials and Methods
	Results
	Patient Randomization, Demographics, and Disease Profiles
	Laboratory Results
	One-Month Cohorts
	Three-Month Cohorts

	Hospitalizations
	Drug Tolerance

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


