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See CME Quiz on page 1285.

ackground & Aims: Oral norfloxacin is the standard of
herapy in the prophylaxis of bacterial infections in cirrhotic
atients with gastrointestinal hemorrhage. However, during
he last years, the epidemiology of bacterial infections in
irrhosis has changed, with a higher incidence of infections
aused by quinolone-resistant bacteria. This randomized
ontrolled trial was aimed to compare oral norfloxacin vs
ntravenous ceftriaxone in the prophylaxis of bacterial infec-
ion in cirrhotic patients with gastrointestinal bleeding.
ethods: One hundred eleven patients with advanced cir-

hosis (at least 2 of the following: ascites, severe malnutri-
ion, encephalopathy, or bilirubin �3 mg/dL) and gastroin-
estinal hemorrhage were randomly treated with oral
orfloxacin (400 mg twice daily; n � 57) or intravenous
eftriaxone (1 g/day; n � 54) for 7 days. The end point of the
rial was the prevention of bacterial infections within 10 days
fter inclusion. Results: Clinical data were comparable
etween groups. The probability of developing proved or
ossible infections, proved infections, and spontaneous bac-
eremia or spontaneous bacterial peritonitis was significantly
igher in patients receiving norfloxacin (33% vs 11%, P �

003; 26% vs 11%, P � .03; and 12% vs 2%, P � .03, respec-
ively). The type of antibiotic used (norfloxacin), transfusion
equirements at inclusion, and failure to control bleeding
ere independent predictors of infection. Seven gram-nega-

ive bacilli were isolated in the norfloxacin group, and 6 were
uinolone resistant. Nonenterococcal streptococci were only

solated in the norfloxacin group. No difference in hospital
ortality was observed between groups. Conclusions:

ntravenous ceftriaxone is more effective than oral norfloxa-
in in the prophylaxis of bacterial infections in patients with
dvanced cirrhosis and hemorrhage.

acterial infection is a major problem in patients with
cirrhosis and gastrointestinal hemorrhage. First, it is very

requent. Between 25% and 65% of these patients present infec-
ions at admission or develop them during hospitalization.1–9

he incidence of infections is particularly high in patients with
dvanced liver failure and/or severe hemorrhage.7,10 Second, in
atients with ascites, infections may induce acute impairment

n systemic circulatory function and hepatorenal syn-
rome.11–14 Finally, bacterial infection in patients with variceal
leeding is associated with an increased rate of failure to con-

rol bleeding,15,16 rebleeding,9,17,18 and hospital mortality.5,16,19
he recent demonstration that renal failure in cirrhotic patients
ith spontaneous bacterial peritonitis is associated with a
arked increase in portal pressure offers a rational explanation

or these features.13

Since the pioneer study of Rimola et al demonstrating
hat oral administration of nonabsorbable antibiotics mark-
dly reduces the incidence of bacterial infections in cirrhotic
atients with gastrointestinal hemorrhage,1 antibiotic pro-
hylaxis is considered a standard of care in these pa-
ients.5,20,21 Selective intestinal decontamination with oral
orfloxacin, a poorly absorbable quinolone with antibacterial
ctivity against gram-negative bacteria but not against gram-
ositive cocci or anaerobic bacteria, is the most commonly
sed approach for the prophylaxis of bacterial infections in
irrhotic patients with gastrointestinal hemorrhage.2,20 Re-
ent studies, however, have presented evidence suggesting
hat oral quinolone administration may not be the best
egime for the prevention of bacterial infections in cirrhotic
atients with gastrointestinal hemorrhage. The prevalence of
uinolone-resistant bacteria in the fecal flora22,23 and the

ncidence of spontaneous bacterial peritonitis24 and other
nfections25,26 caused by these organisms have increased sub-
tantially during the last years. However, a significant num-
er of infections in cirrhotic patients with gastrointestinal
emorrhage are caused by gram-positive bacteria related to
he invasive procedures used in these patients.24

These considerations led us to perform the current study,
hich consisted of a randomized controlled trial aimed at

omparing oral norfloxacin vs intravenous ceftriaxone in the
rophylaxis of bacterial infections in cirrhotic patients with
astrointestinal hemorrhage and severe liver failure. Intrave-
ous ceftriaxone was selected for 2 reasons. First, we have
ecently shown that most quinolone-resistant bacteria isolated
n cirrhotic patients with spontaneous bacteremia, spontaneous
acterial peritonitis, and other infections are susceptible to
hird-generation cephalosporins.24 Second, antibiotics admin-
stered by intravenous route are theoretically more appropriate
han those administered orally in the prophylaxis of infection
n patients with active upper gastrointestinal bleeding. The end
oint of the study was to assess whether intravenous ceftriax-
ne is more effective than oral norfloxacin in reducing the rate
f bacterial infections within the first 10 days after the hemor-
hage because this is the period within which most infections
ccur.

© 2006 by the American Gastroenterological Association (AGA) Institute
0016-5085/06/$32.00
doi:10.1053/j.gastro.2006.07.010
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Materials and Methods
Patients
The study was performed in patients with cirrhosis

dmitted to 4 Spanish hospitals for the treatment of an upper
astrointestinal hemorrhage between February 2000 and April
004. Diagnosis of cirrhosis was based on clinical, laboratory,
nd ultrasonographic data or on histology. Inclusion criteria
ere as follows: age 18 – 80 years, hematemesis and/or melena
ithin 24 hours prior to inclusion, and advanced cirrhosis as
efined by the presence of 2 or more of the following signs of

iver failure: severe malnutrition (as defined by the presence of
lear signs of muscle wasting), serum bilirubin �3 mg/dL,
scites (confirmed by paracentesis), and hepatic encephalopathy
grade 1 or more). Diagnosis of ascites, severe malnutrition, and
ncephalopathy was made clinically. Exclusion criteria were as
ollows: allergy to cephalosporins or quinolones, presence of
ny of the following signs of infection (fever �37.5°C, white
lood cell count �15,000 mm3, immature neutrophils �500
m3, polymorphonuclear cell count in ascitic fluid �250/mm3,
ore than 15 leukocytes/field in the fresh urine sediment, or

ata compatible with pneumonia on the chest x-ray), treatment
ith antibiotics within 2 weeks before the hemorrhage (exclud-

ng oral norfloxacin for prophylaxis of spontaneous bacterial
eritonitis), previously diagnosed advanced hepatocellular car-
inoma (1 nodule greater than 5 cm, 3 nodules with 1 greater
han 3 cm, or more than 3 nodules), and human immunodefi-
iency virus (HIV) infection.

The study was approved by the ethics committee of each
ospital participating in the study. Written informed consent
as obtained from the patients and, in those with encephalop-
thy, from their families. The protocol conformed to the Hel-
inki Declaration and Guidelines for Good Clinical Practice in
linical Trials.

Treatment of the Hemorrhage
Following admission, a history and physical examina-

ion were obtained, and 2 short intravenous cannulas and a
asogastric tube were placed. A central line was also placed in
ost patients. Urinary catheter was inserted only if indicated.

aboratory measurements including standard liver and renal
unction tests, blood and ascitic fluid cell count and cultures
samples were inoculated into aerobic and anaerobic blood
ulture bottles at patient’s bedside), and fresh urine sediment
nd culture were then performed as well as a chest x-ray.
mergency endoscopy and endoscopic treatment (if indicated,
clerotherapy or banding) were done within the first 24 hours
fter onset of the hemorrhage in all cases. Patients with severe
epatic encephalopathy (grade 3 or 4) were intubated prior to
ndoscopy. Patients with bleeding from esophageal or gastric
arices or from portal hypertensive gastropathy received soma-
ostatin or terlipressin. In cases with uncontrolled variceal
leeding, ballon tamponade was applied after prophylactic oro-
racheal intubation. Endoscopic treatment was repeated during
he hospital admission until eradication of varices if indicated.

transjugular intrahepatic portosystemic shunt (TIPS) or sur-
ical portacaval shunt were performed in patients in whom
ther treatments failed to control the bleeding. Patients with
eptic ulcer or esophagitis received proton-pump inhibitors.
lood transfusions were given to maintain hematocrit levels

etween 25% and 30%. e
Definitions regarding the course of the hemorrhage (failure
o control the bleeding and early rebleeding) were based on
hose proposed by the Baveno III Consensus Workshop.27 Fail-
re to control the bleeding within the first 6 hours after inclu-
ion was considered when transfusion requirements were equal
o or greater than 4 units of blood together with an inability to
chieve an increase in systolic arterial blood pressure by 20 mm
g or to 70 mm Hg or higher. Failure to control the bleeding
ithin the period from 6 to 24 hours after inclusion was

onsidered if there was a new hematemesis together with a
ecrease in systolic arterial blood pressure equal to or greater
han 20 mm Hg and/or transfusions requirements equal to or
reater than 2 units to increase hemoglobin levels to 9 g/dL.
henever balloon tamponade had to be used within these 2

eriods, failure to control the bleeding was also considered.
arly rebleeding and study rebleeding were defined as new
ematemesis or melena from 24 hours to 5 days after inclusion
nd within the study period (10 days), respectively, with trans-
usion requirements equal to or greater than 2 units of blood in
ny of the 24-hour periods and at least 1 of the following:
ystolic arterial blood pressure lower than 100 mm Hg, decrease
n arterial pressure after postural change greater than 20 mm

g, or heart rate greater than 100 beats/min.

Randomization and Infection Diagnosis
Patients who fulfilled the inclusion criteria were ran-

omly allocated into 2 groups. Patients in the first group
eceived oral norfloxacin 400 mg every 12 hours during 7 days.
atients in the second group received intravenous ceftriaxone
g per day during 7 days. Antibiotics were initiated following

he emergency endoscopy and always within the first 12 hours
fter admission into the hospital. Randomization was done
sing consecutively numbered computer-generated envelopes
ontaining treatment assignment. Randomization was indepen-
ent at each hospital.

Patients were followed up closely, with special emphasis on
he detection of bacterial infections. Physical examination and
lood cell count were performed daily, urinary sediment every
8 hours, and chest x-ray every 3 days for 10 days. Blood, ascitic
uid, and urine cultures were taken whenever a patient devel-
ped signs of infection.

Diagnosis of proved infection was performed as follows: (1)
pontaneous bacteremia: positive blood cultures in the absence
f any potential source of infection; (2) spontaneous bacterial
eritonitis: ascitic fluid polymorphonuclear count equal to or
reater than 250/mm3 (Rimola et al20); (3) urinary tract infec-
ion: urinary leukocyte count greater than 15 cells per high-
ower field and positive urine culture28; (4) other infections
ere diagnosed according to clinical, radiologic, and bacterio-

ogic data. Possible infection was diagnosed in patients with
ever (�37.5°C during more than 6 hours), leukocytosis
�15,000 mm3) or increased concentration of immature neu-
rophils in blood (�500/mm3), negative cultures, and no other
igns of infection. Analysis was performed classifying the pa-
ients into 3 groups: (1) patients not developing infections; (2)
atients developing proved infections; and (3) patients devel-
ping proved or possible infections.

Statistical Analysis
The sample size was calculated on the basis of an
xpected incidence of bacterial infections (proved plus possible)
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October 2006 CEFTRIAXONE IN BLEEDING CIRRHOTIC PATIENTS 1051
f 30% in the norfloxacin group and of 10% in the ceftriaxone
roup. Sixty-one patients had to be included in each group to
btain a P value � .05 with an � error of 5% and a � error of
0%.

Continuous variables were compared by the Student t test.
iscontinuous variables were compared by the �2 test with the
ates correction when indicated. Probability curves were ob-
ained by the Kaplan–Meier method and compared by the
og-rank test. Univariate analysis using the Student t test and
he Kaplan–Meier curves was performed to identify possible
redictors of infection. Variables showing significant differ-
nces were subsequently introduced in a Cox proportional haz-
rds regression model to identify independent predictors of
nfection. Results are given as relative hazard plus 95% confi-
ent interval (CI). The median values of the independent pre-
ictors of infection were considered as cut-off levels to identify
roups of patients with different risks of infection. Calculations
ere performed with the SPSS Statistical Package (SPSS Inc.
ersion 11.0, 2000, Chicago, IL). Differences were considered
ignificant at the level .05. Results are expressed as mean � SD.

Results
A total of 1369 cirrhotic patients with gastrointestinal

emorrhage were screened. Of these, 1245 patients were not
ncluded because of absence of 2 signs of advanced liver failure
884 patients), presence of infection at admission (253 pa-
ients), presence of advanced hepatocellular carcinoma or other
eoplasia (106 patients), antibiotic treatment other than oral
orfloxacin at admission (54 patients), age over 80 years (21
atients), HIV infection (19 patients), and other causes includ-

ng refusal to participate in the trial (32 patients). Of the 124
atients randomized, 63 in the norfloxacin group and 61 in the
eftriaxone group, 7 patients (4 in the norfloxacin group and 3
n the cefriaxone group) were excluded because of violation of
he protocol (presence of only 1 sign of advanced liver failure)
nd 6 (2 in the norfloxacin group and 4 in the ceftriaxone
roup) because of occult infection (positive blood cultures

igure 1. Flow diagram of patient allocation. More detailed infor-
ation is shown in the text.
btained prior to randomization). Thus, 111 patients (57 in the �
orfloxacin group and 54 in the ceftriaxone group) were con-
idered in the final analysis of the results (Figure 1).

Clinical Characteristics of Patients
The median age of the patients was 58 � 12 years, 77%

ere male, and the most frequent etiology was alcoholism
68%). Patients had advanced liver insufficiency with high se-
um bilirubin (4.4 � 4.0 mg/dL), low serum albumin (26 � 5
/L), high INR (1.56 � 0.39), and high Child–Pugh score (9.8 �
.5 points) and Model for End Stage Liver Disease (MELD)
core (17.1 � 4.8 points). Forty-seven percent of the patients
ere grade B and 53% grade C of the Child–Pugh classification.
eventy-nine percent of patients had ascites, 72% signs of severe
alnutrition, 58% a serum bilirubin �3 mg/dL, and 37% he-

atic encephalopathy. Forty-one percent of the patients had
ore than 2 signs of liver failure, and 12% had renal failure at

nclusion. Hepatocellular carcinoma was present in 18% of
atients and diabetes mellitus in 20%. Only 9% of the patients
ere receiving oral norfloxacin for prophylaxis of spontaneous
acterial peritonitis at inclusion.

Table 1 shows that with the exception of the frequency of
lcoholic cirrhosis, higher in the norfloxacin group, and the
ncidence of renal failure at inclusion, higher in the ceftriaxone
roup, there were no significant differences between groups in
linical data and laboratory measurements.

able 1. Baseline Clinical and Analytical Characteristics

Ceftriaxone
(n � 54)

Norfloxacin
(n � 57)

ge (y) 58 � 12 57 � 12
ale (%) 72 82
lcoholic cirrhosis (%) 57 77a

ctive alcoholism (%)b 30 40
erum bilirubin (mg/dL) 3.8 � 3.5 4.9 � 4.4
erum albumin (g/L) 26 � 5 26 � 5
rothrombin time international
normalized ratio

1.56 � 0.41 1.55 � 0.37

hild-Pugh score (points) 9.7 � 1.6 9.8 � 1.5
hild-Pugh score (% B/C) 46/54 47/53
ELD score (points) 17.1 � 4.9 17.1 � 4.7
erum bilirubin � 3 mg/dL (%) 48 66
scites (%) 83 75
epatic encephalopathy (%) 37 37
evere malnutrition (%) 78 67
igns of liver failure (2/3/4) (%)d 56/43/1 61/32/7
erum creatinine (mg/dL) 1.2 � 0.5 1.0 � 0.4
erum sodium (mEq/L) 134 � 5 133 � 16
scitic fluid protein (g/L) 11 � 7 11 � 6
enal failure (%)c 19 5a

epatocellular carcinoma (%) 21 17
iabetes mellitus (%) 22 18
orfloxacin prophylaxis (%) 13 5

OTE. Values represent mean � standard deviation.
P � .05 norfloxacin vs ceftriaxone group.
Arbitrarily defined as a daily alcohol intake over 20 g in patients with
lcoholic cirrhosis.
Serum creatinine �1.5 mg/dL.
Two, 3, or 4 signs of liver failure (severe malnutrition, serum bilirubin

3 mg/dL, ascites, and hepatic encephalopathy).
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1052 FERNÁNDEZ ET AL GASTROENTEROLOGY Vol. 131, No. 4
Characteristics of the Hemorrhage
In the whole series of patients, the time elapsed

etween the initiation of bleeding and the emergency endos-
opy was 4.6 � 5.1 hours. The site of bleeding was esopha-
eal varices in 64% of patients, gastric varices in 5%, peptic
lcer in 10%, portal hypertensive gastropathy in 8%, and
ther in 13%. There was active bleeding at the time of
ndoscopy in 27% of cases. Vasoactive drugs (somatostatin or
erlipressin) were the treatment most commonly used. It was
pplied to patients bleeding from esophageal varices, gastric
arices, or portal hypertensive gastropathy (77% of the cases).
mergency sclerotherapy or banding was used in 61% of
ases. Only 6% of patients received balloon tamponade. The
edian amount of blood transfused was 1.6 � 1.8 units.
emorrhagic shock, as defined by a systolic blood pressure
90 mm Hg and a heart rate �100 beats/min, was present at

dmission in only 7% of the patients. Failure to control
leeding, early rebleeding, and study rebleeding occurred in
3%, 9%, and 11% of the patients, respectively. Seven percent

able 2. Characteristics of Hemorrhage at Inclusion and
Course of the Bleeding

Ceftriaxone
(n � 54)

Norfloxacin
(n � 57)

haracteristics of hemorrhage
Mean arterial pressure (mm Hg) 76 � 14 81 � 18
Heart rate (beats/min) 89 � 20 93 � 18
Hematocrit (%) 28 � 6 28 � 7
Hypovolemic shock (%)a 7 7
Blood units transfused at

inclusion 1.6 � 1.6 1.6 � 2.0
Time to endoscopy (h)b 4.8 � 5.1 4.5 � 5.3
Time to antibiotic

prophylaxis (h)c 7.1 � 2.9 6.5 � 2.9
Source of bleeding (%)

Esophageal varices 61 67
Gastric varices 4 7
Peptic ulcer 11 9
Portal hypertensive

gastropathy 9 7
Mallory Weiss tear 2 2
Other 13 8

Active bleeding at endoscopy (%) 21 33
Vasoactive therapy (%) 74 81
Sclerotherapy or banding (%) 57 65
Patients submitted to (%)

Urinary catheter insertion 59 65
Central line insertion 86 90
Tracheal intubation 9 11

ourse of bleeding
Failure to control bleeding (%) 11 16
Early rebleeding (1–5 days) (%) 7 11
Study rebleeding (10 days) (%) 9 12
Balloon tamponade (%) 4 9
TIPS insertion (%) 7 7
Surgical shunt (%) 6 5

OTE. Values represent mean � standard deviation.
Systolic pressure � 90 mm Hg and heart rate � 100 b/min.
Time from bleeding to gastroscopy.
Time from bleeding to antibiotic prophylaxis. No differences were
bserved between groups.
f patients required TIPS and 5% a surgical shunt. The time �
lapsed between the initiation of bleeding and the first dose
f antibiotics was 6.8 � 2.9 hours.

Table 2 shows that there were no significant differences
etween the study groups in the characteristics of the hemor-
hage at inclusion, etiology of the hemorrhage, time elapsed
etween the initiation of the bleeding and the emergency en-
oscopy, or prophylactic antibiotic administration and course
f the hemorrhage (failure to control the bleeding, early and
tudy rebleeding rates, and need for TIPS or surgical shunt).

Efficacy of Oral Norfloxacin and IV
Ceftriaxone in the Prevention of Bacterial
Infections
Nineteen patients (33%) in the norfloxacin group and 6

11%) in the ceftriaxone group developed proved or possible
nfections within the first 10 days after the initiation of the
emorrhage (P � .01) (Table 3). The corresponding figures for
roved infections were 15 cases (26%) and 6 cases (11%), respec-
ively (P � .07). Seven patients (12%) in the norfloxacin group
nd only 1 (2%) in the ceftriaxone group developed spontane-
us bacteremia or spontaneous bacterial peritonitis (P � .06).
rinary tract infection developed in 8 patients in the norfloxa-

in group and in 3 in the ceftriaxone group. Finally, 1 patient in
he norfloxacin group and 2 in the ceftriaxone group developed
neumonia. The isolated organisms were gram-negative bacilli

mainly Escherichia coli) in 8 patients and gram-positive cocci in
patients. Gram-negative bacilli were cultured in 7 patients

eceiving norfloxacin and in only 1 receiving ceftriaxone (P �
03). Six out of the 7 gram-negative bacilli isolated in the
orfloxacin group were resistant to quinolones, whereas that

solated in the ceftriaxone group was susceptible to quinolones.
on-enterococcal streptococci were only isolated in the nor-
oxacin group. Figures 2 and 3 show the probability curves of

nfection (proved and possible), proved infection, and sponta-
eous bacterial peritonitis or spontaneous bacteremia develop-
ent in the 2 groups. Probabilities were significantly higher in

he norfloxacin group. Median time of infection was 3 days
range, 1–9 days) in the norfloxacin group and 6 days (range,
–7 days) in the ceftriaxone group (P � ns). No adverse effects
elated to norfloxacin or ceftriaxone administration were ob-
erved during the study period.

Predictive Factors of Bacterial Infection
Development
Proved and possible infections. Mean arterial

lood pressure (71 � 19 mm Hg in patients with infection vs 81
15 mm Hg in patients without infection, P � .007), blood

ransfusion (2.4 � 2.3 vs 1.4 � 1.5 units, P � .01) and synthetic
lasma expander and/or plasma requirements at inclusion (2.0

2.9 vs 0.7 � 1.3 units, P � 05), failure to control bleeding
28% vs 9%, P � .001), and norfloxacin prophylaxis (76% vs 42%,

� .003) were found to be predictors of proved or possible
acterial infection development in the univariate analysis. Of
hese, the Cox regression analysis identified norfloxacin prophy-
axis (hazard ratio [HR]: 3.71, 95% CI: 1.47–9.34; P � .005),
lood transfusion requirements at inclusion (HR: 1.36, 95% CI:
.14 –1.61; P � .0001), and failure to control bleeding (HR: 3.18;
5% CI: 1.32–7.68; P � .01) as independent predictors for
roved or possible infection.

Proved infections. Mean arterial blood pressure (66

16 mm Hg in patients with infections vs 81 � 15 mm Hg in
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October 2006 CEFTRIAXONE IN BLEEDING CIRRHOTIC PATIENTS 1053
atients without infections, P � .0001), hematocrit (25% � 6%
s 29% � 7%, P � .03), blood transfusion (2.7 � 2.4 vs 1.4 � 1.5
nits, P � .003) and synthetic plasma expander and/or plasma
equirements at inclusion (2.4 � 3.1 vs 0.7 � 1.3 units, P � .02),
ailure to control the bleeding (29% vs 10%, P � .003), and
orfloxacin prophylaxis (71% vs 47%, P � .03) were found to be
redictors of bacterial infection development in the univariate
nalysis. Of these, the Cox regression analysis identified nor-
oxacin prophylaxis (HR: 3.21, 95% CI: 1.24 – 8.32; P � .02),
lood transfusion requirements (HR: 1.22; 95% CI: 1.01–1.47; P

.04), and mean arterial pressure at inclusion (HR: 0.96; 95%
I: 0.93– 0.99; P � .005) as independent predictors for proved

nfection.

Efficacy of Oral Norfloxacin and IV
Ceftriaxone in the Prevention of Bacterial
Infections in Patients With High Risk of
Infection Development
Thirty-five patients (20 in the norfloxacin group and

5 in the ceftriaxone group) had at least 1 independent
redictor of proved or possible infection development and
ere considered to have a high risk of infection. Twenty-nine
atients (16 in the norfloxacin group and 13 in the ceftriax-
ne group) had transfusion requirement �2 units and 15 (9
nd 6, respectively) had failure to control the bleeding within
he first 24 hours.

Ten out of 20 high-risk patients in the norfloxacin group (50%)
eveloped proved or possible bacterial infections within the first

able 3. Proved and Possible Bacterial Infections and
Organisms Isolated in the Study

Ceftriaxone
(n � 54)

Norfloxacin
(n � 57)

P
value

nfections, n (%)
Patients with proved or
possible infections

6 (11) 19 (33) .01

Patients with proved
infections

6 (11) 15 (26) .07

Type of infection:
Urinary infection 3 (6) 8 (14) ns
Spontaneous bacteremia 0 4 (7) ns
Spontaneous bacterial

peritonitis 1 (2) 3 (5) ns
Pneumonia 2 (4) 1 (2) ns

rganims, n
Fermentative gram-negative

bacilli
0 6 .04

Escherichia coli 0 5
Klebsiella pneumoniae 0 1

Non fermentative gram-
negative bacilli 1 1 ns

Pseudomonas
aeruginosas

1 0

Alcaligenes faecalis 0 1
Gram-positive cocci 3 6 ns

Streptococcus pneumoniae 0 1
Streptococcus viridans 0 2
Streptococcus agalactiae 0 1
Enterococcus faecalis 1 2
Enterococcus faecium 2 0
0 days following inclusion. In contrast, this only occurred in 2 b
ut of 15 (13%) patients in the ceftriaxone group (P � .02).
robability curves of proved plus possible and proved bacterial

nfections in these 2 groups are shown in Figure 4. Significant
ifferences were observed between groups.

igure 2. Probability of remaining free of proved and possible in-
ections (A) and proved infections (B) in patients receiving ceftriaxone
continuous line) and norfloxacin (dotted line). There were significant
ifferences between groups.

igure 3. Probability of remaining free of spontaneous bacterial
eritonitis or bacteremia in patients receiving ceftriaxone (continuous

ine) and norfloxacin (dotted line). There were significant differences

etween groups.
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Mortality Rate
There was no significant difference in mortality within

he 10 days after inclusion between patients treated with nor-
oxacin and those treated with ceftriaxone (5 and 6 patients,
espectively, died). Mortality during hospitalization was also
imilar in the 2 groups (6 and 8 patients, respectively, died
uring hospital admission). Causes of death were hepatic fail-
re in 7 patients (4 in the ceftriaxone group and 3 in the
orfloxacin group), uncontrolled bleeding in 4 patients (3 and
patients, respectively), septic shock in 2 patients (1 in each

roup), and hepatorenal syndrome in 1 patient from the nor-
oxacin group.

Discussion
The results of the current study confirm that patients

ith cirrhosis, gastrointestinal hemorrhage, and advanced liver
ailure are at great risk of developing bacterial infections. De-
pite the prophylactic administration of antibiotics, 25 of the
11 patients (23%) included in the study developed bacterial

igure 4. Probability of remaining free of proved and possible in-
ection (A) and proved infections (B) in patients at high risk for infection
blood transfusion requirements �2 units and/or failure to control bleed-
ng) who received ceftriaxone (continuous line) or norfloxacin prophy-
axis (dotted line). There were significant differences between groups.
nfections within 10 days after inclusion. In 8 patients, the g
nfection was severe (spontaneous bacteremia or spontaneous
acterial peritonitis).

An important finding of the current study is that the efficacy
f oral norfloxacin in the prophylaxis of bacterial infection in
atients with gastrointestinal hemorrhage and severe liver fail-
re is relatively poor. Nineteen of the 57 patients treated with
orfloxacin in this study (33%) developed bacterial infections

either proved or possible), 15 (26%) proved infections and 7
12%) spontaneous bacteremia or spontaneous bacterial perito-
itis. Most organisms isolated in these patients were gram-
egative bacilli or non-enterococcal streptococci of probably
utaneous or respiratory origin resistant to quinolones.

This low efficacy of norfloxacin is consistent with the
hanges in the epidemiology of bacterial infections in cirrhosis
etected during the last few years. Traditionally, bacterial in-
ections in cirrhosis were mainly caused by gram-negative bacilli
usceptible to quinolones.29 –36 Only in patients receiving pro-
hylaxis with norfloxacin was the incidence of infections caused
y gram-positive bacteria higher than that caused by gram-
egative bacilli.37 In contrast, at present, bacterial infections in
irrhosis are caused by both gram-negative bacilli and gram-
ositive cocci in a similar proportion. In patients receiving

ong-term norfloxacin prophylaxis, the most commonly iso-
ated bacteria are gram-negative organisms resistant to quino-
ones and not gram-positive cocci. Finally, in patients not re-
eiving norfloxacin, the incidence of infections caused by
uinolone-resistant gram-negative bacilli is also relatively
igh.24 The frequent use of invasive procedures in patients with
irrhosis, which predispose to infections by gram-positive cocci,
nd the high prevalence of quinolone-resistant gram-negative
acilli in the fecal flora in the general population and in cir-
hotic patients owing to the widespread use of these antibiotics
re the most likely mechanisms of this change in epidemiology.

Other features that could explain the low efficacy of oral
orfloxacin observed in the study may be related to some
pecific characteristics of this treatment. Selective intestinal
econtamination with oral norfloxacin is probably not achieved
ntil several days after the initiation of treatment; thus, there is
n initial period in which patients may be less protected against
nfections. Moreover, the oral route is probably not adequate to
reat patients with active gastrointestinal hemorrhage, vomit-
ng, submitted to periodic aspiration through a nasogastric
ube, and with an extremely rapid intestinal transit. The obser-
ation that bacterial infections in our patients treated by nor-
oxacin tended to occur earlier than those in patients treated
ith IV ceftriaxone supports this contention.

The most important result of our trial is that IV ceftriaxone
as significantly more effective than oral norfloxacin in the
rophylaxis of bacterial infections in cirrhotic patients with
astrointestinal hemorrhage and severe liver failure. Only 6 of
7 patients (11%) treated with IV ceftriaxone developed infec-
ions, only 1 developed spontaneous bacterial peritonitis, and
one developed spontaneous bacteremia. The higher efficacy of
eftriaxone over norfloxacin was due to the fact that both
on-enterococcal streptococci and quinolone-resistant gram-
egative bacteria, the most common organisms causing infec-
ion in patients treated with norfloxacin, are highly susceptible
o third-generation cefalosporins. The incidence of infections
aused by enterococci, a bacteria resistant to both quinolones
nd third-generation cephalosporins, was comparable in the 2

roups.
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In the current series of patients with severe liver failure, only
he type of the prophylactic antibiotic used and 2 parameters
elated to the severity of the hemorrhage (transfusion require-

ents at inclusion and failure to control bleeding) were found
o be independent predictors of infection development. Using
hese 2 predictive factors, a subset of patients with high risk of
acterial infections was identified. Intravenous ceftriaxone was
lso much more effective than oral norfloxacin in the prophy-
axis of bacterial infections in these patients, further indicating
hat it is an excellent antibiotic for the prevention of bacterial
nfections in cirrhotic patients with advanced liver failure and
evere hemorrhage.

Allergy to �-lactamic antibiotics is relatively common in the
eneral population. In these cases, two possible alternatives to
hird-generation cephalosporins exist. The first is the intrave-
ous administration of quinolones or trimethoprim sulfameth-
xazole, which are effective in the prophylaxis of spontaneous
acterial peritonitis by oral route. However, they do not prevent

nfections caused by quinolone-resistant bacteria, which are
lso frequently resistant to trimethoprim sulfamethoxazole.24

he second alternative is aztreonam, an antibiotic active against
ram-negative bacilli, plus a glycopeptide (vancomycin or teico-
lanin), active against gram-positive cocci. The nephrotoxic
otential of glycopeptides may be a problem of this combina-
ion. Further studies assessing possible alternatives to �-lac-
amic antibiotics in the prophylaxis of bacterial infections in
irrhotic patients with gastrointestinal bleeding are clearly
eeded.

We could not confirm recent studies suggesting that bacte-
ial infections in patients with cirrhosis are associated with a
igher rate of failure to control bleeding,15,16 higher rate of
ebleeding,9,17,18 and higher hospital mortality.5,16,19 Differ-
nces in the designs of the studies probably account for this
iscrepancy. Whereas, in these studies, both patients admitted
o hospital with infections and patients developing infections
uring hospitalization were considered, in our trial, only pa-
ients without infection at inclusion were included into the
tudy. This is a fundamental difference because, in our series, all
atients developed infections when the endoscopic and/or the
harmacologic treatment of the hemorrhage had already been
pplied. There was also no difference in hospital survival be-
ween groups, but the study was not designed to assess differ-
nces in mortality.

In summary, the current study indicates that IV ceftriax-
ne is more effective than oral norfloxacin in the prophylaxis
f bacterial infections in patients with cirrhosis, gastrointes-
inal hemorrhage, and severe liver failure. This is related
o 2 features. First, patients treated with norfloxacin are
redisposed to develop infections because of gram-negative
acilli and non-enteroccocal streptococci resistant to quino-

ones. By contrast, these bacteria are highly susceptible to
hird-generation cephalosporins. Second, intravenous ad-

inistration of prophylactic antibiotics is better than oral
dministration in patients with severe hepatic failure, en-
ephalopathy, and active gastrointestinal bleeding. Intrave-
ous ceftriaxone should, therefore, be used instead of oral
orfloxacin in the prophylaxis of bacterial infections in cir-
hotic patients with advanced cirrhosis and upper gastroin-
estinal bleeding. Because the epidemiology of bacterial in-

ections differs greatly between geographic areas, further
tudies in other countries are needed to support this con-
ention.
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