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Background & Aims: Antibiotic prophylaxis reduces the risk of
infection and mortality in patients with cirrhosis and acute
variceal bleeding (AVB). This study examines the incidence of,
and risk factors for, bacterial infections during hospitalization in
patients with AVB on antibiotic prophylaxis.
Methods: A post hoc analysis was performed using the database
of an international, multicenter, observational study designed to
examine the role of pre-emptive transjugular intrahepatic portosystemic shunts in patients with cirrhosis and AVB. Data were
collected on patients with cirrhosis hospitalized for AVB (n =
2,138) from a prospective cohort (October 2013-May 2015) at 34
referral centers, and a retrospective cohort (October 2011September 2013) at 19 of these centers. The primary outcome
was incidence of bacterial infection during hospitalization.
Results: A total of 1,656 patients out of 1,770 (93.6%) received
antibiotic prophylaxis; third-generation cephalosporins (76.2%)
and quinolones (19.0%) were used most frequently. Of the patients on antibiotic prophylaxis, 320 patients developed bacterial
infection during hospitalization. Respiratory infection accounted
for 43.6% of infections and for 49.7% of infected patients, and
occurred early after admission (median 3 days, IQR 1-6). On
multivariate analysis, respiratory infection was independently
associated with Child-Pugh C (odds ratio [OR] 3.1; 95% CI 1.46.7), grade III-IV encephalopathy (OR 2.8; 95% CI 1.8-4.4), orotracheal intubation for endoscopy (OR 2.6; 95% CI 1.8-3.8),
nasogastric tube placement (OR 1.7; 95% CI 1.2-2.4) or esophageal balloon tamponade (OR 2.4; 95% CI 1.2-4.9).
Conclusion: Bacterial infections develop in almost one-ﬁfth of
patients with AVB despite antibiotic prophylaxis. Respiratory
infection is the most frequent, is an early event after admission,
and is associated with advanced liver failure, severe hepatic
encephalopathy and use of nasogastric tube, orotracheal intubation for endoscopy or esophageal balloon tamponade.
Lay summary: Bacterial infections develop during hospitalization in close to 20% of patients with acute variceal bleeding
despite antibiotic prophylaxis. Respiratory bacterial infections
are the most frequent and occur early after admission. Respiratory infection is associated with advanced liver disease, severe
hepatic encephalopathy and a need for a nasogastric tube, orotracheal intubation for endoscopy or esophageal balloon
tamponade.
© 2021 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Bacterial infection is a major complication in patients with
cirrhosis presenting with acute variceal bleeding (AVB). In the
absence of antibiotic prophylaxis, 35-66% of these patients
develop bacterial infections within the ﬁrst 5-7 days of a
bleeding episode, and this risk is particularly high in Child-Pugh
C patients.1–3 Infections are associated with an increased risk of
failure to control variceal bleeding, rebleeding and death.1,2,4

Antibiotic prophylaxis reduces the incidence of bacterial infections to 10-20%, improves control of bleeding, decreases
rebleeding and increases survival.1,2,5 Based on these conﬁrmed
beneﬁts, antibiotic prophylaxis is a component of the standard of
care for patients with AVB and should be initiated on admission
to hospital.6,7 However, adherence to antibiotic prophylaxis
recommendations in some recent series was lower than 50%.8
When antibiotic prophylaxis was ﬁrst proposed, spontaneous
bacterial peritonitis and bacteremia caused by enteric Gramnegative bacilli were the most frequent infections in patients with
AVB.3 In consequence, initial prophylaxis regimens targeted enteric
bacteria and included non-absorbable antibiotics and oral quinolones.1,6,9 Thereafter, intravenous third-generation cephalosporins
(TGC) were recommended because of increasing prevalence of
Gram-negative bacilli and non-enteric streptococci resistant to
quinolones, and also because the parenteral route is more effective in
patients with advanced cirrhosis.10 It is conceivable that the efﬁcacy
of prophylaxis is likely to ﬂuctuate as infections could occur at sites
not targeted by current prophylaxis. This situation is aggravated by
increases in both antibiotic exposure and the invasiveness of current
medical practice. We considered that the analysis of a large cohort of
patients with AVB admitted to tertiary and academic centers could
provide valuable information regarding the efﬁcacy of current
guidelines on antibiotic prophylaxis in real-world clinical practice.
The participants of the present study were all patients with
cirrhosis hospitalized for AVB from 2011 to 2015 in 34 referral
centers across Europe and Canada. Our main objectives were to
assess i) the effectiveness of currently recommended antibiotic
prophylaxis to prevent bacterial infection during admission in
patients with AVB, and ii) the types of, and risk factors for, bacterial infections in this population.

Patients and methods
Study design and patients
This was a post hoc analysis of the database of an international,
multicenter, observational study designed to examine the role of
pre-emptive transjugular intrahepatic portosystemic shunt
(TIPS) in patients with cirrhosis and AVB (Fig. 1). The study was
conducted by the Baveno Cooperation at 34 referral centers (33
in Europe and 1 in Canada) from October 2011 to May 2015.11 All
patients with cirrhosis admitted to a participating center for AVB
during the study period were registered in the database. The
database included 2,138 patients admitted with AVB from 2 cohorts: i) a prospective cohort of 1,334 patients from October 2013
to May 2015 at the 34 participating centers, and ii) a retrospective cohort of 804 patients with data prospectively registered
from October 2011 to October 2013 at 19 of the 34 centers. For
the purpose of this study, we excluded patients diagnosed with a
bacterial infection at the time of admission (n = 368), and patients that did not receive antibiotic prophylaxis (n = 114).
After being speciﬁcally asked, all participating centers
mentioned that they followed the guidelines of the Baveno V
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consensus, which recommend the use of antibiotic prophylaxis
(oral quinolones or intravenous ceftriaxone) from admission in
all patients with cirrhosis and upper gastrointestinal bleeding.12
The primary outcome of this ancillary study was to analyze
the incidence of bacterial infection during hospitalization. Secondary outcomes were: i) predictive factors of bacterial and
respiratory infection, ii) survival at 6 weeks, and iii) adherence to
current antibiotic prophylaxis recommendations.
The Health Research Ethics Committees of all participating
hospitals approved the protocol and the patients included signed
a written informed consent to be registered and for the use of
their clinical data. The study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki as reﬂected in a
priori approval by the institution’s human research committee.
Data management
All data were gathered in the context of standard practice from
patients’ clinical records. To improve the quality of data, we
included a uniﬁed capture system and a steering committee, as
described.11 Data were recorded, encrypted and managed using
the Research Electronic Data Capture (REDcap) system. A steering committee was created to regularly check for inconsistencies
or errors in the data. Any queries requiring resolution by the
local investigators were sent to each center. The steering committee was responsible for validating all reported clinical variables before their statistical treatment.
Data in the database collected at the time of AVB included information related to: i) Medical history: demographics, comorbidities, etiology and severity (Child-Pugh score) of liver disease,
active alcoholism, previous decompensation, previous medications (outpatient antibiotic prophylaxis, non-selective betablockers, diuretics, anticoagulants, statins); ii) Index bleed: clinical manifestations, use of nasogastric tube at admission, need for
sedation and/or orotracheal intubation for upper gastrointestinal
endoscopy, need for esophageal balloon tamponade; iii) Physical
signs at admission: temperature, arterial pressure, respiratory and

Patients admitted with acute variceal bleeding

Retrospective cohort
(Oct-11 to Sep-13)
19 centers
n = 804

Prospective cohort
(Oct-13 to May-15)
34 centers
n = 1,334

2,138 patients with
acute variceal bleeding
Bacterial infection at
admission n = 368
Patients not receiving antibiotic
prophylaxis n = 114
Patients with acute variceal
bleeding without bacterial infection
and receiving antibiotic prophylaxis
at admission
n = 1,656
Fig. 1. Flow chart of the patients included in and excluded from the study.
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heart rate, encephalopathy, ascites, jaundice; iv) Laboratory results on admission: hemoglobin, platelet count, white blood cell
count, international normalized ratio, bilirubin, albumin, creatinine; and v) Initial hemostatic treatment: vasoactive drugs,
endoscopic therapy, balloon tamponade or esophageal stent,
route (oral, intravenous) and type of antibiotic prophylaxis, timing
of TIPS, and transfusion of red blood cells or platelets. Data on inhospital and 6-week mortality were also collected.
For the purpose of this study, we considered bacterial infections
reported by the attending physician in the clinical records at
admission and during hospitalization. Centers were requested to
retrospectively revise the timing and type of bacterial infection
reported in the original dataset according to conventional
criteria.13,14 Brieﬂy, the diagnosis of bacterial infection was based
on clinical and laboratory ﬁndings, as follows: Spontaneous bacterial peritonitis: ascites polymorphonuclear cell count >
−250 cells/
mm3; Pneumonia: new or progressive inﬁltrates on chest X-ray
and clinical signs of infection; Ventilator-associated tracheobronchitis: positive bronchial aspirate or sputum culture, absence
of inﬁltrates on X-ray and clinical signs of infection in a patient on
mechanical ventilation; Urinary tract infection: abnormal urinary
sediment (>10 leukocytes/ﬁeld) and positive urinary culture or
uncountable leukocytes per ﬁeld if cultures prove negative, and
presence of urinary tract infection symptoms or positive blood
culture; Skin and soft tissue infections: clinical signs of infection
associated with swelling, erythema, heat and tenderness in the
skin; Primary bacteremia: positive blood cultures, no cause of
bacteremia and clinical signs of infection. Common skin contaminants were not considered as contaminants unless blood cultures
were positive on 2 separate occasions or in the presence of clinical
signs of infection; Catheter-related infection: positive blood and
catheter cultures; Clostridium difﬁcile infection: stool positive for
the toxin in a patient with diarrhea.
Statistical analysis
The study followed Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for reporting
observational studies.15 Categorical data are provided as frequencies and percentages. Continuous data are provided as the
mean and SD when normally distributed, and median and IQR
when skewed. Data were compared using the Chi-squared or
Fisher’s exact test for categorical variables, and the t test and
Mann-Whitney test for ordinal and non-Gaussian continuous
variables. Missing data for each variable are shown in Table S1.
Only those variables previously reported as predictive factors or
with a plausible pathophysiological relationship with bacterial
infection were included in the univariate analysis. Multivariate
analysis was performed by backward stepwise, binomial, unconditional logistic regression. Variables with p values <0.05 in
the univariate analysis were considered for the logistic regression models. The AUROC was calculated to assess the discriminative ability of the logistic models. Goodness-of-ﬁt was
assessed using the Hosmer-Lemeshow test and calibration plots.
Multi-colinearity was explored via the variance inﬂation factor,
Spearman correlation coefﬁcient and contingency tables.16 Firstorder interactions were assessed in a global likelihood-ratio test.
Models were validated internally using the resampling validation
method with 200 bootstrap re-samples. Additionally, we performed a sensitivity time-to-event analysis through KaplanMeier estimates and Cox regression to explore the incidence
and predictive factors of infection in a survival data framework.
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The association between bacterial infection and mortality was
examined through Cox regression. For this analysis, we adjusted
for confounding variables with a known mortality impact (age,
creatinine, Child-Pugh class, pre-emptive TIPS, antibiotics).
Signiﬁcance was set at the 2-sided 5% level. All statistical
analyses were performed using STATA software version 14.1
(StataCorp. Texas, USA).

Results
The ﬁnal dataset therefore included 1,656 patients with cirrhosis
and AVB who received antibiotic prophylaxis and did not have a
bacterial infection at the time of admission (Fig. 1). Of the 1,656
participants (733 from the retrospective and 923 from the prospective cohort), 320 (19.3%) developed a bacterial infection during
hospitalization.

Table 1. Characteristics of the patients without and with bacterial infection.
All Patients
Variable
Age, years
Sex, male
Etiology of cirrhosis, alcohol
Active alcohol use
Previous antibiotics
Diabetes

Without bacterial infection

With bacterial infection

n = 1,656

n = 1,336

n = 320

p value

59.1 (12.4)
1,225 (74.0)
895 (54.1)
584 (35.3)
203 (12.3)
510 (30.8)

59.2 (12.4)
980 (73.4)
697 (52.2)
451 (33.8)
159 (11.9)
419 (31.4)

58.8 (12.6)
245 (76.6)
198 (61.9)
133 (41.6)
44 (13.8)
91 (28.4)

0.61
0.24
<0.01
<0.01
0.27
0.31

230 (13.9)
984 (59.4)
442 (26.7)

212 (15.9)
801 (60.0)
323 (24.2)

18 (5.6)
183 (57.2)
119 (37.2)

1,177 (71.1)
307 (18.5)
172 (10.4)
2.8 (3.8)
2.8 (0.6)
1.6 (0.5)

1,000 (74.9)
233 (17.4)
103 (7.7)
2.7 (3.6)
2.8 (0.6)
1.5 (0.5)

177 (55.3)
74 (23.1)
69 (21.6)
3.2 (4.3)
2.7 (0.6)
1.7 (0.6)

0.02
<0.01
<0.01

1,260 (76.1)
528 (31.9)
454 (27.4)
9.1 (2.2)
2.1 (2.0)

1,019 (76.3)
422 (31.6)
350 (26.2)
9.2 (2.2)
1.7 (2.0)

241 (75.3)
106 (33.1)
104 (32.5)
8.8 (2.2)
2.1 (1.9)

0.72
0.60
0.03
0.01
0.01

1,262 (76.2)
314 (19.0)
48 (2.9)
32 (1.9)
532 (32.1)
1,143 (69.0)
323 (19.5)

1,026 (76.8)
260 (19.5)
35 (2.6)
15 (1.1)
407 (30.5)
921 (68.9)
221 (16.5)

236 (73.8)
54 (16.9)
13 (4.1)
17 (5.3)
125 (39.1)
222 (69.4)
102 (31.9)

1,386 (83.7)
129 (7.8)
59 (3.6)

1,103 (82.6)
111 (8.3)
47(3.5)

283 (88.4)
18 (5.6)
12 (3.8)

1,422 (85.9)
166 (10.0)
54 (3.3)
50 (3.0)
2 (0.1)

1,137 (85.1)
128 (9.6)
47 (3.5)
32 (2.4)
2 (0.1)

285 (89.1)
38 (11.9)
7 (2.2)
18 (5.6)
0 (0.0)

0.53
0.42
0.26
<0.01
1

1,225 (74.0)
159 (9.6)
111 (6.7)
43 (2.6)
53 (3.2)

989 (74.0)
119 (8.9)
87 (6.5)
31 (2.3)
42 (3.1)

236 (73.8)
40 (12.5)
24 (7.5)
12 (3.8)
11 (3.4)

0.23
0.12
0.76
0.24
0.23

10.1 (7.7)
471 (28.4)
164 (9.9)
220 (13.3)

8.8 (7.1)
325 (24.3)
109 (8.2)
156 (11.7)

15.7 (9.5)
146 (45.6)
55 (17.2)
64 (20.0)

<0.01
<0.01
0.01
0.01

Severity of cirrhosis
Child-Pugh
A
B
C
Hepatic encephalopathy
No
Grade I-II
Grade III-IV
Bilirubin, mg/dl
Albumin, g/dl
INR

<0.01

<0.01

Index bleed: severity
Hematemesis
Active bleeding at endoscopy
Shock
Hemoglobin, g/dl
Number of packed red blood cells
Index bleed: management
Antibiotic prophylaxis
TGC
Quinolones
Amoxicillin/clavulanic
Others
Nasogastric tube
Sedation for endoscopy
Orotracheal intubation for endoscopy
Time to endoscopy
<12 h
12-24 h
>24 h
Initial hemostatic treatment
Drugs plus endoscopy
Drugs alone
Endoscopy alone
Balloon tamponade
Esophageal stent
Endoscopic treatment
Ligation
Sclerotherapy
Tissue glue injection
Other
Pre-emptive TIPS

<0.01

<0.01
0.55
<0.01
0.15

Hospitalization and mortality
Length, days
Intensive care unit admission
In-hospital mortality
Mortality at 6-weeks

p value is a comparison of patients with and without infection. Values in bold denote statistical signiﬁcance.
Continuous variables are expressed as mean (SD) or as median (IQR). Categorical variables are expressed as n (%). INR, international normalized ratio; TIPS, transjugular
intrahepatic portosystemic shunt.
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Patient characteristics at admission
Table 1 shows the characteristics of the study participants. Patients developing bacterial infection more frequently had
alcohol-related cirrhosis, active alcohol use, and worse liver
function compared to those that did not. Severe (grade III-IV)
hepatic encephalopathy on admission occurred 3 times more
often in patients with infection (21.6% vs. 7.7%, p < 0.01). At
admission, 292 patients (17.6%) had acute-on-chronic liver failure (ACLF) according to EASL-CLIF criteria (grade 1: 39.6%; grade
2: 38.8%; grade 3: 21.6%).
Management of AVB and hospitalization course
The severity of AVB was greater in patients developing infection,
as shown by a higher rate of shock on admission (deﬁned as a
systolic arterial pressure <90 mmHg), a lower hemoglobin level,
and greater need for blood transfusion. Use of nasogastric tube,
orotracheal intubation for endoscopy or need for balloon tamponade at index bleed were more frequent in patients that
developed bacterial infection. Orotracheal intubation was undertaken in 323 patients (19.5%), and severe encephalopathy was
present in 67 of these patients (20.7%).
The most frequent antibiotics used for prophylaxis were TGC
(1,262; 76.2%) followed by quinolones (314; 19.0%). Remarkably,
TGC were the antibiotic of choice in 939 out of the 1,214 ChildPugh A and B patients (77.3%), whereas quinolones were used
in 57 out of the 442 Child-Pugh C patients (12.9%). Only 4.8% of
the cohort received other broad-spectrum antibiotics such as
penicillins (48; 2.9%) or others (32; 1.9%).
Initial hemostasis was achieved by vasoactive drugs and
endoscopic therapy in 85.9% of patients, band ligation being the
endotherapy used in most cases (74.0%). Pre-emptive TIPS was
used with similar frequency in patients with and without
infection. In patients that developed bacterial infection, hospitalization was longer (15.7 vs. 8.8 days, p < 0.01), and they were

more frequently admitted to the intensive care unit (45.6% vs.
24.3%, p < 0.01).
There were no differences between the 2 groups in terms of
previous decompensation episodes, previous use of drugs such
as antibiotics, beta-blockers, anticoagulants, simvastatin or diuretics, or the presence of hepatocellular carcinoma or portal
vein thrombosis (Table S2).
The characteristics of the patients included in the retrospective (2011-2013) and prospective (2013-2015) cohorts are shown
in Table S3. In spite of a similar severity of the index bleeding
episode, patients in the prospective cohort received a lower (p =
0.02) number of packed red blood cells, and less often required
placement of a nasogastric tube (p < 0.01) or orotracheal intubation for endoscopy. Patients in the prospective cohort had a
lower number of total (17.8% vs. 21.3%, p < 0.01) and respiratory
(8.7% vs. 10.8%, p = 0.08) bacterial infections. There was a trend
for patients in the prospective cohort to more often receive TGC
than oral quinolones as prophylaxis. The characteristics of the
patients and outcomes were otherwise similar between the 2
cohorts.
Incidence and types of bacterial infection
Three hundred and twenty (19.3%, 95% CI 16.6%–20.6%) of the
1,656 patients developed 365 episodes of bacterial infection
(Table 2). Thirty-one (9.7%) and 7 (2.2%) patients developed 2
and 3 episodes of infection, respectively. Bacterial infection
occurred at a median of 4 days (IQR 2–8) from admission. The
cumulative incidence of bacterial infection at days 3, 7 and 14
determined by Kaplan-Meier analysis was 9% (95% CI 7.5%–
10.4%), 14.9% (95% CI 13.2%–16.8%) and 23.0% (95% CI 20.4%–
25.9%), respectively (Fig. 2A). Only 23 patients (7.2%) developed
bacterial infection after day 14.
Respiratory infection was the most frequent bacterial infection, accounting for 43.6% of all infections reported and for 49.7%

Table 2. Bacterial infections and isolates during admission.
Type of infection

n (%)

Time to infection (days), median (IQR)

Infections with positive cultures

159 (43.6)

3 (1-6)

23 (14.5)

Urinary tract

50 (13.7)

5 (3-7)

17 (34.0)

Primary bacteremia

39 (10.7)

3 (1-4)

39 (100)

29 (7.9)

3 (2-4)

5 (17.2)

23 (6.3)
65 (17.8)

5 (3-8)
5 (2-7)

1 (4.3)
3 (4.6)

Respiratory

Spontaneous bacterial peritonitis

Soft tissue
Other

Continuous variables are expressed as median (IQR). Categorical variables are expressed as n (%).
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Bacterial isolates: n
P. aeruginosa: 8
E. coli: 2
K. pneumoniae: 3
E. cloacae:2
S. pneumoniae: 3
S.aureus: 4
A. wofﬁ: 1
P. aeruginosa: 2
E. coli: 4
K. pneumoniae: 3
E. faecium: 6
E. fecalis: 2
E. cloacae: 1
P. aeruginosa: 3
E. coli: 15
K. pneumoniae: 4
E. faecium: 5
E. fecalis: 7
S. pneumoniae: 2
S. aureus: 2
A. baumanii: 1
E. coli: 2
E. faecium: 2
S. pneumoniae: 1
S. epidermidis: 1
C. difﬁcile: 3

A

1.00

B 1.00

95% CI

95% CI

Failure function

Failure function

0.75

0.75

0.50

0.50

0.25

0.25

0.00

0.00
0

3

7
14
Time from admission (days)

21

0

3

7
14
Time from admission (days)

21

Fig. 2. Cumulative incidence of infections during hospitalization. (A) Bacterial infection. (B) Respiratory infection. Kaplan-Meier analysis (95% CI).

of all infected patients (Table 2, Table S4). Respiratory infections
occurred at a median of 3 days (IQR 1-6) from admission. The
cumulative incidence of respiratory bacterial infection on days 3,
7 and 14 determined by Kaplan-Meier analysis was 5.5% (95% CI
4.5%–6.7%), 8.1% (95% CI 6.9%–9.6%) and 12.1% (95% CI 10.0%–
14.4%), respectively (Fig. 2B). Eight patients (5.0%) developed
respiratory infection after day 14. Forty out of the 162 episodes of
respiratory infection were classed as ventilator-associated, either
pneumonia or tracheobronchitis.
Urinary tract was the second most frequent infection (13.7%)
followed by primary bacteremia (10.7%). Spontaneous bacterial
peritonitis was diagnosed in 29 patients (7.9%), and soft tissue
infection in 23 (6.3%). Sixty-ﬁve patients (17.8%) had other infections (e.g., Clostridium difﬁcile enterocolitis, catheter-related
phlebitis, periodontitis).
Bacteria were cultured in 88 out of 365 episodes of infection
(24.1%), and 44.3% of these isolations corresponded to the 39
episodes of primary bacteremia (Table 2). Bacteria were isolated
in 23 of the 159 (14.5%) respiratory infections. Gram-negative
bacteria accounted for 69.6% and 59.0% of the isolates of respiratory and primary bacteremia infections, respectively. Antibiotic
susceptibility information was available for 78 bacterial isolates
from 64 infections (Table S5). Forty-six and thirty-six out of the
78 isolates were resistant to TGC (59.0%), and to quinolones
(46.2%), respectively. The same ﬁgures in the 23 respiratory
isolates were 15 (65.2%) and 6 (26.1%), respectively.
Factors predictive of bacterial infection
We thereafter analyzed the variables associated with the development of any bacterial infection. In the univariate analysis, alcoholic etiology, decompensated liver disease (deﬁned as Child-Pugh
B/C), hepatic encephalopathy, antibiotic prophylaxis, nasogastric
tube, orotracheal intubation for endoscopy or balloon tamponade

were associated with infection development. Factors independently associated with bacterial infection by multivariate logistic
regression were Child-Pugh B and C, severe (grade III-IV) hepatic
encephalopathy, nasogastric tube or orotracheal intubation for
endoscopy (Table 3). This model showed an AUROC = 0.66 and a p
value calibration by Hosmer-Lemeshow test of 0.85. The same
variables were found to be independently associated with bacterial
infection in the sensitivity time-to-event analysis (Table S6).
Factors predictive of respiratory infection
We then identiﬁed the factors predictive of respiratory infection
(Table 3, Table S4). In multivariate logistic regression analysis,
factors independently associated with respiratory infection were
Child-Pugh C (odds ratio [OR] 3.1; 95% CI 1.4–6.7; p < 0.01), severe
(grade III-IV) hepatic encephalopathy (OR 2.8; 95% CI 1.8–4.4; p <
0.01), nasogastric tube (OR 1.7; 95% CI 1.2–2.4; p < 0.01), orotracheal intubation for endoscopy (OR 2.6; 95% CI 1.8–3.8; p < 0.01)
or esophageal balloon tamponade (OR 2.4; 95% CI 1.2–4.9; p =
0.02). This model showed adequate discrimination (AUROC = 0.74)
and calibration (Hosmer-Lemeshow test p = 0.31). The estimated
AUROC after bootstrapping was 0.70 (optimism = 0.04). We found
no signiﬁcant interaction between severe encephalopathy and the
remaining variables included in the ﬁnal model (likelihood-ratio
test p value >0.10). Neither did we ﬁnd collinearity between the
use of nasogastric tube, orotracheal intubation for endoscopy or
esophageal balloon tamponade. The same variables were found to
be independently associated with respiratory infection in the
sensitivity time-to-event analysis (Table S6).
Survival analysis: 6-week mortality
Two hundred and twenty of the patients (13.3%) died within 6
weeks of the index bleed. Of those, 61 (27.7%) had developed
bacterial infection during their hospitalization. Bacterial

Table 3. Multivariate regression analysis of variables associated with development of bacterial and respiratory infection.
Bacterial infection
Variable
Child-Pugh A
Child-Pugh B
Child-Pugh C
Severe (grade III-IV) hepatic encephalopathy
Nasogastric tube
Orotracheal intubation for endoscopy
Esophageal balloon tamponade

OR

95% CI

2.2
2.9
2.3
1.4
2.0

Ref.
1.3–1.7
1.7–5.0
1.6-3.3
1.1–1.8
1.5–2.6

Respiratory infection
p value

OR

95% CI

p value

Ref.
<0.01
<0.01
<0.01
0.01
0.01
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3.1
2.8
1.7
2.6
2.4

1.4–6.7
1.8–4.4
1.2–2.4
1.8–3.8
1.2–4.9

<0.01
<0.01
<0.01
<0.01
0.02
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infection emerged as a predictor of mortality in the univariate
(hazard ratio [HR] 1.7; 95% CI 1.3–2.3) but not in the multivariate
analysis (Table S7). Independent factors related to 6-week mortality in the multivariate analysis were age (HR 1.1; 95% CI
1.1–1.2), Child-Pugh B (HR 2.2; 95% CI 1.1–4.4), Child-Pugh C (HR
7.6; 95% CI 3.8–15.1), active bleeding on endoscopy (HR 1.5; 95%
CI 1.2–2.0), and shock on admission (HR 2.1; 95% CI 1.6–2.7),
whereas pre-emptive TIPS reduced the mortality risk (HR 0.3;
95% CI 0.2–0.5).

Discussion
In this post hoc analysis of data compiled in a multicenter,
observational study examining the role of pre-emptive TIPS in a
large series of patients with AVB, we addressed the incidence of
bacterial infections, predictive factors and adherence to antibiotic prophylaxis recommendations in real-world clinical practice. Our ﬁndings revealed that i) bacterial infection developed in
close to 20% of patients with AVB despite the widespread use of
recommended antibiotic prophylaxis; ii) respiratory infections
were the most frequent, occurring early after admission; and iii)
respiratory infection was associated with advanced liver disease,
severe hepatic encephalopathy and the need for a nasogastric
tube, orotracheal intubation or balloon tamponade.
Our study conﬁrms that bacterial infection occurs in around
one-ﬁfth (~19%) of patients with AVB despite antibiotic prophylaxis. This residual rate of bacterial infection is similar to the 15%
rate reported in other recent series of patients with AVB8,17 and
to the 14% rate detected in a meta-analysis by Bernard et al.
addressing the efﬁcacy of antibiotic prophylaxis in preventing
bacterial infection in patients with cirrhosis.1 These ﬁgures
reﬂect the similar global efﬁcacy of antibiotic prophylaxis over
the last 20 years. Our results also indicate that current prophylaxis recommendations are far from optimal for preventing
bacterial infection in patients with AVB, especially Child-Pugh B/
C patients, who were most affected in our study. It should be
underscored that bacterial infection is a risk factor for failure to
control bleeding, rebleeding and death in patients with AVB, and
efforts should be made to prevent this complication.3,4 In effect,
in our series, bacterial infection was found to be a risk factor for
6-week mortality in the univariate analysis, although it was not
identiﬁed as an independent predictor.
Respiratory infection accounted for almost 50% of all the infections observed in our patients, similar to rates reported in
other recently published series.17 In contrast, spontaneous bacterial peritonitis, which was the most frequent infection
encountered in the pre-prophylaxis era, only represented 8% of
infections in our series, and likely reﬂects the high efﬁcacy of
current prophylaxis against gut microbes. Bacterial, and more
speciﬁcally, respiratory infections were an early event during
hospitalization (occurring at a median of 3 days), which strongly
indicates an association between its appearance and the maneuvers used within the ﬁrst hours of admission. Indeed, ChildPugh C, severe (grade III-IV) hepatic encephalopathy, and maneuvers involving nasopharyngeal or orotracheal manipulation
emerged as independent risk factors for respiratory infections.
As respiratory infections were the most common bacterial infections observed, overlap between risk factors for all infections
and respiratory infections is not surprising. Severe hepatic encephalopathy on admission was linked to a 3-fold increase in the
risk of respiratory infection – this association remained unchanged when other variables (e.g. orotracheal intubation) were
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included in the ﬁnal model, as shown by the absence of signiﬁcant interactions. This suggests that the augmented risk of respiratory infection (probably related to aspiration pneumonia)
conferred by severe encephalopathy was independent of a need
for orotracheal intubation for endoscopy.
Despite the limited antibiotic susceptibility data available, we
found that over 50% of our bacterial isolates were resistant to
TGC, which is currently the most frequently used prophylactic
agent in these patients. In the case of respiratory infections, this
percentage was 65%. Further, the overall rate of resistance to
quinolones was 46%. These ﬁgures fall within the range recently
reported in Europe for patients with cirrhosis, and suggest an
increasing prevalence of resistant strains.17,18 Such concerns
should make us revise current recommendations for the prophylaxis of bacterial infections in AVB. It is also important to
remark that, in the case of respiratory infections, all patients
with isolates sensitive to TGC or quinolones had at least 1 risk
factor for respiratory infection other than Child-Pugh C class
(data not shown). Besides a need to address bacterial susceptibility to antibiotics, this observation highlights that efforts are
also needed to minimize identiﬁed risk factors to reduce the
incidence of respiratory infections in these patients.
Our ﬁndings indicate that the rate of respiratory infections
observed here could be reduced by minimizing maneuvers
associated with an increased risk of these infections. We detected no collinearity among orotracheal intubation, nasogastric
tubing and balloon tamponade, which suggests the independent
behavior of each risk factor. Prophylactic intubation for endoscopy conferred an increased risk of respiratory infection. Twenty
percent of intubations were recorded in patients with severe
encephalopathy, and other intubations were probably related to
massive bleeding. Our results are in agreement with those of
recent meta-analyses in which systematic prophylactic orotracheal intubation to achieve a stable airway for ease of intervention was found to increase the risk of pneumonia and death
in patients with upper gastrointestinal bleeding, particularly
AVB, compared to endoscopy without intubation.19,20 Our ﬁndings emphasize the importance of limiting orotracheal intubation to highly selected patients, such as those with a low level of
consciousness or massive hemorrhage. The routine use of nasogastric aspiration is neither recommended, as so far the available
evidence suggests no beneﬁt for patient outcomes.21 In uncontrolled variceal hemorrhage, balloon tamponade can be replaced
with an expandable esophageal stent, which is more effective for
the temporary control of bleeding and gives rise to a much lower
rate of aspiration pneumonia.22 The frequency of respiratory
infections was lower in the prospective than in the retrospective
cohort, which is partly related to a lower use of nasogastric tube
or orotracheal intubation for endoscopy. Finally, an option that
deserves special attention is the design of new regimens of
antibiotic prophylaxis for use in speciﬁc subsets of patients with
AVB.
Antibiotic prophylaxis recommendations were not followed
in only 114 out of 1,770 patients without a bacterial infection at
admission (6.4%), which is half the rate of non-adherence (12%)
reported in a recent French audit on AVB for the same period.23 It
remains speculative whether these differences could be due to a
higher number of academic centers involved in our study
compared to the French one. Our study also indicates that TGC
has become the standard of antibiotic prophylaxis in AVB, even
in the Child-Pugh A and B patients of both cohorts. This result
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contrasts with the information provided by the centers, which
mostly reported adherence to the Baveno V consensus guidelines
that recommend oral quinolones for most patients (reserving
TGC for those with advanced cirrhosis).6 However, considering
the increasing prevalence of resistance to quinolones, a greater
number of infections could have been expected in case of strict
adherence to Baveno V consensus.18 On the other hand, oral
quinolones – a prophylaxis with demonstrated lower efﬁcacy
than TGC to prevent bacterial infection in this patient subset –
were used in up to 12.9% of Child-Pugh C patients.10
The main strength of our study lies in its large sample size,
involving 34 European academic centers with wide experience in
the management of cirrhosis. Its main limitation is that it is a
post hoc analysis of a study designed for other purposes. Another
limitation was the lack of prespeciﬁed criteria of infection in the
initial dataset, although infections were prospectively collected
in the second cohort. This limitation was partly overcome by the
retrospective re-assessment of bacterial infection diagnoses according to standard criteria. The rather low number of bacterial
isolates with antibiogram information is another limitation of
the study. Finally, a shorter interval between last data collection
and the present would have increased the strength and timeliness of the study.
Taken together, our data identiﬁed a group of patients with
cirrhosis and AVB at special risk of developing respiratory bacterial infection early after admission despite receiving recommended antibiotic prophylaxis. This risk is particularly high in
patients with severe hepatic encephalopathy on admission and
was extended to patients undergoing orotracheal intubation for
endoscopy, receiving a nasogastric tube or requiring balloon
tamponade. Consequently, we believe these procedures should
be minimized when possible. Physicians should actively search
for a respiratory infection in cases of clinical deterioration of
patients with any of these risk factors, especially severe encephalopathy. Tailoring antibiotic prophylaxis to patients with
risk factors for respiratory infection not covered by current recommendations remains a relevant topic for further research.
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