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Abstract 
AIM: To analyze whether prompt and appropriate empi​rical antibiotic (AEA) use is associated with mortality in cirrhotic patients with bacteremia. 
METHODS: A total of 102 episodes of bacteremia in 72 patients with cirrhosis were analyzed. AEA was defined as a using or starting an antibiotic appropriate to the isolated pathogen at the time of bacteremia. The primary endpoint was 30-d mortality. 
RESULTS: The mortality rate at 30 d was 30.4% (31/102 episodes). Use of AEA was associated with better survival at 30 d (76.5% vs 46.9%, P = 0.05), and inappropriate empirical antibiotic (IEA) use was an independent factor associated with increased mortality (OR = 3.24; 95%CI: 1.50-7.00; P = 0.003, adjusted for age, sex, Child-Pugh Class, gastrointestinal bleeding, presence of septic shock). IEA use was more frequent when the isolated pathogen was a multiresistant pathogen, and when infection was healthcare-related or hospital-acquired. 
CONCLUSION: AEA use was associated with increased survival of cirrhotic patients who developed bacteremia. Strategies for AEA use, tailored according to the local epidemiological patterns, are needed to improve survival of cirrhotic patients with bacteremia. 
Key words: Liver cirrhosis; Bacteremia; Appropriate antibiotics; Survival; Multiresistant pathogen 

Park H, Jang KJ, Jang W, Park SH, Park JY, Jeon TJ, Oh TH, Shin WC, Choi WC, Sinn DH. Appropriate empirical antibiotic use and 30-d mortality in cirrhotic patients with bacteremia. World J Gastroenterol 2015; 21(12): 3587-3592  Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/i12/3587.htm  DOI: http://dx.doi.org/10.3748/wjg.v21.i12.3587

Core tip: Appropriate empirical antibiotic use was associated with improved survival in cirrhotic patients with bacteremia, indicating the importance of initial antibiotic selection. 

INTRODUCTION
Bacterial infections are very frequent in patients with advanced cirrhosis[1]. Patients with cirrhosis have altered and impaired immunity, which favors bacterial translocation, and may explain the high incidence of bacterial infection[2]. Patients with cirrhosis are not only at increased risk of developing bacterial infection[3], but are also at increased risk of death from bacterial infection compared with individuals without cirrhosis[4,5]. Bacterial infection is a major cause of death in cirrhosis patients[6]. Therefore, early diagnosis and treatment of bacterial infection is pivotal in the management of these patients[6]. In a heterogeneous patient population with septic shock, early initiation of appropriate empirical antibiotic (AEA) therapy was associated with a higher survival rate[7-9]. However, little data exist on the association between AEA use and outcome in patients with cirrhosis. Therefore, in this study, we assessed whether AEA use is associated with survival in cirrhotic patients who developed bacteremia.

MATERIALS AND METHODS
Study design, setting and participants

A retrospective, historical cohort was identified by reviewing the database of Sanggye Paik Hospital, Inje University School of Medicine, Seoul, South Korea, between January 2008 and December 2011. During the study period, a total of 114 episodes of bacteremia were identified. Cirrhosis was defined clinically, when indicators of cirrhosis were present, including thrombocytopenia (platelet count < 150 × 103/L), splenomegaly (by cross-sectional images), ascites (by cross-sectional images or the use of diuretics for control of ascites), varices (by upper endoscopy, cross-sectional images, or a history of variceal bleeding), and a cirrhotic liver in cross-sectional imaging studies (nodular liver surface or caudate lobe hypertrophy)[10]. We excluded 12 episodes of bacteremia that were transferred to other hospitals within 30 d. Finally, a total of 102 episodes of bacteremia were included and analyzed. All procedures followed were in accor​dance with the ethical standards of the responsible committee on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008, and was approved by the Institutional Review Board at Sanggye Paik Hospital. 

Variables and definitions

From the medical records, we collected data on age, sex, height, weight, admission date, causes of cirrhosis, presence of gastrointestinal bleeding, ascites, encephalopathy, discharge date, and mortality. We also collected data on the isolated pathogen, and antibiotics used, as well as systolic blood pressure, diastolic blood pressure, heart rate, body temperature, respiration rate, white blood cell (WBC) count, neutrophil count, platelet count, prothrombin time, bilirubin, albumin, creatinine, sodium, aspartate aminotransferase, alanine aminotransferase, and C-reactive protein on the day of bacteremia. The type of infection was defined as community-acquired, if diagnosed within 48 h of admission without hospitalization in the previous 6 mo; healthcare-associated, if diagnosed within 48 h of admission in patients hospitalized for at least 2 d in the previous 6 mo; and hospital-acquired if diagnosed 48 h after admission[11].

Infections were defined as follows[11,12]: (1) spon​taneous bacteremia; positive blood cultures without a source of infection; (2) spontaneous bacterial peri​tonitis (SBP): ascetic fluid polymorphonuclear cells > 250/L with/without a positive fluid culture; (3) lower respiratory tract infections: new pulmonary infiltrate in the presence of: (a) at least one respiratory symptom (cough, sputum production, dyspnea, peluritic pain) with (b) at least one finding on auscultation (rales or crepitation) or one sign of infection (core body temperature > 38 ℃ or < 36 ℃) in the absence of antibiotics; (4) skin infection: fever with cellulitis; (5) urinary tract infection (UTI): urine WBC > 15/high-power field with either positive urine Gram stain or culture in a symptomatic patients; and (6) other sources of infection; (e.g., intraabdominal abscess, cholecystitis, secondary peritonitis).

Systemic inflammatory response syndrome (SIRS) was defined when 2 or more of the following criteria were present: (1) a core temperature ≥ 38 ℃ or ≤ 36 ℃; (2) a heart rate ≥ 90 beats/min; (3) tachypnea ≥ 20 breaths/min or partial carbon monoxide pressure ≤ 32 mmHg or the need of mechanical ventilation; and (4) a WBC count ≥ 12 × 109/L or ≤ 4 × 109/L or > 10% of immature neutrophils[13]. Septic shock was defined as patients with SIRS plus persistent hypotension requiring therapy with vasopressors[14]. AEA use was defined as an antimicrobial with in vitro activity appropriate for the isolated pathogen[14]. Otherwise, the initial therapy was considered inappro​priate empirical antibiotics (IEA) therapy. 

Multiresistant pathogens were defined as the following in the current study: extended-spectrum beta-lactamase-producing bacteria (e.g., Escherichia coli and Klebsiellan pneumonia) or derepressed chromosomic AmpC beta-lactamase producing Enterobacteriaceae (e.g., Enterobacter or Citrobacter spp), Pseudomonas aeruginosa, Stenotrophomonas maltophilia, Acinetobacter baumanii, Achromobacter spp., methicillin-resistant Staphylococus aureus, and Enterococcus faecium. 

Statistical analysis

The primary endpoint variable was survival at 30 d. The difference in 30-d survival rate was compared between patients who received AEA and those who did not, using the Kaplan-Meier method with the log-rank test. Cox regression analysis was conducted to identify factors associated with 30-d mortality. Multivariable Cox-regression analysis was conducted to determine the independent factors using variables with P < 0.05 in the univariate analysis. Age and sex were included in the multivariable model, irrespective of the P value in the univariable analysis. A P-value < 0.05 was considered significant. The statistical methods in this study were reviewed by Dong Hyun Sinn, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea.

RESULTS

Baseline characteristics

During the study period, 102 episodes of bacteremia in 72 patients (52 male, 20 female; mean age: 57.6 ± 11.0 years) were identified. Thirty patients had multiple episodes (range: 2-4) of bacteremia during the study period. Alcohol was a major cause of cirrhosis (34/72, 47.2%) followed by hepatitis B (25/72, 35.7%), non-B, non-C cirrhosis (8/72, 11.1%) and hepatitis C (5/72, 6.9%). Four patients had hepatocellular carcinoma.

Infection type, site, isolated pathogen

Of the 102 episodes of bacteremia, 23 (22.5%) were community-acquired, 3 (2.9%) were healthcare-associated, and 69 (67.6%) were hospital-acquired. SIRS was noted in 68 episodes (66.7%). Septic shock was present in 27 episodes (26.5%). The most frequent origin of bacteremia was spontaneous bacteremia (33.3%), followed by SBP (30.4%), UTI (16.7%), lower respiratory tract infection (8.8%), soft tissue infection (4.9%), intra-abdominal abscess (3.0%), cholecystitis (2.0%), and secondary peritonitis (1.0%). The isolated pathogens are shown in Table 1. 

AEA use and 30-d mortality 

The mortality rate at 30-d was 30.4% (31/102 episodes). The 30-day mortality was significantly lower in patients treated with AEA (18.5% vs 43.8%, P = 0.006, Figure 1). In the univariable analysis, use of AEA, Child-Pugh class (C vs A/B), gastrointestinal bleeding (yes vs no), and presence of septic shock (yes vs no) were also factors associated with 30-d mortality (Table 2). Age, sex, multiresistant pathogen, infection type (hospital- or healthcare-acquired vs community-acquired), and presence of SIRS were not associated with 30-d mortality. In the multivariable analysis, Child-Pugh Class (C vs A/B), AEA use, gastrointestinal bleeding, and presence of septic shock were independent factors associated with 30-d mortality (Table 2).

AEA use and 30-d mortality in subgroups

In subgroup analysis, the 30-d mortality was significantly higher for no AEA use in patients with Child-Pugh Class C [66.7% (18/27) vs 30.3% (10/33), P = 0.005], with SIRS [53.1% (17/32) vs 19.4% (7/36), P = 0.004], or with septic shock [85.7% (12/14) vs 30.8% (4/13), P = 0.006]. The 30-d mortality was also higher in Child-Pugh Class A/B [14.3% (3/21) vs 0% (0/21), P = 0.23], in patients without SIRS [25.0% (4/16) vs 16.7% (3/18), P = 0.68], and in patients without septic shock [26.5% (9/34) vs 14.6% (6/41), P = 0.25], although the difference was not statistically significant. 

Factors associated with AEA use

IEA use was much higher in hospital-acquired infection (55.1%, 38/69) and healthcare-associated infection (66.7%, 2/3) than in community-acquired infection (26.7%, 8/30, P = 0.02). IEA use was also much higher when the isolated organism was a multiresistant pathogen [80.0%, (36/45) vs 21.1%, (12/57), P = 0.01], but was not different according to infection site, presence of SIRS, septic shock, or Child-Pugh Class. 

DISCUSSION

In this study, the 30-d mortality rate in cirrhotic patients with bacteremia was 30.4%. The independent predictors for mortality were liver function (Child-Pugh Class C), gastrointestinal bleeding, presence of septic shock, and IEA use. IEA use was significantly associated with mortality, especially for patients with poor liver function (Child-Pugh class C), with SIRS or with septic shock. The major reason for IEA use was a multiresistant pathogen, usually in the setting of hospital-acquired or healthcare-associated infection. 

Patients with liver cirrhosis are known to have impaired immunity and are predisposed to infection[15]. Furthermore, when infections develop, they are known to increase mortality 4-fold in these patients[16]. Compared to non-cirrhotic patients, cirrhotic patients showed poor prognosis in community-acquired bacteremia[17,18], community-acquired pneumonia[19], and any bacteremia[5]. In this study, we also observed a high mortality rate in our series (30.4%) when cirrhotic patients developed bacteremia. In this study, advanced liver disease (Child-Pugh Class C) was found to be an independent prognostic factor for mortality, indicating the importance of underlying liver function as a prognostic marker. Consistent with our finding, several studies also showed that fatal outcomes were more frequent in patients with advanced cirrhosis[15,17,20]. Certainly, liver function is an important predictor in mortality. However, in addition to liver function, gastrointestinal bleeding, presence of septic shock, and IEA use were independent factors associated with mortality in this study. Of these factors, a modifiable, physician-dependent factor is AEA use. Indeed, several previous studies have shown the importance of AEA use in the setting of septic shock[7-9,14]. In line with a previous study in cirrhosis patients[14], we also noted that AEA use was a crucial component in improving the outcome of cirrhotic patients with bacteremia. 

Generally, intravenous third generation cephalo​sporins are recommended as an empirical antibiotic therapy for cirrhotic patients[6]. However, increased incidences of Gram-positive and drug-resistant organisms have been reported, particularly in hospital-acquired infections and in patients receiving quinolone prophylaxis[21]. Nosocomial infection is a well-known predictor of multiresistant bacteria, along with long-term norfloxacin prophylaxis, recent infection by multiresistant bacteria, and recent use of beta-lactams[22]. Hospitalized patients with cirrhosis have the highest risk of developing infections[23], and secondary infections that develop in a hospital setting are a predictor of mortality in cirrhotic patients[11]. We also observed that IEA use was mainly due to multiresistant pathogens, mainly in the setting of hospital-acquired or healthcare-related infection. 

Although the data are limited by being a retrospective study with a small sample size, they demonstrate the importance of AEA use on the outcome of cirrhotic patients with bacteremia. The impact of AEA on survival of patients with bacteremia was significant, especially those with Child-Pugh Class C, SIRS, or septic shock. IEA use was mainly due to multiresistant pathogens. Strategies for AEA use, tailored according to the local epidemiological patterns, are needed to improve survival of cirrhotic patients with bacteremia. 
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Figure 1  30-d survival rate according to the use of appropriate empirical antibiotics. The 30-d survival rate was significantly higher in patients treated with appropriate empirical antibiotics (81.5% vs 56.2%, P = 0.006).
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Table 1  Isolated bacteria  n (%)


�
n = 102�
�
Gram (+)�
 �
�
   Staphylococcus aureus�
13 (13)�
�
   Coagulase negative staphylococci�
21 (21)�
�
   Streptococcus species�
7 (7)�
�
   Enterococcus species�
8 (8)�
�
   1Other Gram (+) pathogens�
3 (3)�
�
Gram (-)�
�
�
   Escherichia coli�
16 (16)�
�
   Klebsiella pneumoniae�
18 (18)�
�
   Pseudomonas aeruginosa�
3 (3)�
�
   Acinetobacter baumannii�
5 (5)�
�
   2Other Gram (-) pathogens�
8 (8)�
�
1Other Gram (+) pathogens were Micrococcus luteus (n = 2), and Leuconostoc (n = 1); 2Other Gram (-) pathogens were Aeromonas (n = 3), Citrobacter (n = 1), Flavobacterium (n = 1), Morganella (n = 1), Serratia (n = 1), Vibrio vulnificus (n = 1). 





Table 2  Factors associated with 30-d mortality


Factors�
Univariate�
P value�
Multivariate�
P value�
�
Age (per years)�
  1.00 (0.97-1.03)�
   0.89�
�
�
�
Male ( vs female)�
0.92 (0.42-2.1)�
   0.84�
�
�
�
Child-Pugh class (C vs A/B)�
  7.93 (2.40-26.1)�
   0.01�
  7.18 (2.07-24.91)�
0.002�
�
Multiresistant pathogen�
  1.49 (0.73-3.06)�
   0.26�
�
�
�
Inappropriate antibiotic use�
  2.00 (0.97-4.13)�
   0.06�
3.24 (1.50-7.00)�
0.003�
�
Gastrointestinal bleeding�
  2.12 (1.01-4.43)�
   0.05�
2.92 (1.33-6.38)�
0.007�
�
Infection type (community vs  non-community)�
  0.76 (0.35-1.64)�
   0.49�
�
�
�
Systemic inflammatory response syndrome�
  1.79 (0.77-4.16)�
   0.17�
�
�
�
Septic shock�
  4.26 (2.10-8.66)�
< 0.01�
3.39 (1.56-7.37)�
0.002�
�









