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Abstract
Aim: to assess the rate of infection, appropriateness of antimicrobial-therapy and mortality on intensive care unit (ICU). Special focus was drawn on patients with liver cirrhosis.

Methods: The study was approved by the local ethical committee. All patients admitted to the Internal Medicine-ICU between April 1, 2007 and December 31, 2009 were included. Data were extracted retrospectively from all patients using patient charts and electronic documentations on infection, microbiological laboratory reports, diagnosis and therapy. Due to the large hepatology department and liver transplantation center, special interest was on the subgroup of patients with liver cirrhosis. The primary statistical-endpoint was the evaluation of the influence of appropriate versus inappropriate antimicrobial-therapy on in-hospital-mortality.
Results: Charts of 1979 patients were available. The overall infection-rate was 53%. Multiresistant-bacteria were present in 23% of patients with infection and were associated with increased mortality (p < 0.000001). Patients with infection had significantly increased in-hospital-mortality (34% vs 17%, p < 0.000001). Only 9% of patients with infection received inappropriate initial antimicrobial-therapy, no influence on mortality was observed. Independent risk-factors for in-hospital-mortality were the presence of septic-shock, prior chemotherapy for malignoma and infection with Pseudomonas spp. Infection and mortality-rate among 175 patients with liver-cirrhosis was significantly higher than in patients without liver-cirrhosis. Infection increased mortality 2.24-fold in patients with cirrhosis. Patient with liver cirrhosis were at an increased risk to receive inappropriate initial antimicrobial therapy.

Conclusion: The results of the present study report the successful implementation of early-goal-directed therapy. Liver cirrhosis patients are at increased risk of infection, mortality and to receive inappropriate therapy. Increasing burden are multiresistant-bacteria.
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Core tip: This is a retrospective study evaluating the association of appropriate and inappropriate antimicrobial therapy on ICU-mortality with special focus on patients with liver cirrhosis. Charts of 1979 patients were available for analysis. Patients with infection had significantly increased in-hospital mortality. Only 9% of patients with infection received inappropriate initial antimicrobial therapy. Multiresistant bacteria were detected in 23% of patients with infection and were associated with increased mortality. Infection increased mortality 2.24-fold in patients with cirrhosis. Patient with liver cirrhosis were at an increased risk to receive inappropriate initial antimicrobial therapy.
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Introduction

Infections are a worldwide problem concerning patients admitted to intensive care units (ICU), since they are associated with an increased mortality, morbidity and financial burden[1-4]. A 51%-prevalence of infection has been reported for ICU-patients and previously 20% of patients admitted with septic-shock to an ICU received inappropriate antimicrobial-therapy[5]. This knowledge led to increased efforts to implement early-goal-directed therapy with timely initiation of appropriate antimicrobial-therapy in clinical practice[4].
The aim of the present study was to assess the rate of infection, as well as appropriate-and inappropriate antimicrobial-therapy after implementation of early-goal-directed therapy of infection and sepsis on an Internal-Medicine-ICU and to assess the association of appropriate-and inappropriate antimicrobial-therapy on mortality. In addition, special focus was drawn on the subgroup of patients with liver cirrhosis. This special interest was derived due to the hepatologic focus of our unit with a large hepatology outpatient and inn-patient clinic including transplantation unit. A previous meta-analysis reported a 4-fold increase in mortality in patients with liver-cirrhosis that acquire an infection[6].
MATERIALS AND METHODS
All patients admitted to the Internal-Medicine-ICU of the Goethe-University-Hospital-Frankfurt between April 1, 2007 and December 31, 2009 were included in the study. Data were extracted retrospectively from all patients using patient-charts and electronic-documentations on infection, microbial-isolates, diagnosis and therapy. The study was approved by the local ethical-committee. The study protocol included the special focus on liver cirrhosis patients and was approve prior to the study recruitment.
Demographic, physiological, antimicrobial and therapeutic-data were collected from all patients. Only the first seven days after ICU-admission were evaluated concerning microbial-isolates and antibiotic-regimen. Patient characteristics are shown in Tables 1 and 2.
Infection was defined according to the definitions of the International Sepsis-Forum[7] and adjudicated by the senior-physicians. Data concerning infection were extracted from the ICU-doctor´s final-report, from imaging (Computed-Tomogaphy, Magnetic-Resonance-Imaging, X-ray, ultrasound, endoscopy) and from the microbiological laboratory-reports. 
Appropriate/inappropriate antimicrobial-therapy was determined for all patients with infection. Appropriate initial antimicrobial-therapy was defined as: (1) initiation of appropriate empirical antimicrobial-therapy at symptom begin (recurrence or persistent hypotension) with in vitro activity appropriate to isolated pathogenic organisms according to the Sanford Guide on Antimicrobial Therapy 2010 (40th edition)[8] and the national guidelines 2010 of the Paul-Ehrlich-society for chemotherapy[9] or according to the antibiotic susceptibility-testing; and (2) appropriate empiric therapy for culture negative infections according to the underlying clinical syndrome, risk- factors (hospital-stay, previous antibiotics, immunosuppressive patient) in accordance to the Sanford Guide on Antimicrobial Therapy 2010 (40th edition)[8] and national guidelines 2010 of the Paul-Ehrlich-society for chemotherapy and the local hospital resistance-statistics[9] and initiation of appropriate antimicrobial-therapy at symptom begin.
In addition appropriate adjustment of antimicrobial-therapy within the first 7 d of ICU-stay was recorded.

Statistical analysis

The primary statistical-endpoint was the evaluation of the influence of appropriate versus inappropriate antimicrobial-therapy on in-hospital-mortality. Multivariate-logistic regression-analysis was performed. The statistical analysis was performed using SPSS-version-20 (SPSS-Inc, Chicago, IL, United States). Data were expressed as mean ± standard deviation (SD) for normally distributed variables and median and range for others. All statistical tests were 2-sided and p < 0.05 was considered statistically significant. No correction for multiple-testing was done. Wilcoxon-Mann-Whitney-test was used to compare numeric variables between the main-groups of patients. Ordinal-variables were analyzed using Chi-square-test and via binary-logistic regression-analysis. A multivariate-logistic regression-analysis was performed by forward binary-logistic-regression including all relevant nominal-variables, in which the significant variables were selected. 
RESULTS
Characteristics of infection
Between April 1, 2007 and December 31, 2009, 2148 patients were admitted to the Internal-Medicine-ICU of the Goethe-University-Hospital-Frankfurt. From 1979 patients enough data were available to include them into the analysis. Of the 1979 patients, 1042 (53%) were classified as having an infection. Infected patients had more comorbid conditions, higher SAPS-II and TISS-scores, received more often mechanical-ventilation and hemodialysis, and had a higher in-hospital-mortality-rate than patients without infection. Details are shown in Table 1.
The most frequent site of infection was the respiratory-tract, followed by gastrointestinal-infections, genitourinary-infections, endocarditis and skin-infections (Table 2).
In 697 patients (67%) from overall 1042 patients with infection underlying microorganisms were identified. Gram-positive isolates (S. aureos, S. epidermidis, S. pneumoniae, VSE, VRE, and others) were found in 45% (473/1042) of patients with infections and gram-negative isolates (E. coli, Enterobacter spp., Klebsiella spp., Pseudomonas spp., Acinetobacter spp., ESBL-producing Enterobacteriaceae, and others) in 35% (368/1042). Details are shown in table 2. Multiresistant-bacteria were present in 23% of patients with infection; these were most frequently vancomycin-resistant Enterococcus faecium (VRE) (8.7%), followed by methicilline-resistant Staphylococcus aureus (MRSA) (4.3%) and extended-spectrum-betalactamase (ESBL)-producing enterobacteriaceae (4.0%). 
Overall, the rate of survival to hospital-discharge was 66% in patients with infection as compared to 83% of patients without infection (p < 0.000001).
Appropriateness of initial antimicrobial-therapy
From all patients with infection, 91% of patients received appropriate and 9% inappropriate initial antimicrobial-therapy. From the 697 patients with infection and positive blood-culture, 87% received appropriate initial antimicrobial-therapy. The survival-rate to hospital discharge was higher in the group of patients receiving appropriate antimicrobial-therapy (67% vs 57%). However, this difference was not statistically significant (p = 0.054). The rate of inappropriate antimicrobial-therapy in septic-shock was 13.5%. In the group of patients with septic-shock (20% of patients with infection) no significant difference in survival-rate to hospital discharge was found between patients receiving appropriate (n = 179) versus inappropriate (n = 28) initial antimicrobial-therapy (44% vs 36%, p > 0.20). Details are shown in Figure 1 and Table 3.
Patients who received inappropriate initial antimicrobial-therapy had a longer ICU stay and suffered from higher rates of liver-cirrhosis, HIV, and prior chemotherapy. In addition, patients with multiresistant-bacterial infection received significantly more often inappropriate initial antimicrobial-therapy as compared to patients with other bacterial-infection [58% vs 19%, p < 0.000001; OR = 6.25 (2.59-15.15), p = 0.000046]. Details are shown in Table 3.

Escalation of antimicrobial-therapy was documented within the first 7 d of ICU stay in 20% of patients with infection, and de-escalation in 31%, respectively. From the 94 patients with infection who received inappropriate initial antimicrobial-therapy, antimicrobial-therapy was adjusted appropriately within the first seven days in 38 (40%) of patients according to the AST.
Mortality

In hospital-mortality-rate was 25% in the overall ICU population and 34% in patients with infection. Details are shown in table 4.

  Multivariate-logistic regression-analysis including all significant variables revealed as independent risk-factors for in hospital-mortality the presence of septic-shock at admission [OR = 2.928 (1.246-6.787), p = 0.0057], chemotherapy for malignoma received within 3 months prior to ICU admission [OR = 4.274 (1.37-13.33), p = 0.012] and infection with Pseudomonas spp.[OR = 4.187 (1.665-12.579), p = 0.0030]. 
Risk factors for in-hospital mortality in patients with infection are shown in table 5.

Multivariate-logistic regression-analysis for patients with infection only revealed as independent risk-factors for in hospital-mortality the presence of septic-shock at admission (OR = 3.576 (2.347-5.448), p < 0.000001), SAPS-II-score at admission [OR = 1.014 (1.002-1.027), p = 0.017], presence of comorbid-disease [OR = 2.228 (1.443-3.627), p = 0.00043], mechanical-ventilation [OR = 1.712 (0.993-2.959), p = 0.034], pulmonary focus of infection [OR = 1.885 (1.200-2.963), p = 0.0061], liver-cirrhosis [OR = 1.816 (1.061-3.106), p = 0.029] and INR [OR = 1.248 (1.031-1.508), p = 0.022].
Liver disease
Chronic liver-disease was known in 272 patients (14%) with liver-cirrhosis present in 175 of these patients (64%). From these 272 patients with chronic liver disease, chronic viral hepatitis infection was present in 150 patients (55%), of whom 101 were infected with chronic hepatitis C and 49 with chronic hepatitis B. Only one patient had chronic alcoholic and one patient autoimmune liver disease. Patients with spontaneous bacterial infection as primary infection site were not included in the analysis.
Patients with chronic liver-disease had a higher infection-rate (69% vs 50%, p < 0.000001) and presented more often with septic-shock (15% vs 10%, p = 0.014) as compared to patients without chronic liver-disease. From all patients with chronic liver-disease, only patients infected with chronic hepatitis C had significantly higher risk of in hospital-mortality [OR = 1.660 (1.087-2.534), p = 0.019].
The presence of liver-cirrhosis significantly increased the risk of infection (OR = 1.974 (1.420-2.744), p = 0.000052], the risk of receiving inappropriate initial antimicrobial-therapy [OR = 2.008 (1.155-3.497), p = 0.014] and in hospital-mortality-rate [OR = 2.320 (1.684-3.195), p < 0.000001]. Infection-rate and sepsis-rate was significantly higher in patients with liver-cirrhosis as compared to patients without liver-cirrhosis (67% vs 51%, p = 0.000040 and 15% vs 10%, p = 0.046). In patients with liver-cirrhosis the presence of infection significantly increased in hospital-mortality (49% vs 25%, p = 0.0019). Liver-cirrhosis was an independent risk-factor for in hospital-mortality in patients with infection [OR = 1.816 (1.061-3.106), p = 0.029] (Figure 2).
MELD-score was significantly higher in patients with liver-cirrhosis who died in hospital as compared to survivors (MELD-score 28 vs 23, p = 0.012) and significantly more patients with liver-cirrhosis received hemodialysis (15% vs 8%, p = 0.043). In patients with liver-cirrhosis infections with multiresistant-bacteria were found in 32% (38/118) of patients. From these 38 patients, 18% were infected with ESBL-producing bacteria enterobacteriaceae, 18% with MRSA and 55% with VRE. 
No significant difference was found for diagnostic-accuracy of MELD-score (AUROC 73%, 95%CI: 65%-82%) and SAPS-II-score (AUROC 72%, 95%CI: 63%-81%) at admission in identifying risk of in-hospital-mortality (p > 0.20). 
DISCUSSION
In the present study the infection-rate of patients on the Internal Intensive Care Unit was 53%. Patients with infection had more often comorbid conditions and higher SAPS II scores on admission and during the first seven days of ICU treatment. The results of the present study are in accordance with a 1-d point international multicenter prevalence study by Vincent et al[5] reporting infections in 51% of ICU patients and similar associations. While the present study included Internal Medicine ICU only, the study by Vincent et al. included also surgery and trauma patients. The most common infection focus in the present study was the lung, followed by abdomen, and genitourinary tract infection. This again is in accordance with epidemiological studies concerning infections on ICU[10-12]. Positive microbiological cultures were obtained in 65% of infected patients with more gram-positive than gram-negative microorganisms. This is in accordance with previous studies that reported an increasing incidence of gram-positive microorganisms on ICUs[2]. In hospital-mortality was significantly higher in patients with infections and patients with sepsis as compared to patients without. This again supports results of previous studies[2,5]. 
Studies have reported higher hospital-mortality in patients with blood stream infections that receive inappropriate initial antimicrobial-therapy[13-15]. In 2006 Kumar et al[16] reported, that effective antimicrobial administration within the first hour of documented hypotension was associated with increased survival to hospital-discharge in patients with septic-shock. However, only 50% of septic-shock patients received effective antimicrobial-therapy within 6 h of documented hypotension[16]. In 2004, the Surviving-Sepsis-Campaign developed guidelines for the management of severe sepsis and septic-shock[17]. This included besides others, early cultures for microbial evaluation and “early-goal-directed therapy” with initiation of antimicrobial-therapy as soon as possible[17,18]. After implementation of the “sepsis-bundle” the Surviving-Sepsis-Campaign study group published a study performed at 165 sites with 15022 subjects and reported an increase in compliance with the sepsis bundle from 11 to 31% two years after implementation and a reduction in mortality[19]. Other studies have reported a similar association[20]. The present study also started after implementation of the sepsis-bundle with early-goal-directed antimicrobial-therapy with empiric calculated therapy on the ICU-ward. Only 9% of patients with infection and 13.5% of patients with septic-shock received inappropriate antimicrobial-therapy. This was lower than reported in a study of Kumar et al[16] published in 2009 including 5715 patients with septic-shock with 20% of inappropriate therapy of patients with septic-shock and significant reduction of survival in those receiving inappropriate therapy (10% vs 52%)[16]. Although these two studies cannot be directly compared, it shows a trend towards improvement of initial antimicrobial-therapy. While in the study of Kumar[16] a significant reduction of survival (42%) was found in patients receiving inappropriate antimicrobial-therapy as compared to patients receiving appropriate antimicrobial-therapy, no significant reduction was found in the present study (10%). Antimicrobial-therapy is only one aspect of the sepsis bundle, therefore other factors might have also played a role in the present study.
Multiresistant-microorganisms are an increasing burden on ICUs worldwide[21]. Also in the present study multiresistant-bacteria were detected in 23% of patients with infection. This is higher than the overall prevalence in German hospitals[22,23]. A reason might be the high proportion of patients colonized with such bacteria which arrive from countries with high prevalence of multiresistant-bacteria to be treated at Frankfurt-University-hospital due to its close location to Frankfurt international-airport. Therefore, successful infection control measurements are strictly implemented inhibiting transmission of such pathogens from patient to patient. In addition, Frankfurt-University-Hospital is a referral-hospital and therefore many severely ill patients, who received multiple antibiotic-regimens prior to referral, receive further treatment here. 

Nevertheless, inappropriate therapy was significantly associated with the presence of multiresistant-bacteria in the present study, suggesting that empirical therapy has to cover multiresistant-bacteria more regularly. Studies have shown that inappropriate antimicrobial-therapy for gram negative ESBL producers was associated with significant increase in mortality (59.5% vs 18.5%, p < 0.001)[24]. Common risk factors for infection with multiresistant-bacteria are: residence in nursery home, recent hospital stay, mechanical ventilation, age, prior antibiotic therapy and foreign citizenship[9,25]. Also in the present study prior antimicrobial-therapy was an independent risk-factor for infection.
Since the University-Hospital is a liver transplantation center, a high number of patients with liver-disease are treated here. Chronic liver-disease was present in 14% of patients admitted to the ICU with liver-cirrhosis in 64% of these patients. Patients with liver-cirrhosis had a significantly higher infection-rate than patients without liver-cirrhosis. This is in accordance with previous studies reporting infection-rates of 32%-34% in liver-cirrhosis as compared to 5%-7% in the general hospitalized population[26,27]. A meta-analysis reported a 4-fold increase in mortality in patients with liver-cirrhosis that acquire an infection[6]. In addition, patients with sepsis and liver-cirrhosis have a significant higher mortality-rate as compared to patients with sepsis in the general hospitalized population[27], this was supported by the results of the present study. The presence of liver-cirrhosis was an independent risk factor for in hospital-mortality in patients with infection. In addition, also in patients with liver-cirrhosis infection with multiresistant-bacteria is increasing. A recent study resported an incidence of 39% multiresistant-bacteria in patients with liver-cirrhosis and nosocomial infection[28]. In the present study an infection with multiresistant-bacteria could be found in 32% of patients with liver-cirrhosis. Inappropriate antimicrobial-therapy was significantly more often in patients with liver-cirrhosis. The high rate of multiresistant-bacteria could be an explanation herefore. A recent study revealed a significantly higher rate of septic-shock and in-hospital-mortality in patients with liver-cirrhosis infected with multiresistant-bacteria (26% vs 10% and 25% vs 12%)[29].
MELD-score and SAPS-II-score at admission performed equally good concerning the prediction of in-hospital-mortality with diagnostic accuracies of 73% and 72%. A previous systematic review including 21 studies reported diagnostic accuracies of 81% for MELD-score and 83% for SOFA (sequential-organ-failure-assessment)-score[29]. Therefore both studies report comparable results for general ICU prognostic-markers and liver-specific prognostic-markers for patients with liver-cirrhosis on ICU and therefore might supplement each other.
A limitation of the present study is its monocentric retrospective study-design. Nevertheless, the distribution of infections was comparable to previous multicenter-studies[5].
The inclusion of patients with culture-negative infection might be criticized and lead to bias. However, no difference in percentage of appropriate to inappropriate antimicrobial-therapy was found in a subanalysis of patients with culture-positive infections only. 
In conclusion, the results of the present study report the successful implementation of early-goal-directed therapy. Increasing burden are multiresistant-bacteria, which are associated with increased mortality.
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Table 1 Characteristics of patients n (%)
	Characteristic
	All patients (n = 1979)
	Patients without infection (n = 937)
	Patients with infection

(n = 1042)
	OR (95%CI)
	P value

	Age (yr), mean ± SD 

(range)
	61 ± 16

(16-96)
	61 ± 16

(16-96)
	61 ± 16

(16-95)
	1.003 (0.997-1.008)
	> 0.20

	Male sex
	1236 (62.5)
	614 (65.5)
	622 (60)
	0.779 (0.649-0.935)
	0.0074

	Days on ICU, mean ± SD (range)
	5.53 ± 9.88 (1-217)
	2.89 ± 5.97 (1-76)
	8.12 ± 12 (1-217)
	0.877 (0.858-0.897)
	< 0.000001

	Hospital-mortality
	489 (24.7)
	140 (14.9)
	349 (33.5)
	2.883 (2.312-3.595)
	< 0.000001

	Severity score on admission day

	  SAPS II, mean ± SD (range)
	35 ± 16

(5-93)
	30 ± 14

(5-80)
	39 ± 16

(5-93)
	0.958 (0.950-0.965)
	< 0.000001

	  TISS, mean ± SD (range)
	9.5 ± 8.8 (0-55)
	6.3 ± 7.4 (0-35)
	11.6 ± 9.1 (0-55)
	0.925 (0.912-0.938)
	< 0.000001

	Highest severity score within 7 d after admission

	   SAPS II, mean ± SD (range)
	39 ± 17

(6-93)
	32 ± 15

(6-91)
	44 ± 17

(6-93)
	0.954 (0.947-0.961)
	< 0.000001

	  TISS, mean ± SD (range)
	12.0 ± 9.4 (0-55)
	7.5 ± 8.0 (0-35)
	14.6 ± 9.1 (0-55)
	0.909 (0.897-0.921)
	< 0.000001

	Type of admission

   Internal medicine ICU
   Cardiology ICU
	825 (41.7)

1154 (58.3)
	275 (29.3)

663 (70.8)
	550 (52.8)

491 (47.1)
	
	< 0.000001

	Source of admission
	< 0.000001

	   Emergency department
	923 (46.6)
	468 (49.9)
	455 (43.7)
	Reference
	

	   Other hospital
	274 (13.8)
	87 (9.3)
	187 (17.9)
	2.211 (1.662-2.941)
	< 0.000001

	   Hospital ward
	613 (31.0)
	276 (29.5)
	337 (32.2)
	1.256 (1.023-1.541)
	0.029

	   Operating room
	132 (67.0)
	98 (10.5)
	34 (3.3)
	0.357 (0.237-0.538)
	0.000001

	   Surgical IMC/ICU
	38 (1.9)
	9 (0.96)
	29 (2.8)
	3.314 (1.552-7.079)
	0.0020

	Comorbid conditions
	1410 (71.2)
	607 (64.8)
	803 (77.1)
	1.840 (1.511-2.241)
	< 0.000001

	  COPD
	233 (11.8)
	84 (9.0)
	149 (14.3)
	1.696 (1.278-2.252)
	0.00026

	  Heart failure (EF < 30%)
	114 (5.8)
	59 (6.3)
	55 (5.3)
	0.830 (0.569-1.212)
	> 0.20

	  Coronary artery disease
	455 (23.0)
	244 (26.0)
	211 (20.2)
	0.722 (0.585-0.891)
	0.0024

	  Chronic renal failure
	342 (34.2)
	140 (14.9)
	202 (19.4)
	1.371 (1.082-1.736)
	0.0089

	  Diabetes mellitus
	474 (24.0)
	227 (24.2)
	247 (23.7)
	0.973 (0.791-1.197)
	> 0.20

	  Liver-cirrhosis
	175 (8.8)
	57 (6.1)
	118 (11.3)
	1.974 (1.420-2.744)
	0.000052

	  Cancer
	229 (11.6)
	89 (9.5)
	140 (13.4)
	1.481 (1.117-1.962)
	0.0063

	  Hematologic neoplasia
	111 (5.6)
	39 (4.2)
	72 (6.9)
	1.711 (1.147-2.553)
	0.0085

	  HIV
	76 (3.8)
	15 (1.6)
	61 (5.9)
	3.826 (2.160-6.779)
	0.0000043

	  Immunosuppressive Tx
	106 (5.4)
	29 (3.1)
	77 (7.4)
	2.501 (1.616-3.870)
	0.000039

	  Chemotherapy
	108 (5.5)
	32 (3.4)
	76 (7.3)
	2.230 (1.461-3.403)
	0.00020

	Number of cormobid conditions

   0
   1
   2
   3

   > 3
	566 (28.6)

593 (30.0)

415 (21.0)

260 (13.1)

146 (7.4)
	330 (35.2)

257 (27.4)

174 (18.6)

109 (11.6)

68 (7.3)
	236 (22.6)

336 (32.2)

241 (23.1)

151 (14.5)

78 (7.5)
	
	0.000023

	Mechanical ventilation
	942 (47.6)
	265 (28.3)
	677 (65.0)
	4.710 (3.892-5.701)
	<0.000001

	Hemodialysis
	274 (13.8)
	61 (6.5)
	213 (20.4)
	3.694 (2.736-4.987)
	<0.000001


SAPS II: Simplified Acute Physiology Score II; TISS: Therapeutic Intervention Scoring System; ICU: Intensive care unit; IMC: Intermediate care unit, Internal medicine ICU includes patients from Gastroenterology, Hepatology, Pulmonology, Endocrinology, Oncology, Hematology, Infectiology, Rheumatology departments, while Cardiology-ICU include patients from Cardiology, Angiology, Nephrology department; EF: Ejection fraction.
 Table 2 Site of infection and types of microorganisms in culture-positive infected patients n (%)
	
	All patients with infection

(n = 1042)
	Appropriate therapy (n = 948)
	Inappropriate

Therapy (n = 94)
	P value

	Site of primary infection
	
	
	
	

	Respiratory tract
	716 (68.7)
	658 (69.4)
	58 (61.7)
	0.12

	Abdomen/GIT
	49 (4.7)
	46 (4.9)
	3 (3.2)
	> 0.20

	    Renal/urinary tract
	33 (3.2)
	32 (3.4)
	1 (1.1)
	> 0.20

	Skin
	13 (1.2 )
	13 (1.4)
	0
	> 0.20

	CNS
	12 (1.2)
	10 (1.1)
	2 (2.1)
	> 0.20

	Endocarditis
	26 (2.5)
	24 (2.5)
	2 (2.3)
	> 0.20

	Bloodstream
	5 (0.5)
	5 (0.5)
	0
	> 0.20

	Others
	35 (3.4)
	33 (3.5)
	2 (2.1)
	> 0.20

	Sepsis
	207 (19.8)
	179 (18.9)
	28 (29.8)
	0.011

	Sites with detection of microorganism
	
	
	
	

	Respiratory tract
	400 (38.4)
	345 (36.4)
	55 (58.5)
	0.000026

	Gastrointestinal
	215 (20.6)
	184 (19.4)
	31 (33.0)
	0.0019

	Bloodstream
	156 (15.0)
	130 (13.7)
	26 (27.7)
	0.00030

	Renal/urinary tract
	185 (17.8)
	155 (16.4)
	30 (31.9)
	0.000165

	Skin
	174 (16.7)
	145 (15.3)
	29 (30.9)
	0.00012

	Catheter-related
	51 (4.9)
	39 (4.1)
	12 (12.8)
	0.00021

	CNS
	10 (1.0)
	10 (1.1)
	0
	> 0.20

	Others
	87 (8.4)
	70 (7.4)
	17 (18.1)
	0.00055

	Culture-positive
	697 (66.9)
	606 (63.9)
	91 (69.8)
	< 0.000001

	Gram-positive isolates
	473 (45.4)
	400 (42.2)
	73 (77.7)
	< 0.000001

	S. aureus
	187 (17.9)
	171 (18.0)
	16 (17.0)
	> 0.20

	MRSA
	45 (4.3)
	31 (3.3)
	14 (14.9)
	< 0.000001

	S. epidermidis
	17 (1.6)
	15 (1.6)
	2 (2.1)
	> 0.20

	S. pneumoniae
	16 (1.5)
	12 (1.3)
	4 (4.3)
	0.025

	VSE
	93 (8.9)
	67 (7.1)
	26 (27.7)
	< 0.000001

	VRE
	91 (8.7)
	68 (7.2)
	23 (24.5)
	< 0.000001

	Others
	172 (16.5)
	138 (14.5)
	34 (36.2)
	< 0.000001

	Gram-negative isolates
	368 (35.3)
	320 (33.8)
	48 (51.1)
	0.00081

	E. coli
	99 (9.5)
	89 (9.4)
	10 (10.6)
	> 0.20

	Enterobacter spp.
	45 (4.3)
	39 (4.1)
	6 (6.4)
	> 0.20

	Klebsiella spp.
	56 (5.4)
	49 (5.2)
	7 (7.4)
	> 0.20

	Pseudomonas spp.
	93 (8.9)
	79 (8.3)
	14 (14.9)
	0.033

	Acinetobacter spp.
	10 (1.0)
	5 (0.5)
	5 (5.3)
	0.0000055

	ESBL-producing Enterobacteriaceae
	42 (4.0)
	37 (3.9)
	5 (5.3)
	> 0.20

	Others
	148 (14.2)
	122 (12.8)
	26 (27.7)
	0.00099

	Other bacteria
	17 (1.6)
	11 (1.2)
	6 (6.4)
	0.00014

	Fungi
	484 (46,5)
	421 (40,4)
	63 (6,1)
	0,00028

	Candia albicans
	406 (39.0)
	359 (37.9)
	47 (50)
	0.021

	other Candida spp.

      C. glabrata

      C. tropicalis

      C. krusei

      Others
	197 (18.9)

128 (12.3)

39 (3.7)

17 (1.6)

13 (1.3)
	165 (17.4)

108 (11.4)

33 (3.5)

13 (1.4)

11 (1.2)
	32 (3.4)

20 (21.3)

6 (6.4)

4 (4.3)

2 (2.1)
	0.010

	Aspergillus spp.
	27 (2.6)
	8 (0.8)
	19 (20.2)
	< 0.000001

	Pneumocystis jiroveci
	14 (1.3)
	4 (0.4)
	10 (10.6)
	< 0.000001

	Other fungi
	10 (1.0)
	10 (1.1)
	0
	> 0.20

	parasites
	1 (0.1)
	1 (0.1)
	0
	0.00072

	Multiresistant-bacteria
MRSA

VRE

ESBL-producing Enterobacteriaceae Pseudomonas spp.
Stenotrophomonas spp.
Acinetobacter spp.
Others
	235 (22.6)

45 (4.3)

91 (8.7)

42 (4.0)

16 (1.5)

19 (1.8)

3 (0.29)

21 (2.01)
	180 (19.0)

31 (3.3)

68 (7.2)

37 (3.9)

14 (1.5)

12 (1.3)

1 (0.1)

19 (2.0)
	55 (58.5)

14 (14.9)

23 (24.5)

5 (5.3)

2 (2.2)

7 (7.4)

2 (2.2)

2 (2.2)
	< 0.000001



appropriate therapy: patients who received appropriate antimicrobial-therapy; inappropriate therapy: patients who received inappropriate antimicrobial-therapy; GIT: gastrointestinal tract; CNS: central nervous system; VSE: Vancomycin-sensitive Enterococcus; VRE: Vancomycin-resistant Enterococcus; ESBL: extended-spectrum β-lactamase producing bacteria; MRSA: Methicilline-resistant Staphylococcus aureus.
Table 3 Characteristics of patients with infection according to appropriate or inappropriate antimicrobial-therapy n (%)
	Characteristic
	All patients with infection

(n = 1042)
	Appropriate therapy (n = 948)
	Inappropriate therapy (n = 94)
	OR (95%CI)
	P value

	Age (yr), mean ± SD 

(range)
	61 ± 16

(16-95)
	61 ( 16

(16-95)
	61 ( 14

(21-88)
	1.003 (0.99-1.017)
	> 0.20

	Male sex
	622 (60.0)
	376 (39.7)
	
	0.747 (0.488-1.143)
	0.18

	Days on ICU, mean ± SD (range)
	8.12±12

(1-217)
	7.68(11.958

(1-217)
	10.02( 11.134

(1-59)
	1.011 (0.998-0.024)
	0.092

	ICU-mortality
	324 (31.3)
	287 (30.3)
	37 (39.4)
	0.669 (0.432-1.035)
	0.071

	Hospital-mortality
	350 (33.6)
	310 (32.7)
	40 (42.6)
	0.656 (0.426-1.009)
	0.055

	Severity score on admission day

	  SAPS II, mean ± SD (range)
	38.67 ± 15.64 (5-93)
	38.54 ( 15.82 (5-93)
	39.95 ( 13.78 (8-68)
	1.006 (0.992-1.020)
	> 0.20

	  TISS, mean ± SD (range)
	11.57 ± 9.11 (0-55)
	11.74 ( 9.25 (0-55)
	9.86 ( 7.42 (0-28)
	0.976 (0.951-1.002)
	0.071

	Highest severity score within 7 d after admission

	  SAPS II, mean ± SD (range)
	43.88 ± 16.57 (6-93)
	43.68 ( 16.71 (6-93)
	45.87 ( 15.09 (8-81)
	1.008 (0.994-1.022)
	> 0.20

	  TISS. mean ± SD (range)
	14.65 ± 9.14 (0-55)
	14.68 ( 9.27 (0-55)
	14.32 ( 7.73 (0-38)
	0.996 (0.971-1.021)
	> 0.20

	Type of Admission

   Internal Medicine ICU
   Cardiology ICU
	550 (52.8)

491 (47.1)
	486 (51.3)

461 (48.7)
	64 (68.1)

30 (31.9)
	
	0.0022

	Source of admission
	> 0.20

	  Emergency department
	455 (43.7)
	418 (44.1)
	37 (39.4)
	Reference
	

	  Other hospital
	187 (17.9)
	170 (17.9)
	17 (18.1)
	0.425 (0.153-1.179)
	0.10

	  Hospital ward
	337 (32.3)
	305 (32.2)
	32 (34.0)
	0.48 (0.162-1.429)
	0.19

	  Operating room
	34 (3.3)
	31 (3.3)
	3 (3.2)
	0.504 (0.18-1.411)
	0.19

	  Surgical IMC/ICU
	29 (2.7)
	24 (2.6)
	5 (5.3)
	0.465 (0.101-2.14)
	> 0.20

	Comorbid conditions
	806 (77.4)
	729 (76.9)
	77 (81.9)
	0.842 (0.498-1.424)
	> 0.20

	  COPD
	149 (14.3)
	137 (14.5)
	12 (12.8)
	1.154 (0.613-2.172)
	> 0.20

	  Heart failure (EF < 30%)
	55 (5.3)
	50 (5.3)
	5 (5.3)
	0.991 (0.385-2.549)
	> 0.20

	  Coronary artery disease
	211 (20.2)
	195 (20.6)
	16 (17.0)
	1.262 (0.721-2.211)
	> 0.20

	  Chronic renal failure
	202 (19.4)
	182 (19.2)
	20 (21.3)
	0.879 (0.523-1.478)
	> 0.20

	  Diabetes mellitus
	247 (23.7)
	220 (23.2)
	27 (28.7)
	0.750 (0.468-1.202)
	> 0.20

	  Liver-cirrhosis
	118 (11.3)
	100 (10.5)
	18 (19.1)
	0.498 (0.286-0.866)
	0.014

	  Cancer
	140 (13.4)
	122 (12.9)
	18 (19.1)
	0.624 (0.361-1.079)
	0.091

	  Hematologic neoplasia
	72 (6.9)
	68 (7.2)
	4 (4.3)
	1.739 (0.620-4.877)
	> 0.20

	  HIV
	61 (5.9)
	51 (5.4)
	10 (10.6)
	0.478 (0.234-0.975)
	0.042

	  Immunosuppressive Tx. 
	77 (7.4)
	69 (7.3)
	8 (8.5)
	0.844 (0.393-1.813)
	> 0.20

	  Chemotherapy
	53 (5.1)
	47 (5.0)
	6 (6.4)
	2.634 (1.691-4.102)
	0.000018

	Number of cormobid conditions

    0

    1

    2

    3

    > 3
	236

336

241

151

78
	219 (23.1)

304 (32.1)

219 (23.1)

138 (14.6)

68 (7.2)
	17 (18.1)

32 (34.0)

22 (23.4)

13 (13.8)

10 (10.6)
	
	> 0.20

	Mechanical ventilation
	677 (65.0)
	621 (65.5)
	56 (59.6)
	1.289 (0.836-1.987)
	> 0.20

	Hemodialysis
	213 (20.4)
	194 (20.5)
	19 (20.2)
	1.016 (0.599-1.721)
	> 0.20


appropriate therapy: patients who received appropriate antimicrobial-therapy; inappropriate therapy: patients who received inappropriate antimicrobial-therapy; SAPS II: Simplified Acute Physiology Score II; TISS: Therapeutic Intervention Scoring System; ICU: Intensive care unit; IMC: Internal Medicine ICU includes patients from Gastroenterology, Hepatology, Pulmonology, Endocrinology, Oncology, Hematology, Infectiology, Rheumatology departments, while Cardiology-ICU include patients from Cardiology, Angiology, Nephrology department; EF: Ejection fraction.
Table 4 Risk factors for in hospital mortality

	Characteristic
	Patients who died in hospital
	Patients surviving
	Odds ratio
	P value

	Age (yr)
	63
	60
	
	0.0011

	SAPS II score (mean)
	47
	37
	
	< 0.000001

	TISS score (mean)
	12.8
	8.5
	
	< 0.000001

	Number of comorbid conditions
	
	
	1.851

[1.446-2.369]
	< 0.000001

	chemotherapy for malignoma within 3 mo prior to admission 
	
	
	2.385

[1.605-3.543]
	0.000017

	clinical infection on admission 
	
	
	2.883

[2.312-3.595]
	< 0.000001



	septic-shock on admission 
	
	
	4.993

[3.707-6.727]
	< 0.000001

	bacteriemia 
	
	
	2.119
[1.515-2.962]
	< 0.000001

	multiresistant-bacterial infections 
	
	
	2.189[1.664-2.879]
	< 0.000001

	mechanical ventilation during ICU stay
	
	
	5.018
[3.981-6.324]
	< 0.000001

	C-reactive-protein at admission (mg/dl)
	8.76
	6.23
	
	< 0.000001

	creatinine-values at admission (mg/dl) 
	1.93
	1.644
	
	< 0.000001

	bilirubin-values at admission (mg/dl)
	3.175
	1.818
	
	0.0014

	INR 
	1.81
	1.46
	
	< 0.000001


SAPS II: Simplified Acute Physiology Score II; TISS: Therapeutic Intervention Scoring System; ICU: Intensive care unit.
Table 5 Risk factors for in hospital mortality of patients with infection

	Characteristic
	Patients who died in hospital
	Patients surviving
	Odds ratio
	P value

	SAPS II score (mean)
	42
	37
	
	0.00021

	TISS score (mean)
	12.7
	11.03
	
	0.0084

	Number of comorbid conditions
	
	
	1.824 
[1.311-2.539]
	0.00036

	mechanical ventilation during ICU stay
	
	
	2.363
[1.765-3.164]
	< 0.000001

	pulmonary-infections
	
	
	1.741
[1.301-2.33]
	0.00020

	catheter-related infection
	
	
	2.578
[1.51-4.399]
	0.00052

	bilirubin-values at admission (mg/dl)
	3.39
	2.458
	
	0.030

	INR 
	1.83
	1.55
	
	0.0000082


ICU: Intensive care unit.
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Figure 1 Impact of appropriate and inappropriate antimicrobial-therapy on in hospital-mortality. Culture+: culture-positive infection; culture-: culture-negative infection; bacteremia+: patients with positive blood cultures; bacteremia-: patients with negative blood cultures; gram+: culture-positive for gram-positive bacteria; gram-: culture-positive for gram-negative bacteria; yeast+: culture-positive for yeast; MRB: multiresistant-bacteria.
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Figure 2 49% of patients with liver-cirrhosis and infection died in hospital, compared to 25% with liver-cirrhosis and without infection. The plot shows the log odds ratio (0.8063, marked by the dot) and its 95%CI [(0.1086-1.5039), marked by the whiskers], i.e. patients with liver-cirrhosis and infection had a 2.24 greater in-hospital-mortality than patients with liver-cirrhosis without infection. 
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