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Introduction

Hypophosphatemia is common in intensive care patients. Its prevalence can reach 28.8% of patients in a surgical intensive care unit (ICU) [START_REF] Zazzo | High incidence of hypophosphatemia in surgical intensive care patients: efficacy of phosphorus therapy on myocardial function[END_REF]. Hypophosphatemia may be due to phosphorus depletion through the renal and digestive tracts but it is more often the consequence of a rapid and massive entry of phosphorus into cells, although it is not known whether this distinction has clinical implications [START_REF] Amanzadeh | Hypophosphatemia: an evidence-based approach to its clinical consequences and management[END_REF][START_REF] Geerse | Treatment of hypophosphatemia in the intensive care unit: a review[END_REF][START_REF] Padelli | Causes, consequences and treatment of hypophosphatemia: A systematic review[END_REF]. Many causes of hypophosphatemia are found in critically ill patients. Hypophosphatemia often develops in the postoperative phase and can be caused by malnutrition, acid-base imbalance (alkalosis or acidosis) and renal replacement therapy (RRT) [START_REF] Lumlertgul | Early versus standard initiation of renal replacement therapy in furosemide stress test non-responsive acute kidney injury patients (the FST trial)[END_REF]; it has also been associated with the use of parenteral nutrition, vasopressor agents, insulin, intensive fluid and electrolyte therapy [START_REF] Amanzadeh | Hypophosphatemia: an evidence-based approach to its clinical consequences and management[END_REF][START_REF] Geerse | Treatment of hypophosphatemia in the intensive care unit: a review[END_REF][START_REF] Padelli | Causes, consequences and treatment of hypophosphatemia: A systematic review[END_REF]. Although most patients with hypophosphatemia have no symptoms, fatal complications have been reported [START_REF] Amanzadeh | Hypophosphatemia: an evidence-based approach to its clinical consequences and management[END_REF][START_REF] Geerse | Treatment of hypophosphatemia in the intensive care unit: a review[END_REF][START_REF] Padelli | Causes, consequences and treatment of hypophosphatemia: A systematic review[END_REF][START_REF] Bissell | Aggressive treatment of life-threatening hypophosphatemia during recovery from fulminant hepatic failure: a case report[END_REF]. Hypophosphatemia has been associated with respiratory muscle dysfunction, potentially resulting in acute respiratory failure and weaning failure from mechanical ventilation [START_REF] Miller | Impact of serum phosphate in mechanically ventilated patients with severe sepsis and septic shock[END_REF][START_REF] Aubier | Effect of hypophosphatemia on diaphragmatic contractility in patients with acute respiratory failure[END_REF] and with myocardial dysfunction and arrhythmias [START_REF] Schwartz | Association between hypophosphatemia and cardiac arrhythmias in the early stages of sepsis[END_REF]. To date, it is not fully established whether there is a causal relationship between hypophosphatemia and clinical events. Moreover, no randomized clinical trials have been conducted, to our knowledge, to evaluate the impact of phosphorus supplementation. This area requires further investigations.

Severe sepsis and septic shock remain a leading cause of death in critically ill patients [START_REF] Angus | Severe sepsis and septic shock[END_REF][START_REF] Kiekkas | Antipyretic treatment does not improve survival of critically ill patients with infection[END_REF]. Severe sepsis incidence is increasing with at least 750,000 cases per year in the United States [START_REF] Angus | Epidemiology of severe sepsis in the United States: analysis of incidence, outcome, and associated costs of care[END_REF][START_REF] Seymour | Severe sepsis in prehospital emergency care: analysis of incidence, care, and outcome[END_REF]; probably due to population ageing and increasing prevalence of chronic diseases [START_REF] Martin | The effect of age on the development and outcome of adult sepsis[END_REF]. Over the last decades few effective medical therapies or decisive diagnostic tools have been found. Hence, international guidelines call for new lines of investigation on the pathophysiology, diagnosis and treatment of sepsis in order to improve its management and overall survival [START_REF] Dellinger | Surviving sepsis campaign: international guidelines for management of severe sepsis and septic shock: 2012[END_REF].

The incidence of hypophosphatemia during sepsis varies between studies [START_REF] Barak | Prevalence of hypophosphatemia in sepsis and infection: the role of cytokines[END_REF][START_REF] Riedler | Hypophosphataemia in septicaemia: higher incidence in gramnegative than in gram-positive infections[END_REF]. Animal studies suggest that hypophosphatemia causes an acquired dysfunction of leukocytes promoting infections [START_REF] Craddock | Acquired phagocyte dysfunction. A complication of the hypophosphatemia of parenteral hyperalimentation[END_REF] and might increase the risk of death during sepsis [START_REF] Doak | Effect of dietary phosphorus on blood phosphorus and leukocyte levels in experimental salmonellosis[END_REF]. A study carried out on 55 patients notes that severe hypophosphatemia increases mortality significantly during sepsis [START_REF] Shor | Severe hypophosphatemia in sepsis as a mortality predictor[END_REF]. It remains unknown whether hypophosphatemia is associated with clinical outcome in this setting. Significant associations were observed between high levels of inflammatory cytokines and their receptors and between serum phosphate levels, especially in patients with positive blood culture [START_REF] Barak | Prevalence of hypophosphatemia in sepsis and infection: the role of cytokines[END_REF]. Hypophosphatemia could be an interesting marker for the evaluation and prognosis of bloodstream infection (BSI).

Therefore, we conducted a study to investigate the association between hypophosphatemia and time to death, right censored at Day 90 in critically ill patients with BSI.

Methods

Setting and study population

We performed a retrospective study in 3 ICUs of the Teaching Hospital of Brest (France). The study was registered and approved by the local Research Ethics Committee which waived the need for informed consent in accordance with French legislation (Protocol 29BRC17.0180). All patients admitted to the 21-bed medical ICU, the 15-bed surgical ICU and the 8-bed cardiothoracic ICU between June 1, 2014 and December 31, 2015 were screened for their eligibility. Patients over 18 years with a BSI diagnosed in ICU were included in the study. Those with phosphatemia performed within 72 hours before or after the positive blood culture were analysed.

Data collection

The clinical and biological data were collected from the patients' records, and from the hospital laboratories, respectively. Demographics data included age, gender, and the following comorbities: (i) malignant cancer or hematologic malignancy active or in remission diagnosed for less than 5 years, (ii) heart failure (New York Heart Association class III-IV), (iii) immunosuppression (administration of steroid treatment in the 6 months prior to ICU admission [at least 0,3 mg/kg per day of a prednisolone equivalent for at least 1 month], severe malnutrition, congenital immunohumoral or cellular immune deficiency state, chemotherapy in the 6 months prior ICU admission), (iv) liver cirrhosis.

The ICU as well as the hospital admission and discharge dates, primary admission diagnosis, severity at ICU admission based on the Simplified Acute Severity Score II (SAPS 2) (21), invasive mechanical ventilation requirement, catecholamines requirement, and RRT requirement were also collected. The information related to phosphorus supplementation was taken into account both before the positive blood culture (in ICU) and after the positive blood culture (during hospital stay). The information regarding parenteral nutrition during the study period was collected. The status (alive or dead) at hospital discharge and on the day 90 after ICU admission was recorded. When no hospital consultation was carried out after the 90-day period, a request for a birth certificate indicating the date of death, if applicable, was made to the town hall of the patient's place of birth.

The biological data included plasma bicarbonate level and albuminemia. The renal function was assessed by the serum creatinine and glomerular filtration rate estimated according to the Chronic Kidney Disease Epidemiology Collaboration equation (CKD-epi) [START_REF] Carlier | Comparison of different equations to assess glomerular filtration in critically ill patients[END_REF].

The following data related to BSI were recorded: the date and time of the first positive blood culture, the causative microorganisms, the source of infection when known, and whether the infection was community-acquired or hospital-acquired. Blood cultures were collected using standard clinical procedures, incubated and monitored for positivity using the BacT/Alert 3D system (bioMérieux, Marcy l'Etoile, France). BSI was defined as a positive blood culture with a recognized pathogen except for skin contaminants as Coagulase-negative Staphylococci, Propionobacterium acnes, Corynebacterium, Micrococcus, Microbacterium, Brevibacterium and Bacillus species [START_REF] Horan | CDC/NHSN surveillance definition of health careassociated infection and criteria for specific types of infections in the acute care setting[END_REF][START_REF] Calandra | International sepsis forum definition of infection in the ICU consensus conference[END_REF]. In the case of skin contaminants, BSI was identified if at least two blood cultures drawn on separate locations were positive [START_REF] Horan | CDC/NHSN surveillance definition of health careassociated infection and criteria for specific types of infections in the acute care setting[END_REF][START_REF] Calandra | International sepsis forum definition of infection in the ICU consensus conference[END_REF]. The phosphatemia was measured using a phosphomolybdate complex colorimetric technique (ADVIA® 1800 Siemens Healthcare Diagnostics). The closest available phosphatemia within the 72 hours before and after the positive culture was selected.

Hypophosphatemia was defined as a measure of phosphatemia strictly below 0.8 mmol/L as reported previously [START_REF] Geerse | Treatment of hypophosphatemia in the intensive care unit: a review[END_REF].

The data were collected by MP, MS, CH, EB and ML, medical interns trained to read patient records as part of their medical curriculum, under the supervision of CL who did the data management and statistical analysis.

Statistical analysis

The results were reported as medians (interquartile range) for continuous data, and as proportions for categorical data. The primary endpoint was 90-day mortality from BSI.

The characteristics of patients with hypophosphatemia were compared to those without hypophosphatemia. Only the first ICU admission and the first positive culture were considered when there was more than one event. All variables were first examined by univariate analysis using the chisquare test for proportions when applicable, or the Fisher's exact test. The Student's t-test was used for normally distributed continuous variables, and the Wilcoxon rank sum test for non-normally distributed outcomes.

A univariate survival analysis via Kaplan-Meier estimator for comparison between groups according to hypophosphatemia status was performed. To study the independent association of hypophosphatemia and time to death, right censored at Day-90, we conducted a multivariate survival analysis using a Cox proportional hazard regression model. To obtain adjusted estimates, known or assumed confounding factors were included in a complete model. The possible reasons for change in phosphate levels (undernutrition, acid-base blood balance, age, phosphorus supplementation, parenteral nutrition, and renal function) (2-4) and additional risk factors for death (malignant cancer or hemopathy, New York Heart Association class III or IV heart failure, immunosuppression, cirrhosis, age, use of mechanical ventilation, use of RRT, use of catecholamines, and SAPS 2) (25) were used to fit the complete model to the data. The final model was determined using a bidirectional stepwise variable selection approach. The impact of shock on the correlation between hypophosphatemia and the time of death censored right at 90 days was assessed by adding the interaction between these two variables to the final model. To assess the robustness of the findings, sensitivity analyses were performed by excluding in turn the patients with parenteral nutrition and RRT from the analysis. Multicollinearity was assessed using variance inflation factor (VIF), which measures the inflation in the variances of the parameter estimates due to multicollinearity potentially caused by the correlated predictors [START_REF] Vincent | International study of the prevalence and outcomes of infection in intensive care units[END_REF]. A large multicollinearity concerning the impact of hypophosphatemia would undermine the hypothesis of an independent association between hypophosphatemia and mortality in critically ill patients with bloodstream infection. On the other hand, a high multicollinearity concerning the estimates of the other parameters of the model would only affect the parameters concerned and would have little impact on the main hypothesis. In either case, no variables would have had to be removed from the model. All analyses were performed using R version 3.3.1, a P value of 0.050 was considered statistically significant.

Results

Out of the 3783 patients admitted to the 3 participating ICUs within the 18-month study period, 203 met the inclusion criteria (Figure 1). The primary endpoint was available for all patients, phosphatemia within the 72 hours before or after the positive culture was missing in 10 patients (4.9% of the population), leaving the number of patients considered in the statistical analysis at 193. Fifty-four patients had hypophosphatemia, 139 patients had phosphatemia higher than or equal to 0.8 mmol/L (Additional file 1: Supplemental Material). The baseline clinical and biochemical characteristics of patients with and without hypophosphatemia are shown in Table 1. Patients with hypophosphatemia were more often immunocompromised and required mechanical ventilation less often (57.4% versus 80.6%, p<0.05). There was no difference in baseline renal function or the need for RRT. Significantly more patients received phosphorus supplementation in the hypophosphatemia group. In both study groups, BSI were mainly hospital-acquired infections, and the most common infection sources were pulmonary (33% in both groups) and abdominal (22.2% of patients with hypophosphatemia and 19.4% of patients without hypophosphatemia). The causal micro-organisms did not differ between groups and are reported in Table 2.

The 90-day mortality following BSI was available in the 193 patients and it was higher in the hypophosphatemia group (38.9% versus 20.9%, p < 0.05) (Table 1). The Kaplan-Meier estimates for the probability of survival are shown in Figure 2. The regression coefficients of the univariate Cox regression analyses and the corresponding full multivariate model are available as supplemental material (Additional file 1: Supplemental Material). After adjusting for confounders, hypophosphatemia remained significantly associated with a two-fold increased risk of 90-day mortality in critically ill patients with BSI (HR = 2.10 [1.17 -3.80], p = 0.013) in the final model (Table 3). Patient severity (SAPS 2), immunosuppression, the need for RRT, mechanical ventilation, or phosphorus supplementation before BSI were also significantly associated with an increased risk for 90-day mortality following the onset of BSI. There was no problematic collinearity between variables in the model as all computed VIF were lower than 1.4 (with a VIF associated with hypophosphatemia of 1.12). The sensitivity analyses showed the robustness of the results regarding parenteral nutrition and RRT (Additional file 1: Supplemental Material).

The results of the analysis with interaction between hypophosphatemia and shock, defined by the use of catecholamines, revealed an effect of shock on the correlation between hypophosphatemia and time to death, right censored at Day-90 (p = 0.013). The impact of hypophosphatemia on time to death, right censored at Day-90, was significantly greater in the absence of shock (HR = 7.76 [2.22 -27.08], p = 0.001) (Table 4).

Discussion

In this multicenter retrospective study, hypophosphatemia within 3 days before or after BSI occurred in 28% of patient and was independently associated with time to death right censored at Day 90 in ICU patients with an approximately twofold increase in the risk of death. Interestingly, the association between hypophosphatemia and time to death right censored at Day 90 was significantly higher in patients who were not in shock. In this population, hypophosphatemia was associated with a very significant increase in the risk of death (HR = 7.76 [2.22 -27.08], p = 0.001) which may explain the difference in survival that appears most clearly after 2 weeks. In intensive care, deaths are more often the result of withdrawal of life support treatment than of uncontrolled septic shock [START_REF] Fathi | A systematic review on risk factors associated with sepsis in patients admitted to intensive care units[END_REF]. We can make the hypothesis that the deaths associated with hypophosphatemia are due more to organ dysfunctions than to sepsis insufficiently controlled by antibiotics.

Previous studies have reported an association between hypophosphatemia and the risk of death [START_REF] Zazzo | High incidence of hypophosphatemia in surgical intensive care patients: efficacy of phosphorus therapy on myocardial function[END_REF][START_REF] Shor | Severe hypophosphatemia in sepsis as a mortality predictor[END_REF][START_REF] Chung | Serum phosphorus levels predict clinical outcome in fulminant hepatic failure[END_REF][START_REF] Hoffmann | Hypophosphataemia at a large academic hospital in South Africa[END_REF][START_REF] Sankaran | Laboratory abnormalities in patients with bacterial pneumonia[END_REF][START_REF] Suzuki | Hypophosphatemia in critically ill patients[END_REF][START_REF] Demirjian | Hypophosphatemia during continuous hemodialysis is associated with prolonged respiratory failure in patients with acute kidney injury[END_REF]. Shor et al. [START_REF] Shor | Severe hypophosphatemia in sepsis as a mortality predictor[END_REF] reported significantly higher mortality rates associated with hypophosphatemia in patients with sepsis. These authors defined severe hypophosphatemia as serum phosphate levels below 0.32 mmol/L and reported high mortality rates overall. However, in this study, only 55 of the 6190 patients whose charts were reviewed were analysed, leading to a possible selection bias. Sankaran et al. [START_REF] Sankaran | Laboratory abnormalities in patients with bacterial pneumonia[END_REF] studied 302 patients admitted to the ICU with bacterial pneumonia, and found that patients with hypophosphatemia at admission had higher mortality rates (31.9% versus 13.2%, p<0.001). Zazzo et al. ( 1) conducted a prospective study in 208 critically ill patients admitted to a surgical ICU, they reported that 28.8% of the patients had serum phosphate levels <0.8 mmol/L and that those with hypophosphatemia had significantly higher mortality rates (30% versus 15.2%, p<0.05). However, in these studies there was no adjustment for important confounders, including illness severity. To our best knowledge, our study is the first to adjust for important confounders for mortality and to report the independent association between hypophosphatemia and time to death, right censored at Day 90 in ICU patients with sepsis.

Two recent studies of 2730 and 321 patients have investigated the independent association between hypophosphatemia and mortality, in a heterogeneous cohort of ICU patients [START_REF] Suzuki | Hypophosphatemia in critically ill patients[END_REF] and in ICU patients treated with continuous RRT, respectively [START_REF] Demirjian | Hypophosphatemia during continuous hemodialysis is associated with prolonged respiratory failure in patients with acute kidney injury[END_REF]. In these studies, there was no association between hypophosphatemia and mortality after adjustment for potential confounding factors, including illness severity. Further studies are warranted to determine whether the association between mortality and hypophosphatemia in intensive care is only found in patients with BSI.

In recent studies, Doig et al. [START_REF] Doig | Restricted versus continued standard caloric intake during the management of refeeding syndrome in critically ill adults: a randomised, parallelgroup, multicenter, single-blind controlled trial[END_REF] and Olthof et al. [START_REF] Olthof | Impact of caloric intake in critically ill patients with, and without, refeeding syndrome: A retrospective study[END_REF] observed an association between mortality and refeeding syndrome, defined as hypophosphatemia within 72 h of commencing nutritional support.

They suggested that a metabolic condition may be underlying this effect. Although these studies, like ours, only conclude to an association and not to causality between hypophosphatemia and mortality, pathophysiological mechanisms support a possible effect of hypophosphatemia on survival.

Hypophosphatemia has been shown to lead to leukocyte dysfunction in animals (2).

Hypophosphatemia could also increase bacterial virulence. In vitro and animal studies revealed an increased tolerance of bacteria to acidic environment in the presence of low phosphorus concentrations, which could favour digestive tract infections [START_REF] Suziedeliené | The acid-inducible asr gene in Escherichia coli: transcriptional control by the phoBR operon[END_REF][START_REF] Gajiwala | HDEA, a periplasmic protein that supports acid resistance in pathogenic enteric bacteria[END_REF]. Low phosphorus concentrations lead to more toxin production in Pseudomonas [START_REF] Jensen | RhlR expression in Pseudomonas aeruginosa is modulated by the Pseudomonas quinolone signal via PhoB-dependent and -independent pathways[END_REF][START_REF] Zaborin | Pseudomonas aeruginosa overrides the virulence inducing effect of opioids when it senses an abundance of phosphate[END_REF], an increase in virulence and survival of Bacteroides fragilis in peritoneal abscesses [START_REF] Wakimoto | PhoB regulates the survival of Bacteroides fragilis in peritoneal abscesses[END_REF], and an increased resistance to antibiotics [START_REF] Shi | PhoY2 but not PhoY1 is the PhoU homologue involved in persisters in Mycobacterium tuberculosis[END_REF][START_REF] Santos-Beneit | Transcriptional response to vancomycin in a highly vancomycin-resistant Streptomyces coelicolor mutant[END_REF].

Our study has some strength: we assessed the independent association between hypophosphatemia and time to death, right censored at Day 90 after adjustments for (i) illness severity, (ii) confounding factors linked to changes in serum phosphate levels or linked to risk of death in patients with sepsis, and (iii) therapeutic interventions such as parenteral nutrition and phosphorus supplementation.

Nevertheless, our study suffers some limitations: its retrospective design might have led to systematic errors and bias. However, all data were measured independently during the patients' stay in ICU and were later collected exhaustively into the medical and nurses charts. We could not determine whether the observed association was a causalty effect. Phosphorus supplementation before BSI is also significantly associated with 90-day mortality in our results; but no definitive conclusion can be made regarding causality. Nonetheless, receiving phosphorus supplementation is indicative of a pre-existing phosphorus deficiency, and the therapeutic efficacy of such a supplementation remains to be studied.

Other relevant confounding factors could not be collected in this retrospective study design such as chronic alcoholism, diabetic ketoacidosis, vitamin D deficiency and the use of diuretics or insulin. In addition, although there was no difference in albuminemia, we could not exclude significant differences in nutritional status. However, that was not the aim of our study, and animal models strongly support the importance of phosphorus itself independently of nutritional status in sepsis pathophysiology [START_REF] Craddock | Acquired phagocyte dysfunction. A complication of the hypophosphatemia of parenteral hyperalimentation[END_REF][START_REF] Doak | Effect of dietary phosphorus on blood phosphorus and leukocyte levels in experimental salmonellosis[END_REF].

Further studies are warranted to confirm our results. Prospective studies should be performed in critically ill patients with sepsis, to fully assess the risk of death associated with hypophosphatemia, and to address the inherent shortcomings of our retrospective study. Functional analyses of the patient's leukocytes would also contribute to better understanding the effect of hypophosphatemia on innate immunity.

This study raises the question of the benefit brought by systematically monitoring of phosphatemia and, potentially, phosphorus supplementation in critically ill patients with sepsis.

Conclusion

In this retrospective multicenter observational study, hypophosphatemia was independently associated with time to death, right censored at Day 90, in ICU patients with BSI by an approximately twofold increase of the risk of death after adjustment for important confounders. This association is particularly strong in patients without shock. These findings suggest that investigators and physicians should include phosphatemia as a predictor of the severity of BSI. These results also highlight the need to further explore the relationship between hypophosphatemia and sepsis through additional observational studies and fundamental research. Phosphorus supplementation may be a potential therapy during sepsis according to its role in immune modulation. A better understanding of the mechanisms of hypophosphatemia would allow a better appreciation of whether, and which patient cohort could potentially benefit from supplementation. 

  

  

Table 1 .

 1 Baseline clinical and biochemical characteristics of patients with and without hypophosphatemia Data presented as median (interquartile range) or number (percentage), where appropriate. a Heart failure was defined as chronic cardiovascular insufficiency (New York Heart Association class 3 or 4) b Malignancy included both metastatic and hematologic malignancies c Immunocompromised state was defined as having administration of steroid treatment in the 6 months prior to ICU admission [at least 0,3 mg/kg per day of a prednisolone equivalent for at least 1 month], severe malnutrition, congenital immunohumoral or cellular immune deficiency state, chemotherapy in the 6 months prior ICU admission.

		Patients with	Patients without	p value
		hypophosphatemia	hypophosphatemia	
		(N=54)	(N=139)	
	Demographics			
	Age (years)	60 (51 -67)	63 (52 -72)	0.26
	Gender, male	34 (63,0%)	106 (76,3%)	0.09
	SAPS 2	34 (29 -44)	39 (28 -50)	0.19
	Comorbidities			
	Heart failure a	0 (0%)	12 (8.6%)	<0.05
	Malignancy b	24 (36,0%)	54 (38.8%)	0.58
	Immunocompromised state c	16 (29.6%)	22 (15.8%)	<0.05
	Hepatic cirrhosis	5 (9.3%)	10 (7.2%)	0.76
	Primary ICU admission diagnosis			0.07
	Suspected infection	30 (55.5%)	53 (38.1%)	
	Renal failure	2 (3.7%)	4 (2.9%)	
	Neurology	1 (1.9%)	23 (16.5%)	
	Cardiopulmonary resuscitation	2 (3.7%)	6 (4.3%)	
	Hemorrhagic shock	2 (3.7%)	4 (2.9%)	
	Trauma	5 (9.3%)	14 (10.1%)	
	Postoperative	4 (7.4%)	18 (13,0%)	
	Treatment in ICU			
	Mechanical ventilation	31 (57.4%)	112 (80.6%)	<0.05
	Catecholamine	29 (53.7%)	80 (57.6%)	0.75
	Renal replacement therapy	12 (22.2%)	25 (18.0%)	0.64
	Parenteral nutrition	22 (40.7%)	52 (37.4%)	0.79
	P suppl. before BSI	9 (16.7%)	17 (12.2%)	0.56
	P suppl. after BSI	35 (64.8%)	33 (23.7%)	<0.05
	Laboratory results d			
	Creatinin (µmol/L)	61 (46 -101)	77 (52 -138)	0.05
	CKD-epi (mL/min/1,73m²)	96 (67 -109)	86 (39 -109)	0.14
	Albumin (g/L)	26 (21 -31)	25 (21 -32)	0.80
	Bicarbonate (mmol/L)	26 (23 -28)	26 (22 -28)	0.97
	Outcomes			
	Hospital length of stay (days)	29 (15 -39)	35 (19 -59)	0.02
	90-day mortality	21 (38.9%)	29 (20.9%)	<0.05

Table 2 .

 2 Comparison of infection characteristics between patients with and without hypophosphatemiaData presented as median (interquartile range) or number (percentage), where appropriate. Presence of fungi and polymicrobial infections can lead to sums greater than 100% for gram strain and type of microorganism.

		Patients with	Patients without	p value
		hypophosphatemia	hypophosphatemia	
		(N=54)	(N=139)	
	Source of infection			0.75
	Pulmonary	18 (33.3%)	47 (33.8%)	
	Abdominal	12 (22.2%)	27 (19.4%)	
	Urogenital	10 (18.5%)	13 (9.4%)	
	Neurologic	1 (1.9%)	5 (3.6%)	
	Soft Tissue/bones	3 (5.6%)	12 (8.6%)	
	Blood and catheter	7 (12.9%)	23 (16.6%)	
	Undetermined	3 (5.6%)	12 (8.6%)	
	Nosocomial infection	36 (66.7%)	103 (74.1%)	
	Gram strain			0.64
	Gram-negative	22 (40.7%)	73 (52.5%)	
	Gram-positive	32 (59.3%)	66 (47.5%)	
	Type of microorganism			0.27
	Staphylococcus aureus	6 (11.1%)	30 (21.6%)	
	Non hemolytic staphylococci	5 (9.3%)	16 (11.5%)	
	Streptococci	8 (14.8%)	13 (9.4%)	
	Enterococci	3 (5.6%)	11 (7.9%)	
	Enterobacteriaceae	25 (46.3%)	51 (36.7%)	
	Pseudomonas	6 (11.1%)	13 (9.4%)	
	Listeria monocytogenes	2 (3.7%)	0 (0%)	
	Anaerobic bacteria	2 (3.7%)	6 (9.8%)	
	Fungi	1 (1.9%)	5 (3.6%)	
	Polymicrobial infection	4 (7.4%)	6 (9.8%)	0.32

Table 3 .

 3 Cox proportional hazard regression model BSI: blood stream infection; HR: hazard ratio; P suppl.: phosphorus supplementation; SAPS 2: simplified acute physiology score II

	Regression	Hazard Ratio	95% confidence	p
	coefficient	(HR)	interval for HR	value

Table 4 .

 4 Model with interaction between hypophosphatemia and shock : blood stream infection; HR: hazard ratio; P suppl.: phosphorus supplementation; SAPS 2: simplified acute physiology score II

		Regression	Hazard Ratio	95% confidence	p value
		coefficient	(HR)	interval for HR	
	Age	0.02	1.02	1.00 -1.05	0.101
	Hospital acquired infection	0.60	1.82	0.87 -3.83	0.114
	Hypophosphatemia	2.05	7.76	2.22 -27.08	0.001
	Hypophosphatemia -Shock	-1.79	0.17	0.04 -0.68	0.013
	interaction				
	Immunosuppression	0.96	2.62	1.35 -5.12	0.005
	Mechanical ventilation	1.49	4.45	1.44 -13.73	0.009
	P suppl. before BSI	0.90	2.45	1.23 -4.90	0.011
	Renal replacement therapy	0.86	2.37	1.28 -4.37	0.006
	SAPS2	0.04	1.04	1.02 -1.07	<0.001
	Shock	1.29	3.64	1.21 -10.88	0.021
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