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Abstract

AIM: To investigate extravascular lung water indexed to predicted body weight (EVLWIp) and actual body weight (EVLWIa) on outcome of patients with severe sepsis. 
METHODS: Transpulmonary
thermodilution was prospectively used to measure cardiovascular hemodynamics, EVLWIp, and EVLWIa via an arterial catheter placed in each patient within 48 h of meeting the criteria for severe sepsis from in a medical intensive care unit at a university affiliated hospital. urvival was the single dependent variable. In order to examine and compare the predictive power of EVLWIp, EVLWIa and other clinically significant factors in predicting the in-hospital survival status of severe sepsis patients in the medical intensive care unit (ICU), a receiver operating characteristic (ROC) curve method to analyze the significant variables and the area under the ROC curve of the variables, P-value and 95%CI were calculated.
RESULTS: In total, 33 patients were studied. In ROC curve method analyses, EVLWIp [the area under the ROC curve (AUC), 0.849; P = 0.001, 95%CI: 0.72-0.98], was as predictive to in-hospital survival rate as variables with EVLWIa (AUC, 0.829; P = 0.001, 95%CI: 0.68-0.98). The proportions of patients surviving with a low EVLW (EVLWI < 10 mL/kg) was better than that of those patients with a higher EVLW no matter indexed by actual [hazard ratio (HR), 0.2; P = 0.0002, 95%CI: 0.06-0.42) or predicted body weight (HR, 0.13; P < 0.0001, 95%CI: 0.05-0.35) during their hospital stay with the Kaplan-Meier method (76% vs 12.5%, respectively).
CONCLUSION: This investigation proposed that EVLWIp is a good predictor as EVLWIa to predict in-hospital survival rate among severe sepsis patients in the medical ICU.
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved. 
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Core tip: Our study provides an important finding that extravascular lung water index (EVLWI) indexed by preditic body weight is better than that indexed by actual body weight to associate with in-hospital survival in patients with severe sepsis. Clinicians should consider EVLWI monitor indexed by predictic body weight in patients with severe sepsis.
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INTRODUCTION 
Transpulmonary thermodilution to asses extravascular lung water (EVLW) at the bedside by pulse-induced contour cardiac output (PiCCO) system, which is comparatively a less invasive method than the traditionally used pulmonary arterial catheter has been popular to monitor the hemodynamic status of patients in the critical care units[1]. Measuring EVLW is useful to predict outcome, to diagnose pulmonary edema, to better characterize patients with acute respiratory distress symdrome (ARDS), to guide fluid therapy, and to assess the value of new treatments or ventilator setting strategies in septic patients with ARDS[2].

Previous one study reported the prognostic value of EVLW indexed to actual body weight (EVLWIa) in critically ill patients[3]. However, another study reported extravascular lung water indexed to predicted body weight (EVLWIp) may improve correlation with severity and survival in sepsis with ARDS. It is because that lung size correlates better with height and gender than that of actual body weight[4]. On the other hand, Drs. Meyer and Hall though that the transpulmonary hermodilution technique used to calculate EVLWIp in theory may be in accurate incases of high dead space fraction, which may impair equilibration of cold saline across a portion of the extravascular space[5].

We have reported EVLW indexed to actual body weight is an independent predictor to predict in-hospital survival in medical intensive care unit (ICU) patients with severe sepsis[6]. To compare the predict value of EVLWIp and EVLWIa on in-hospital survival rate of medical ICU patients with severe sepsis, we conducted this study.
MATERIALS AND METHODS
Patients
The population being investigated was recruited from patients admitted to a medical ICU of a university affiliated medical center, from 2005 to 2006. The institutional review board approved this study, and informed consent was obtained from all of the patients or their surrogates. All enrolled patients were recruited consecutively. Patients were followed-up until death, discharge post enrollment. Patients with pregnancy, an age less than 18 years old, or terminal malignancy were excluded.

All eligible patients were enrolled within 48 h of meeting the criteria for severe sepsis. Severe sepsis was defined by the consensus committee of the American College of Chest Physicians and Society of Critical Care Medicine[7]. Patient-specific data were obtained upon enrollment, including demographic data, past medical history, source of sepsis, and APACHE II score. The physiological parameters, including the presence of shock status, and the hemodynamic parameters were assessed on patient enrollment. Shock was defined as systolic blood pressure < 90 mmHg or mean arterial pressure < 60 mmHg. Patient management decisions, including the type and amount of volume resuscitation, were based on the discretion of the primary intensive care physician[8].
The laboratory serologic data and the EVLW measurement

The laboratory serologic data (albumin, white blood cell counts, and platelets), and oxygenation parameters [PaO2/FiO2 ratio, lung injury score (LIS) and chest X-ray (CXR) score (the number of quadrants with > 50% involvement in the alveolar filling process)] were recorded simultaneously as EVLW was made available by the PiCCO system. Additional patients records such as ventilator settings and shock management during ICU admission were also available. 

The EVLW measurement was based on transpulmonary thermodilution method. This method was recently introduced as part of the PiCCO plus system (Pulsion Medical System, Munich, Germany). This method only used a single indicator (cold saline solution). Following central venous injection of 10 mL iced 0.9% saline solution, continuous cardiac output (CO) and EVLW measurements were obtained. CO and EVLW determinations were performed immediately following catheter insertion, and were employed as the homodynamic parameters for managing the patients in the medical ICU with severe sepsis.

To facilitate to compare the extravascular lung water indexed to predicted body weight and actual body weight, these indices are described by the following terms: EVLIp refers to EVLW indexed to predicted body weight, and EVLIa refers to EVLW indexed to actual body weight. ARDS was considered to be present when the American–European Consensus Conference (AECC) criteria[9] were met during medical intensive care unit hospitalization after monitoring with the PiCCO system.
Statistical analysis
Survival was the single dependent variable. In order to examine and compare the predictive power of EVLWIp, EVLWIa and other clinically significant factors in predicting the in-hospital survival status of severe sepsis patients in the medical ICU, a receiver operating characteristic (ROC) curve method to analyze the significant variables and the area under the ROC curve of the variables, P-value and 95%CI were calculated. Patients were also divided into 2 subgroups according to their optimal cutoff values of EVLW obtained by the ROC curve method. Survival days and rate were compared with these subgroups with different EVLW. Kaplan-Meier curves for cumulative survival during the hospitalization observation period were constructed and compared with the use of the log-rank rest. All analyses were conducted using SPSS software (version 10.0, SPSS, Chicago, IL, United States) and Prism 4 for Windows (version 4.03, Graphpad Software Inc., San Diego, CA, United States).

RESULTS
This study enrolled thirty-three patients with severe sepsis. Table 1 lists the demographic and underlying diseases. The sources of sepsis included pneumonia (n = 24), empyema (n = 1), primary blood stream infection (n = 3), pressure sore infection (n = 2), and urosepsis (n = 3). The incidence of ARDS was 33.3% (11/33), according to the AECC definition. The overall 28-d mortality was 51.5% (17/33). Upon enrollment, Table 1 lists physiological characteristics, extravascular lung water index (EVLWI), global end-diastolic volume index, systemic vascular resistance index, PaO2/FiO2 ratio, LIS and the mean CXR score. Fluid balance (net intake/output) was consistently positive, with a cumulative mean of 2286 ± 1165 mL at 24 h before the EVLW measurement.

In ROC curve method analysis, the area under the ROC curve (AUC) of EVLWIp (0.849) was similar to the AUC of EVLIa (0.829), but large than that of APACH II score (0.721), LIS (0.706), and CXR score (0.708) in Table 2.
The proportions of patients surviving with a low (< 10 mL/kg, 17 patients) EVLWIa and a high (≥ 10 mL/kg) were traced during their hospital stay with the Kaplan-Meier method (76% vs 12.5%, respectively; log-rank test, hazard ratio, 0.2; P = 0.0002, 95%CI: 0.06-0.42) (Figure 1A). The Kaplan-Meier overall survival estimate was also significantly higher for patients with a low EVLWIp (< 10 mL/kg, 17 patients) than for patients with a low EVLWIp (≥ 10 mL/kg) (76% vs 12.5%, respectively; log-rank test, hazard ratio, 0.13; P < 0.0001, 95%CI: 0.05-0.35) (Figure 1B).
DISCUSSION
As previous studies reported EVLWp may predict mortality in sepsis with ARDS[4]. Our study revealed similar result that EVLW indexed to actual body weight was a predictor factor of ICU mortality in patients with septic shock, meanwhile, indexing EVLW to predicted body weight did not enhance its discriminatory power as a predictor indicator of mortality.

Although Dr. Meyer and Hall thought that the transpulmonary thermodilution technique used to calculate EVLWp in theory may be in accurate incases of high dead space fraction, which may impair equilibration of cold saline across a portion of the extravascular space, they agreed Dr. Phillipss study that an average EVLWp 16 mL/kg predicted death in sepsis patients with ARDS who had been intubated for 3.5 d[5].
Our data support the results previously described by Mallat et al[10], who studied 55 patients with septic shock. In that study, EVLW indexing to Actual body weight or predicted body weight is an independent predictor of ICU mortality. In our study, ROC curves showed that both EVLWIa and EVLWIp were good discriminators to distinguish between survivors and nonsurvivors. Sakka et al[3] have shown that EVLW indexed to actual body weight predicted mortality in septic shock patients admitted to the ICU and the measurement of EVLW was done using a thermal-dye dilution method. Nevertheless, since this period, the management of septic shock has considerably changed, and the results may be influenced of that study. By demonstrating that EVLWa is an independent prognostic factor, we proposed that EVLWa measurements should be performed in patients with septic shock and poor outcome should be considered when the elevated EVLWa to values more than 10 mL/kg. Similar result was seen in EVLWp to the outcome of these septic patients. However, further studies are required to assess the effects of EVLW indexed by actual or predicted body weight and the outcome among these patients. 

Usually, EVLW measurement has been indexed to actual body weight. However, lung volume was usually determinated by height and sex[11]. Someone reported that EVLW when indexed to predicted body weight was a better prognostic factor of mortality than EVLW indexed to actual in patients with ALI/ARDS[4,12]. In contrast with these findings, we found that indexing EVLW to predicted or actual body weight was not more precise to differentiate between survivors and nonsurvivors. Therefore, in that study, the outcome between EVLWa and EVLWp might probably be linked to the baseline characteristics between the survivors and nonsurvivors.
In fact, our study supports that both EVLIa and EVLIp are better predictor than other independent variables including APACH II score, LIS and CXR score to predict in-hospital survival rate in medical ICU patients with severe sepsis. However, further studies are warranted to investigate the effects of correcting EVLIp and EVLIa and the clinical outcome among these patients. Also, validation the EVLIp to gravimetric lung water may be conducted in animal model to compare it to EVLIa.
There are some limitations in current study. First, Frederic Michard reported the limitations of dilution methods may lead to an underestimation of EVLW in large pulmonary vascular obstruction, focal lung injury, and lung resection, but dilution methods remains an easy and clinically acceptable estimation of EVLW in most critically ill patients, including those with ARDS[2]. Second, our study is limited by a modest sample size. Nevertheless, we have demonstrated the ability of EVLW indexes to predict ICU outcome in septic shock patients. In addition, there has been previous discussion regarding the potential limitations associated with the single indicator transpulmonary thermodilution technique[13]. 

In conclusion, this study demonstrated severe sepsis patients with elevated EVLW were more vulnerable to mortality, no matter indexed to predicted or actual body weight. EVLWIp may provide to predict value to in-hospital survival in patients with severe sepsis as good as EVLWIa. However, further studies are needed to determine whether correcting elevated EVLWIp or EVLWIa would affect the clinical outcomes among patients with severe sepsis.
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Figure 1 The proportions of patients surviving with a low extravascular lung water. The proportions of patients surviving with a low extravascular lung water (EVLW) (extravascular lung water index, EVLWI < 10 mL/kg) was better than that of those patients with a higher EVLW no matter indexed by actual (EVLWIa) (A) or predicted body weight (EVLWIp) (B) during their hospital stay with the Kaplan-Meier method (76% vs 12.5%, respectively).
Table 1 Baseline characteristics of all severe sepsis patients in medical intensive care unit
	Characteristics
	Value

	Patients (n) 
	33

	Baseline characteristics
	

	Age (yr)
	65.67 ± 15.49

	Male 
	69.7%

	APACHE II score
	24.39 ± 7.921

	BMI (kg/m²)
	22.30 ± 5.679

	Pneumonia 
	72.73%

	Empyema
	3.03%

	Primary bloodstream infection
	9.09%

	Pressure sore infection 
	6.06%%

	Urosepsis 
	9.09%

	ARDS 
	33.30%

	Physiology at enrollment
	

	preior 24 h I/O balance (mL)
	2286 ± 1165

	Shock (vasopressor requirement)
	84.85%

	EVLW index (mL/kg)
	16.64 ± 11.93

	Oxygenation
	

	PaO2/FiO2 ratio
	173.4 ± 87.09

	CXR score
	2.24 ± 1.30

	Lung injury score
	2.04 ± 0.86

	Laboratory data
	

	Albumin (g/L)
	0.021 ± 0.007

	Platelet (109/L)
	170.03 ± 135.47

	WBC (109/L)
	15.91 ± 9.24


Values are expressed as mean ± SD, frequency (%), unless otherwise noted. APACHE: Acute Physiology and Chronic Health Evaluation; BMI: Body mass index; ARDS: Acute respiratory distress syndrome; GEDI: Global end-diastolic volume index; ITBI: Intrathoracic blood volume index; SVRI: Systemic vascular resistance index; EVLW: Extravascular lung water; CI: Cardiac index; CXR: Chest X ray; WBC: White blood cell.

	Table 2 Area under receiver operating characteristic curve of variables to predict in-hospital survival rate of medical intensive care unit patients with severe sepsis
Variable(s)
	Area under curve
	P value
	95%CI

	EVLIp
	0.849
	0.001
	0.72-0.98

	EVLIa
	0.829
	0.001
	0.68-0.98

	APACHE II score
	0.721
	0.03
	0.54-0.90

	LIS
	0.706
	0.04
	0.52-0.89

	CXR score
	0.708
	0.04
	0.53-0.89


P value compared by receiver operating characteristic curve method to analyze the significance. EVLIp: Extravascular lung water indexed to predicited body weight; EVLIa: Extravascular lung water indexed to acutual body weight; APACHE: Acute Physiology and Chronic Health Evaluation; LIS: Lung injury score; CXR: Chest X-ray.
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