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Please accept a copy of our manuscript titled “Systemic markers of monocyte activation in acute pulmonary 
oedema” for consideration for publication in heart, Lung and Circulation.  In this manuscript we continue our 
previous work examining peripheral markers of lung inflammation, resolution and remodelling in ambulatory heart 
failure patients, to examine similar markers in patients admitted to the Intensive and Critical Care Unit (ICCU) with a 
clinical diagnosis of acute pulmonary oedema (APO).  Respiratory dysfunction was found to correlate with Mon 2 
monocyte prevalence.  Secondary cohort analysis compared APO patients with established chronic heart failure 
(CHF) to those without CHF and found an increase in monocyte chemotactic peptide (MCP)-1 and monocyte 
activation to a Mon 1 phenotype in the CHF APO patients.   
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Systemic markers of monocyte activation in acute pulmonary oedema 

Abstract 

Background: Hydrostatic lung injury followed by pulmonary remodelling variably 

complicates cardiogenic acute pulmonary oedema (APO).  Pulmonary remodelling may be 

regulated by the balance between distinct phenotypes of pulmonary macrophages; 

activated/inflammatory (M1), and reparative/anti-inflammatory (M2), derived from 

circulating monocyte populations. The aim of this study was to identify biomarkers in 

peripheral blood that are consistent with hydrostatic lung injury and pulmonary remodelling 

in APO and which follow the variable clinical course.  Methods: To examine peripheral 

markers of lung inflammation, resolution and remodelling 18 patients, admitted to the 

Intensive Care Unit (ICU) with a clinical diagnosis of APO, were enrolled. Admission, 12 

and 24 hour post-admission bloods were assayed for cytokines by ELISA and leukocyte 

surface markers by flow cytometry. Results: Admission PaO2 to FiO2 ratio was positively 

correlated with Mon 2 (intermediate) monocyte prevalence, through increasing ratio of 

CD16+ monocytes to CD11b+ and CD40+ monocytes, and negatively correlated with Mon 1 

(classical) monocyte prevalence, through decreasing ratio of CD16+ monocytes to CD62L+.  

Secondary cohort analysis compared 10 APO patients with established CHF to 8 without 

CHF.  An increase in monocyte chemotactic peptide (MCP)-1, monocyte prevalence, and 

CD16-CD62L+ monocytes with CHF, all characteristic of monocyte activation to a Mon 1 

phenotype, were found in the CHF APO patients.  Conclusions: Increased systemic monocyte 

prevalence and expression of cell surface markers suggest a Mon 1 profile in CHF patients 

during episodes of APO.  Future studies should define the role of systemic monocyte 

prevalence and activation in decompensated CHF. 

Keywords:  Chronic heart failure; Circulating leukocytes; Cell surface molecules; Systemic 

cytokine 

Manuscript (excluding author details)
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Introduction 

Cardiogenic acute pulmonary oedema (APO) instigated by an increased left atrial pressure 

leads to increased lung water via elevated pulmonary microvascular pressure (Pmv), while 

noncardiogenic oedema follows a variety of insults that increase pulmonary endothelial and 

epithelial permeability [1].  However, some patients with APO fail to recover, despite control 

of Pmv, and develop hydrostatic lung injury resulting in hypoxaemic respiratory failure 

clinically indistinguishable from acute respiratory distress syndrome (ARDS).   

Diagnostic differentiation between the classical forms of cardiogenic and 

noncardiogenic APO has been attempted through quantitation of cardiac rather than 

pulmonary biomarkers, particularly brain naturitic peptide [2-5].  A number of bioactive 

factors recognised as contributors to both establishment of pulmonary oedema and to lung 

injury, including development to pulmonary fibrosis, have been identified in the 

bronchoalveolar lavage fluid (BALF) of patients with APO and in ARDS [6-9].  While many 

of these reports aim to show differences in response between the classical forms of 

cardiogenic and noncardiogenic oedema, there is considerable overlap suggesting that 

patients with APO who do not rapidly recover are prone to hydrostatic lung injury and the 

potential to progress as if the patient has ARDS.  Previously, elevation of the lung specific 

biomarker SP-B in the peripheral circulation as evidence of lung injury was reported, not 

only in apparently noncardiogenic pulmonary oedema but also in hydrostatic or cardiogenic 

pulmonary oedema [10, 11].  Consequently it is likely that, as found in ARDS [6], evidence 

of alveolar inflammation and subsequent pulmonary repair and remodelling with flux of 

associated biomarkers to and from the circulation, will also be observed in APO, and that this 

will follow the clinical course of either rapid recovery or persistent hypoxaemic respiratory 

failure. 
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Emerging evidence suggests that pulmonary injury manifest as inflammation, repair and 

remodelling may be regulated by the balance of pulmonary leukocytes, in particular the relative 

differentiation states and degrees of recruitment.  Bone marrow derived monocytes in peripheral 

blood undergo local differentiation depending on various environmental cues, and have been 

classified as classical (Mon1), intermediate (Mon2) and non-classical (Mon3) on the basis of 

cell surface protein expression, predominantly CD14 (LPS receptor) and CD16 (FcIII receptor) 

[12].  Following release of chemokines, particularly monocyte chemotactic protein (MCP)-

1/CCL2, these circulating monocytes are the predominant source for pulmonary macrophage 

replenishment [13]. Two distinct phenotypes of pulmonary macrophages; M1, granulocyte-

macrophage colony stimulating factor (GM-CSF) stimulated alveolar macrophages, and M2, 

monocyte colony stimulating factor (M-CSF) stimulated recruited macrophages have been 

implicated in the regulation of pulmonary repair and remodelling.  Traditionally, M1 

macrophages are designated inflammatory as they provide first line defence against invading 

organisms or tumour cells, whereas M2 macrophages play a crucial role during the resolution 

phase of inflammation, in particular regulating fibrotic remodelling [14].   

The purpose of this study was to examine the relationship between peripheral blood 

inflammatory and fibrotic mediators and temporal change with the clinical course in APO 

patients admitted to intensive care. Subsequent cohort analysis further examined monocyte 

immunophenotypes in patients presenting with established chronic heart failure (CHF) (ie 

lungs with previous exposure to high Pmv) compared to those without a history of CHF (ie 

lungs with de novo exposure to high Pmv). 
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Materials and Methods 

Participants 

Patients admitted to the Intensive Care Unit (ICU) of a tertiary level hospital, Flinders 

Medical Centre, Adelaide, Australia, with clinical diagnosis of APO, were approached to 

enter the study, either personally or via next of kin.  APO was defined as, sudden onset of 

dyspnoea and diaphoresis with tachycardia, tachypnea, hypertension, widespread pulmonary 

crepitations, and acute respiratory failure, in the absence of fever. Patients received standard 

treatment for APO comprising intravenous glycerol trinitrate, furosemide and morphine, and 

mask continuous positive airway pressure with high FiO2.  Patients were excluded from 

enrolment if presenting with an acute history of aspiration or infection, ST segment elevation 

myocardial infarction, primary lung disease, or concurrent inflammatory disease.   

All patients provided arterial blood samples (~3 ml) collected into sodium citrate 

tubes at ICCU admission, 12 hours and 24 hours following admission.  Samples were stored 

at 4oC for less than 1h before processing.  Current diagnostic details and medications were 

recorded.   

The study complies with the Declaration of Helsinki, the protocol was approved by 

the Flinders Clinical Research Ethics Committee, Flinders Medical Centre, and all 

participants or next of kin provided written informed consent. 

 

Determination of Severity of Lung dysfunction 

Lung dysfunction was assessed using clinically available data as the basis for the lung 

injury score (LIS) [15], ie the PaO2/FiO2 ratio, positive end-expiratory pressure (PEEP) and 

chest radiograph score.  Static respiratory system compliance was not available as the 

majority of patients were not intubated.  Fast resolution of APO was defined as weaning 

from continuous positive airway pressure (CPAP) < 12 hours with a P/F ratio > 300 without 
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requiring further ventilatory support for the following 12 hours.  In patients requiring 

intubation, fast resolution was defined as resolution of hypoxaemia (P/F > 300) at 12 hours 

and remaining above this value for the following 12 hours.  Change in plasma volume, as a 

surrogate for pulmonary fluid clearance, was assessed using haemoglobin (Hb) before (B) 

and after (A) treatment, as previously [16]. 

% change in PV = 100 x (1 − (HbA/HbB))  

 

Biomarker Measurements 

Each blood sample was centrifuged at 700 x g for 10 min, the plasma removed and 

centrifuged for a further 20 min at 1300 x g to remove platelets before being aliquoted and 

stored at -80oC until analysis, as below.  The cell pellet obtained from the first spin was used 

to determine the cellular differential using a Beckman Coulter Counter Model HmXAL 

(Beckman Coulter Inc., Brea, CA) and utilised for flow cytometry, as below. 

Essentially platelet free plasma was assayed for GMCSF, transforming growth factor 

(TGF)-, interleukin (IL)-8/CXCL8, tumour necrosis factor (TNF)-MCP-1, IL-6 and IL-

10 using double antibody sandwich enzyme-linked immunosorbent assays (ELISA) (R&D 

Systems, Minneapolis, MN), and for prostaglandin (PG)E2 using a commercially available 

enzyme immunoassay (EIA) kit which measures the surrogate PGE metabolite (PGEM) 

(Cayman Chemicals, Ann Arbour, MI) , as previously described [17, 18]. Limits of detection 

were 1, 20, 2, 1, 1, 1 and 2 pg/ml for cytokines and 0.39 pg/ml for PGEM, respectively. 

Flow Cytometry for Determination of Cellular Activation 

Leukocyte surface markers were analysed by six colour flow cytometry, as previously 

described [17]. Briefly, packed blood cells were incubated with fluorochrome labelled 

antibodies (CD11b, PE; CD16, PECy7; CD18, FITC; CD34, PECy7; CD40, FITC; CD45, 

APCCy7; CD62L, APC; CD195 (CCR5), PECy5; CDw181 (CXCR1), PECy5; HLADR, 
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APC, BD Biosciences, NJ) and mean fluorescence intensity of each fluorochrome determined 

on the CD45+ leukocytes using a BD FACSCanto flow cytometer (BD Biosciences) and data 

were analysed using BD FACSDiva software. Expression analysis was performed on both 

total CD45+ population and following differentiation of leukocyte populations into 

lymphocytes, monocytes/macrophages, total polymorphonuclear (PMN) cells by CD45+ 

versus side scatter parameters, as previously [17]. 

 

Statistical Analysis 

Statistical analyses were performed using PASW 22.0 software (SPSS Inc, Chicago, 

IL).  Data were tested for normality by Shapiro-Wilk’s test and normalised by log 

transformation where necessary.  Differences between groups were determined by 

Independent Samples t Test or one-way ANOVA and relationships between variables by 

Pearson correlation.  Repeated measures were predicted using mixed-effects linear 

regression, as previously [19], with group and time as fixed effects, as appropriate.  

Continuous variables are expressed as mean±SD and categorical variables as number and 

percentage.  A p-value ≤0.05 was used as the level of reportable significance. 
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Results 

Subject Population 

Eighteen patients with APO were enrolled over an 18 month period.  Pre-admission 

characteristics, clinical parameters and clinical outcomes are detailed in Tables 1-3.  

Aetiology of APO was multifactorial, primarily acute exacerbations of pre-existing CHF 

(n=10). In non-CHF patients aetiology of APO included atrial fibrillation with rapid 

ventricular response (n=3), mitral regurgitation (n=2), diastolic heart failure, malignant 

hypertension and cardiomyopathy. APO patients were between 29 and 91 years old with 

approximately half male.  A number of co-morbidities were reported with CHF and 

hypertension predominant, supported by substantial ranges in the parameters of cardiac 

function and the use of associated medications by >60% of patients (Table 1).   

Admission clinical characteristics were indicative of a broad range of clinical severity, 

particularly apparent in LIS ranging from 0.7-4.0, and plasma biochemistry indicating 

inflammation/infection (CRP, range 0 to 208 mg/L) and renal dysfunction (creatinine, range 

44 to 748 m/L) in some patients (Table 2). 

This is again reflected in the clinical outcomes described in Table 3.  Twelve APO 

patients were defined as having fast resolution of their APO, as defined above. However, 4 of 

these patients progressed to secondary deterioration and death; one patient discharged to a 

hospital ward prior to death from non-pulmonary haemorrhage, 3 patients who died in ICCU 

from pulmonary causes (x2) and CHF.  Mechanical ventilation was required in only 6 

patients, (range 14 to 88 hours), while non-invasive ventilation was required in all but 1 

patient (total ventilatory support, range 3 to 243 hours). Both measures correlated with length 

of ICCU stay (range 1 to 17 days), (R2 = 0.758 and 0.775, p ≤ 0.001, respectively).  Length of 

total ventilatory support was also weakly correlated with LIS (R2 = 0.233, p = 0.04). 
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Leukocyte prevalence, activation and soluble mediators at admission 

Blood composition of experimental biomarkers at admission is presented in Table 4.  

Each of these were assessed for associations with clinical outcomes.   

The oxygenation index (PaO2:FiO2) at admission correlated with CD45+/CD16+ 

peripheral leukocyte number (R2 = 0.509, p = 0.002).  Secondary analysis of the expression 

of each marker on lymphocyte, monocyte and polymorphonuclear cell (predominantly 

neutrophil) subsets through differentiation on CD45+ versus side scatter parameters, as 

previously [17], demonstrated the correlation with PaO2 to FiO2 ratio with both CD16+ PMN 

and monocyte populations (R2 = 0.541, p = 0.015 and 0.640, p = 0.002).  Further, the PaO2 to 

FiO2 ratio was positively correlated with Mon 2 monocyte prevalence, through increasing 

ratio of CD16+ monocytes to CD11b+ and CD40+ monocytes, (R2 = 0.454 and 0.407, 

respectively, p≤0.04), and negatively correlated with Mon 1 monocyte prevalence, through 

decreasing ratio of CD16+ monocytes to CD62L+ (R2 = -0.394, p=0.04).  The number of 

peripheral blood monocytes at admission was also weakly negatively associated with change 

in plasma volume over the first 24 hours (R2 = -0.367, p = 0.008).   

Plasma concentrations of inflammatory and fibrotic biomarkers were also found to 

correlate at admission.  Plasma CRP correlated with IL-6 (R2 = 0.413; p = 0.007), consistent 

with the transcriptional regulation of CRP by IL-6 [20].  The pro-fibrotic mediator TGF- 

was positively correlated with both the pro-fibrotic PGE2 and the fibroblast marker CD34 (R2 

= 0.373 and 0.555, p ≤ 0.008), while proinflammatory mediators IL-8 and IL-6 were also 

correlated at admission (R2 = 0.612, p ≤ 0.001).  

 

Temporal change in peripheral biomarkers is associated with mortality 

Fast recovery from APO appeared to be associated with a smaller change in plasma 

volume over 24 hours from admission and with higher plasma concentration of inflammatory 
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cytokines (IL-6, IL-8, TNF- and IL-10) at admission.  As an increase in plasma 

inflammatory mediator concentration is associated with mortality [21], further analysis of 

each of the mediators was performed separating those Fast recovery APO patients who 

ultimately died.  Elevated concentrations of IL-10, TNF-, IL-6 and IL-8 in the Fast recovery 

group were all associated with mortality, and this persisted over 24 hours (Figure 1A-D).  

The change in plasma volume over the 24 hours following admission was not significantly 

different between the groups (Fast = 17.3%, Slow 25.6%, Died 12.8%; p = 0.06).   

 

Secondary analysis of APO patients with established pre-existing CHF 

In a clinical study of ambulatory CHF patients we previously [17] demonstrated a 3-

fold increase in circulating CD11bhi monocytes, consistent with monocyte maturation in this 

population [22], which correlated with disease severity.  We therefore undertook secondary 

analysis of monocyte associated biomarkers in our APO patients according to diagnosis with 

pre-existing CHF.   

Patients were classified as CHF (n=10) if presenting with a minimum 12 month 

history of CHF and a left ventricular ejection fraction of less than 40%.  LV ejection fraction 

was lower and LA size larger in the CHF than non-CHF group, and more of the CHF patients 

were diagnosed with hypertension prior to admission (Table 1).  No other differences were 

found between these groups at baseline, nor in any of the clinical parameters recorded at 

admission (Table 2).  All of the 4 patients who subsequently died were diagnosed with pre-

existing CHF (Table 3).  There were no other differences in clinical outcome between these 

groups. 

An increase in peripheral monocyte prevalence was found in the CHF APO patients at 

admission when compared with the non-CHF APO patients (Table 4; p = 0.004).  There were 

no other differences in leukocyte differential at admission. Mixed models analysis found no 
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difference in total or differential leukocyte number over the 24h following admission for 

PMN cells or lymphocytes (Figure 2A-C). A higher plasma MCP-1 and monocyte number in 

CHF patients over the 24 hours following admission was found (Figure 2D&E). An increase 

in the proportion of monocytes, identified through CD45+ versus side scatter parameters, 

expressing CD16-/CD62L+ phenotype in CHF patients suggests a prevalence of Mon 1 

monocytes[23, 24] in these patients, which remained consistent over 24 hours post admission 

(Figure 2F). No difference was found in these parameters between those APO patients in the 

CHF group who survived compared with those who did not. 
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Discussion 

CHF due to left ventricular dysfunction and long standing elevation in Pmv results in an 

increase in lung tissue collagen and thickening of the alveolocapillary barrier, which is 

associated with decreased capillary filtration and protection against pulmonary oedema [19, 

25, 26].  Despite this, acute cardiogenic pulmonary oedema in response to acute elevation of 

Pmv is a common clinical issue.   

Previously[25] it was demonstrated that while fibrotic reinforcement of the 

extracellular matrix following myocardial infarct-induced CHF in the rat results in tissue 

stiffening, an increase in alveolar type II cells and alveolar surfactant provide homeostatic 

compensation that normalises lung mechanics.  This apparent compensatory tissue 

remodelling occurs on a background of a 4-fold increase in MCP-1, with a parallel 3-fold 

increase in intra-alveolar macrophages.  Clinically, we have also observed increases in 

monocyte and macrophage activators/chemoattractants, with our previous report of elevated 

circulating MCP-1 and a 3-fold increase in circulating activated monocytes in ambulatory 

CHF patients [17], and again here, in hospitalised decompensated CHF patients.   

A prognostic role for the absolute number of peripheral blood monocytes above that 

of increased leukocyte number alone has yet to be firmly established, despite increased 

numbers of circulating monocytes having been implicated in various outcomes of CHF, 

including mortality and hospital readmission [17, 27].  This uncertainty may be elucidated 

through a greater understanding of the discrete subsets of monocytes present in the 

circulation and the relative effects of changes to population sizes and ratios, which are known 

to confer individualised outcomes within recipient tissues.  Therefore, while total circulating 

monocyte count may continue to demonstrate associations with CHF outcomes in some 

patient cohorts, as presented here, the underlying mechanism may be difficult to discern 

without ascertaining the differing proportions of monocyte subsets. 
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Evidence suggests that all monocyte subsets stem from a common precursor and that 

their differentiation into a specific macrophage or dendritic cell type depends upon the 

microenvironment, including their interaction with neighbouring cells and the constituent 

makeup of the surrounding fluid.  Within the developmental pathway, monocyte subsets with 

distinct functionality have been defined by the relative expressions of cell surface markers 

including CD14 and CD16 [28, 29].  However, differentiation of these subsets is complicated 

with variant results arising between animal models and clinical studies, as well as variation as 

to the role of defined subsets.  Studies have suggested an independent role of increased 

systemic CD16+ monocytes in development of cardiovascular complications in patients with 

chronic kidney disease [30, 31].  Conflicting studies have reported both increased 

CD14+CD16+ monocytes (Mon 2) with depleted CD14lowCD16+ monocytes (Mon 3) [32] and 

increased CD14++CD16- (Mon 1) with depleted Mon3 [33] in stable CHF patients compared 

with healthy controls.  As with a previous study examining ambulatory CHF patients [17], in 

the current study we found no difference in the total expression of monocyte CD16.  In each 

study, monocytes were defined on CD45/ side scatter parameters; therefore these populations 

could not be differentiated based on CD14.  However, monocyte subsets may also be 

categorised according to the relative expression of markers of monocyte activation CD11b or 

CD40, the IL-8 receptor CXCR1 (CD181) for Mon 1, and HLADR or CD62L, the L-selectin 

leukocyte adhesion, for Mon 2 [23, 24, 34, 35].  In APO it appears that worse PaO2 to FiO2 

ratio may be associated with a relatively higher proportion of circulating Mon1 to Mon 2, 

indicative of less differentiated monocytes.  Analysis of the small numbers available in this 

study further suggests an increase in the proportion of CD16-CD62L+ monocytes of CHF 

APO patients when compared with non-CHF APO patients, suggesting a Mon 1 phenotype 

prevalence with CHF [23, 24]. 
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Given the distinct function of each monocyte subpopulation, it is likely that each 

subset participates in the inflammatory pathophysiology of acute, chronic and decompensated 

heart failure, of which APO is the classic clinical manifestation, to varying degrees.  Mon 1, 

are predominant in the peripheral blood of both mice and humans during the acute 

inflammatory phase following myocardial infarction (1-3 days) and remain elevated above 

pre-infarction levels for up to 30 days [36, 37].  These Mon 1 cells infiltrate the myocardium 

during this acute elevation in response to increased MCP-1 - CCR2 binding, contributing to 

inflammation within the infarcted area [36].  This precedes peak circulating Mon 2 count 

which correlates with increases in both troponin and IL-6 at day 1 before declining to pre-

infarct level at day 7 [37].  M2 macrophages steadily increase in the myocardial tissue during 

the subsequent proliferative phase indicative of their role in repair and resolution [38], which 

may be supported by the increase in TGF- and other fibrotic markers such as PGE2 and 

CD34 demonstrated here [14, 17]. 

Evidence similarly suggests that the temporal change in the ratio of the two distinct 

populations of M1 and M2 macrophages plays a central role in the initiation and resolution of 

remodelling in the lung [39].  Monocytes are activated and recruited into the alveolus from 

either the interstitium or from the circulation in response to inflammatory or damage 

associated mediators (DAMPS).  As in the myocardium, recruitment of CCR2+ Mon 1 into 

the alveolus is mediated via increased MCP-1 which upregulates various cell surface 

expressed integrins including the adhesion molecule CD11b, and selectins including L-

selectin (CD62L).  We have consistently found in both animal and clinical studies of CHF 

that circulating and lung MCP-1 are elevated, consistent with an environment favouring Mon 

1 recruitment, and activation of M2.  Here, we found evidence for a predominance of Mon 1 

in circulating cells CD16-CD62L+ which supports this hypothesis.  However, it has been 

reported that in STEMI patients circulating levels of MCP-1 and Mon 2 decrease by day 30 
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post-infarct to a level similar to that of patients with stable coronary artery disease, which 

were found to be lower than those of healthy controls [37].  These findings may indicate a 

pendulum effect whereby a shift toward a less inflammatory environment in the post- infarct 

period, subsequently returning to high MCP-1 and Mon 1 levels as part of the continuing 

development of the syndrome of CHF, which includes profound effects on the lung. 

Limitations to this study arise due to the difficulty clinically delineating established 

CHF versus de novo exposure to high Pmv, the unhealthy composition of both the CHF and 

non-CHF cohorts and the overall small sample size.  Previously differences between CHF 

patients and healthy control subjects have been reported, some of which have been either 

strengthened, or only present, in NYHA class III or above [11, 17].  In the current study small 

sample size did not allow for this further classification of the CHF cohort.  Further, all of the 

patients included in the study were admitted for APO, therefore an inherently healthy control 

cohort was not used as comparison.  

Increased systemic monocyte prevalence and expression of cell surface markers 

suggest a Mon 1 profile in CHF patients during episodes of APO.  Future studies should 

examine the association between the circulating monocyte profiles and longer term clinical 

outcomes in these patients.  While efforts to therapeutically target the monocyte-

inflammatory system in CHF have been unsuccessful, this study contributes to the premise 

that effective therapies targeted to specific monocyte subsets remain a worthy pursuit. 
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Table 1.  Pre-Admission Characteristics 

 All APO Non-CHF CHF P 

n 18 8 10  

Age (years) 70±20 69±23 72±18 0.77 

Sex (male) 8 (44) 3 (38) 5 (50) 0.60 

Smoking (yes) 4 (22) 2 (29) 2 (22) 0.77 

Alcohol (yes) 2 (11) 1 (13) 1 (11) 0.93 

Co-morbidities (yes)     

Chronic Heart Failure (CHF) 10 (56) 0 (0) 10 (100) - 

Atrial Fibrillation 6 (33) 3 (38) 3 (30) 0.74 

Hypertension 9 (50) 1 (13) 8 (80) 0.004 

Ischemic Heart Disease 6 (33) 2 (25) 4 (40) 0.50 

Obstructive Lung Disease 6 (33) 2 (25) 4 (40) 0.62 

Renal Failure 3 (17) 1 (13) 2 (20) 0.67 

Diabetes 4 (22) 1 (13) 3 (30) 0.38 

Cardiac function     

Ejection Fraction 42±18 54±18 31±10 0.02 

LA size (cm2) 24.5±4.4 22.3±3.5 28.5±2.9 0.01 

E:E’ 24±10 23±12 25±9 0.76 

TR Gradient 34.9±7.6 31.5±7.9 39.2±5.3 0.14 

Significant valve dysfunction 4 (22) 2 (25) 2 (20) 0.80 

Medications     

Furosemide (yes) 12 (67) 4 (50) 8 (80) 0.18 

ACE inhibitor (yes) 11 (61) 4 (50) 7 (70) 0.39 

-Blocker (yes) 12 (67) 4 (50) 8 (80) 0.18 

Digoxin (yes) 4 (22) 2 (25) 2 (20) 0.80 

Age and ejection fraction are presented as mean±SD, analysed by Independent 

samples t test, and categorical variables as number (%), analysed by Pearson’s Χ2.  

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker. 
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Table 2.  Admission Clinical Characteristics 

 Total APO Non-CHF CHF P 

APACHE III score 117±36 105±2 128±47 0.18 

GCS 14±1 15±0 14±2 0.12 

Respiratory rate (breaths/min) 29±10 29±13 29±9 0.94 

O2 saturation (%) 93±13 88±19 96±6 0.23 

Heart rate (bpm) 104±22 110±23 100±22 0.38 

PaO2:FiO2 195±130 180±136 207±131 0.67 

pCO2 48±16 43±10 52±18 0.24 

pH 7.3±0.1 7.3±0.1 7.3±0.1 0.99 

LIS 2.2±0.8 2.2±0.8 2.2±0.9 0.88 

MAP (mmHg) 106±19 106±23 106±17 0.99 

Temperature (oC) 35.6±1.5 35.7±1.0 35.6±1.8 0.84 

CRP (mg/L) 45±57 55±77 39±44 0.61 

Creatinine (M/L) 167±160 184±247 156±67 0.73 

Bilirubin (M/L) 11±6 11±8 10±5 0.69 

Lactate (mmol/L) 3.1±2.0 2.8±2.2 3.4±1.9 0.61 

Troponin T (ng/L) 221±409 221±485 221±350 1.00 

Data are presented as mean±SD and analysed by Independent samples t test.  

GCS, Glascow coma scale; LIS, lung injury score; MAP, mean arterial pressure; 

CRP, c-reactive protein. 
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Table 3. Clinical Outcomes 

 Total APO Non-CHF CHF P 

Resolution of APO (fast) 12 (67) 5 (63) 7 (70) 0.74 

PaO2:FiO2 (at 24h) 272±124 298±110 252±134 0.45 

Requirement for MV (yes) 6 (33) 3 (38) 3 (30) 0.74 

Length of MV (hours) 19±31 25±38 14±27 0.50 

Total ventilator support (hours) 50±70 36±43 61±86 0.46 

ICU LOS (days) 5±5 6±6 5±5 0.66 

Hospital free days (of 28) 12±11 16±9 9±12 0.19 

In-hospital mortality 4 (22) 0 4 (40) 0.04 

Numerical variables as mean±SD, analysed by Independent t test and categorical 

variables as number (%), analysed by Pearson Χ2. Fast resolution of APO defined as 

weaning from CPAP < 12 hours, PaO2:FiO2 > 300 without requiring further ventilatory 

support for 12 hours, or if intubated as resolution of hypoxaemia (PaO2:FiO2 > 300) at 

12 hours and remaining above this for 12 hours.  Hospital free days are calculated as 

28 days after the day of admission.  MV, mechanical ventilation; ICU LOS, intensive 

care unit length of stay. 
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Table 4. Peripheral biomarkers at ICU admission 

 Total APO Non-CHF CHF P≤ 

Haematology     

Haemoglobin g/L 135±26 134±29 136±24 0.88 

Change plasma volume 0-24h (%) 19±9 22±9 17±9 0.21 

Total WBC x 109/L 14.2±6.3 12.0±6.1 16.4±5.9 0.13 

PMN cells x 109/L 12.5±6.3 10.2±5.7 14.5±5.8 0.14 

Lymphocytes x 109/L 1.1±0.8 1.2±0.9 1.0±1.0 0.67 

Monocytes x 109/L 0.6±0.3 0.5±0.2 0.9±0.3 0.004 

Cell markers (CD45+; MFI)     

CD11b 15769±6074 15368±4528 16055±7331 0.86 

CD16 77883±41872 110072±22262 56424±38432 0.03 

CD18 12680±3679 12495±3351 12813±4157 0.89 

CD34 395±174 373±52 411±231 0.69 

CD40 227±110 184±111 255±109 0.29 

CD62L 12850±3485 16507±1130 10413±1811 0.001 

HLADR 688±510 896±688 549±357 0.32 

CXCR1 (CD181) 14441±5176 17241±4136 12575±5244 0.18 

CCR5 (CD195) 518±246 515±235 519±272 0.98 

Plasma mediators (pg/ml)     
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TGF- 3212±1883 2213±946 4012±2098 0.04 

IL-10 1158±4137 80±166 2020±5518 0.13 

PGE2 23±13 18±11 27±13 0.14 

TNF- 69±223 2±2 122±295 0.05 

IL-6 132±233 67±147 184±282 0.10 

IL-8 73±139 23±13 113±180 0.05 

MCP-1 228±187 163±107 274±221 0.18 

GM-CSF 27±94 1±1 48±125 0.09 

Data are presented as mean±SD. Data was tested for normality by Shapiro-Wilk’s test and log 

transformed if necessary before analysis by Independent t test.  GM-CSF, granulocyte-

macrophage colony stimulating factor; IL, interleukin; MCP, monocyte chemotactic protein; 

PMN, polymorphonuclear; PG, prostaglandin; TGF, transforming growth factor; WBC, white 

blood cells.  

Markers:  CD11b, neutrophil and monocyte activation; CD16, increase with monocyte 

activation, decrease on neutrophils during inflammation; CD18, leukocyte adhesion and 

signalling; CD34, haematopoietic stem cells (including endothelial, increased with endothelial 

damage); CD40, B-cell and monocyte activation; CD62L, L-selectin leukocyte adhesion; 

HLADR, major histocompatibility complex (MHC) Class II; CXCR1, leukocyte IL-8 receptor; 

CCR5, mononuclear cell chemokine receptor (MIP, RANTES, MCP). 
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Figure Legends: 

 

Figure 1:  Plasma cytokines by APO group over the first 24 h from admission to ICCU.  

Data are presented as mean±SD, pg/ml and analysed by linear mixed models regression 

with LSD postdoc analyses p ≤ 0.05 * Died versus fast and slow.  A. IL-6 – p values: 

Group = 0.03, time = 0.24, Gp*time = 0.74, B. IL-10 – p values: Group = 0.02, time = 

0.02, Gp*time = 0.02, C. IL-8 – p values: Group = 0.01, time = 0.13, Gp*time = 0.15, 

and D. TNF- - p values:Group = 0.08, time = 0.01, Gp*time = 0.004. 

 

Figure 2:  Leucocytes and mediators in peripheral blood by CHF group over the first 24 

h from admission to ICCU.  Data are presented as mean±SD, pg/ml and analysed by 

linear mixed models regression with LSD postdoc analyses p ≤ 0.05 between groups, 

following log transformation where necessary.  Expression analysis of CD16 and 

CXCR1 were performed following differentiation of monocytes/macrophages by CD45+ 

versus side scatter parameters.  A. Peripheral blood total leukocytes – p values: Group = 

0.10, time p=0.09, Gp*time p=0.23. B. Peripheral blood PMN cells – p values: Group = 

0.15, time p=0.06, Gp*time p=0.17. C. Peripheral blood lymphocytes – p values: Group 

= 0.55, time p=0.42, Gp*time p=0.37. D. Peripheral blood monocytes – p values: Group 

= 0.04, time p=0.46, Gp*time p=0.34.  E. Monocyte chemotactic protein (MCP)-

1/CCL2 – p values: Group = 0.04, time = 0.73, Gp*time = 0.74.  B.  F.  Peripheral 

blood monocytes - CD16-CD62L+ Mon 1 – p values: Group = 0.003, time p=0.21, 

Gp*time p=0.40; CD16+CD62L+ Mon 2 – p values: Group = 0.17, time p=0.13, 

Gp*time p=0.97; CD16+CD62L_ Mon 3 – p values: Group = 0.64, time p=0.11, 

Gp*time p=0.29. 
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