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Objectives:
· Do patients with acute hypoxemia + bilateral opacities on radiographs treated with high flow nasal cannula (HFNC) have lung epithelial, endothelial and inflammatory biomarkers similar to patients with acute respiratory distress who are mechanically ventilated (MV). 
· Prospective multicenter study at 3 university ICUs over 3 years (2014-2016)
· Intubated and non-intubated patients with acute hypoxemia (PaO2/FiO2  ≤  300, SpO2/FiO2 < 315) and bilateral opacities
· 170 total patients
· 127 (74.7%) intubated
· 43 (25.3%) HFNC
· HFNC or MV initiated at discretion of attending clinician
· Plasma biomarkers within 24 hours of ARDS onset
· Lung epithelial injury: receptor for advanced glycation end products (RAGE), surfactant protein D
· RAGE: PRR, member of Ig superfamily 
· Membrane bound (mRAGE) and soluble (sRAGE) forms 
· sRAGE is a decoy receptor that competitively inhibits RAGE activation
· Signaling cascade > NF-kB & MAPK pathway > pro-inflammatory cytokines 
· RAGE is expressed constitutively in the lung under basal conditions and is enhanced during inflammatory states (ALI/ARDS)
· Primarily located on the basal membrane of alveolar type I epithelial cells 
· RAGE interacts with non-glycated endogenous peptide ligands too such as HMGB-1, S100/calgranulin family, amyloid fibrils, LPS and phosphatidylserine
· RAGE enhances the adherence of epithelial cells to collagen-coated surfaces and induces cell spreading > may assist AT I cells to spread and ensure effective gas exchange and alveolar stability 
· [image: ]ref: Guo, W.A., et al. The receptor for advanced glycation end products and acute lung injury/acute respiratory distress syndrome. Intensive Care Medicine (2012) 38:1588-1598. 
· Surfactant protein D
· Surfactant is composed of a lipid component (90%, mainly saturated phospholipid) and a protein component (10%, mainly surfactant specific apoprotein = surfactant proteins-A,-B,-C and –D.) 
· SP-B and SP-C are hydrophobic and lower the alveolar surface tension
· SP-A and SP-D are hydrophilic and mediate host defense function
· SP-A and SP-D are collectins (collagen-lectins) which have a C-terminal carbohydrate recognition domain (CRD) which mediates interaction with pathogens > cellular phagocytosis 
· Collectins bind to cell surface receptors on alveolar macrophages and type II cells and also form multimers to increase their affinity to immune cells and pathogens 
· Primarily expressed and secreted by type II alveolar cells, also by Clara cells, and in tracheal and bronchial glands of lower airways 
· Can interact with T lymphocytes and result in inhibition of T cells proliferation 
· Binds with high affinity to alveolar macrophages and improves phagocytosis by increasing activity of recognition receptors on alveolar macrophages. Alveolar macrophages also are involved in SP-D turnover via internalization and degradation. 
· Modulates migration of monocytes and neutrophils, recognizes DNA and RNA of apoptotic cells and facilitates clearance. 
· [image: ]Ref: Hartl, D and Griese, M. Surfactant protein D in human lung disease. European Journal of Clinical Investigation (2006) 36, 423-435. 

· Endothelial injury: angiopoietin-2 
· Angiopoietin 1 interacts with Tie2 (tyrosine kinase with immunoglobulin like and EGF like domains 2). Angiopoietin 1 (Ang-1) protects against inflammation and vascular leakage induced by hemorrhagic shock where as angiopoietin-2 (Ang-2) promotes inflammation and vascular leakage in the lung and other organs and enhances effects of hyperoxia-induced lung injury. 
· Ang-1 expressed in different cell types including pericytes, vascular smooth muscle cells, fibroblasts and megakaryocytes 
· Ang-2 present in endothelial cells in storage granules (Weibel-Palade bodies) and can be rapidly released upon activation of the endothelium, becoming involved in vascular reactions such as inflammation. It modulates the response to stimuli like thrombin, VEGF and TNF-alpha
· Ang-2 prevents Ang-1 from binding to its receptor (Tie2) 
· [image: ][image: ]
· ref: van der Heijden. 2009. The angiopoietin-Tie2 system as a therapeutic target in sepsis and acute lung injury. Expert Opinion on Therapeutic Targets 13:1, 39-53. 
· Inflammation: IL-6, IL-8, IL-33, soluble suppression of tumorigenicity-2
· Propensity score matching: 39 HFNC and 39 MV patients.  Done to reduce selection bias and confounding due to differences between HFNC group and MV group. Nearest neighbor one to one matching.  Balanced in terms of baseline characteristics and severity. 
· Used variables with p < 0.1 in univariate analysis OR variables previously used to describe ARDS severity 
· Acute Physiology and Chronic Health Evaluation II
· Sequential Organ Failure Assessment 
· PaO2/FiO2
· Origin of ARDS
· Steroids
· Renal Failure
· Need for Vasopressors 
· Controls: Non hypoxemic MV critically ill patients and healthy volunteers 
· After propensity score matching, no significant differences in any of the biomarkers studied, mortality or length of stay.
· All biomarkers EXCEPT IL-33 were higher in ARDS patients than controls.
· Conclusions: HFNC patients should be considered ARDS patients. 
· 8 mLs blood collected in EDTA tubes within 24 hours of ARDS onset (MV) or hypoxemia + bilateral infiltrates (HFNC) 
· Plasma biomarkers were measured via commercial ELISA kits 
· HFNC: Optiflow or Airvo 2: deliver up to 60 L/min of totally conditioned (37C 100% relative humidity) gas admixture. Used for patients with SpO2 < 92% or RR > 30 rpm with conventional O2 > 9 LPM. FIO2 > 0.5 and flow rate ≥ 40 LPM at onset. Flow adjusted to target SpO2 > 92% and flow adjusted per patient tolerance. 
· Failure of HFNC defined as subsequent need for MV based on decreased LOC (GCS < 12), cardiac arrest/arrhythmias/severe hemodynamic instability (norepi > 0.1 ug/kg/min) or persisting/worsening respiratory condition with at least two of the following:
· Failure to achieve correct oxygenation (PaO2 < 60 mmHg on HFNC flow ≥ 30 LPM and FIO2 of 1)
· Respiratory acidosis (PaCO2 > 50 mmHg with pH < 7.25)
· RR > 30 rpm 
· Inability to clear secretions 
· Results 
· Baseline characteristics 
· 21 (48.8%) of HFNC patients needed to be intubated. Afterwards duration of ventilation was similar to those directly intubated undergoing MV. 
· ICU and hospital mortality was lower in HFNC group
· HFNC survivors had shorter ICU length of stay than MV survivors.
· Propensity Score Biomarkers 
· No difference in mortality 
· No difference in lung epithelial (RAGE, SP-D) or endothelial (angiopoietin-2) injury biomarker levels between HFNC and MV
· No differences in plasma IL-6, IL-8, IL-33 and ST2
· Compared with control groups, all markers were higher in ARDS patients EXCEPT 1) IL-33 (only significantly different between MV and healthy controls) and 2) only a trend to higher angiopoietin-2 in HFNC patients compared to MV patients without lung injury.
· HFNC failure 
· 19 patients (48.7%) in the matched population and 21 patients (48.8%) in the overall cohort failed HFNC and were then intubated 
· Mean PaO2/FIO2 of HFNC failures 24 hours post MV onset was 113 (93-204)
· Higher ICU mortality and LOS than HFNC survivors 
· HFNC failures had higher concentrations of IL-8within 24 hours of ARDS onset than HFNC survivors 
· Levels of IL-8 ≥67.16 pg/mL independently predicted the need for MV in patients treated with HFNC even after adjusting for severity. 
· Discussion 
· Lots of biomarker studies 
· ARDS vs MV controls vs heart failure 
· Direct (higher epithelial biomarkers like RAGE and SP-D)  versus indirect ARDS (higher endothelial injury biomarkers like angiopoietin-2)
· Inflamed (higher inflammatory biomarker levels, higher prevalence of sepsis/shock/metabolic acidosis and worse outcomes, benefit to higher PEEP) versus noninflammed endotype 
· HFNC group met all Berline criteria other than PEEP and express same biomarkers of lung injury, therefore should be considered ARDS 
· Study shows ARDS is prevalent in nonintubated patients 
· Reports of noninvasive management of ARDS with HFNC or noninvasive ventilation
· Late intubation can worsen prognosis – potential utility for biomarkers to determine which patients may require MV 
· Things that make patients less likely to respond to HFNC 
· Shock, need for vasopressors 
· Other organ failure 
· Things that may indicate need to move from HFNC to MV 	
· No significant decrease in RR 
· Thoracoabdominal asynchrony
· Additional organ failure 
· Respiratory rate – oxygen index (SpO2/FIO2:RR)  4.88 
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Table 3. The Berlin Definition of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome

Timing Within 1 week of a known clinical insult or new or worsening respiratory
symptoms

Chest imaging® Bilateral opacities—not fully explained by effusions, lobar/lung collapse, or
nodules

Origin of edema Respiratory failure not fully explained by cardiac failure or fluid overload

Need objective assessment (eg, echocardiography) to exclude hydrostatic
edema if no risk factor present

Oxygenation®
Mild 200 mm Hg < Pao,/Flo, = 300 mm Hg with PEEP or CPAP =5 cm H,0°
Moderate 100 mm Hg < Pao,/FI0, =< 200 mm Hg with PEEP =5 c¢cm H,O
Severe Pa0,/Flo, = 100 mm Hg with PEEP =5 cm H,O

Abbreviations: CPAP, continuous positive airway pressure; FiO,, fraction of inspired oxygen; Pao,, partial pressure of
arterial oxygen; PEEP, positive end-expiratory pressure.
AChest radiograph or computed tomography scan.

bif altitude is higher than 1000 m, the correction factor should be calculated as follows: [Pao./FIo, X (barometric pressure/
760)].

CThis may be delivered noninvasively in the mild acute respiratory distress syndrome group.
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BOX242 Definition of Veterinary Acute Lung.
Injury and Acute Respiratory Distress
Syndrome™

‘One of each of the following first four categories is necessary for
diagnosi. The ffth category is an optional measure.
1. Acute onset (<72 hours) of tachypnea and labored breathing at
rest
2. Known risk factors
3. Evidence of pulmonary capillary leak without increased
pulmonary capillary pressure* (any one of the following):
a. Bilateraldiffuse infilrates on thoracic radiographs (more
than 1 quadrant/lobe)
b. Bilateral dependent density gradient on CT
. Proteinaceous fluid within the conducting airways
d. Increased extravascular hung water
4. Evidence of ineffcient gas exchange (any one or more of the
following):
2. Hypoxemia without PEEP or CPAP and known FiO,
i. PaO,/FIO, ratio
1. <300 mm Hg for VetALL
2. <200 mm H for VetARDS
i, Increased alveolar-arterial oxygen gradient
il Venous admixture (noncardiac shunt)
b. Increased dead-space ventilation
5. Evidence of diffuse pulmonary inflammation
a. Transtracheal washibronchoalveolar lavage sample

neutrophilia

b. Transtracheal washibronchoalveolar lavage biomarkers of
inflammation

. Molecular imaging (PET)
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Table 1. The Sequential Organ Failure Assessment (SOFA) Score™

SOFA Score
Variables 0 1 2 3 4
Respiratory
Pao,/Fio,, mm Hg >400 =400 =300 =200t =10071
Coagulation
Platelets X10%/uLt >150 =150 =100 =50 =20
Liver
Bilirubin, mg/dLt <1.2 1.2-1.9 2.0-59 6.0-11.9 >12.0
Cardiovascular
Hypotension No hypotension Mean arterial Dop =5 or dob Dop >5, epi <0.1, Dop >15, epi >0.1,
pressure (any dose)§ or norepi <0.1§ or norepi >0.1§
<70 mmHg
Central nervous system
Glasgow Coma Score Scale 15 13-14 1012 6-9 <6
Renal
Creatinine, mg/dL <1.2 1.2-1.9 2.0-34 3.5-4.9 or <500 >5.0 or <200

or urine output, mL/d|
*Norepi indicates norepinephrine; Dob, dobutamine; Dop, dopamine; Epi, epinephrine; and Fio,, fraction of inspired oxygen.

TValues are with respiratory support.

FTo convert bilirubin from mg/dL to pmol/L, multiply by 17.1.

§Adrenergic agents administered for at least 1 hour (doses given are in pg/kg per minute).
|[To convert creatinine from mg/dL to pmol/L, multiply by 88.4.
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Hypoxemic Patients With Bilateral Infiltrates Treated With High-Flow Nasal Cannula Present a
Similar Pattern of Biomarkers of Inflammation and Injury to Acute Respiratory Distress Syndrome
Patients.

Garcia-de-Aciu ', Marin-Corr! J Vizauez A, Ruano L, Magret M, Ferrer R, Mascians JR, Rocs O.

 Author information

Abstract
‘OBJECTIVE: To examine whether patients with acute hypoxemia and bilateral opacities reated with high-flow nasal cannula and acuts
rospiratory istross syndrome patients who wero directly mechanically ventlated are similr n terms of ung epitheial, endothelial, and.
infiammatory biomarkers.

DESIGN: Prospective, multconter study.

SETTING: ICUs at threo university teriary hosptas.

PATIENTS: Intubated and norintubated patients admited to the ICU with acute hypoxemia (PaOZ/FIO2 < 300) and bilateral opaciios.
INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Either high-low nasal cannula or mechanical ventiation was iniated, at the discreton of the
attending physician. We measured plasma biomarkers of lung epitheial injry (recsptor for advanced glycation end products and surfactant
protein D) and endothelal inury (angiopoietin-2) and iflammation (intereulin-8, interleukin-8, and inieukin-33 and soluble suppression of
tumorigeniciy-2) within 24 hours of acute respiratory distress syndrome onsat. Propensity score matching was performed using six different
variables (Acute Physiology and Chvonic Health Evaluation Il Sequential Organ Failure Assessment, PaO2/FIOZ, oigi of acuts respiratory.
distross syndrome, steroids, enal failure and need for vasopressors). Nonhypoxemic mechanically ventiate criicall il patients and healthy
volunteers served as controls. Of the 170 patients enrolled, 127 (74.7%) were intubated and 43 (25.3%) wero treated wih high-low nasal
‘cannuia at acute respiratory distress syndrome onset. After propensiy score matching (38 high-fow nasal cannla patients vs 38 mechanical
ventiation patients), no signifiant iferences were observed in recoptor for advanced glycation end products, surfactant protein D, angiopoiotin
2, intereukin-8 interieukin-8,inerloukin-33, and soluble suppression of tumorigenicty-2 betwean maiched patents who wer ireated i high-
flow nasal cannula and those who were inubated at acute respiratry distress syndrome onset. Afer matching, no differences in moralty or
lengih of stay were obsorved. All blomarkers (with the excepton of interleuin-33) were higher i both groups of matched acute respiratory.
distross syndrome patients than in both control groups.

'CONGLUSIONS: Acuts hypoxemic patients with bilatral infitratos reated with high-flow nasal cannula presented a similar patiem of
biomarkers of inflammation and injury o acute respiratory istress syndrome pationts undergoing direct mechanical ventiaton. The results
‘suggest that these igh-flow nasal cannula pationts should be considered as acute respiratory istress syndrome pationts
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‘Table 2 Summary of clinical findings and measurement of RAGE/SRAGE in human subjects

Authors Years

Findings

Jabaudon et al. [45] 2011
Mauri et al. [80] 2010

Kikkawa et al. [63] 2010

Cohen et al. [47] 2010

Determann et al. 2010
(81]

Briot et al. [82] 2009

Calfec et al. [48] 2008

Uchida et al. [42] 2006

Patient factors Measurement Specimen(s)

ALVARDS SRAGE Plasma

ALVARDS SRAGE Plasma/alveoli

ALL SRAGE Blood

Severe trauma SRAGE Plasma

Ventilator-associated ~ sSRAGE Plasma

ALIL

Isolated perfused lungs RAGE Alveolar
perfusate

ALL RAGE Plasma

ALVARDS RAGE Pulmonary
edema
fluid/plasma

1 during ALVARDS regardless of presence
of severe sepsis

1 with worsen oxygenation and increased
ventilator suj

Higher when associated with infection

No increase immediate postoperatively,
 on postoperative day #1 in ALI(—) group

1 after severe trauma, not correlated with ALI

No increase

1 inversely correlated with alveolar fluid

clearance

In high TV patients, 1 correlated with severity,
‘mortality, vent day and organ failure

In low TV patients not associated with
outcomes.
15 % | in low TV cf. high TV

Pulmonary edema fluid/plasma = 105:1

1 ALI > hydrostatic pulmonary edema

TV tidal volume
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Figure 1 Dual role of surfactant protein D
in pulmonary host defence. The proposed
‘model of Gardai et al. [53] showing how SP-
D may mediate pro- or anti-inflammatory
responses in the lung. The SP-D binds and
agglutinates bacteria (1), DNA (2) and
viruses (3). In conditions when sufficient
SP-D is available to bind all present
‘pathogens, ie. in the healthy lung (efthalf),
SP-D binds via its free carbohydrate
recognition domains to the signal inhibitory
regulatory protein alpha (SIRPa) on
alveolar macrophages (4). This activates
anti-inflammatory pathways (). In
conditions when SP-D is lacking with
respect to the number of pathogens, e.g.in
cystic fibrosis (right hal), SP-D binds viaits
collagenous domain to the CDOL/
calreticulin complex on alveolar
‘macrophages (5) and pro-inflammatory
‘pathways are activated (+).
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